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PREFACE.

TaE only work in our language specially devoted to Chemical
Menipulation has long been out of print, while probably at
no time has a gnide to the Student in his experiments been
more needed.

Within the last few years modes of manipulating bave
undergone many changes, and a vast number of processes,
involving the use of complex apparatus, bave been invented.
Chemistry is doubtless in a transition state; eventuelly, and,
a8 it approachea perfection, processes will be simplified, and
we shall obtain reactions by more simple and direct methode.
Possibly, although we dare scarcely hope it, we may eventually
rival the fabled simplicity of the Rosierucian, and, by the aid
of a few simple vessels, obtain far more beautiful compounds
than we now procure with all our elaborate appliances.

Manipulation is to chemistry what Bacon conoceived mathe-
maties to be to science, and a2 such  should know ber place ;”
nevertheless the importance of manipulation cannot be over-
rated. The good, and therefore successful manipulator, will
do far more work than he who is deficient in that respect,
and his researches will be of a higher order. The time ex-
pended by an awkward or clumsy operator in merely attain-
ing accuracy, will be devoted by the ekilful chemist to the -
exploration of new fields.

It often happens that the Student, earnestly desirous of
pursuing chemical researches, is prevented from attending
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a laboratory or school of chemistry ; the following pagea are
eapecially intended for persons so situated. To those who
are so fortunate as to have the advantage of regular instruc-
tion, the work will etill be found a useful compenion in the
laboratory. '

On several occasions descriptions have been quoted at
length (vide pp. 60, 824, 832 and 448). The author of a
process is generally best able to describe it accurately and
clearly.

Considerable space is devoted to certmin reactions em.
ployed in researches; a careful perussl of that portion of
the work will be to the Student’s advantage, more especially
to those undertaking investigations,

The illustrations have been engraved by Mr. George Pear-
son from original drawings, made in most cases from the
instruments themselves. For a few of them the Author is
indebted to his friend, Mr. Galletly, and one or two were
copied from photographa.

It has been the Author's earnest desire to give every
chemist his due; if, therefore, the names of inventors of ap-
paratus or processcs have anywhere been omitted, such
omission has been accidental.

The numerous Tables which have been sdded will, it is
hoped, be found to increase the usefulness of the work.

Laboretory, Normal College, Swansea,
September 22, 1857.
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CHEMICAL MANIPULATION.

SECTION 1.
THE EXPERIMENTAL LABORATORY.

1. IT is not often that a building is to be specially erected for
the purposes of chemical research: it will be necessary, there-
fore, in most instances, to alter one already existing; but it is
essontial for the complefencen of the plan sbout to be detailed,
to presuppose the laboratory built purposely. The matter eon-
teined in this section must be understood as applying solely to o
laboratory of research, unconnected with any School of Medicine,
University, or other place where the seience is taught, In order
that the following descriptions may be more essily approhended,
a plan of a laboratory, and an elevation of s atudent’s working-
bench, will be inserted at the end of the volume.

2. It is more convenient for the laboratories to be on a ground
floor than on several storeys, as will be readily seen when we
consider the facility with which furnaces can be built withont the
necessity of springing arches for their support, the much greater
safoty in the event of fire or other accident, and the ease with which
heavy or large articles can be brought in or removed. Neover-
theless it is the opinion of many that the drynees of an upper
floor more than compenaates for any alight trouble of access. Ba-
lances, air-pumps, and other apparatns of metal soon become in-
jured by the damp frequently found in rooms level with the ground.

8. Unless it is intended for several persone to work together, it
in better not to havo an experimental laboratory too large, for it

»



2 CHEMICAL MANIPULATION.

will generally be found that one of moderate mize is kept in
better order than a very large one; the fact of there being plenty
of room frequently inducing carelossness in putting things away,
+ & procedure which cannot be too strongly reprobated, whereas, on
the other hand, if there be not too much space, it becomes abso-
lutely necessary to the operator’s comfort and progress that every-
thing which may be no longer in use should be restored teo its
proper place. .

4. Those who have not been accustomed to experimental pur-
suits, can scarcely conceive how frequently an operation is de-
pendent for sucoess upon the readiness with which the hand can
be placed upon an instrument, while a careless person is con-
stantly exposed to the mortification of finding an experiment
which has perhaps cest much labour, entirely spoiled from the
impossibility of adding en ingredient, or performing some appe-
rently trifling operation, at the exact instant required.

5. The apparatus required in en experimental laboratory of
the present day is very different, and in gencral far less bulky
than in those of even a few years ago. The furnaces especially
have been modified, while the greatly increased facilities for
the use of gas have to a certain extent rendered chemists inde-
pendent of them. Every laboratory ought to have three or four
gus-farnaces of different sizes and patterns, as will be described
in the eection on Lamps, Beveral yards of vulcanized india-
rubber tubing will also be required, to enable them to be arranged
upon any part of the tables or floor. They can be attached to
any of the gas-pipes, and when uot in use may be kept in a
special place out of the way of injury.

8, The laboratory, as will be seen by a glance at the Plan
and explanation, is lighted by windows all down one side; and
at one end there is another large window, in front of which is
placed a glass caso fitting very tight and containing three ba-
lances, each being also in its own lantern, so that they are doubly
protected from the eorrosive vapours which float sbout the labo-
ratory. No chemical laboratory can, however, be considered as at
all approaching completeness, unless another room is especially
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appropristed to the balances, air-pumps, and other delicate in-
stronmenta,

7. All down one side is placed the chief working bench, at one
end of which iv a desk in which will be contained paper, the
note book, and various et ceterss which are necossarily kept free
from dirt; it is advisable to allot one of the drawers of the desk
to the various test papers, cut into slips, and kept in well-
corked tubes ready for use. Above the desk will be two or three
shelves, for those works of reference which are constantly in use
in the laboratory; and above these may he placed e shelf for con-
taining some of the less bulky and more valuable reagents. The
books for reference may perhaps with greator propriety be kept in
a cuphoard in the balance room.

8. At the extremity of the long bench, next the desk, should
be fixed a small vice, which will be in everyday use during the
construction or repair of apparatus. A fow paire of scissora or
shears should be suspended againet the wall near this spot, which
ghould also be close to the drawers containing the tools. At the
other extremity of the bench to the vice, is placed a four- or six-
gallon stone barrel with & tap of the same material, containing
distilled water, and beneath it & pan to contain the droppings.
Thie will, from its proximity to the operator during his work, be
found far more convenient than having it over the mink, which
would involve passing to the extremity of the laboratory fie-
quently. The presence of the barrel will not prevent the neces-
#ity of having one or two Gmelin’e washing-bottles, of about a
pint capacity, within easy reach, they being constantly in use
for washing precipitates and applying small quantities of water.

9. At intorvels of every fow feet down the working benches,
are gas-pipes projecting & few inches above the surface; they
afford grest facilities for the performance of several operations
simultanecusly, and as each is {erminated by e screw or “thread,”
they may have attached any of the gas-jets mentioned in the sec-
tion on Lamps.

10. The two tables in the centre are very strong and heavy, oo
a8 not to be easily vibrated ; they are, however, capable of being

B2
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removed when required to mske room for any partioular opera-
tion, The larger of the two hes an apparains affixed, which
ensblea it to sustain a filter-stand to hold the calico and other
bags, so often required for filtering large quantities of liquid.
This ie aceomplished by having two alips of wood aliding in mortises
immediately under the top of the table, supporting a board pierced
with holes to receive the bags. In addition to this contrivancs,
soveral amall filter-stands should be provided, in order to prevent
the unnecessary uee of retort stands, which aro more advanta-
geously appropriated to operations with retorts and flasks, and
to experiments requiring heat. The shape and modes of con-
struction of the most convenient apparatus of this kind will be
mentioned in its proper place. Near that portion of the labora-
tory where the filtrations are carried on, will be placed the re-
ceptacle for filtering-paper, which is so arranged as to show all
the different sizee of ready-cut filters at a glance,

1t is recommended, if possible, to appropriate some special part
of the laboratory to filtrations when they are on & larger ecale
than usual, because being generally a long and in many cases &
tedious operation, it is desirable not to cocupy the space allotted
to general work,

11. On the other side of the laboratory, opposite to the general
working-bench, is placed a large arch or hood of masonry, urder
which, on a alight rise, are placed the furnaces; but where a
manufactory which contains powerful furnaces in connected with
the establishment, it is recommended to dispense with them alto-
gother in the experimental room, and, instead, to have one on
Luhme’s or some analogous principle, and to replace the hot-air
cupboard of the table-furnace by one heated with gas, Never-
theless, aa this is not always a convenient arrangement, & fur-
nace of the kind last named is repreeented in the Plan of the
laboratory. A few chauffers will be found necessary, from the
facility with which they can be moved to any part of the labo-
ratory. The hood muat have ita flue quite independent of those
belonging to the furnaces, which may be placed under it, or their
draught would be entirely spoiled; and it is desirable to have an
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arrangement in the form of a damper placed in it, so a8 to enable
the operator to regulate the current of air, and at times to close
it altogether, especially if the flue be straight, in which case
inconvenience would be oocasioned in wet weather by the descent
of biacks and rain,

12, Where organio analyses are frequently being made, it is
advisable to have the means of using two combustion-furnaces
side by side, for the convenience of performing two analyses gimul-
taneoualy, unlees Hofimenn’s gas-furnace is used, when, from the
mpidity with which combustions can be made, it becomes unneces-
sary. ‘The large quantity of white ash and chareoal dust which
attends the nee of the ordinary combustion-furnace, makes it
important to perform the operation under the hood or chimney
shown in the Plan, unless another room can be used for the pur-
poss, which is very degirable,

Aus, in many laboratories, thess analyses are of everyday cocur-
rence, it is important to afford every facility to the operator, by
placing all the materials and ntensils required, within reach, and
always keeping s supply of combustion~tabing clean and dry.

In e convenient place at one end of the room, the square watar~
bath for drying precipitates, &c. must be placed; and as, in an
active laboratory, this instrument is every day in use, and is often
required to contsin & considerable number of preparations, it can
scarcely be too large,

13. At the end of the laboratory opposite the balances will
be seex a vapour chamber or cupboard, having free access to the
stmoephere, Benesth may be a furnace, serving to heat o amall
sand-bath ; the chief use of this epparatus is to receive vessels
emitting vapours, which, from being corrosive or unpleasant, it is
desired to preveat floating about the laboratory, The sand-bath
enables ns to apply heat when required, as in dissclving gold or
platinum, proparing chlorine, &o.

14. At the end nearcst the balance-case is s moveable sky-
light, which will often be in use to remove the vapours with
which the laboratory is unavoidably filled in the progress of some
experiments, end which renders the power of rapidly removing
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the air an object of great importance. It will be seen that no
gpecial arrangement is made for carrying awsy the hot and
vitiated air produced by combustion of the gas, for its influence
is so small in comparison with the odours and other exhalations
constantly emitted dnring the progress of experiments, that it
maay be altogether disregarded.

15. The laborutory should be well provided with cupboards
and shelves, of which it would be difficult to have too many,
In all lshoratoriee of reecarch there ie & constant accnmulation of
specimens of valusble or rare products; these should be neatly
arranged and labelled; one of the large cupboards will probakly
be the most convenient place for their retention, in the event of
there being no museum attached to the establishment,

16. In most eatablishments there is some operation which is
more frequently in requisition than any other; for instance, in
one, alkalimetrical analysis will probably be of almost everyday
occurrence ; in some laboratories metals are constantly being ex-
amined for their purity, or ores for the per-centage of their con-
stituents; in others, on the contrary, the analyscs of manures,
or operations connected with organie research, are the etaple
occupations ; whatever, therefore, the most frequently recurring
source of employment may be, everything else ought to be made
subservient to it, and every facility afforded for its ready and per-
fect performance.

17. A good store of test-solutions should always be kept ready,
and the various burettes, beakers, basins, &c. should, immediately
after uee, be cleaned and put in convenient sitnations, that they
mey be at hand for the next aeries of experiments.

18. The barometer, with a good thermometer of amall range
but very open degrees, should be kept near the place where the
gaseous nitrogen determinations are made, g0 as to indicate the
temperature and pressure on the spot, It is advisable to note
these data every day, st stated times, and to become a8 familiar
as poesible with ell the peculiarities and best methods of ob-
serving the indications of the two inetrumenta,

19, One particular part of the laboratory, prefernbly nnder ono
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of the benches, ahould be appropriated to dirty apparatus in-
tended to be cleaned; and it must be distinetly understood that
B0 veasels or utensils should be taken away to be washed, no
matterwhutthearappeanmeo,unleupheedhm The beat ar-
rangement, perhapa, for this purpose, is to have three trays with
rather deep rime aliding upon beadings, so as to be easily capable
of removal when full.

20, The blowpipe table, so useful for the eonstrnction and repair
of glass apparaius, especially the preparation of combustion-tubes,
finds a place near the chief working-bench, as indicated in the
Elevation. A convenient contrivanee for glass-working will be
fourd in its proper section,

21, A considerable number of retort-stands are indispensable
in an active laboratory; they should vary in height from 14
inches to 4 feet; the latter are intended to stand upon the floor,
and ehould have large and heavy bases to them, The rings
should be numercus, and a few sizres will be fonnd suficient,
varying from 2 to 9 or 10 inches diametar. If is importent
that only two sizes of rods should be in use, cme for the large
and the other for the table standa, so that the rings may be
used indifferently for any ome of the set of stands to which they
belong. In the same manner, the threads of all the screws
should, in every possible case, correspond ; this will greatly faci-
litate the arrangement of the complicated systems of apparatua
which are sometimes necessary.

22, Several small wooden hoope should be provided, some of
which fit moderately tight into one another; they answer a twofold
purpose, namely, as supports for hot flaska or dishes and other
epparatus, which would be endangered by being put down on a
rapid conduetor of heat; and also as sieves, by taking two, one of
which fits inside the other, stretching mualin over the smaller,
and then pressing the larger one over it 80 as to keep the muslin
tight; these sieves are the more convenient, as it is easy to wash
tho material, and also to have it of different degrees of finenesa,
without occupying so large s space as would be required by several
of the ordinary kind.
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23. At the end of the laborstory, over the barrel of distilled
water, is placed the rack for glass tubes. Probebly the most
convenient form is that made on the principle of the racks used
by decorutors for keeping their stoek of paper-hangings. It is
also desirable to have a long box fustened againat the wall, pre-
ferably under one of the shelves, to contain combustion-tubing,
The box should be about 6 feet 6inches long, and the cover may be
attached by a leathern hinge, somewhat in the manner of a candle-
box. It is made so long becanse the combustion-tubes are nsually
sold in wix-foot lengths, and it is not advisable to cut them wmtil
the tabes are being made. The method of making them will be
found further on. The fmbes, when finished, are, from the pecn-
Liarity of their ehape, extremely fragile; the smallest carcless-
ness in moving them is almost sure to break off the long thin
point. It is advisable, therefore, to keep them on two iran
brackets fired into the wall about 18 inches apart, all the tails
being at the same end, and tmrmed downwards; they should
each have a cork placed in the aperture to prevent ingress of
dust. As they are very quickly made, it is better to do 8o when
required than to keep a large stock, and so run the risk of

24, Places should be provided in the drawers under the
benches for the hammers, files, anvils, and other tools constantly
required. Ome drawer should be assigned to the blowpipe appa-
ratus, with its agste mortar, lamps, &o. The various Wedgwood
mortars should have a place assigned them on a shelf near the
gink, The iron mortar on a block will generally be kept in the
store-room, if there be one attached, its mite and weight ren-
dering its presence inconveniont in the laboretory. The stock of
poreelain erucibles will also find a place in the same cuphoard with
the beakers, retorts, flasks and dishes,

25. It has probably been observed, that thromghout the pre-
vions descriptions it has in most cases been taken for granted
that the laboratory has to be confined to one room; if, however,
the operator has the use of a second or even a third, much ad-
vantage will be found to scerne from sech an arrangement. The



THE RXPERIMENTAL LABGRATORY, 9

balances, air-pumps, and other delicate inetruments, will then be
kept out of the danger, which they otherwise incur, of being in-
jured by the corrogive vapours of the laboratory, which in time
will find their way through even the double cases which protect
them. It is therefore most desirable that whenever such fumes
are flying about, every means of ventilation at hand should with-
out delay be put in action, The close chamber previoualy alluded
to (§ 13), will afford the means of preventing the contamination
of the air of the room during the performance of experiments
which will go on by themselves; but there are some operations
which frem their nature are neccesarily carried on on the tables
or benches. There are, however, fow casea in which the fomes
cannot be conveyed into the oper air by the use of a little con-
trivance; when it is impoesible, the only remedy is either to
mske the experiment under the hood (§ 11), or to open the eky-
" light and windows, and by this means establish a current of air
through the chamber,

26. In some laboratories the pnevmatio trough is in very fre-
quent request; whare this is so, it is beet to have it on a table
near the sink, and at some distance from the fire.

The mercurial trough is best kept covered over, on a table pro-
vided with & groove and raised edge, 6o that any mercury spilled
may be swept with a card into e receptacle for the purpose.

If it is possible for each working-bench to have a sunk basin
and plug, with a tap to supply water, which can, when required,
be attached to a flexible pipe so as to cool the Liebig’s con-
densers, such an opportunity must not be neglected ; if, however,
the pressure is insufficient to emable it to enter the lower part of
the last-mentioned insfrument and eecape by the upper end, it
will be useless for this purpose.

Where the laboratory is attached to a public institution, the
working-places for the students may be arranged in the manner
shown in the Elevations. The rest of the laboratory arrange-
ments will be best acen by reference to the engravings and
accompanying descriptions.

B3
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SECTION II.

FURNACES.

27. It ia not intended to notice more than a very small portion
of tho furnaces that have been invented by chemists at different
times. Their number is immense; oven the first chemists, the
adepts, had furnaces of almoat every pattern that fancy could
enggest, or complicated, yet mostly nselesa, processee require.

The Athanor was perhape their masterpiece; it was intended
to afford & steady heat, adapted for digestion or distillation, for a
very long period, sometimes for many months, This was effected
by & contrivance at once simple and ingenious: it consisted in
having an air-tight tower, with & close-fitting 1id st the back of
the furnace, immediately connected with the fireplace; this held
the charcoal in such & manner, that, as it bumt in the grate, it
descended in the tower and replenished the fire.

28. The operations of modern chemistry do not generally re-
quire a long-continued heat to be applied to retorts or vessels for
digestion ; and where it coours, gas is- by far the moet economical
and convenient fuel. Lately, however, it has bocome necessary
in some researches to expose snbatancos in sealod tubes to 212°
or higher for many hours, sometimes even for & week or more;
and it is advisable in such cases, ospecially where regard is had
to economy of time, to keep up the heat to the highest point,
whatever that may be, during the wheole period, instead of letting
the temperature fall during the mnight. Gus, as being 8o easily
regulated, will prove the moet convenient source of heat in these
experiments ; where it i not to be had, oonsideruble dificulty is
generally found in constructing an arrangement which shall dis-
pense with the operator’s sttention during the night. The
manipulations connected with this mbject will be found in the
section on Preesure tube cperations.

29. The first furnace which presents iteelf is that which js
ordinarily in use in the laboratory, and which may be either on

»
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Brande’s or Luhme’s principle. The former is generally used,
and ag it frequently happens that it has to be placed in a reom
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where there is a fireplace, and economy of space being usually
of importance, a modification will be deecribed which has been
found extremely convenient in practice. The figures indicate the
dimensions at the parts where they are attached: 4 is the arch of
the fireplace; p the sand-bath under the arch; c the flue, indi-
cated by the dotted lines; » the damper; = tho rings by which
the aperture over the fireplace is emlarged or contracted; » the
ashpit, which may very conveniently have a door to regulate the
dranght; o the fire-door; w the hot closet, the roof consisting of
an iren plate, between which and the top plate the flue runs be-
tween two courses of bricks. The upper plate, both outaide and
ingide 'the arch, is in one piece. The Fig. 2.

rings fit eadily intc each other, in the

manner indicated by the sections (figs. _
2and 8); if they fittod exactly, the ex-

pansion on heating wounld canse them

to adhere. The space between each ring is somewhat exag-
gerated, for the sake of distinctness, They may be procured i
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setsof the chemical instrument makers, Fig. 8.

or it is easy to have a wooden pattern

made, and get them cast, in places

where they are not procursble ready

made. The price is very trifling. This furnace will give heat
anough to melt several cunces of copper with ease, and by nearly
closing the damper and opening the fire-door, a gentle hest fit
for distillation or evaporation may be obtained. The fire-bars are
loose, and fit inte notches in iron bearings (fig. 4) built into the
wall of the furnace at each end. By

this means it is easy to replace a bar Fig. 4.

when destroyed. Several contrivances —
for dietilling in different waye with

this furnace will be described in the

section on Distillation. The hot chamber is convenient for drying
preparations, precipitates, & The temperature of course varies
with the fire i the furnace, but from 100° to 150° may be teken
as an average. I{ has an iron grating about half-wuy between
the floor and the top, which is useful to sapport capenles, bottlcs,
funnels, with their filiors, &e. put in to dry.

It i advissble, in constructing this furnace, to have a slip
of irop 1§ inch high, placed in such & mamner es to com-
fine the sand to that portion of the jron plate which is beneath
the arch. In order to obiain a mufficient draught, and yet mot
to prevent the possibility of using & hood, several contrivances
are applicable,

In that given, the chimney to the fireplace is closed by alates
about 30 inches from the top of the plate, and the furnace-flue is
carried into another chimney running paraliel with the first; by
this means the pipe of the hood is enabled to play into the fire-
place chimney without injuring the draught of the furnace.

The hood is not represented in the engraving; it projects com-
pletely over the furnace, its lower edge being about 3 feet 6 inches
from the iren plate.

It will be seen that an arrangement of this kind has many ad-
vantages: it oceupies little room, from the sand-bath being under
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the arch, while the light whith comes laterally is quite suffieient
for every purpose. Crucible operations ave conveniently exe-
outed, from the great facility which the rings offer fo the in-
grese and egress of the vessela; moreover, by placing o sheet
of tale over the centre hole, affer removal of the small etopper,
the whole operation can be watched without distresa o the face
and eyes,

Evaporation is readily performed in Berlin or other porcelain
dishes over the naked fire, on a ring of the proper dize; or even,
when it is wished to proceed more slowly, by placing the basin
on the top of the rings, the stopper being in its place, In some
sublimsations, when considerable heat is required to be applied
to flasks, two or three rings may be removed, and a sand-pot
introduced of one of the shapes shown in figs. 5 and 6, They

ig. 8.
. > -

are made of cast iron, and mey be obtained of the inshument
makers at a very low price. In the section on Distillation, a
method will be given for converting pota of this kind into retorts
for destructive distillation, and for preparing sulphurons acid on a
large scale.

Beveral evaporations may be conducted simultansously at dif-
ferent parts of the plate and sand-bath, so that any tempersture
may with facility be commanded, from the melting point of copper
or gold, and even, with care, cast iron, {0 the evaporation of an
salooholio solution, or, in the cloeet, the drying of the most delicate
organic preparations,

There is one disadvantage whieh thia furnace possesses, namely,
that it offers no means for performing the numerons tube opora-
tions which it is so frequently neceesary to resort to evem in
some of the least complex rescarches, In these cases, great use
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may generally be made of the sheet-iron combustion-furnace
represented below.

Fig. 7.

30. The cut represente the method of reducing copper turn-
ings used in the ultimate analysis of organic substances contain-
ing nitrogen ; a ie the combustion-furnace, of sheet iron, seen in
soction. In figure 8, a is the front end, 3 a soctional view of
the anterior extremity, showing the position of the eapports, and
¢ a screen to confine the fire to the parts required. The details
of the method of naing this instrument will be found in its
proper place.

The length of this furnace, to be practically useful, should not
be less than 30 inches by 4 inches high, and 3} broad st the
bottom, increasing to 5 inches at top. 'Where considerable heat
is required, as in the reduction of somewhat refractory sub-
stanoes, it is merely requisite to fan the ignited charcoal with a
piece of cardboard ; or e long parallelogram of sheet iren, end-
ing in a chimney, as in fig. 9, may be employed. Instead of

Fig- A

Fig. 9.

the latter, s couplo of the chimneys belonging to chauffers may
be used, as they will raise the heat sufficiently for all the pur-
poses to which the furnace is Likely to be applied.

31. Where a very intense heat is required to be given to the
tubes, one of Luhme’s furnaces may be employed, which, from
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its extreme edaptability to most chemical operations, will be de-
scribed, It in many cases renders the brick furnace, shown in
£g. 1, unnecessary. The first section, fig. 10, represents the
body of the furnace, which is lined with fire-clay, and has aper-
tures on each side for the passage of a tube, These holea are
eapablooi‘beingclosedbythemalldoqu—abwnopen. Fig. 11
shows the body of the furnace with its fire- and eshpit-doors
closed. The three projections asen at the top, are to allow of
@ large pan being placed over the fire without destroying the
draught.

Fig. 10. Fig. 11. Fig. 12.

¥ig. 18. Fig. 14. Fig. 15,

The chimney, fig. 12, which fits on over the body, has a deor
to allow of the introduction of fuel, Fig. 13 is & msnd-bath
adapted to distillations with retorts; it resta when in use on
fig. 15; the broad depression in fig. 13, intended to allow of the
passage of the neck of the retort, fitting into the corresponding
notech in fig. 15. Four spertures on the top of fig. 13 allow of
the escape of the hot air, so that the combustion is only elightly
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impeded by ite use. Fig. 14 is a section of a broad shallow sand-
bath, adapted to digestions and many other operations. When in
use it resta on the top of fig. 11. The producis of combustion
pass between the double piecos of which it is composed, and
eseape by four apertures in the rim, two of which are seen in
the engraving; they are capable of being closed by smsall move-
able pieces of metal, 8o as to form, in connexion with the fire- and
sehpit-doors, a perfect control over the temperature. The far-
nace just described, and which I have had in use for a long
time, I have always been accustomed to feed with the London
gas-coke. That kind which ia obtained in Beotland, and some-
times elsewhere, which leaves an ash almost equal in bulk to
the coke itself, is of course useless, and in such a difficulty, char-
coal, although a very expensive fuel, muat be used,

In most laboratories of research, such furnaces as the tweo
just described will be sufficient for the performence of all the
operations likely to be undertaken; but it nevertheleas some-

Fig. 18.

times happens that experiments requiring & very intense heat
are necessary ; when such is the case, recourse must be had to s
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blast-furnace. The most convenient and powerful of theeo is that of
Sofstrdm. It congista of a thick sheet-ivon eylinder, a a(fig. 18);
on the top of this is a strong ivon ring, 7, which is intended
to support a second cylinder, b 5, which drope into it; this has
six tubes, §ths of an inch in diameter, fastened into it, which are
intended to comduet the air from the vacant space. They are
2} inchee long, and are, 88 is likewise the rest of the cylinder,
covered with fire-clay. The tube ¢, which projects at the bot-
tom of the outer case, is intended to admit the noxsle of & pair of
powerful bellows. The proper composition for lining the surface
is prepared by patiently mixing fresh Btourbridge clay with a
Iittle horse-dung, and adding about a sixth of a powder made by
pulveriging old erncibles. The composition must not be applied
too moist, and is to be allowed to dry spontaneously.

It is generally found on drying that cracks have been formed,
which must be flled up with a little more of the composition,
‘When guite dry, a gentle fire is made in the furnace, end gra-
duoally incressed to the highest pitch by a vigorous application of
the bellows ; it is then allowed to eool, and the eurface of the clay
in usually found to be vitrified from the intense heat. The cru-
cible is always supported in the furnace about 8 inches from
the bottom. A piece of brick or an old crucible, s at d, fig. 186,
resting on s thin giratum of sand, to prevent it from adbering to
the lining, forrs perhaps the best support,

Staffordshire coke shonld be used, from its small tendency to
produce s fluid slag, which would il up the tubes, and 8o pre-
vent the ingress of the air. By means of this furnace may be
obtained the moet powerful hest which can be applied to cru-
¢ibles in laboratories®. In fact, its power is greater than the
resistance offered by the best veasels: it not nofrequently hap-
pens that a good Heesian erucible is complotely fused ; this is
more likely to happen with common gus-coke than with the
Staffordahire, as the alag produced from the furnace acts as an

® The improved spparstus of M. H. Bsinte-Claire Deville, by means of
:hiehmphﬁnmmybomalhdmdtohﬁlbd,wﬂlhminm
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energetio flux, This description of farmace was especially valu-
able at a time when, in mineral analyecs, fusions with carbonate
of baryta were often necessary.

The platinum crucibles are to be imbedded in magnesia con-
tained in & good Heasian or London erucible, as, if exposed to the
naked fire, they would be readily destroyed by the elag; even if
they escaped this, they would scon be rendered rotien and useless
by the eulphurone and other vapours which are inveriably present
in an sactive state in the atmosphare of a blast-furnace.

It is scarcely necessary to caution the chemist sgeinst the
danger arising from the performance of an operation evolving
such an intense heat and ebundance of sparks, in an unprotected
or uneafe place, It is advieable, where the full power of the
furnace is required, to have a good fire at hand, in order to re-
pleniah with bright red-hot fuel, as great reduction of tempera-
tare would arise from feeding it with cold coke. In ordinary
oxperiments this will not be necessary, as, from the intensity of
the heat, operations performed with it are usaally scon finished,
and froequently without the necessity of adding any fresh fuel,
The furnace will be found of service in the reduction of iron orea
on the small scale; also in the formation of alloys of the more
refractory metals,

82, It was intendsd to give an illustration of Aikin’s blast-
furnace, formed from large black-lesd crucibles, but the eupe-
riority both in point of economy and dursbility of the one just
mentioned will render such a deseription unnecessary, and enablo
us to devote the space to the comsiderstion of some other con-
venient and more frequently nsed furnaces.

33. In estsblishments where fused potash, nitrate of silver,
chloride of zime, and similar preperations are made, the little
furnace about to be described is, from its simplicity and cheap-
nees, very useful ; it may he used also for distillations, and small
crucible experiments, It is, however, leas applicable for di-
stillations thar other operations, becanse there is no fire-door;
the fuel being introdueed at the aperture in the plate, which is
closed by rings, ¢, fig. 17, like the furnace first described. The
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heat is regulated by & damper, d, in the usual manner. The
chief peculiarities are in the arrangement of the grates and the
ehape of the fireplace; for it will be seen there are notches af
different heights supporting square rods on which fire-bars may
be placed, as at & 58, to adapt the furnace either for crmcible
operations, distillations or fusions,

in pans on the rings. Those bars Fig. 17.

not in nse, are to be removed and B T B
the holes to he closad by brick or
iron etoppers ; and, if avery intense
heat be required, the interstices, if
any, may be made good with a littie
Btourbridge clay. As the ends of
the bars project from the furnace,
they may be removed with a pair
- of tongs, and the fire is thus imme-
diately extinguished. The bare
are of the usnal shape and lie side
by side, the square piece ai the
ends preventing them from lying
80 close as to injure the draught.
Fig. 18 gives a view of the bam
as seen when looking down into the furnace, and also a side
soction. This wrangement, when playing into a tall chimney,
forms an intensely powerful wind-

furnace, and thet at a very small Fig. 18,

cost, 88 it can be erected by any
workman. It shonld be Lined with
fire-bricke. It will be scen that
the firoplace is made alightly co-
nical, 80 a3 to allow the easy de-
scent of the fuel. The addition of
a fire-door of course makes the far-
nace fit for distillation with retorts, &e. The top is formed by
o plate of wrought iron pierced for the rings; or if cast, it should
be made with a flange to fit them acenrately. This furnace may
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also be used for cupellations by placing the eupel on the exit of
the hot air, as at a; and the progrees of the experiment may be
watched from the ring-hole by removing the stopper o. In thie
opsration » piece of red-hot coke may be placed on the cupel, in
such 4 manner as to concentrate the heat on the assay without
preventing the accose of the air,

It is necessary to observe, that the farnacs, if intended for ope-
rations requiring s very poworful heat, should be constructed of o
different aize to what it would be if only used to evaporate and
fuse the chemicals allnded to, or similar preparations, Even then,
however, the same relative proportions may be preserved.

Considerable care and attention is requisite in using powerful
fuornaces, to obtain a temperature adapied to the operation, It
may be taken as a rule, generally, that there is more danger of
heating & orucible too highly than toolittle. Carelesmnees in this
respect is often the cause of much disappointment and snnoyance
to persons unasoustomed to the neoessary manipulations.

84. Where many conseoutive crucible operations of the same
kind are to be performed, as, for instance, in the preparation of &
coneiderable quantity of a fused chemical product, much advantage
is often gained by not permitting the erucible to cool. If, in
making ernde mitrite of potash by fusing nitre, wo first melt the
galt in an iron basin to expel the water, and then put it into a
provicualy warmed common English erucible, and gradually reise
the temperstare to bright redness, we shall often find, on pouring
out its contents, that the crucible is uninjured, sud if immediately
returned {o the fire may be refillod with the dried ealf, and the
operation continwed in the asme manner until many pounds of
the nitrite have been made, If, on the contrary, the damp nitre®
be placed in a eold crucible, and the latter be at onee introduced
into the fire, it is sure to be destroyed, sud, in all probability, the
contenta lost, Tt is therefore adviaable to put the erucibles intended
to be used, on the top of the farnace for an hour or eo before they

® Commercial saltpetre, although spparently dry and eontaining no water
:{:rymﬂinﬁon,duynvhimcmﬁdmbhmtmthhmof
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are wanted, to ensure their complete dryness and to prevent too
rapid change of temperature, on being put juto the fire. When
crucibles or stoneware retorts are required to be luted, as is the
case When they are to be exposed to a long-continued or viclent
heat, a very convenient mixture for the purpose is composed of
gifted Btourbridge clay well mized with s little damp horse-
dung {0 which & small quantity of & strong selution of borax has
been added. It is fo be evenly applied over the outer surface
with a knife, The veasel should then be placed on a moderately
warm part of the furnace until perfectly dry, and the cracks
which will probably have formed must then be filled up and the
drying be repeatod. Further directions for tho epplication of
luting will be found in the section on Distillation at a high
temperature,

35. One of the most con- Fig. 19.
venjent and often used sub- e -
stitutes for the farnace is the
sheet-iron chauffer, fig. 19. |
It is intended to burn char-
conl, and, when used with the
additional chimney, it gives a
very good heat, quite sufficient
for the decomposition of sili-
coous minerals by the improved
processes of Lawrence Bmith,
and others. To adapt it for
tube operations it is provided with holes opposite cach other,
which are capable of being closed by means of small pieces of
sheet iron moving on ® rivet. The grate is supported by
three projecting pieces of sheet iron riveted on. The small
door at the top is for the purpose of ensbling fuel to be added
without removing the chimney, By means of an iron triangle
placed over the cheuffer, after the chimney is removed, we at
once adapt it to distillations and evaporations. The smallest
dimensions practically convenient are 6 inchee in dismeter and
the same in depth, the grate being placed immediately above the
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door, which ie 2} inches high by about 3% long. One of the
advantages connected with it, is the facility it affords to operations
requiring its presence on the tables or other parts of the labora-
tory. When placed upon any wooden substanos it is supported
by s tile, which prevents any danger from the heat.

Ita use, to contain a supply of red-hot charcoal during the pro-
cess of organic analysis in laboratories not possessing a complete
arrangement for the purpose, will be alluded to in the section
devoted to thet subjeet. A furnace of this description is far more
convenient than any substitute made from “ blue pots,” which are
recommended in many chemical works. The latter invariably
crack after one or two operations, are more troublesome to con-
struct, much heavier, and, in fact, less eligible in every respect.
Bometimes, however, the French clay-chauffers may, from their
oonvenience of form and cheapness, be used with advantage;
and the better class of them may Fig. 20.
be used & considerable time be-
fore any serious injury oocurs.
They should be bound with strips
of iron, or wire, in several places,
in order to keep them together
when fissures make their ap-
pearance,

36. It has been said that the
farnace represented in fg. 17
may be used for cupellations, but
when an apparastus especially
adapted to this procoss is de-
aired, that depicted in fig. 20 is
perhape as convenient as any.
It is made, preferably, of sheet
iron lined with fire-clay, Those
constructed entirelyof an earthen
material, are liable to the disad-
vantage slluded to in the case of
the crucible-furnaces made from blue pots. It oonm.sta essenhally.
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of & chember either aquare or eylindrical, provided with three
apertures: ene, 4, to admit the muffle, fig. 21 ; another, b, to in-
troduce the fusl; and a third, ¢, to regulate
the dranght. The muflle, d, ia seen to be
supported at one end by the edge of the
aperture in the fornace, and at the other by
8 projection opposite to it. The small gal-
lery, ¢, placed round the chimney, is intended
to support the newly-made cupels during the process of drying,
sufficient heat for which is obtained partly by radiation and partly
by conduetion. The muffles are small earthen ovens pierced on
the eides to enable a current of air to play on the asaay, by which
means the more oxidizablo metals are converted into a state which
ensbles them to be sbeorbed by the cupel,

The beet fuel for & small sssay-furnace is charcoal in moderate-
mized piecee mixed with somewhat smaller fragments of coke or
well-gifted cinders. The cupels are formed by mixing finely
sifted bone-ashes with just suficient water to enable the powder
to adhere; it is then pressed into

_ & cupel-mould, fig. 22, the super-
flaous mass being removed by o
knife; and the stamper, 4, being
introduced, s smart blow is given
by a mallet, and, on reversing the
mould, s little preasure enables
us to remove the cupel, which T -
must be thoroughly dried before use. In fig. 22, in addition to
the stamper, @, and the mould, b, a ring, ¢, is introduced ; thia is,
however, only used where the unnecessary complication of having
b made in two pieces, to facilitate the removal of the cupel, is
adopted ; the ordinary arrangement, which requires only the two
parts a and b, io by far the best. The division of ¢ inte two pieces,
and keeping them together by a ring during the time the cupel is
being formed, appears to be an imitation of Plattner’s mould for
crucibles. The details of the procesa of eupellation are of course
foreign to & book on manipulation, as they would afford sufficient

Fig. 22.
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materinl for s treatise on that subject exclusively®; but we may
mention, that it is founded on the non-oxidizability of gold and
silver; if, therefore, we expose s mixture of these metals on o
cupel, with the eddition of a vertain quantity of lead, to a cur-
rent of air at » high temperature, the less valuable metals pre-
sent are converted into oxides, which, being fluxed by the excess
of fusible oxide of lead, become fluid, and are absorbed by the
cupel, At the end of the operation, therefore, we have the pure
metal {or a mixture, if both gold and silver be present) in the
state of a globule on the cupel ; it is then removed and weighed,
If silver be present, the resulting button is again subjected to
the operations of guartation and parting, the details of which are
to be found in the work mentioned in the note, and also in moat
manuala of chemistry.

87. 1t must be remembared, that, in furnaces of the ordinary
kind, the maximum heat is about 1} or 2 inches above the bars;
the crucible should therefore be supported on a piece of brick, or
another crucible inverted, by which means it will acquire much
more heat than it would if put directly on the bars.

38, It is sometimes required to construct a furnace that shall
heat an exceedingly large sand-bath; and as it is, of course, an
object to accomplish this end with as small an expenditure of fuel
as posaible, the flue is made to wind backwards and forwards, eo
as to deprive the current of air and smoke of as much heat as
possible ; the bricks et the end of each turn are capable of being
removed, 80 a8 to enable the flue to be cleaned without taking the
plate off. A sand-bath of this deseription is extremeoly valuable
in numercus oparations, especially for sublimations which are to
be performod &t a gontlo heat; such, for instance, as the mann-
facture of pyrogallic acid, much used of late years in photography,
By the arrangement alluded to, all gradations of temperature,
from a dull red toa gentle digesting heat, may be obtained; more-
over, the flue in provided with s damper, which enables us to
increase or leasen the fire at will.

# For information on thess points, the reader is yeferred to Mitchell's
¢ Manual of Practical Assaying’
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SECTION TII,

LANPS.

39. The extreme cleanliness, and great facility with which the
heat of lamps can be regulated, render their poesessien, under one
or other of the numerous forms which fancy or necessity has created,
quite indispensable to the experimental chemist, It is to be ob-
served that mach difficulty is often found by the inexperienced ope-
rator in eelecting the most really useful form of lamp for general
use, and, as is so frequently the case, under very different circum-
stances, the most gimple is likewise the most genorally efficacious.

As inall towns of any importance gas is to be had ata moderate
cost, it becomes for 'many reasons by far the best and most eco-
nomical fuel. In the first place, with modernte care, there is no
waste, there i3 also no spilling of oil, no evaporation of spirit, no
trimming of wicks, no tendency to derangement in the mechanism,
and therefore no trouble in obtaining precisely the most eligible
amount of fame, Gas os a fuel is therefore most strongly recom-
mended for general use instead of either oil or spirit.

40, Bevoral kinds of ges-lamps are in use in laboratories,
and all of them have excellencies in one way or amother, The
first and most simple is the common Argand burner, a vulcan-
ized india-rubber pipe connecting it v Fig 29
with a eupply-pipe. The burner is . S
generally supported upon & heavy foot,
ag in fig. 23. It has two taps, one at |
the supply-pipe and one at the burner.
The effect of the second is to enable us
to use the gas at some distance from the
supply-pipe, without the necessity of
going from the lamp to regulate the
flame, an important thing where, from
theopacity of the chimney, which musi S
be of copper or brass, it becomes impossible to sﬂjuﬁt the ﬂa.me
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without being sufficiently close to look down into it, It is alse
nevcessary to have a tap at the supply-pipe as well aa the buraer,
in order to facilitate the yemoval of the latter for the purpose of
cleaning, &c. without cansing escape of gas, The grest command
which the operator has over this arrangement makes it the most
generally usefol of any. From the smallest blue flame to a heat suf-
fleiant to raise to dull redness a moderately large platinum crucible
may be obtsined. The next method, where the gas mixed with
air is burnt on the top of wire-gauze, is far leas easily regulated,
but is, nevertheless, extremely valusble in cases where & powerful
temperature is desired, as in the fusions which cocur in the analysie
of siliceous minerals, the ignition of precipifates, the combustion
of the platinum and gold donble salts formed by the different bases,
with a view of ascertaining their atomio weights; also in the deter-
mining the quantities of baryta, lead, and silver in the salts formed
by the union of those substances with the organic acids® &o. The
simplest way to construet 4 lamp of this kind, ia to take a pieco of
wite-gauze of moderate fineness and press it over the chimney, 5,
fig. 24, until it is folded down sufficiently, Fig. 24
and then to pinch the ereases with a pair
of pliers until they take the shape seon from
the top at o: this will have theeffectof draw-
ing the gause tight over the chimney; the
points are then to be folded againet it as at
d, and the ring, 4, is then to be put over the
whole to keep it in its place. The gas ia
turned on for a few seconds before 4 light ia
applied, otherwise the mixture is so explo-
sive thatthe flame passes throngh the gauze,
‘When salight, and the proportion of air and gas properly regulated,
it is obeerved that a pale blue flame is obtained, ehowing the
absence of solid earbon. Moreover, if we place & basin or other
vesacl over it, no eoot is deposited. In the Argand lamp, where
® In these latter experiments, it is better to commence by hesting gently
over the Argand lamp, fig. 29, until all volatile matiers are expelled, and
to finish by ignition over the Bunsen's burner, fig. 80.
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the combustion is, chemically speaking, less perfect, the flame, if
allowed to play on the bottom of a vessel, immedintely deposits
carbon, causing incomvenience, not only by the soiling of the
veasel, but also by preventing the due access of heat.

41. Another, and, in some cases, more convenient method of

burning coal-gas with air is repreeented in fig. Fig. 5.
25, where a gas-pipe, fixed to a table, as alluded
to in the description of the laboratory (§ 9), ie
seen to open beneath a funnel-shaped tube; by
this means a blue flame of great intensity may be
obtained, in which, equally with the last arrange-
ment, all the carbon is oxidized ; moreover, the
flame is more compact, snd, by & little manage-
ment, may be obtained in a form admirebly
adapted for the ignition of platinum crucibles,
and many other purposes. Theneck of a broken
glass retort supported by a clip, or even by a wire, answers overy
purpose, This instrument is, it is belioved, the contrivance of
Mr, Remington,

49, A neat gus-burner, on the same prineiple, is shown in
fig. 26 ; the description of the first renders & second unnecessary.
Dr. Lionel Beale has described o gas-furnace (fig, 27) for heating
eommon earthen crucibles: he states that it is capable of raising
10 or 12 ounces of oxide of copper to redness, and of fusing sili~
cates with carbonate of soda. He also states that the tube in
which the coal-gas mixes with the air should not be less than
@ inoches in height and 8 in dismeter, The gas comes from a
amall tube in the lower part, and bume with the air on the sur-
face of wire-ganuze, Just above the gaure there are several small
holes. The crucible is supported by piecoe of irom, projecting
from & wide iron ring made to fit the furnace, and which can be
replaced by others adapted to erucibles of various sizes. The
upper part of the body of this firnace ean be removed when
required, and there is a4 small door in it to enable the operator to
wateh the process going on within, The next method of applying
gas to chemical operations which claims our attention, is the gas-

c2
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furnace represented below. It is made of sheet iron, and has two
rows of holes, sbout 4 an inch in diameter, pierced in it, ome at

Fig. 97,

the top and the other at the bottom ; the former is necessary to
allow the exit of the heated air, in case the whole of the superior
aperture becomes closed by a retort or basin, &c. It is advisable
sometimes to have a plate of tale adapted to the door, in order to
facilitate the regnlation of the flame by enabling the operator to
g0 it without opening the apparatus. The burner consists of a
large ring pierced with holes, and may be made either to rest on
three projecting slipe of iron, or on & foot, in the manner shown
in fig. 28, The top is adapted to a series of sheet-iron rings of
various sizes, which serve to support the vessels over the flame,
This instrument is of great use in the laboratory of research, from
the ease with which varieties of temperature can be obtained, snd
still more especially from the fact that a uniform heat may be
mainteined for any length of time with very little superintendence,
A furnace for heating a small sand-bath is shown in fig. 29, It
iz particularly adapted to analytical operations, from the ease with
which the heat is capable of being regulated.
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A burner of a very convenient kind for mixed gas and air* hes
lately heen introduced ; it consists (fig. 30) of a brass tube, a b, of

Fig. 29 Fig. 80.

about §ths of an inch in diametor, sliding at ¢ on & fish-tail burner;
the air enters by holes at ¢, the amonnt being regulated by meens
of & amall alide, which cloges them wholly or partially as may be
required. The nature of the apertare by which the gas enters is
well adapted for causing it to mix with the air, notwithetanding
the small sizs of the tube a b.

43. The admimble contrivance of Dr. Hofimann for obviating
the necessity for the use of charcoal in organic analysis, an in-
stroment which must greatly inflnence the progress of organic
chemistry, from the rapidity with which it enables us to make
extremely accurste snalyees, will be described in the section on
Manipuiation in Organic Analygis,

44. Chemists who have the misfortune to be unable to procure
gao for the labaratory will necessarily be obliged to use oil or
epirit, and, where economy of fuel is of secondary importance,
methods may be adopted which will preveat the- operator from
foeling any great incoavenience from the substitution ; neverthe-
less, so0 considerable are the advantages of gas over any other

® aid to be invented by Bunsen.
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source of heat on the small scale, that an effort should be made
to procurs it,

45. The number of lamps which have heen inventod at differont
timea is almost as great as that of furnaces; it would, therefore,
bo hopeless to attempt deseribing them all, and, in fact, very
few are really serviceable in practice, O(il-lamps are now but
little in request, the heat they give being lesa powerful, and
the combustion, unless great care in ueed, less perfoct than with
alechol or wood-spirit, 'We are therefore obliged frequently to
trim the wicks and clean the instraments, if we would avoid
the annoyance of baving vessels exposed to the flame blackened
by smoke. Bometimes, however, there are occasions when (gua
being absent) they are necessary; but this only happens when
an extremely gentlo heat is required for o considerable time,
a8, for instance, in the solution of refractory substances, di-
stillation of volatile liquids, drying precipitates, &o. In all
these instances the most simple form of lamp is quite suficient,
and it is doubtful if anything would answer the purpose better
than that kept for use with the blowpipe. It is quite nnneces-
sary to describe the oil Argand lamp, its constroetion being
so nearly gimilar to that of the spirit-lamp with circular wick
(fig. 31); of course the water-chamber may be omitted; in
every other respect the same model may be taken. A fow cotton
threads gathered together at the lips of a small evaporating basin
filled with olive oil may often be used, and, under some cironm-
gtanoces, is an extremely useful substitute for a proper lamp, The
operator will find no diffculty in forming an imprompta oil-lamp,
if required, from the various piecos of metal, &e. which are gene-
rally at hand in all Isboratories, "When required for giving light
to the aparhment, the constrnction so muek used now, called the
Modorateur, will be found economical and convenient. Colsa, or
refined rape oil, is the best fuel for it.

48, Spirit-Lamps. The ordinary glass spirit-lamp is so com-
mon that a deseription of it is nnnecessary; it may be men-
tioned, however, that, as ordinarily sold, they almost invariably have
the cap made too short, 8o that when placed on the lamp the wick is
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compreesed. Thia ought to be provided against by selecting one
with a cover sufficiently high. The use of brass wick-holders is
Liable to many objections. In the first place, they become greatly
heated end endanger the eplitting of the glass, But the chief
objection is the corrosive action which the fuel generally nsed as a
subgtitute for epirits of wine in this country, exerts on the alloy of
which the wick-holder is made; we frequently therefore find a
cupreous deposit on platinum vesssls when exposed for any length
of time to the flame, a circamstance of great importance in many
casea, and one which onght to be carefully guarded against, The
stoneware wick-holders to be procured at the chemioal instrament
makers, and first introduced, it is believed, by Mr. J. J. Griffin, are
admirable sebstitutes for the ordinary metal ones; jn defanlt of this,
a pieco of glass tube may be advantageously used, An effective
gpirit-lamp may at eny time be conmiructed out of & vial having a
tube pasaing throngh the cork,s cover being formed from a test-tube
inverted over the wick, and fitting with moderate tightneas on the
superior extremity of the cork.

47, The epirit-lamp with the circelar wick figured in section
in the margin (fig. 31), is & neceesary piece of apparatus in all
lahoratories where gas is not to be ob- TFig. 81.
tained. The construstion ia obvicus; S -
it bas, however, a peculiarity which
deserves attention, namely, the water-
chamber g, which is seen to surround
the wick-holder, thereby preventing |
the epirit from becoming heated during
long operations. It is, however, re- |
commended to bave the wiek elevated |
by a cireular acrew, as in the ordinary |
Argand table-lampe, instead of the rack-work plaoed on one slde

(iig. 81), a mode of elovating and depressing the wick which has
many dissdvantages. The lamp invented by Berzelius (fig. 32)
is much used, and has the spirit-chamber placed at some distance
from the wick-holder, by which means the heating of the epirit is
prevented ; but, from ocoupying eo much space, this arrangement
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i8 perhaps searcely 8o convenient as the water-chamber, A eir-
cular apirit-lamp, to be generally useful, cught to be able to heat
a platinum crucible of one ounee capacity and contents to full
redness, eo as to enable the operator to fuse the more easily de-
composable silicates with carbonate of soda or the other fluxes
recommended in works on the analyais of minerals; these opera-
tions may, however, be performed with a charcosl furnace similar
to fig. 19, The modes of rendering even the more refractory
minerals soluble have been so far improved by J. Lawrence Smith *

Fig. 33,

(}
|
|
L

and others, that it is scldom necessary to use Befstrém’s blast-
furnace. Where the full powers of & lamp are required to be
exerted, the crucible jacket, fig. 33, is necessary ; it will be seen
that the erucible is pupported on three knife-edges; the arrange-
ment is such that the flame is made to act on the crucible in =
manner well adapted to economize the heat and avoid Joss by
radiation.
* Chemical Guzette, vol. xi. p. 262.
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BECTION IV.
BLOWPIPE APPARATUS.

48. Thia litile instrument has beeome abaolutely indispenssble
to the chemist; perhaps there ie no single applisnee made use of
in the scienoe which has 80 wide a field of usefulness; its value is
not only found in mineral, but also in organic research; in fact
80 extended has the subject of blowpipe manipulation become, that
8 sepamte treatise would be necessary were we to enfer upon it
ot enything like the lemgth it undoubtedly deserves. Of all
the manuals extant which treat of the blowpipe, that of Professor
FPlattner is the most elaborate and useful, so much so that a chemist
eould acarcely be said to be a good blowpipe analyst unless tolerably
familiar with its contents ; the treatises of Berzelius and Children
may aleo be consulted. Under these circumstances it will not be
necessary to enter at any great length upon the subject, but the
following paragraphs may st least serve as an introduction to the
more extended works alluded to, The Fig. 84.
philosophy of a candle-flame is familiar to -
all who have studied elementary chemistry,
and is undoubtedly foreign to & work on
manipulation ; we shall therefore proceed to
deacribe the blowpipe iteclf, The different
fancies of chemiste have produced a consi-
derable number of them, each, poesibly, ha-
ving some particalar merit adapted to the cir-
cumstances under which it weas invented;
however, out of all these there are but two
or three in genoral nse,

It will be found, that for all purposes for
which & mouth blowpipe is applicable, that
of Black is the best and cheapest. It con-
gists of a tobe of tin plate (fig. 84) about
7 inches long, 3 inch broad, tapering to & quarter, where a emall
mouthpiece is soldered, to increase the operator’s command over

cS
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the instroment. At the wider end is inserted o small cylindrical
tube of brass, about £ inches long, supporting the noszle, which
may be of bress or plstinam. The tube is slightly eomieal
at the end where the jet is fixed, and the latter is thus made to
fit on without & screw, which wonld soon be injured by the high
temperature to which it is exposed, and render it difieult to be
removed for the purpose of cleaning, It is absolutely neceseary toa
good blowpipe that the nozzle should be drilled from a solid piece of
metal, in the form represented on a larger soale in the section fig. 34,
One of the chief merits of Black’s instrament, is the eflcient mannor
in which it condenses and retains the water derived from the
breath, and renders its ejection upon the heated assay impossible.

The moveable trumpet-shaped mouthpiece may sometimes be
used with advantage in long and fatiguing operations; it is, how-
aver, seldom neceseary.

Wollaston’s blowpipe oonsists of three tubes, capable of being
connected or of being taken asunder and then pecked one inaide
the other,

Cronstedt, who was perhaps the first who endeavoured fo pre-
vent the moisture of the breath from reaching the assay, contrived
an instrument having & bulb in the middle capable of being opened
in order to remove the condensed moistare, It is an expensive,
although far from convenient form, and if, by any chance, held
vertically, the moisture escapes.

The lamp generally used with the blowpipe is of very simple
eonstruction. The wick, which is about an inch long by one-
eighth wide, stands } inch above the holder, fig, 35. A cover
is made to screw over it, to prevent dust from sccumulating on
the wick. The construction of the wick-holder will be seen by
reference to the engraving, and the cotton is to be cut parallel
to it, the lower end being away from the operator while blowing,
The air is propelled along the wick in the direction of its greater
axis., To & person of moderate dexterity, the manipulations eon-
nected with ordinary blowpipe analysis, will prove very easy, but
considerable experiance will be necessary to enable the student to
detect in complex mixtures, substances whose reactions ave noi
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very derided, Nevertheloss, tho value of the instrument is so

great, and go many otherwise troublesome problems in qualitative

analyses may be rapidly and decisively solved by it, that no
Fig. 85.

tabour should be spared to acquire fucility in its management. It
may be mentioned, thet the blowpipe is not intended entirely to
supersede the humid method of analysis; it is mather to be con-
sidered 8s an adjunct; for instance, we will suppose a piece of
type-metal to be under examination : its brittlences will at once
lead to a suspicion of the presance of antimeny or bismuth, but
it is wished to ascertain which of thess, and what other metal may
be present, It is heated with nitric acid until converted inte a
white powder, evaporated to a small bulk, water added, and the
liquid filtered; the precipitate on the filter is washed and heated
with carbonate of eoda on charecal in what in termed the reducing
flame ; a brittle button of metal is obtained, which may be further
examined on a fresh piece of charocal : ite colour is almost a pure
white; we therefore are led to believe in the absence of biemuth,
which has a pinkish tinge; but, to be certain, we heat it in the oxida-
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ting flame ; white fumes are given off, which, when condensed, have
no tint of red or orange; we therefore conclude the absence of
bismuth. The solution may now be examined: sulphurie acid
is found to produce a precipitate; it ia therefore added in exocess,
and tho precipitate filtered off, washed and reduced in the same
manner as the last; a malleable globule is obtained, conclusive of
the prosence of lead. In faet, the precipitation by sulphurie acid
is sufficient, but it is always satisfactory to obtain the pure metals
whete it can be done so easily. The first globnle of antimony
may, moreover, be examined for tin or arsenic if necessary,

49. The above sketch is not given an the best mode of analysing
the alloy alluded to, but merely 88 the flret case that suggested
iteelf, of & real experiment, where the agency of the blowpipe was
made nse of to obtain & rapid result. There are many metals
whose reactions before the blowpipe are so marked that their
presence may be ascertained almost instantly, while by the ordi-
nary course of analyeis, a long and troublesome series of operations
are neceseary before a decided answer can be given ; among these
may be mentioned manganese, arsenic, iron, chromium, ocbalt,
tin, titanium, and several others,

50. The first thing to be acquired in blowpipe practice, is the
power of kesping up a continuons blast or current of air for some
time; to effect this, the enlarged orifice of the instrument is to
be placed between the lips, and the month filled with air until
the cheeks become distended like a trumpeter’s; it will soon be
found, that, by making 4 motion with the tongue, somewhat like
that which is done in ettering the syllable “ tut,” a fresh supply
can be given as often as may be required; during this time the
breathing is earried on by the nostrils.

51. The next step is to produce either the oxidiring or redu-
cing flame at will ; and by attending to the following instructions,
the operator cannot fuil to succeod after a little experience, The
oxidation flame is generally considered easier fo obtain than the
reducing; we will therefore commenoe with a description of the
method of producing it, The lamp being trimmed, so thet the
wick is parallel with the holder, and quite free from any strag-
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gling fibres, is to be lit, and the wick s adjusted thst the flame
may be clear and brilliant; if we now take a blowpipe with &
moderate-sized orifice, and hold it in such a position that the jet
shall be just inside the flame, and about the tenth of an inch
above the wick, the flame will not only be deflected, but conaider-
ablynltomdmltachmem two parte being more especially
conspicuous, viz, an internal blue cone, and a yellow halo-like
flame at the end. It is in this exterior yollow part thet the
power of oxidization resides; and,’if a globnle of tin abeut the
size of a mustard seed, be placed in it for a short time, it will
swell, and finally become converted into a white earthy-looking
matter, the peroxide of tin, If, on the contrary, we use an instru-
ment with the aperture rather less than in the last experiment,
and withdraw the jet a little, so that it may be on the outaide
of the flame, and then blow mather powerfully, we ehall find
that, although deflected, the flame ia lesa altered in its gemeral
characters than in the previous caseo, the chief part of it consiat.
ing of a large and highly luminous cone, containing a consider-
able portion of strongly ignited carbon, preeisely in the condition
most adapted for assimilating oxygen, and becoming converted
into earbonic acid; and if we expose to it, upon charcoal, the
enuliflower-looking masa of peroxide of tin which we obtained in
the first experiment, we shall find that the highly ignited carbon
will combine with ita oxygen, and it will be reduced to the me-
tallic state. To reduce paroxide of tin on charcoal without the
assistance of a flux, is a test of moderate proficiency in the use of
the ipetrument.

52, Supports for Substances befors the Blowpipe—Having ac-
quired facility in the two operstions which are in request every
time the blowpipe is used, we turn our attention to the supports
nocessary when an assay is to be exposed to the flame, The three
mubetances most used for this purpose aro charcoal, platinum,
and clay.

The firgt is generally resorted to when a deoxidizing power is re-
quired, elthough, in certain cases, it is admissible where oxidation
is to be effected ; the two latter are employed if 8 substance is to
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be brought to s higher atate of oxidation, or is merely to be fused.
Good pine charcoal is, perhape, the heet that can be nsed, but the
laboratory charooal-box generally eontains pieces which by a little
use of the saw may be made fit for blowpipe experiments. It must
be remembered that the sides only should be used, and that pieces
which have bark on them should be earefully avoided, s they emit
showers of sparks which acintillate and fly aboutin a very sunoying
and even dangerons menner.

53, Platinum is used ae a support in three different atates,
narnely, as wire, foil, or small spoors. ‘The first of these is re-
presentsad in figs, 40 and 41, bent into the shapes in which it is

generally used to support & bead of borax or microcosmic salt to
whick & small portion of the aseay is to be added. The whole is
then to be exposed, first to the reducing and then to the oxidating
flame; the changes of colour produced in this manner, generally
afford o clue to the class of substances to which the assay belonge,
end frequently enable ns to pronounce with certainty as to the
presence of one and eometimea several of its ingredients.

64. Platinum spoons are employed in bhlowpipe experiments,
to eomtain mixtures of siliceons minerals and fluxes, where it is
intended to bring s substanee inscluble per s¢ into & condition to
be acted on by solvents in cases where the dry method alone is
insufficient to enable us to ascertain with cortainty the composi-
tion of the aseay, They may be made of the sizes and shapes of
those repreeented in figs. 36, 87, 38, and 89; the handle may
either be held with & pair of pincers, during exposure to the
flame, or be fixed in & support of wood with a hollow brasa fe-

-
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rule, through which a screw is passsd to fix the platinum handle,
as in fig. 42, It is likewise well adapted to hold the platinum

=

wires, and is made hollow in order to contain them when not in
use, A very convenient support for platinnm wires is the small
ivory instrament used by ladies for containing and fixing crochet-
hooks. It is much like the holder in the engraving, but differs
in the arrangement by which the hooke are grasped.

There are a fow precautions necessary to be observed in using
platinum vessels, which may with propriety be introduced in thia
place.  For instance, if e reducible metallic oxide be heated with
any subatance capable of removing its oxygen (ae oxide of lead
with charcoal powder, or other orgunic matter), or, if a reducible
oxide be exposed on the platinum wire to the reducing flame, the
gapport is almost certain to be destroyed ; such substances must,
therefore, be heated on chareoal or clay supports, When a bead
has been fused in the loop of a platinum wire, it should not be
removed by mechanical means, but the wire should be thrown
into a small vessel of water until the bead is dissclved. An
exception to this rule occurs when e bead fused in the loop of
a platinum wire is observed to be coloured before addition of
the assay; in such case the bead must be sharply heated; and
then, if the wire be dexteroualy jerked aguinet the anvil, or
any other hard or steady substance, the melted mass will fly
off, and must be replaced by a fresh portion until e colourlesa
bead is obtained, 'Where a silicate has been fused in » platinum
spoon, and it iy wished to remove the meass, it is generally ad-
miseible to boil it with hydrochloric or nitric acid, but we must
carefully avoid the preaence of both together, or, in fact, of any
mbstances capable of generating chlorine ; aa the vessel would be
more or less attacked, and thus cause a twofold injury, namely,
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damage to the vessol and, what is sometimes more serious, intro-
duce platinum into the analysia, ‘Where & ilicate has been fluxed
in a platinum spoon with any of the mixtures to be found in
analytical manuals, and difficulty is found in extracting the fused
mass, the spoon should be suspended by & platinum wire near
the top of a glass of water, and left for a fow hours ; it may then,
in most cases, be removed without difficulty. If this procedure
ia insuficient, acids must be resorted to.

55. Platinum foil.—Platinum, in the state of thir sheets, is
much less useful in blowpipe expariments than either spoons or
wire; nevertheless, it may sometimes be employed with advantage,
a8 in testing for manganeee by fusion of the assay with soda,
with or without the eddition of nitre, according as the metal is
more ot lese plentiful in the specimen.

In organie chemistry, platinum foil has many uses, eapecially
for supporting salts, &¢, in the flame of a lamp during combus-
tion, in order to ascertain the presence of incrganic substances,
It is also vaed to form the platinum trays used in organic analysis
in the procese by oxygen ges, to be alluded to further on, In
cases whebe a platinum crucible is not at hand, an extempore one
may be construeted, by folding e piece of the foil in the same
manner as for a filter, The electro-negutive element of Grove's
battery is constructed of this metal in foil, and it wsually forms
the electrodes of batteries used in the desomposition of Liquids, &e.

58. Clay Supports—An excellent method of forming small
bagins and cmeibles will be found in Platiner’s treatise; it will
be nnnecessary, therefors, to describe it here; moreover, basina
of extreme thinnees, and in every way adapted for blowpipe
experiments, are now imported from the Continent, and may be
procured of the instrament-makers,

57, Forcops~—A pair of platinum-pointed foreeps is indispen-

Pig. 48.
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sablo to the blowpipist; they are made of the various Fiz 44

kinds represented in the woodeuts. The first, fig. 43, is
meraly steel wire bent in the form depicted, and having
emall beaks of platinum riveted on. ‘The second form ia
more expeneive, but far more convenient and efrong;
they are those usually used, and ere made to open by
pressing the knmobe. Another pair, the invention of
Mr. 8. Highley, Jun,, seen in section and plaue, fig.
45, reeembles the first, save that it only poesesses one
knob,

58. There are many other instruments used in blow-
pipe analysis, some of whichk will be found in their
places among the apparatns used in the humid method ;
the greater part are chiefly intended for quantitative
blowpipe operations, a method of research very little
practised in this country, and not having suificient ad-
vantages over the usual methods to be likely to supersede
them.

69. Self-acting Blowpipes. — The principle upon
which most of these instruments are constructed, is that
of directing o jet of vapour of alcohol or wood-spirit
through a flame, which latter is generally that which
heats the spirit. In order to folfil these conditions the
vessels figured on the next pege are employed ; the firet
(fig. 48), gonerally known as the Russian blast-lamp,
consists of a double case, a a, to hold spirit; on one
side of the interior ie fastened a tube reaching nearly to
the top, and bent at the bottom, where it passes out of
the double case snd rises about half an inch above the
bottom of the inmer chamber; its end should have a
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blowpipe-notsle attached to it ; ¢ is an aperture to introduce spirit
Fig. 46.

into the double case, which
should not be filled to more
than two-thirds of its capa-
¢ity, otherwise a portion is
liable to find ite way into the
exit-pipe during the time the
lampis being used, by which
means a jet of ignited spirit
is ejected, which may cause
much inconvenience. It has
a handle to facilitate its re-
moval from place to plase, During use, d is closed moderately
tight with a eork, which acts as a safety-valve ; if, therefore, the
jet becomes choked, the cork is blown cut aud prevents the de-
struction of the lamp, which might be attended with serions con-
sequences. When required to be nsed, spirit is, as we have eaid,
introduced into @ a, and a certain portion is plaeced in the inner
chamber, &, 80 a8 to ¢over the bottom to the depth of half an inch.
If the last-mentioned spirit is now ignited, that in the chamber
aa, will soon enter into ebullition, and a stream of vapour will
make its exit from ¢, and, immediately igniting, forme a powerful
jot of flame capable of heating large platinum veseels to a brilliant
red heat; the flame is, moreover, adapted for heating the German
glase in making eombustion-tubes, when no Fig. 47.
other form of blowpipe is at band, The mode
of using the second contrivance (fig. 47) is
almost obvious from the figure: a hollow
globe, a, half-filled with epirit, having a
blowpipe, 5, attached, is fixed above a lamp,
¢, opposite the witk of which the exit of the
pipe is placed. On lighting the lamp, almoat
the same phenomena oceur a8 in the Russian
instrument. A ocork safety-valve is inserted
at d, the screw-cap being previously removed. When placed in
circumstances in which a blast-lamp was not at hand, I found the
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following & nseful and powerful substituto. The body of the
lamp ia formed out of a tin bottls, and a hole pierced in the side has
a small tobe soldered in, to act, when fitted with & oork, as a
safety-velve and & place to insert the spirit. A jeweller's
blowpipe is cut in half, and the bent portion inserted vertically
in the neck of the bottle, the nozzle of & Black's blowpipe being
fixed at the aperture. It may he supported above e gas-burner
oroil-lamp, A portion of lamp-ocotion is placed in an evaporating
basin, and held in its position by a bent wire, and the basin being
filled with olive-oil, and the wick adjusted to the aperture, we
have an apparstus simple in the extreme, and not eagily sarpassed
in power: combustion-tubes may be easily prepared at such &
lamp in a very short time, even when of large calibre and made
of the most refractory glase,

60. Table Blowpipes—~Any laboratory where experimenta are
carriod on with even moderate activity, must possoss one of these
pleces of apparatus. So many instrzments of different kinds are
oconstantly being made from glaes, that no one who has ever had
one at his command will willingly disponse with ita servicea.
One of the most convenient of these is the blowpipe contrived
by Herapath; it is represented in flg. 48, where a is & flexible
tube ettached {0 a stopeock, 5, which communieates with a tube,
¢d, bent at right avgles at d, where a T-shaped tabe, ¢ f ¢, alips
on by means of the piese . The blowpipe jot, A+¢, passea into the
longer arm of the T-piece, and fits somewhat tightly ; %1 is & se-
oond pieee of flexible piping termineting in & mouthpiece. Om
tuming on the gas, it passes in the direction marked by the ar-
rows, and is to be inflamed at &. On blowing with the mouth, or
by means of & pair of bellows, into the flexible tube, & I, the
ignited gaa takes the form of & blowpipe flame of great power, the
nature of which is entirely mdor control by means of the stop-
eock, 5, and also by regulating the quantity of air thrown in from
the lungs or hellows, As the T-shaped piece is freely moveable
at f, the jet may be directed to sny position, and the apparatus
becomes well adapted for the ignition of platinum erucibles, &o.®

® T have had ome of these (meds by M, E. G. Wood, of Chespaids, Lou-
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It is momted on a heavy foot, snd being comnected with the gas
Fig. 48,

=

¥

supply by means of the flexible tube, a, it may be readily adjusted
upon the laboratory fabie.

Blowpipea of other kinds are also procarable at the instrument
makers, worked by bellows set in motion by the foot; the aper-
turo for the exit of the air should end in o tube of about & quarter
of an inch in diameter, to allow of jets formed from glass tube being
adapted to it. They are accompanied by o gas-jet of rather
peculiar form, intended to supersede the necessity of an oil-lamp.
The water-pressure blowpipes of Tilley or Toft are also very
effectunl ; they may be proeured, with directions for use, from the
makers of chemieal ingtruments,

don) in nme for some time, and have found it to anewer so well, that T prefer
it to any other I have yet used, excepting the bellows blowpipe, with the
water-pressure arrangement.
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BECTION ¥,

BATHS.

61. There are numerous instances, in almost every department
of chemistry, where it is necessary to apply heat, but in a gradual
and gentle manner; in all these cases it is adventageous to be
aware of the actual temperature of the exsiccating medium. In
fact, by the gkilful use of a few very simple instraments, we have
it in our power to apply any heat, from that which is searcely per-
eeptible to the hand, to a bright red. There are many substances
which it is necessary to obtain in a dry state, but which are de-
composed by the slightest elevation of temperature: instances of
this kind will be noticed in the section on Operations preparatory
to Weighing. Where the application of a very gentle and uniform
heat is necessary, as sometimes happens in certain researches, we
use ether or loshol, or their vapour at the boiling-point, under
ordinary pressure, as the medium of communieation. Under such
circumstances, an apparatus like that in the margin may be used,
the shape, size, and arrangement, varying according to the nature
of the operation,

Fig. 49 repreeents a glasa or metal veasel
to contain the spirit, provided with & tube-
fonnel, by which to add more if required.
The exit-pipe for the vapomr of the spirit
leads to a vessel of cold water containing ice, |
where, being condensed, it retarns to the cham-
ber to be cohobated agein and again, A gmall
test-tube is represented as converted into a
retort, and containing the substances to be
distilled. Heat may be applied by means of |
& lamp. '

Wator-baths are made in several different
ways, some of porcelain, others of metal, Fig, mummplya
hemispherical cup of porcelain or earthenware, with @Nother

. S
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having flanged edges hang-
mgwithinit. Fig.Blis e
filter-drier, of porcelain,
made in one piece; it has
an sperture which serves
the threefold purpose of a
handle, & place to insert the :
water,andanantﬁorthesteam. Flg50maybemndeof
metal, preferably eopper, having s number of concentrie rings of
different diameters, to adapt it to various-sized dishes. The rings
are socketed in the same manner as the furnace-rings represented
in section in fig. 2, only, of eourse, very much thinner, Fig, 52
iz & bath, or rather hot-air chamber, of very different construction;
it consists of a donble box of Tig. 62.
oopper, the water being eon-
tained between the two, The
Iatter is inserted through
an aperture provided for the
purpose. The other hole is
intended to ensble the ope-
rator to keop o thermometer
inside the bath, {0 indicate
the tempersture, The chim-
ney on the right sarves to
create @ draught. The sub-
stances to be dried are placed
in capsules, empported on
shelves placed within the chamber. Bykoepmgasmnll piece of
tube in the aperture by which the water is introduoed, and reach-
ing to the bottom of the double chamber, wo may always ascertain
the depth of water, by closing it with the finger after it has been
plunged in, and then withdrawing it, somewhat in the manner of
a wine-taster ; the height of the water in the tube of course sor-
reeponds to that in the chamber.

All thess water-baths may be heated by placing them upon a
tripod or retori-stand over a lamp. Those of porcelain require
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more care than the others, and are preferably heatod on the sand-
bath. When it is required to expose substances to & temperature
above 212° but sfill below & red heat, the bath may be filled
with linseed oil, or a solution of the ehlorides of ealcium or zino:
the retort or fiask to be heated, should be immersed in the fluid
to about two-thirde its depth. For temperatures above that
at which cil or the saline bath alluded to can be conveniently
used, fusible metal is gometimes, though rarely, employed; in
general, it is much more eonvenient to employ a hot-air bath, such
as will be found in the section on Distillation. Moreover, the
heat of the latter can, by management of the fire, be rapidly raised
or lowered ; but the fusible moetal requires & considerable time to
fall even & fow degrees; and is inconvenient, from the rapidity
with which oxide is formed at high temperstures; and if it be
sttempted to provent this by a layer of groase, the odour becomes
s0 disgusting when it approsches the decomposing point, that it
forms a serious objection to its use. The same inconvenience is
found in oil-baths, unless care be taken to prevent the heat rising
too high, It is sometimes advisable, where a watar-bath is to
be raised to 212° rapidly, to have a thin layer of oil upon the
water, to retard evaporation; and,
of course, the heat rises more ra-
pidly than it would without this
precantion, Where @ given fixed |
tempemture is required, the heat
must be regulated by keeping a
thermometer immenrsed either in
the bath, or perhapa preferably in
the retort, or other vessel in which
the liquid under examination is |
contained, When it is intended |
to use steam as the heating agent, |
theappantusﬁguredm the mar- !
gin (fig. 53), contrived by Dr. Ure, mey be eonvenmntly em-
ployed. Its construction is obvions: the aperturee are intended
to hold flasks, eapsulea,orothervesselstobeexposedtothbheat-
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1t will be scen that, from the steam-chamber Fig. 64
being placed above the boiler, the condensed
water is raised over and over again.
A water- or steam-bath may at any time
be constructed in the laboratory, by placing
one capgule over another, the Jower one being
partly filled with water, fig. 54. Fig. 66
represents s very convenient water-bath for
many purposed. It consiste of a rectangular tin-plate or copper
box, somewhat hollowed up in the spot where the lamp « is sta-
tioned. It is provided with six apertures, which may be covered,

Fig. 65.

if necessary, by pieces of metal plate, or watch-glasses; or eva-
porating basine may be placed over them. These apertures are
represented in the section at ¢ ¢ ¢; metal plates, d, provided with
apertures of different sizes, may be used to contract the holes if
required. One of the openings communicates with the box, b,
intended to contain preparations for desiceation. The spparatus
is neat, but lesa convenient for laboratory use than the square
chamber-bath, fig. 52. In all these arrangements, of course care
must be taken that the bath doee not beil dry.
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In ueing baths for various operations, it is often edvantageous
to be enabled to amploy a fluid of known beiling-peint, and, for
this purpose, the following Table wil? be found useful :—

‘T4BLE OP BCILING-POINTS OF SATURATED SOLUTIONS OF YARIOUS BALTS.

Boiling-point.
Chleride of caleipm ., , . . . . 355°Fehr.
Aootateof soda . . . . . ., . . 258
Nitrate ofsoda . . . . . . . . 248
Sal-ammoniae . . ., . . . . . 236
Commmsalt . . ., . . . . . 224
Creamoftartar . . . . . . 214

62, It will be seen that, in the above Table, solutions have
been selocted which, with the exception of the first, give boiling-
points, as nearly a8 eould be obtained, 10° above each other; and,
a8 a certain amount of heat is alwaye lost hefore it reaches the
contents of the vessel immersed in the bath, it is an edvantage to
salect fluids, the boiling-pointa of which increase in a ratio a little
more than the 10°, as more than the difference Fig. 56,
will belost from the reason stated. The above 7
solutions have been chosen, because,in fraction-
ating velatile substances, it is usual $o separate _ e £
the prodneta by differenoes of temperature equal i
to 10° Fahr.

Tt will be properin this place to describe the
ingeniona device of Mr. Kemp for enabling the
flame of a gas-burner to be so regulated as to
allow of & constant temperature being main-
tained for any length of time. A glasa tube,
a b, fig. 56, formed into a reservoir et ¢, is
partly filled with mercury, the reat being occu-
pied by sir. A brass piece, d ¢ f, is comented
at the top. This latter consiats of o stuffing-
box, d, through which the tube, #, descends,
and is capable of motion up and down. The
gns euters by ¢, and to reach the burner has to
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pass down the glass tube, up the hrass pipe, and out of the flexible
pipe which connects the apparatus with the ges-lamp. The buib,
¢, is to be immersed in the fluid of the bath to be heated, and the
tube, £, is to be so adjusted in the mercury, that a alit which is
made in it at g just allows sufflcient gas to pass to keop the bath at
the required temperature. If now the gas should, from the other
lightsin its vicinity being extinguished, or othar causes, flow faster
than before, and cause a larger flame, the air in the reservoir, ¢,
expands, and elevating the mercury in the tube, decresses the
aperture by which the gas reaches the burner. The instrument
is therefore on the principle of the air-thermometer., To allow of
complete contact between the end, g, and the mercury, the brass
at the extremity is platinized,

This apparatus has been used for soms time in the laboratory
of the University of Glasgow, in various researches, particularly
in investigating the action of nitrie acid on narcotine®, and it has
been found to answer perfectly.

* Transactions of the Boyal Society of Edinburgh, vol. xx. part 8. p. 358,
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S8ECTION VI.

HEAT MEASURERS,

TExmMoMETEES, PYROMETEERS.

63. In chemieal research there are few things of more import-
ance than the accurate measurement of temperatures; in fact,
when we congider that the theories of chemistry, as now received,
more especially the organic part, are, {0 a great extent, founded on
the relations of substances to heat, we ehall see that one of the
most important things to e chemist is the unimpeachable accuracy
of his thermometers. The laws of expansion of gases, by which
we calculate the results of experiments on the epecifio gravity of
vapours, the theory of the rise of boiling-point in Liquids a8 the
carbon atoms increase, and lowering of the same by the addition
of hydrogen, facts which promise to have the most important
bearings upon all the ramifications of chemical philosophy, are
entirely dependent for their experimental verification on the cor-
rectness of our means of messuring minute varistions of tempe-
rature. Moreover, the actual practice of ordinary chemistry showe
froquent instancos of the importanes of an intimate acquaintance
with the manipulations connected with heat-measurers, Fractional
distillation is sometimes the only means we have of separeting
gobatances from each other; and it is also possible, in some in-
stances, to effect a more or less perfect disjunction of bodies having
diffarent points of volatility, by keeping the mixture at a steady
temperature, by which means we may expel the more volatile, and
thus obtain both in a state of comparative purity. In the section
on Distillation, we shall notice some points of this kind.

64, To construct a thermometer of even moderate approxima-
tion to aceurscy, is a ratter of far more difficulty than would be
sepposed from the directione to be found in some works on this
subject. The difficalties alluded to are almost entirely of & prac-
tieal description, and relate to peculiarities in the det2m]s of the

D
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process which would not suggest themealves to many persons, It
is therefore strongly advised that the student sbould not attempt
the oconstruction of these instruments, even if he has ohtained
considerable proficiency in glass-blowing, it being quite unneces-
Bary in an economieal point of view, as it is possible to obtain
excellent instraments at comparatively moderste prices. Never-
theless, as in & work on Manipulation it would be improper to
omit a short description of the method edopted in the construc-
tion of these useful adjuncts to the student’s labours, the following
brief outline will be found to give an idea of the nature of the
process,

65. In the first place, we must decide whether to select a tube
of perfoct equality, or to content ourselves with an imperfect tube,
making allowanee for the variations in the calibre in & subsequent
stage of the proceedings, It has been ssid by an eminent philo-
sophical instrument maker, that a perfect tube ia never to be
found; much, however, is not the case, and those whose chief
occupation ia the construction of thermometers, and who, con-
sequently, have always at hand a very large stock of tubes to
select from, are frequently able to cut from a long tube, a portion
sufficient for the construction of an instrement 8o nearly perfect,
that no error can be made evident even by the most carefully
applied tests.

66. The best method of ascertaining the fitnees of a tube for
the construction of & thermometer aceording to the first method,
ia to draw a small quantity of mercury, eay 1 inch, into it
and measure it at different intervels; this is easily effected by
moving the tube in such a manner as to cause the mercury to pass
slowly down ; if it measuree exactly the same at eeveral points,
both at the ends and middle, it is, of course, evident that the
bore is equal. The operation of calibrating the tube may be fa-
cilitated by the use of the thermometer-gauge; it consists of a
sytringe, the piston-rod of which is formed from m fine screw, so
that by turning the milled head at the top, it may be made to
deecend, or aseend, in the eylinder, which is filled with mercury,
On connecting the instrument by a caouichonc joint with the
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thermometer-tabe, 80 as to be quite air-tight, we have it in our
power to injeet & small or large portion of mercury at will; and,
by e very little management, it may bo separated into a column
of any length, and be moved with facility to every part of the
tube. It is scarcely necessary to caution the operator against
handling the tube during this operation in such a manner as to
canse the mercury to expand from the warmth communicated by
the contact of the fingers.

67. In the next place, we must consider that if it is intended
to construet en instrument with s very open scale, or, in other
words, one which is to be greatly affected by comparatively emall
variations of temperature, 8 different proportion between the
dimenaions of the tube and the bulb will be necessary, than if
the reverse is required. In the first case, we have a very Jarge
bulb and an exceedingly emall bore, and, in the other, the bulb
is made smaller, and a tube is seleeted of larger calibre, It is
advisable to form the bulb into a cylinder instead of a globe, if it
bo intended to introduce it into retorts, To insert the mereury,
the buld is to be moderately heated to expand the air, and the
open end of the tube is plunged under the surface of the metal ;
aa the air cools and contracts, a portion enters the tube and bulb,
and is then to be boiled rapidly, the tube being kept hot, and this
is continued uniil the bulb end tube are filled with vapour; wpon
aguin plunging the open end into the metal and letting the whole
cool, the vapour is condensed, and the instrument becomes filled
with the fluid. It must now be considered upon which portion of
the tube it is wished that any given point of the seale should fall:
supposaing, for instence, that it is deeired the freeging-point should
be ahout 1 inch from the bulb, and the boiling-point about the
same distance from the other end, the instrument is plunged firet
into melting ioe, and if, after it has attained the tempersture of
the medium, the mercury is found to occupy too high a point
upon the scale, a portion is expelled by warming, but if it falls
00 low, some more is introdeced by the same process as before ;
the operation is then repeated, substituting hoiling water for the
ice, and the point where the mercury riees to is observed; when
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thisis done, the flame of the lamp is directed about aminch above
the spot to which the mercury rose at 212°; the glass is then
drawn out until capillary, and the next point is to expel the air
in the tube, that in the bulb having been already got rid of in
the first part of the operation, The bulb is to be warmed until
the mercurial column ascends, pasaing through the capillary into
the piece of thermometer drawn out ; by this procedure the mer-~
cury is made to fill the place proviousaly occupied by the air; at
this step of the proceedings the fiame is directed upon the capillary
tube, which is closed and removed.

Bofore fashioning the end into the kmob or ring which is always
soen. upon the inetruments (according as it is fo be fixed in o
wooden scale, or be gradusted upon the stem), it is necessary to
examine it carefully fo ascertain the entire absonce of air from
the bulb and tube, which may be done as follows :—invert the
instrument ao that the bulb is uppermost ; if the mercury descends
with esse quite to the end we may be sure that sir is absent, but
it may nevertheless be in the bulb; to sscertain this, we must
observe whether the vacunm bubble, which enters the bulb when
the inetrament is inverted, entirely vanishes from it upon resto-
ring the tube to it proper position ; if it does so, we may conclude
that, in that respect, the instrument is perfect; if not, the fine
point left upon drawing off the capillary-tube must be brokenm,
and the operations previously described repeated, until the result
required be obiained.

68, Bometimes a thermometor, when inverted, doeanotnﬂowme
mercury to descend, and inexperienced persons are liable to ima~
gine that air must necessarily be prosent; but the effect alluded
to is frequently cansed by the adheaion between the mercury and
the glasa; if, however, we warm the bulb 80 as to cause the mer-
enry to ascend in the tube and then invert the instrument, the
metal should descend ; and if no moderate tapping or swinging will
meke it do so, we may safely conclude that air forms the impedi-
ment. Bupposing, however, all these trials to have yieldod satis-
factory resulis, we may proceed to lay off the seale, which is
usually effocted by plunging the instrument first into melting ice,
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and then, after the temperature of the bath is attained, marking
the position of the mercury upon the tube; we now place it an
inch from the bottom of a deep metallic vessel nearly filled with
water, and heat until rapid ebullition ensues, care being taken
that the baromedor is at, or very uear, the standard height, other-
wise s correction must be made; in this manner another point
upon the stem is formed, and from these two points all the cthers
areobtained. Fahrenheit’s scale being, if not the most philosophi-
cal, at ell events the standard generally adopted in England, it is
usual to divide the space between the two points mentioned into
180 equal parts or degrees, and, if the calibre of the tube be per-
feet, the gradations may be eontinued npwards and downwards as
far a8 may be desired. For all purposes of ordinary ressarch, it
may be assumed that the expansion of mercury is equal for equal
increments of ternperature; wa need not therefore make the degreea
above 212° of a different value to the others®.

69. The directione given for the construction of a thermometer
will also enable the etudent to oxamine the aceuracy of any that
he may purchass; it must be remembered, therefore, that the
examination resolves itself into the following operations, wviz.
measuring a column of mercury at different intervals alang the
tube to ascertain the equality of the bore, ascertaining that the
degrees on the scale are equal in value by measurement of the
number of degrees included between any given distance with a
pair of compasses, and taking the freezing- and beiling-points,—
not, forgetting that a difference of 1 inch of mercury in the height
of the barometer raises or lowers the ebullition point by almost
exactly two dagrees Fahr.t,—and, finally, teeting the instrument
as to the preeence of air by the methods already given,

70. In chemical investigations, the most generally useful ther-
mometer is one capable of being introduced into the tubulature of
a retort, the bulb being, with this intent, made narrow and

® The increasing dilatation of the mercury, as the heat beoomes greator,
is nearly compensated for by the expansion of the bulb.

+ For Table of boiling-points of water at different pressurce, sss end of
the volume.
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cylindrical, and the gradustions directly engraved on the stem, as
in fig, 57. The first thermometers made on this plan Fig. 67.
had, however, the disadvantage of preventing the posi-
tion of the metal being observed by reflosted light
without considerable difficuity, It was usual, there-
fore, to keep a piece of paper behind it to facilitate the
reading. Mr Negretti has, however, entirely obviated
the necosaity for this, by having his tube made with a
portion of white ensmel down the back, so that the
mercury is always distinetly seen. Those instrumenta
which consist of two parts, being & thermometer with
8 paper scale placed inside a tube, are worse than use-
less; in the first place, although so bulky as to be
impossible to be introduced intc the tubulature of &
smal! retort, they are infinitely more fragile than the
far more alender onee engraved on the tube ; in the next
place, the paper scales contrast by exposure of the in-
strument to even moderately high temperatnres, cans-
ing, of courwe, considerable error from this alone; and
when, a3 in some instruments I have seen, the scale is
fixed in ite place by sealing-wux, it is of course impos-
aible to use it with any degree of safety,

Thermometers attached to wooden or ivory scales are
oqually inconvenient with those last described ; in most
chemical experiments, especiaily where accaraey is in-
dispensable, even if the wood is jointed near the bottom,
and has @ hinge so placed as to parmit it to be folded
back to enable the bulb and part of the stsm to be immersed in
fluids, still the wood is liable to contrasct and werp, owing to
ita being exposed to considerable changes of temperature and
variations in moisture.

71. No mercurial thermometer shonld be used for toraperaturce
higher than 580° Fahr., above that point there being danger of
the mereury boiling in the tube, as, from being én vacus, the point
of ebullition is lowered eonsiderably,

Care mus{ be taken, where the temperature of s fluid is to
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be obsarved, that safficient time is allowed for the bulb and
the mercury contained in it to acquire the same degree of heat as
the medium., And this is especially necessary with gases, where,
from their small conducting power, the time required is much
greater.

72. In all experiments upon the volume of gases the accurate
dstermination of temperature is of the last importanoce, from the
great degree in whieh their bulk is influenced by the expansion,
the coefficient of expansion of air for each degres Centigrade being
0-00387*,

73. All laboratories where chemieal researches are undertaken,
should be provided with several thermometers ; one or two ehonld
have a range from gero to about 580° Fahy, ; a very emall one ahould
almo be at hand, capable of being introduced into a specific gravity
bottle, to indieate the temperature of the fluid under examination.
The same tharmometer, if very scourate, may be used for gas
experiments ; but it ia better to have one with s very large bulb
and an excoodingly fine tube, 80 as {0 show readily minute dif.
ferences.

74. It will be quite unnecessary 1o describe all the varieties of
tharmometers in use in the various departments of science, the
more especiaily as the investigations in which they are used are
more of a physical than ohemieal nature; there are, however,
some, which, from the fact that the chemical characters of eub-
stances are gometimes dopendent npon their indieations, fall to &
certain extent within the plan of this work; in the list are found
the Differentinl Thermometer, the Thermo-electriec Multiplier,
the Self-registering Thermometer, the Air-thermometer, and the

75, It sometimes happens in physical investigations that it is
wished to ascertein whether a giver phemomenon is espable of
producing heat or cold undar circumstanoes in which the ordinary
thermometer is inadmisaible; when if is merely desired to know
whether a differonce of temperature exists or is occasioned by the

* For Table of expansion of gasee by heat, soe end of volume.
3] -
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phenomenon under examination, the instrument figured in the
margin, and first used by Lealie in his experiments oa heat, may
boused. It consista of two balls (fig. 58) contain- g o

ing air and suffieient coloured oil of vitriel to fill

two of the three limhs of the tube; when in the

normal etate, the liquid stands at the same height

in both of the upright limbs, but when one of

the bulbe is placed in a podition where it is ex-

pocted to find a dietarbance of the thermsl equi-

libriwm, any change is instantly indicated by the

motion of the fluid; if the temperature falls, the

air in the bulb contracts its volume and the liquid -
rises in the tube; but if, on the other hand, heat i8 developed, an
expangion takes place and the fluid recedes. An arbitrary seale is
usually attached to the limb, but the amount of disturbance
generally gives a sufficient idea of the degree of heat or cold de-
veloped ; when, however, a scale is used, it may, if necessary, be
converted into one of known value by comparison with a mercurial
thermometer.

78. The Thermo-electric Multiplier of Melloni is an instrament
intended to measure excossivaly small thermal differences by the
amount of electricity developed in a number of bara of antimony
aid bismuth arranged in a series ; the degree of excitement being
indicated by the degree of angular motion of the astatic needle of
a galvanometar.

77. The Belf-registering Thermometer of Negretti and Zambra
is an ingenious contrivance intended to facilitate the working out
of metoorological obssrvations, and is also used in techno-chemical
processes for ascertaining the maximum temperature to which
drying closets, &c. have arrived during the night, or any time when
actual inspection of an ordinary thermometer plased inside is im=
poesible. It is well known that the old instruments for this pur-
pose confained in the tube, which was bent at right angles at a
short distance from the bulb, amall rods of steel or enamel, which
being propelled forwards, as the mercury or spirit advanced, were
left behind as it recedad, and consequently indicated the meximum
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temperature ; but in the instrument now under congideration, the
tube, which is bent as in the old ones, has a small piece of glass
inserted a short distanoe from the bulb, which allows the marcury
to pase it while expanding ; but when oontraction takes place, the
metal is prevented by the impediment from returning to its normal
poeition. When it is requived to retum the meroury to the bulb
for the purpose of making s fresh obaervation, the end furthest from
the bead is to be elovated, and the instrument is slightly agitated ;
by this means the metal repasses the obstruction and indicates
the temmperature at that time,

78. The Pyrcmeter of Daniell is an ingenious but comparatively
soldom-uged instrument, intended to effect the measurement of
high temperatures, such as that of furnaces, by the expansion of a
bar of platinum ; the ¢ld plan of Wedgwood, which endeavoured
to effect the same object by measuring the contraction that wedge-
shaped pieces of cley underwent by exposure to heat, was liable
to 8o many objections, that it became absolutely neoessary to dovise
some plan by which high temperatures could be ascertained with
precision ; but, while the instrument of Paniell effects the object
with greater accuracy than perhape any other, its use is very
limited, it being saldom neceasary, in the preeent state of chemical
investigation, to require for guidanes anything more thax is eon-
tained in the expressions dull red, bright red, yellow and white
heata, Itisundoubtedly true, that, ae the science advances, more
sttention fo the regulation of tempersture will be requived, as
¢ven now there are many instances known to chemists, where the
same snbatances acting on each other at different temperntures
produce very different compounds by their mutual reaction; and
it is more than probable, that by greater attention io the modula-
tion of temperature, the intensely interesting but highly complex
groups of substancee produced during the destructive distillation
of animal and vegetable matters might be much better mnderstood.
As o general rule, it may be asserted that the higher the tempe-
rature the simpler the constitution of the eubstances formed, the
more complex groups breaking up under the influence of strong
heat into substances whose formulas contain a less number of
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stoms, and those erranged in & manner which enables their rele-
tion to each other to be more clearly seen.

79. It fortunately happens that those methods of investigation
in which the exact messure of tempersture is necossary, seldom
require a heat cufliciently intense to soften glass; when, therefore,
the limits of the mercurial thermometer are passed, it is possible
to have recourse to the air-thermometer, in which the values
sought are obtained by the expansion of a known volume of air:
this method ie nsed chiefly in ascertaining the specifie gravitiea of
the vapours of the less volatile subetances, and from the nature
of the operation and the sorrections required (the result of the air-
thermometer being influenced not ouly by temperatare, but also
by the variations in the atmospheric pressure), the procoss is one
requiring a little care in manipulation,

80, For the more modern snd accurate data and researches
upon this snbject, chemists are chiofly indebtad to the Inhoure of
M. Regnanlt; and ae the process is every day becoming more in-
- dispensable, we shall quote the following description of the appe-
ratns and method of procedure®,

81. “The air-thermometer used in theee axperiments consists
of & gimple cylindrical glass reservoir of about 2 centimetres in
diameter and 12 or 15 centimetzen in length, and terminating by
& eapillary tube, of which the calibreis 1 or 2 millimetres, and
which is hent to a right angle and drawn out at its end. The
reservoir, a b, is kept in the bath alongside of the balloon in which
the vapour is to be generated. The firet etep is io perfectly dry
the reservoir, a b, by creating & vacnum in it soveral times, and
allowing sir to enter which has been dried by passing through &
tube filled with pumice-stone scaked in conmoentrated salphurie
acid; after which the bath is heated, and when the temperature

® Regneult, Cours Blémentaire do Chimis, tome quatridme, p. 68, Ihave,
however, taken the engraving from the plates in the Mémoires de I'Acadé-
mie Boyale des Sciences de 'Institut do France, tome xxi, merely slter-
ing the lettering to pmit the text. I have slso, in a note, given the co-ft-
cients of expansion of glass from u different part of the same work, and
inserted the meaning of the letters wsed in the formule, in order to make
the quotation intelligible. The degrees spply to ths entigrade thermometer.

1m o el ———— s — = -
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becomes stationary at the point st which the experiment is to be
terminated, the point of the balloon and that of the air-thermo-
meter are closed simultanecusly by means of & lamp.

82. “The air-reservoir is then placed an the metallic support
represented in fig, 59, the stem passing through a cork which

Fig. 60.

closes & tubulure made in the centre of the disk g A, while the




62 - CHEMICAL MANIPULATION,

curved point, ¢ d, enters a small mereurial bath, The extremity
of the point being broken by pincers, the mercury rises in the
tube and partly fills the rescrveir « b, which is surrounded with
pounded ice, in order to reduce the tempernture of the air it
contains to 0°, when the open point is closed with a ball of soft
wax. In order to perform this operation easily, without chang-
ing the level of the mercury in the vessel A, a emall iron spoon,
u, is used, soldered t¢ an iron rod, w4 v, which alides along s
horizontal bar v s, itself moveable along the vertical foot #¢; the
moveable rod, v s, being fixed at such & height that the bowl of the
gpoon, fillled with eoft wax, is exactly at the height and in the
direction of the point d. It i therefore sufficient, in order to
eloso the point, to alide the end, uv, along the horizontal rod, ve.
The mercury in the vessal, A, is then exactly levelled to the point, £,
of & double-pointed screw, ki; the ice which eurrounded the
reservoir, ¢ §, is removed, and, when the mercurial column attains
the temperature of the surrounding air, the difference of height
between the mercuryin the reservoir, « b, and the upper point, k,
is exactly measured by means of o cathotometor; and by adding
to thia difference the length of the screw, ki, the height, &, of the
column of mercury elevated in the air-thermometer is obtained.
Let A, be this height at 0°, H, the height of the barometer also
at 0°% when the point, d, is closed with wax; then will (H,—4)
represent the elastic force of the air in the reserveir, a b, at the
temperature of 0°. The support is then inverted, the air-ther-
mometer removed, after having detached the spoon, u, ang it is
weighed with the mereury contained: let this weight be repre-
sented by Q. The thermometer is then filled with mereury, which
is boiled to drive off the last bubbles of air, the point, ¢d, being
kept during this time in & small capsule filled with mercury.

¢ When the apparatus is cooled, it is surrounded with melting
ice, and completely filled with mercury at 0°; when it is again
weighed, giving now the weight Q'. The weight, ¢, of the enve-
lope of glass alone being ascertained, after having emptied it of
mereury, ('—¢) is therefore the weight of the mereury at (°,
and (Q—g¢) is the weight of the mereury in the tharmometer when
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it wea on the support; Q'—Q therefore represents the weight of
the‘mercm'yat 0°, which occupies the same volome as the air
remaining in the thermometer when it is at 0°, and nuder the
prossare (H,—h,). If wo designate by 3 the density of the mer-

cary at 0°, g-—mpmsentutheeapamtym cubic centimetres of

the thermormeter, and—rthevolumewhchthemrooeupuea

in this apparatus at the moment of ¢loging the point, d, with wax.
Now the capacity of the thermomster, at the temperaturse T,
£ _
being&rg(l+ﬂ‘)', the volume of air Qaq at 0°, and
under the preseure (H,—%,), therefore occupies, when it is raised
to the temperature T and under the pressure H',, a volume

Q--J-_ {1+&T). The volume assumed by a volume of air
g-—&al'.0°a;ndundertheprestmm(H;,-—-h‘._,,whemrmseéliao
the temporature T and under the pressure H',+, may be calen-
Isted, by the known laws of the expansion of eir, under changes
of temperature and pressure; and is thus found to be

Qﬁﬁ (1+0-00367.T) Ef,—"ﬂ,
which leads to the equation °

g—e Q =5 (140-00367.T T—ﬂ-—--—i (1+4+T),

14%T Q.'—Q
wheneo T3000367. 1= Q—¢ " T“z

hd &-ooeﬂmtofupannonofghu Thefo]]owmgmthenlues of k.
Between 0° and 100°.... k= 00000276
w150 e eenee 0A0000284
» 200 ..... vien
”» 250 ....
" 800 ...,

00000813
'Iheabommlnumﬁortheordinnryghuofwhichthebnﬂwmuwd
in Parisian laboratoriss are made.
+ H’, = height of barometer st time of sealing.
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T may be deduced from this equation, but there is no necossity
of knowing its value in order to caloulate the density of the vapour,
which is in fact represented by the expression®.
P—P4p
1+ET "'
0'0012932.7.————!,.1_'_0_00367' 'WS
peie 14&T
Sobetitating for T the value firet found, there re-
sulta for the expression of the densdity of the vapour,
P—P"’P n

00012032, v, ¢—9 H _gm_

4 P = Weight of balloon and air,
P = Waight of balloon and vapouwr,
g = Weight of ¥ oentimetres of air at ¢,
V = Capaaity of balloon in centimetres eub.
T = Tempersture of vapour.
¢ = Temperaturs of sir.—C. G. W.
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SECTION VIL

OPERATIONS PREPARATORY T0 WEIGHIKG.

83. The estimations in chemical research are performed either
by weight or meesure; and as measures by bulk are founded
upon, and referred for verification to standard weights, weighing
becomee the chief means of quantitative determiration; and as
analysis dopends for ita snecessful performance upont the acen-
racy with which we estimate the weights of the eubstances
eliminated by the various chemical methods wueed, it is essen-
-tial to the student’s progress that he should hecome perfoctly
familiar with all the manipulations connected with the use of the
balance.

84. The moat usual way of preparing mbatances for the balanee-
pan, is to convert them inie the form of precipitates of kmown
value, ¢ ¢. when dry, contsin, or are equivalent to, & kmown
amount of the enbetance to be estimated. But although thia last-
named method is the most common, it ip by no means the only
way in which we separate substances from the ecompounds which
contain them ; orystallization is not unfrequently as successful a
means of peparating bodics. In other cases compounds are exposed
10 temperatures capable of expelling one or more constituents, and
leaving a reaidue of Imown composition in o state fit for estima-
tion. Itipalso & frequent occurrence to expose mixtures to an
elevated temperature, in a current of some gas which forms a
volatile compound with one of its ingredients, which is accordingly
expelled, leaving & residue capable of being weighed, as in the
scparation of antimony from lead. In these cases, and aleo in
all the others which are met with in analytical vesearch, it is of
course abeolutely eesential that the substance to be weighed shonld
exist in @ state in which its condition is perfectly kmown, and
* more egpecially its relation to water. Chemists who are inat-
tentive to this are constantly liable to the most eerious errors.
Even where precipitates will endure heating to redness, they
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not unfrequently absorb moisture during eooling ; in euch instances
they should be placed, if in a platinum, silver, or gold cruosible,
upon a large clean bloek of iron, which will remove the heat so
rapidly by conduetion, that if the lid ie tolerably tight no ap-
preeiable moisture will be absorbed during the refrigeration. It
is imperatively necessary to let the capsnle or other vessel in
which the ignition was made become quite cold before being
placed in the balance-pan, as otherwise errors are oocasioned
by currenta of air, which male the vessel and contents appear
lighter than they really are, Another reascn why it is essential
to allow vessels to become of the temperature of the atmosphere
before weighing is, that they may atfain a state of hygrometrie
ropose, otherwise they would keep for several minutes acquiring
weight, as a film of moisture gmdually deposited on the metal or
glasa,

85. Wet predipitates, or crystals, require very different treat-
ment, according to their various nafures : sometimes it is necessary
to weigh substances which are either destroyed or have their
constitution altered, by the alightest elevation of temperature; it
is then usmal to exposs the matter in watch-glasses or capsules to
a eurface capable of rapidly ebsorbing moisture, such as oil of
vitriol, quicklime, or chloride of caleium, If placed, under these

_circumetancos, beneath the receiver of an air-pump, the operation
is much hastened, but frequently an expoeure Fig. 60,
to a degiocating eurface in the manner figured
in the margin (fig. 60) for twelve to twenty-
four hourw is quite gnfficient. The chemist is
scarcely ever at a loss for a substance eapable
of rapidlyabeorbing moisture; if neither of the
substances mentioned aboveareat hand, which
is seldom the case, chloride of eine, acetats,
carbonate or canstio potash may be nsed, Tt
must of course be ascertained with certainty
that the precipitate or other substance to be weighed is not only in
appearence, but in reality, dry ; this may be known by weighing at
intervals, until after some hours’ exposure it does not decrease in
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weight. It is extremely convenient in this operation to have two
watch-glasses of the eame sixo ground together and provided with
8 brass clip, as in fig. 61. Fig. 61.
During the drying the
substanceis contained in
ane of the glasses as in
fig. 60, and when it is
wished to weigh, the
other is placed on as a cover and kept in ita place with the elip; it
is then balanced in this manner, The weight of the glasses is of
eourse ascertained previonsly, and may be seratched with a diamond
on each of them. Bome precsutions in regard to the drying
of organic preparations will be treated of in the asestion on the
Manipulations in Organic Analysis. The copper hot-air chamber
(fig. 62) is very convenient for drying at known temperatures, as
the heat is indicated by the thermometer and may be essily
regulated.

88. Ignition of Previpitates—In most of the operations in
minersl analysis, the predipitates, after being filtered off and
washed, are dried, heated to redness, and, when cold, weighed ;
the operation requires, however, many modifications, according to
circumstances, 'Where the precipitate is not affected by the sshes
of the filter, as alumipa, silica, carbonate of lime, &e., as soon as
it is washed it is to be dried, which may be performed in many
ways according to the means at hand; for instance, the aperture
in the funnel may be stopped with a cork, and it may be placed
in one of the aperturea of the steam-bath (figs. 53 or 65), or the
funnal may be placed in the hot-air chamber of the furnace, or on
the ring of the retort-stand, and the latter may be placed on the
plate of the furnace, fig. 1; or, if the paper-filter is sufficiently
strong to bear removing from the funmel, it may be placed upon
& porous tils, and, when the mcisture in sufficiently absorbed, it
is to be opened out, and will scon become sufficiently free from
moistare to have the exaiccation completed in any of the other
methods either already described, or to be pointed ont farther on.
The hot tile is also extremely nseful in drying preparations; of
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course care must be taken to prevent absorption of any saline
mattars from the tile itself. Bometimes the filter dried at 212°
may be weighed, and the substance collected on it ; after washing
and subsequent drying, it is to be weighed again, when the increass
will indicate the quantity of the precipitste. Before adopting
this method, it must be ascertained that the filter contains no
soluble matters capable of being removed during the washing, or,
if ench be the ease, the paper should be previcusly prepered,
‘When the substance is to be heated to redness, it must first be
considered whether it is capable of injuring the platinnm crucible,
and, if 8o, one of porcelain must be subetituted ; also, whether the
ashes of the. filler can do any injury through the carbon they
contain, If not, the crucible is to be placed upon s sheet of
highly glazed paper, the edges of which are quite smooth, so as
1o be incapable of retaining any of the powder, The filter is then
to have its contents removed, cither by shaking or with the aid
of a epatale; if any of the enbsiance remains on the latter, it
shonld be wiped with a piece of the filter-paper, which is to be
added to the rest; the crucible is now to be placed in a aslanting
position over the lamp, and, when red-hot, the filter, cut to small
piecss with scissors, is to be plased in it, waiting until the flame
has disappeared each time before adding more; when the whole
of the filter has been added, the Lid of the capsule is to be laid in
the manner indicated in the engraving, fig. 63, By this means a
gentle carrent of air will be induced in the erncible, too gentle to
remove any of the ashes, but safficient to entirely consume the fllter
to » white ash in a short time, unless the snbstance is somewhat
soluble in the water used to wash the precipitate, s sometimes
happens; when this is eo, a little nitrie acid may, in many casce,
be put into the erncible, when oold, upon the snbstance, and the
heat being again reised to rednees, the filter will soon disappeer.
‘Where this is not adminsible, from any action taking place be-
twoen the acid and the assay, the filtcr may be washed at the last
with a rather dilute solution of nitrate of ammenia, which will, to
o considerable degres, effect the same thing. It is ofte: more
convenient to take the dry filter and its contents, and, after fold-
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ing it together, to insert it at once in the erucible, and placo the
latter vertically over the flame with the lid on loosely, until no

Fig. 62. Fig. 68,

more combustible gasee are evolved, when the crucible may be
arranged in the position seen in figs. 62 or 63, preferably the
latter.

87, Where, from the casy alterability of the substances at s
high temperature in presence of carbon, it is impossible to consume
the filter in contact with it, the assay must be carefully removed
from the latter, and be burnt alone, the paper being consumed
upon the lid ; and when the black colour has entirely dirappeared,
it may be added to the contents of the erusible, excopt where the
ignited substance is wanted for ulterior exemination. It is sup-
posed that the weight of the erucible has been taken previous to
the ignition, whick is by far the beet plan; in this case the
weight 60 obtained hes merely to be added to the weight of the
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filter-ash, and the sum being deducted from that of the crucible
and the ignited matter, we obtain the weight of the latter.

88, It is advisable to use the circular cut filters alluded to at
p- 4. By taking s fow of these, and burning them in s platinum
erucible until all the carbon is oxidized, and dividing the weight
of ash by the number of filters used, we obtair a number to be
slways deducted from the weight of the substance ignited with the
filter. It i essential to perform these operations in a place quite
protected from sair-eurrents, which would endanger the lose of a
portion of the assay; if this shounld happen, even to the alightest
extent, it is imperative to reject the estimation, as it is imposgible
to know how much has been removed by the accident.

89, It is adviseble to make precipitates tolerably dry before
igniting them, or a chance is incurred of the substance being
partially ejected during the operation, especially if it has a ten-
dency to fly sbout when heated in a damp etate. Where there is
any danger of loas from decrepitation the lid may be kept on until
it is over.

80. The menner of procedurs in liable to s0 many variations ac-
cording to circumstances, that it would be impossible to mention
all; the operator will, therefore, do well to reflect before he ignites
a substance with the habitude of which he is not perfectly familiar.
Platinum salte of the volatile organic bases require preecantions
which may be mentioned, from the frequency with which they
oceur in some traing of investigation. In the first place, the oily
bases form salts with platinum which are lisble during ignition to
rise like a horn out of the crucible, sometimes to an inch or more
in height; care must therefore be taken to heat gently, or a loas
of the metal will be incarred., In the next place, the crystals
have 8 peculiar tendency to retain an oily or resinous impaurity,
which renders it inadmissible to burn them without previously
pulveriring, and washing them with aloshol or sther, or a mixture
of both, according to their solubility. Previous {o washing, the
powder generally hangs together as if moist, but afterwards it is
83 mobile ss dry sand. It is necessary also to tum the mass of
spongy metal after the ignition, o a8 to expose the under surface
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to the air, when it will be found to glow again from the eombustion
of the previcusly unconsumed carbon.

The tendency of gilver to form explodive salts with many organic
acids, especially those containing nitrogen, must not be lost sight
of. The neceasity of thoroughly washing precipitatee previous to
weighing them, and the method of ascertaining the complete
removal of the precipitant, will be found in their proper places.

81, Apparatus to contain substances whils being weighed.—
Non-hygroscopic substances may be weighed in emall capeules.
‘Where the assay is Liable to absorb moeisture, a platinum crucible,
with a well-fitting cover, is frequently the best instrument, If
the substance is excessively deliquescent, it is advissble to add
it to 8 counterpoised vessel of water, and ascertain the inerease
of weight; the same method, or 8 modification of it, is sometimes
required in weighing substances which emit vapours at ordinary
temperatures, Organic substances are generally weighed in amall,
wide-mouthed, stoppered bottles, or test-tubes with good corks.
If in the former, the weight may be seratched on with a diamond ;
if in the latter, it ahould be written on the cork.

92, When liquids, such se acid or alkaline solutions, are to be
added in known quantities to an-
other until nentrality or some other
point is reached, Bchuster's alkali-
meter (fig, 64) is much used, and
is extremely convenient from the
facility with which the drops may
be regulated by the pressure of
the finger mpon the tubulure, and
thus admitting more or less air.
If filters with precipitates upon
them have to be weighed after
drying at 212° it is necessary to
offect the operation in s closed
vesscl, in consequence of the rapidity with which dry peper
absorbs moisture: in this case the ground watch-glasses pre-
viously mentioned are convenient; or a very wide “St'mb“"

Fig. 64,
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fitted with a good cork, may be used, The weight should be
ascertained whon empty, or, what is perhaps better, counter-
poises for all the platinum crucibles, porcelain capsules, and other
vessels in which weighings are to be effected, may be constructed
from pieces of lend or brass; thees being placed in the other pan
of the balanoe, oonsiderably facilitate the estimations,




SECTION VHI.

THE BALANCE

93. Of all the instruments the chemist possesses, the halance
is perhaps the most important, and requires the grestest amount
of care in its use, Its very nature renders it fragile and liable to
injury from the slightest carelessnese or rough usage. Affected
easily by acid or corrogive vapours of all kinds, it ought to be
kept in a room adjoining the laboratory, and should never be left
with the sash open, or without a vessel of some absorbemt sub-
stance inside the case.

94. It is quite foreign to the purpose of this work to enter
upon the mechanical theory of action of the belsnce; such a
knowledge, althongh extremely useful, is by no means necessary
to enable the operator to mso the instrument with perfect ease
and saccess; there are, however, a fow thingas connected with the
working of the instrument which are absolutely necessary to be
known by the student. In the first place, it ought to be constant
in its indications, ¥. ¢, with the full weight it is intended to carry,
it should give the same reeult in several nccesaive weighings ;
thia, which is too often neglected, is, in fact, the best characteristic
of & good balanee.

It mnst aleo be delicate, that is, readily turned by very emall
weights, and that, equally with empty pans and with the maxi-
mum load.

It iz alse of great importance that it should be rapid in its
action, for there are few things more fatigning than to work st e
elow instrument, and, moreover, it causes a very serious loss of
time where many estimations have to be effected.

With regard to the adjustments upon which the above qualities
depend, the following points are more especially to be observed.

First, the arms must be of equal length, for, if otherwise, equal
weights acting upon levers of unequal length will give nuequal
indications ; that whioh is at the extremity of the longer arm will

]
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appear heavier than the other, and although by the methed of
double weighing (§ 105) this dificulty is overcome, if is eesential
to avoid the neceesity of an operation requiring so much time.

Becondly, the centre of gravity must be below the fulerum,
otherwise, if equal weights be placed in the pans, and the centre
of gravity and the folerum coincide, the beam will take any posi-
tion that may he given it, without any tendency in the index to
take a central position an the eeale. If, however, the fulerum be
below the centre of gravity, the beam will “ overset” with any
weight, however small, But although it has been said that the
centre of gravity should be below the fulerum, it is essential that
it shonld not be too much so, for the lower the centre of gravity
the greater the stability of the balanco, or, in other words, the
greator the foree required to move the beam, and the lese de-
licate the instrument, Most belances have a contrivance for
mising or lowering the centre of gravity, ascording to the cir-
cumstances under which they are to be nsed, as will be deseribod
further on,

In the next place, the centre knife-edge on which the beam
rests, and the two knife-edges by which the pans are supported,
must be parallel to one another, a4 otherwise considerable irregn-
laritiea in the working of the instrument become apparent,

The points of suspension and the working edge of the foleram
must be all in the same plane, for if the folecrum is situated below
the points of suspension, every addition of weight in the pans
will have the effect of raising the centre of gravity, until at last
the two points becoming coincident, the beam oversets with a
small increment of weight. If, conversely, the points of suspen-
sion are wituatod below the fulerum, all weights added have the
property of depressing the centre of gravity, and therefore of in-
creasing its etability, and aleo the weight required to move the
inatrument.

95. It will be seen that several of the properties required in a
good balance are somewhat incompatible, and the greatest in-
genuity and skill is required in so making the final adjustments,
that theso points to a certain extent neutralize each other,
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96. The first pereons in England who mede any really import-

ant improvements in the balance, so a8 to render it fit for refined
chemieal and phyuical research, were Bobinson and Kater; the
lattor gentleman having undertaken the somewhat difficult matter
of adjusting the national standard weights; he engaged Robinson
{whose accurate workmanship was well known) to assiet him in
construeting the necessary instruments, and their nnited labours
sueceeded in producing a balance undoubitedly infinitely superior
to any that had beem made up to that time; in fact, those who
possess one of Robinson’s instruments may be able to dispemse
with any other for small waighta; but fow chemists who have
become accustomed to work with ihe long-armed balances in
use in modern laboratories, would willingly nee one of Robinson’s,
especially in organic research, where se much of the glass appa-
ratus is of considerable size, the shortness of the arms of the
latter instrument remdering it extremely incomvenient in such
ca0es. .
The grand feature in Robinson’s balanoe is the long bearing on
which the pans are suspended, instead of the ¢ hook-and-eyo™
arrangement adopted in most of the instruments brought over to
this eountry from the Continent. A little refloction will show any
person, that it is imposaible for a hook to fake invariably the same
position upon a ring with reference to the centre of moticn, so
that the beam is, for all practieal purposes, sometimes longer and
sometimea shorter, therehy cansing considerable differences in the
indications,—differences which sometimes amount to -01 of & grain,
and are quite sufficient to render an instrument unfit for delicate
experimenta.

97. As sn example, we will quote an instance frequemtly oc-
owrring in organic chemistry : ‘where mixtures of organic acids or
alkaloids are under examination, it is usual to convert the former
into gilver, and the latter into platinum salts, and by crystalliza-
tion to separste them from impurities; it often happens that
the crops obtained do not cxceed 1 or 2 grains in weight, and yet
that the quantity of silver or platinum in the sait has to be esti-
mated with precision: if, now, the balance is Liable to a variation

2
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of ‘01 grain, we sos that *§, or 1 per cent. error, is immediately
incurred by this means alone; in circumstances like this it is
necessary to work upon much larger quantities than if a mere
perfect insirument were at hand,

The error caused by the hook-ends renders it imperative there-
fore in refined investigations {o use an instrament having long
bearinga at the extremities of the beam ; as by this method of
construction a uniform result is invariably obtained, .

98. In an active laboratory of research there should be at loast
three balancea: one to carry from 1} to 2 pounds, and with that
load to turn with <02 of a grain; another for organic and other
delicate eatimations to carry 1000 grains, and with that load to
indicate ‘002 of & grain; and a third, for aseaying, to work with
very small weights, say 30 to 40 gmine at the ontside, and to
turn rapidly and distinetly with -001 of a grain,

09, The first of theso is, perhape, the most valuable and gene-
rally usefal instrument. The beam is very long (18 inches), and
is divided into ten parts, in order to disponse with the hundredtha
of a grain weight by using a “rider,” which consists of a small
weight of the form and size represonted in fig. 65; it is con-
structed of gold- or silver-gilt wire, and weighs Fig. 65
0-1 grain in the pan; and when placed on the S
beam at the different numbers, it indicates any
weight from ‘01 to ‘09 gmin, and renders un-
necessary the nse of such small and fragile weights
a8 thoae of that value.

A helance of this kind ensbles us to nse weighed
instead of measured quantitiesin the examination
of mineral waters, & method decidedly to be pre-
ferred where prasticable ; it, moreover, renders the operntor to a
great degroe independent of the necessity of using vessels of ex-
treme thinness in analytical operstions, & moderate weight not
aflecting the seneibility of the inetrument: thie property is of
great assistance in physico-chemical investigations, where the in-
creaso of weight of potash, chloride-of-caleiwm, and sulphurie-
seid tubes, has to be determined with precision.
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100. When at rest, the knife-edges are not in contact with the
working planes, but by turning the handle in front of the case, from
right to left, the supports for the arms deseend and leave the pointa
of support on their planes, and in & state of freedom for oecillation.

101. The second balance may have several forms given to it,
or rather to its working parts, according as the purchaser is
guided by inclination or economy. '

The more perfoct instruments are made in such 8 manner that
the pangare prevented from oscillating when the beam is at rest;
but by turning the milled head, the pana are first released and
then the beam. The contrivance, by means of which the eccen-
trics (which move the supports for the beam and pans) perform
their office®, is exiromely ingenious and aimple; the deseription
of it is, however, foreign to this work, and must be ascertained
by inspestion. Some balances, on the other hand, are s arranged
that the beam itself is raised from the supports, and the pans are
not provided with any steadying appliances.

An apparatus for moving the rider without the necessity of
opening the case, is also 8 great asgistance in delicate weighings,

102, Tt will be observed that in chemical balances the index
points downwards instead of upwards; and while to the enprac-
tised person this may seem & matter of little importance, itis in fact
of the greatest assistance imaginable to the operator, where many
and accurate weighings are to be performed. It can scarcely be
believed until experienced, how much fatigne is occasioned by the
necessity for raising the eyes from the pans to the index, even if
weo disregard the ineonvenience of having the lantern so tall, as
must necessarily be the case when so constructad,

103. The next balanee which claims our attention is that for
assaying purposes. Mr. Oertling has improved it in much a man-
ner a8 to give increased rapidity of action and conefansy of in-
dication ; the details of its construction, and the reasone which

® Invented by L. Oertling of Store Street, Bedford Bquare, London, to
whom ths suthor s indebted for the opportunitiss of minutely inspecting
tha details of his besutiful instruments, and also for a balance of great pre-
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led to the peculiaritios of the contrivances, will not be dwelt
upon; but it is necessary to inform the student of the main
features, in order that the great advantages which it posseeses
may be appreciated.

The old assay balancee were constructed with hock-and-eye
ends; this arrangement, as we have before said, emtirely pre-
cluded any constancy in its results; and yet the long bearings or
kmife-odges at the ends make the heam 8¢ heavy as fo matorially
interfere with the delicacy of the instrnment. To obviate this,
Mr, Oertling has constructed the ends of the best assay balance
in such a manner that the support for the pans resta npon two
points which work, one in a small cup and the other in a groove;
and aa the two points lie nearly half en inch from eaoh other, a
eonstancy ae great a2 in instruments with the long bearing, is
obtained ; by this means the beam may be made of such extreme
lightness that great rapidity of action is ensured.

This balance can be made so small as to be carried abont in the
pocket, and that without loging any of its valuable qualities ; and-
the artist above alluded to has eonstructed them 8o small as to go
into a case B inches long by 2} high, and 2 inches wide.

104. Tt is necessary, in weighing, to attend to one or two points
which materially assist in ensuring rapidity and aconracy. In the
first place, the beams of delicate balances oacillate for a very long
time, a0 that if it were neceseary to wait uvntil the index was at
regt, weighing accurataly wonld be an exceedingly tedious opera-
tion ; but a very little consideration will show us that if we eimply
adjust the weights until the movements of the index on each side
the zero of the seale are equal, we shall obtain a result even more
accurate than by waiting until it is stationary, because, while -
oscillating, we are sure that no resistancs is offered through the
beam aticking.” In the next plase, it is essential to try the
weights in a regular order; thus it will be seen that in instru-
ments intended for chemical use, they are numbered 1000, 600,300,
200, 100, 80, 30, 20, 10, 8, 3, 2,1, 6, -3, -2, -1, 08, -03, -02, 01,
Buppose, therefore, the substanee or instrument being weighed
requires 1740 graine to counterpoise it, 1000 is tried,—too light;
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16800, still too light; 1900, too heavy; 1800, still too heavy;
1700, too light; 1760, too heavy; 1730, too light; 1750, too
heavy; 1740, right. Now, although this takes some time to de-
acribe, it will be found in practice, that, by adopting this method, a
result is obtained in leas than half the time that would be required
by using the weights at random.

105. Weights should never be added or removed while the
beam is cecillating ; it should be invariably brought to a state of
reet bofore making any alteration,

If the beam be a little longer on one side than the other, the
substance on the longer end of the lever appears heavier than the
true weight; bat if one pan is invariably used for the weights
and the other for the “subatance,” the exrors, being all of the same
value, do not affest the reaults of analymes made with it, 28 the
quantitien obtained are not necessarily of ome particular standard
80 that they are truly proportional.

But if an error of this kind be suspected, it is easy to deter-
mine the fact thus ;——plaes & substance in one pan and accurately
oounterpoise it; now change its position from one pan to the
other; if the equilibrium is undisturbed, the erms are of equal
length; but if the reverse happens, and the absolute weight is
required, we must adopt the method of double weighing, eaid
to be invented by Bords, which is thus performed: place any-
thing the weight of which is to be obtained, in ome pan,
and counterpoise it; then remove the substance and replace
it by weights; now as things oqual to the same are equal
to each other, the weights express the trme value of the sub-
stanee, for they exercised the same amount of force upon the
beam.

106, For the reasons stated, we should therefore alwaye use the
same pan for the weights; and it will be found by far the more
convenient method to keep the right-hand one for this parposs, se
otherwise the hand has to be used across in adjusting the weights,
and has further to move, 8 matter of more importance than would
appear to any one inexperienced in these matters. Each of the
difforent forms of balance should be provided with levelling screws
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and a spint-level, with which the instrument should be carefully
adjusted before mse. It not unfrequently bappens that what
would otherwise be the most convemient position in a laboratory
for the balance, is rendered apparently unsuitable, from the fact
that, the scurce of light being behind it, the motions of the index
are rendered comparatively indistinet. This may readily be ob-
viated by adjusting a small mirror to such an angle a8 to throw
the light upon the graduated ivery scale.

107. In organic researches, it is necessary to eecertain the in-
crease of weight of tubes which are of a more bulky kind than
those in genersl use in the other branches of the ecience; the
ordinary chloride-of-calcium tubes, and Liebig’s potash bulbs will
serve as an illustration, Ase the point sought fo be aspertained ie

merely the increase of weight before and after certain operations,
and as the absclute weight is of no consequence, one of the pans
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may be removed, and the chloride-of-ealeium or potash tube may
be attached by a eteel hook immediately to the ring of the wire
which i used to enpport the pans; by this arrangement the tubes
appear lighter than they reslly are, to an extent equal to the
weight of the pan, as in fig. 66, Another method, fig. 67, is still
more generally adopted, and is convenient, as it prevents the
necessity for removing the pan, The planes which rest on the
kmife-edges in belanees of the kind represented in the figure,
have square apertures or notches which enable them to take the
position shown,

It is scarcely necessary to mention, that in performing the
weighing it is only requisite to connterpoise the chioride-of-cal-
dium and potash tubes, and the hooks which suspend them ; and,
after the operation, to weigh again, taking care that the cir-
cumstances are exactly similar, that is to say, that the hooke
aro not changed. Tu order to perform this with facility, each
chloride-of-caleium tube is provided with a little bhrass belt and
long link, to which the hook may bé easily atfached. The pot-
ssh tube (fig. 87) has an arrengement which is easily seen by
referance to the engmving. It is quite unnecessary to have a pan
with & notoh et in it, such a8 is frequently supplied with the
balance for this purpose,

108, Care must of conrse be taken ir using apparatus which
ooctupies so much space, that no part of it touches the beam or
lantern of the balance, There are a fow special cases in which
precautions are required in weighing; in the first place, it is
inadmisgible to put any eubstance or vessel inte the halanes-pan
unlees quite cold, as considerable errors become manifest by such
a procedure (§ 84). It has also been said that deliquescent sub-
stanees are in meny cases advantageously weighed by first coun-
terpoiging the liquid, or & portion of it, in which they are to be
dissolved, and then nscertaining the increase of weight, If this
be impracticable, it is necessary to perform the operation in a
well-closad vessel ; and if the substance has been resently ignited
to expel watar or other volatile matters, the platinum crucible in
whichtheigniﬁonmeﬁectodahonldbeeooledund;reim-

E




82 CHEMICAL MANTPULATION,

stances which prevent the posaibility of any moisture being eb-
sorbed during that process. The lid of the crucible must fit
accurately, and if it be inconvenient {o place it under a bell-glase,
over sulphuric acid, during the refrigeration, it should be coaled
a8 directed in § 84. If the ¢rucible in of porcelain, it would of
course be fractured by too sndden cooling ; the vesael should there-
fore be placed under & dry bell-glass, upon a triangle of thin wire,
a0 thet it is only tonched by the metal at very emall points; by
this means the denger of fracture ia greatly lessened.

109, There are many substances which give off corrosive va-
pours, and if weighed in the balance-case would cause any instru-
ment of ordinary construction great injury ; to do away with this
inconvenience, many balancea have all the working parts of agate.
Thie is an excellent contrivance, and perfectly effecta the purpose
intended ; but it ie advisable in such cases to have a good pair of
ordinary scales, and where minute accuracy is not desired, to snb-
stituto them for the delicate balance,

110. In weighing geses, in the operation of taking their dem-
pity, it is necessary, from their amall weight, to use veesels of
congiderable size, which therefore lose in weight an amount equal
to that of their bulk of air. But this loas, being the same in all
the weighings, has no influenee npon the result, provided the
temperature and pressure of the atmosphere has not altered during
the experiment. If it has, an error is introduced, the amount of
which it is difficult to caloulate; but if we balance the globe in
which the gas is to be weighed by another exactly resembling it,
an accurate result may be obtained, boeanse any change of density
in the air affects the globe containing the gas and its connterpoise
equally, 'We shall alinde to this again further on.

If two vessels of the same capacity canmot be procursd, the
smaller must have a closed tube attached to it, the bulk of which,
plus that of the globe to which it is attached, must equal that of
the larger one.
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SECTION IX.

SPECIFIC GBRAVITY.

111. Bpecific (ravity in general—The torm specific gravity is
understood to mean the relative weights of equal masses of mat-
ter. It will easily be seen that almost all the various natural
and artiflcial objects which come under cur cognizance, have den«
gitiea peculiar to themselves, . ¢. equal bulks of them have very
different weights ; it becomes necessary, therefore, to have some
standard which may be taken as unity, and to which the densi-
tica of all other bodies way be reforred, But it is imperstively
necessary that the one adopted should be obtainahle with facility
in any part of the world; and it must also be capable of easy -
purification ; philcsophers have therefore agreed upon water as
the body to which all solids end liquide are to he compared, and
stmoepheric air as the standard for guses. It will be proper to
congider these under different heads.

112, Perhaps the first idea which would strike any one who,
without previous instruction, commenced an inquiry into the re-
lative weights of oqual bulks of variocus bodies, would be to reduce
them to exactly the same size, and then weigh ; this procedure
would of course immediataly eliminate a number expressive of the
ratio of the densities; but a little reflection will immediately con-
vince us that it would be impossible to do this in many inetances,
even if it were the only method of research; the porosity, hardness,
and many other peculiarities observedin different kinds of matter,
would prove an insurmountable chetacle to such & method; but,
fortunately, it is possible to take the specifio gravities of solids and
lignids in many ways, all equally easy of performance; but the
circumstances under which the operation is to be conducted, make
one method sometimes more convenient than another.

118. Specific Gravity of Solids.—Any solid substatce when jm.
mersed in water displaces a volume exactly equal toits own bulk ;
and at the samo time loses & portion of its weight corresponding
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1o that of the volume of water displaced. The procedure therefore
is a5 follows :—weigh the substance ac-

curately, then suspend it by a fibre of Fig. 68,

gilk or a fine hair to the hook beneath ;

the short pan of the balance, and bring = ——~% L
the latter to an equilibrium ; now take NN AR
s glass of pure distilled water, at as
nearly aa possible the standard tem-
perature (60° Fehrenheit), and intro-
duce it beneath the substance, so that
the latter may be covered to a moderate
depth ; if any globules of air remain on
it, they are to be removed. Imme-
diately on the immersion of the sub-
stance in the water, the arm of the
beam to which it was attached rises;
and if we now place weights into the ehort pan until the equili-
brium ia restored, thoy will expreas the weight of a volume of water
oequal to that of the substance. For example:—

A globule of gold not hammered, weighing 50-00 greins, lost
by immersion in water exactly 2-59 grains, and

5000
W=19.3;
the gold was therefore very nearly pure, the specific gravity of
puare gold melted but not hammered being 19-2; by hammering,
it may be brought to 194, and sven to 19-65.

It the subetance the density of which is to be taken, is in the
form of graine, & very convenient method is to sacertain the quantity
it displacee when dropped into a bottle full of water the weight of
which is known, The following ascount of two experiments will
illustrate the process. Soveral globules of gold whioh had been
purified with some cars, and had been alightly hammared, were
weighed, and found to amount to 38-95 grains; a emall flask was
filled with water and weighed, it amounted to 814-20 grains; the
globules wero then dropped in, and of course s quantity equal in
bulk to the gold overflowed ; after carefully wiping the flask and
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levelling the econvex surface of the water at the mouth, to pro-
dnce the same conditions as in the firet weighing, it was placed
in the balance-pan, and required 851-15 grains to equipoise it;
bat the weight of the bottle full of water withont the gold being
Placed in it (814-20) plus the macertained weight of the globulea
(39-95), amounts to 853-15 grains; and 853-16—851-15=2-00,
the weight of the water which overflowed, and :

898 10475
200

being neuiythememultasthehst,andahowing this speci-
men of guld to be also very pure.

In another experiment, some pieces of metallic cadmium, which
had been slightly flattened under the hammer, weighing 59-25
grains, were dropped into & flask full of water, which weighed
provionsly 768:63 grains. On weighing after the introduction of
the cadmiun, it required 821-1 grains to equipoise it, but the
total weight of the flask full of water and the cadmium was 827-88
graing, for 768-63 4 59-26=027-88, showing 678 grains of water
to have overflowed on the introduction of the metal, and

5026 _s.739,

. 6-78

the gemerally received specific gravity of cadmium being 8-694
Regnanlt gives 8-7.
. 114. There is an instroment which can be easily constructed

by any person, and is capahle, with care, of rapidly giving tolerable
spproximations to the density of any substance heavier than, and
insoluble in water. It oonsists of o small test-tube (fig. 69),
which has a ecale marked on it, commencing about 1 inch from
the bottom, indicating greins of water. To use it, the instrn-
ment has water put in it until the bottom line of the eurve
exactly ecincides with zero; the substance, the density of which
ia required, is weighed and dropped in; of comrse the water
ﬂiﬂnﬁnesinthotube,md,asthevaluoofmhdiviaion
to which the water rises is equal to 1 grain, the weight
of a bulk of water equal to the wubstance is obtained by
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inspection. As an example :—1793 grains of cadmium, which for
the purpose of the experiment had been recently melted and made
intos rod by casting i aglass Fig. 69.
tube, were dropped into the =
tube, which had previensly
been filled up to the zero of
the scale with water; the
fluid rose two divisions, indi-
cating that a bulk of water
equal to 17-98 grains of cad-
mium weighed 2 gruins, and |
17-93
—5— = 8965, the specifio .
gravity required. Again, |
26+61 grains on being drop-
ped in raised the water three
26-61

divisions,and 3= = 8-87.
The donsity obtained before |
on the same specimen by s |
diffarent process was 87, It
will be peen therefore that the
method iscapablbofyielding
approximative results suffl-
cient for many purposes; and when the great mpadlty with which a
result can be obtained is taken into consideration, it may not be
going too far to assert that the inetrument will, to many perscns,
more especially travelling mineralogists, be an sequisition. The
points requiring care are, in the first place, to prevent bubbles of
air from adhering to the specimen; also to allow the sides of the
tube to thoroughbly drain before ascertaining the zero point of the
water, and to take great care in determining the exact'\part of the
curve to be observed in each experiment. Without thess precan-
tions, the resulta obtained will be very far from the truth.

115, To determine the demsity of a solid lighter than water,
we proceed thus:—Woigh the eubetance in air, and weigh in.
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water a piece of lead sufficient to sink it, Attach them and
ancertain their weight in water; deduct the number so obtained
from the weight of the lead in water, and add to the remainder
the weight of the light solid in air; the result is the weight of a
bulk of water equal to the light body. For instance, we will
suppose & piece of light woqd to weigh in air 33-30 grains, the
leed in water 60-00, and both in water 23:30. Then, by the
rule given, 6000 —23:30==36-70, to which 4dd 33-30 giving
70-00, and 33-30 divided byt 70-00 gives 0-4757 as the density.
Qr we may apply the eame method as that adopted for ascer~
taining the density of the globules of gold and cadmium ; for by
taking a vessel capable of being closed with a stopper or a plate
of glass, the weight of which, full of water, is kmown, and placing
the light body in it, a volume of water will be displaced equal to
ite bulk, from which data the density is easily calculated,

116, If the solid is soluble in water, one of two courses must
be adopted: either it may be varnished very thinly, so as to pre-
venf the water from touching it, or its epecific gravity may be
taken by the first method given, substituting a fluid in which the
body is insoluble, and making a correction in consequence of the
difference in density of the two liquids. For example, suppose
that the substance is soluble in all the liquids within reach except
benzols, the dendity of which ia 0-850; a flask is filled to the
brim with it, and a flat plate of ground glass laid on the top, to
prevent evaporation : the weight is 1087 grains. On introducing
the eubstance, the weight of which is 100 greins, and subsequent
wiping, &e. of the flask, the weight is found to be 1100 graine;
on deducting this number from the sum of the weighta of the
flark of benzole and the subetance, we obtain 87 grains as the
quantity of the hydrocarbon displaced. Now the specific gravity
of benzole ie to the weight of the bulk of benzole displaced, as
the specific gravity of water is to the weight of a bulk of water
equal to that of the sabatance; or

850 : 87 ; 1000 ¢+ 102-3, and
1023 : 1: 100: *978, the value required.
117. Specific Gravity of Liguids.—The density of liquide may
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be obtained in several ways. The difficulty which is found in
obtaining equal bulks of eolids, is not found in this instance; it
only being neceasary to fill a veesel 1o & given point with the fluids
the denaity of which is to be compared, and ascertain their weight.
‘We have said that water is used es a stand- Fig. 70.
ard of comparison for liquids and sclids, the
usual method being to construct a bottle
capable, when the stopper is put in ite placs,
of holding exactly 1000 graind of water.
By merely, therefore, counterpoising the
empty bottle, and, after filling with the li-
quid whose wpecific gravity is to be ascer-
tained, adding weighta to restore the equi-
librium, we obtain the result sought withont
any caleulation, For example:—A bottle
which holds exactly 1000 grains of water
is counterpoised, and then filled with pure concentrated cil of
vitriol, and the stopper, which is perforated, is them put in its
place; the exoass escapes by the aperture, and is carefelly wiped
off; on replacing the bottle, 1845 graina were required to balance
it; this number represents the specifle gravity sought, which
is more correctly written 1-845. If a liquid lighter than water
be used, the result is still the epecific gravity, but the decimal
point is of course placed in front of the number found. For
instance, some gpirits of wine digeated for some time over excoes
of dry carhonate of potash and slowly distilled, was put, ander
the circumstancee previously mentioned, into the bottle, when 810
graing ware required to equipoise it: *810 is therefore the specifie
gravity sought,

The hottle with the perforated stopper (fig. 70) has many dis-
advantages, not the Jeast of which is, that where, as often happens,
it becomes deairable to determine the density of a fluid at 32° F,
==(° Cent., ¢ continual expansion is taking place during the
weighing, unless the operation is performed in an ineonveniently
cold apartment. If, {o avoid this source of errar, we make use of
a flask with a mark on the neck, and adjust the fluid to it at the
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freezing-point, it is true that as expansion takee place, Fig. 71.
the flnid merely riscs in the neck, and if the latter be
safficiently capacious and the finid is not very volatils,
the experiment will succeed, But if the fluid eva-
porates rapidly at moderste temperatares, it is im-
poesible to obtain accurate results. M. Regnault, to
wvoid this difficulty, uees & flask of the form shown
in fig.71. The fluid is filled to the mark on the
neck, and the stopper is inserfed in its place. By
this means evaporation becomes impossible, and, if
expaneion takes place during the weighing, the fluid
eannot escape in consequence of the enlargement in
the neck.

118. Itisof the greateat importanes, when aceuracy is required,
that the temperature of the liquid should be at or very near the
normal point 80°, otherwise considersble errors will result. It is
necessary, therefore, to be careful when taking the densities of
recently-made mixtures, the temperature of the ingredients before
mixing not necessarily being the same afterwards; in fact, it in
very seldom that substances dissolve in water without either ele-
vation or depression of temperature: if fused chloride of sine is
disaclved in water, the tempersture risee considerably ; when, on
the cantrary, iodide of potassium or nitrate of ammonis is dis-
solved, the temperature falls to a great extent; and although fow
of the aalts in uge in the laboratory present such distinetly marked
phenomena, it becomes easential to be alive to the poesibility of
alterntions of temperature,

Even ligquids, when mixed, frequently develope heat: every one
is familiar with the great hest which ensnes when strong sul-
phurie acid is diluted with water; ever a rine is caused, though
to & far less extent, when spirit of wine is mixed with water,
In the pharmaceutical laboratory it is constantly necessary to add
spirit to the concentrated infusions now o much used; if, then,
the specific gravity is taken by dipping the hydrometer into the
liquid immediately after mixing, & value is obtained which indi-
cates a considerably lees density than when the liquid is flrst
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brought to the normal temperature by being allowed to repose for
some time: the amount of variation is of course proportional to the
increase of temperature,

119. We have alluded above to the hydrometer (fig. 73), which
is an instrument in constant use in the laboratory to obtain den-
sitien without the necessity of weighing: g 72, Fig. 78.
it may be constructed to give results of
any degree of accuracy, but this involves
the use of several instruments; in gemeral
laboratery practice two only are employed :
one with & renge from the density of pure
ether to that of water, and the sther from
water to oil of vitriol ; one of the chief ob-
jections to their wse, is the quantity of
liquid required to fill the glass in which
the hydrometer ia floated, but, by employing
the modification represented in fig. 72, this
difficulty ia to a great extent removed, a
result being obtainable with only an ounce
or two of fluid.

It is necessary in some manufactnring
processes to determine the specific gravity of
liquids with more acouracy than is obtain-
able by the two instruments alluded to; in
these cases recourse is had to a sories, six
heing roquired to complete the range pre-
viously given.

120, Beveral forms of hydrometers are
used in various manufactnres and professions, of which it will be
necesgary to mention little more than the names, ss instructions
for their use and fablee for calenlation invariably ascompany the
instroment when sold; such are the hydrometers of Twaddell,
Cortier, Beaumé, and Sykes, the first baing much used in the
manufacturing districte, and the next two on the Continent; the
last ie the Eixeine instrument, and is much more complicated in
its eonstruction than the others, being made of metal instead of
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glass, and having a set of weights capable of being fixed tem-
porarily in the stem during the operation.

121, There are other instruments formed upon the same prin-
ciple, and greaily used in various technical operations; brewers,
for instance, ave in the habit of using oxe to indieate
the pounds of malt per barrel, or the per-centage of
engar; the quality of oil and milk is determined
by elwometers and galactomsters; physicians fre-
quently have recourse to a little instrument, on the
same principle, for estimating the demwity of urine
(ig. 74); in fact thare is kardly any limit to the
number of hydrometers which may be constructed to
suit the special requirememts of the varicus opera-
tione of manufacture, and, as a prejudice exists
among unscientifie persons against the use of instru-
ments indicating directly specific gravitieg, there
appears little hope of a really rational scale being
adopted by all classes of manufasturers. The in-
dicationse of Twaddoll’s instrument are, how-
ever, easily reduced to apecific gravities, it merely
being neoceesary to multiply the observed degres by
5, and add 1000 to obtain the number sought, For
oxample, 138° multiplied by & givea 600, and on
adding 1000, we obfain 1690, which is the specific
gravity corresponding to 135° Twaddell *.

The value of alcohol is, it has been eaid, estimated in England
by the hydrometer of Sykes, the degreee of which are both arbi-
trary and unscientifie, the standard being called proof, and the
strength of spirit being eetimated ag ander or over proof, the laat
term being weed to indicate spirit of the demsity 920 at the
tempernture 80° Fabr. On the continent four instruments are
used for epirits, namely, Beaumé’s, Cartier’s, Gray-Lussac’s, and
Tralles’ ; the Iatter, generally mown as the Prussian scale, has
been adopted by the United Btates,

* For s paper by Dr. Bolley, on the advantages of Twaddell's scals over
thoss of Beaum& and Beck, see Chemical Gasette, January 1, 1868,

Fig. 74.
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122, It has been said that the normal temperature of 60° must
in all casea be obtained before attempting to take the density of
any liquid ; it is, however, posgible to have hydrometers made to
180 at any givan temperature; for instance, instroments to be used
in the Weet Indies are adjusted at £4° Fahr.

123. Nicholson's hydrometer is an instrument for taking the
specific gravities of either solids or liquids; when used for the
latier it acts like that of Fahrenheit, by giving the weight of the
volumes displaced by it; it has a mark on the stem, to which it
is to be eunk by weights placed in a small cup fixed on the end
of the rod which projects above the liquid; the weight of the
instrument, plus that placed in the cup, is the measure of the
density of the liquid in which it fleata.

But the chief convemience of Nicholson's instrument is ite
sdaptability for taking the specific gravities of solid substances ; for
if, after immersing the instrument in a fluid of known density,
preferahly water, we place the mineral or other substance in the
cup, and then sdd weights until the mark on the stem coincides
with the surface of the water, we have the data for ascertaining
the weight in air of the substance; and by removing it from the
upper and placing it in the lower cup (which oocupies the place
generally appropriated to the mercury or shot ballast of ordinary
hydrometers), and again immersing the instrument in water and
adding weights a8 before, the weight in water is asceriained, and
from the dats thus obtained the specific gravity is easily calculated.

124, There is another method of ascertaining the weights of
equal volumes which is in some cases preforable to all others; it
consists in weighing » heavy substance firet in air and then in
water, by which the weight of an equal bulk of water is obtained ;
if the water is now replaced by any other liquid whose density is
to be taken, the weight of a volume equal to the water is thas
found, heing all the data required. This method is particularly
applicable where only a very small quantity of liquid is at cur
disposal ; in this latter case it is, of conrwe, cesential to work with
an accurate belance, in order that the errors of weighing may
be too minute to influence the result.



DENSITIRS OF PLULDS. 63

The chemist is generally, however, quite independent of any of
the eontrivances invented for assisting unssientific peraons to ob-
tain the densities of solids or liquids; any vessel capable of being
accurately closed may be used for teking the specific gravity of
all solids or liquids capable of being introduced; and where
the quantity at the operator's disposal is extremely minufe, it
is only necessary to construct a very small flask or long-necked
globule from a piece of quill-tubing, and il it firet with water
and then with the other liquid, and weigh under each of these
circumstances.

It is frequently required to wash out the speciflo-gravity bottle,
and dry it before making another experiment; in ordinary csses,
the instrament noed only be rinsed omt two or three times with
the fluid under examination to render it in e fit state for nse; bat
where this canmot be done, the boitle, after the removal of the
liguid previously in it, by solvents if necessary, should be
thoroughly washed out with water, and a long glass tube being
introdaeed into it, the bottle is to be turned over a lamp or the
plate of the furnace until the watar is vaporized ; on sucking out
air by the tube all the aquecus vapour may be removed. In the
case of the amall flacks previously allnded to, the neck should
not be so small as to prevent the introduction of a very small
tobe for this purpose. It is sometimes advisable to consider
whether it is better to introduce the water or the other fluid
firat, but of course much must be lett to the judgment of the
experimenter,

125, The perforated stoppers alluded to previcusly are not
always advantagecus, and it is often preferable to employ either a
solid stopper or & small flat plate of glass to cover the mouth of the
bottle, or else merely to fill s long narrow-necked flask up o a mark
on the neck ; or & cover may be made to the instrument having a
Ppixt or fine wire passing down the neck, and the fluid may be poured
in unti] the point is just reached.

128, A very pretty contrivance is, to have a thermometer so
made as to form the stopper of the instrument; the bulb ehould
reach elmost to the bottom of the bottle; in this way the bottle
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being filled, and the stopper inserted, the whole may be placod
in & warm or c¢old mifuation, eccording to circumstances, until
the mercury merks the proper point; the instrument is then
wiped, if necessary, and put into the balance-pan, Even when
this is not dome, s thermometer emall enough to be intro-
duced into the bottle should be used; on taking it out, the fluid
ginks, and has to be filled up again: this may generally be done
without much error with a ligeid not reduced to the normal
temperature, unless the difference is great; it is better, however,
to use a very small thermometer engraved on the etem, und to
weigh both the water and the liquid in the bottle with the ther-
mometer in it. A fow other precantions to be taken whem the
substance is porous or in powder, will be found in the section on,
the Air-Pump,

Sercrrre GrAvITIEs OF VAPoURS AxD (Tasks,

127. Vapour Densities.—In modern chemical research it is
by no means uncommon to isolate bodies which form no definite
compounds with other substances; the mere analysis, althongh it
gives the ratio between the elements present, does not settle the
equivalent of the body. It is true that the mode of formation,
and the nature of the producte of deoompontwn, frequently give
great probability to one formuls, but it is unsafe in the case of
chemically indifferent substances to decide from these data alone,
But if it bappens that the compound is volatile without decompo-
gition, at temperatures not too high to be accurately measured by
the air- or mereurial thormometer, we may, by a method of great
simplicity and ease in execntion, determine its rational formula,
In effoct, moet chemists are now sgreed that the formuls of any
organic compound ia that which is represented by four volumes of
vapour. The equivalant of any organid substance (corresponding
to four vols, ), multiplied by 0348, or half the densty of hydrogen,
H=1, givos its vapour density,

128, It will, therefore, easily be seen that a knowledge of the
deusity of the vapour of any substance forms the most severe
check we have on the results of analysis.
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But vapour densities may, at times, be made use of in research
as a means of ascertaining the nature of substances, where, from
the emall veriation in their per-centage composition, ultimate
analysis becomes an unsafo guide. In examining the fluids pro-
duced by dietillation of the Torbane-hill minerel, I obtsined a series
of homologous hydrocarbons which only varied in composition
as the beiling-point rose, by very small amounts, so small indeed,
that, notwithstanding the extreme care with which the analyses
were made, it would have been unsafe to draw any conelusion as
to the fractions to be selected as expressing the correct boiling-
point from them alone; but, on the other hand, the demsitiea of
the vapours varied considersbly with the different homologues,
and by teking advantage of this fact I was enabled with perfect
safoly to pronounce not only on the formulm of the eubstances,
but also on their boiling-point,

129, In consequence of the tenuity of gases and vapours, great
eare i8 required in the varions oparations; the balance, air-pump,
tharmometers, barometer, &e. should be in perfact working order,
and no pains should be spared to acquire facility in using them.

Gases are eminently compresgible, and greatly affected in volume
by comparatively small variations of temperatare; the indications
of the thermometer and barometer must therefore be carefully
registered during the process.

There are two methods by which the densities of vapours are
determined ; in one, and it is that moet commonly employed, the
body under examination is introduced into a balloon, the capacity
of which in.cabie centimetres in afterwards ascertained, and heat
sufficient to convert the substance into vapour having been applied,
the weight of the kmown volume is easily found, from which the
vapour density may be calcnlated. In the second method, & kmown
weight of substance is heated beyond its vaporizing point in an
spparatns which permits the volume and the cireumsiancse of
temperature and pressure to be sscertained with accursey.

The first method, that of M. Dumas, requires the use of flasks
of from 200 to 850 cub. cent., according to the quantity of sub-
stance, and the greater or lees density of its vapour. Those vapours



96 CHEMICAL MANIPULATION,

which are not much heavier than air, require balloons of con-
giderable size. Fig. 75 showa the s.hape Fig. 76.
usually adopted. It is nmeccesary that
they should be of light glass free from
lead, and of & kind that will allow the
point to be readily sealed by a brush of
flame directed on it with the blowpipe.
The flask must be perfectly freed from
squeous vaponr by commecting it with
the eir-pump, a long chloride-of-caleium
tube intervening; after eovering it with
hot sand and alternately exhaunsting and admitting air eeveral
times, the balloon will be thoroughly dried. The tube of the flask
is now (unless it has been done previounaly) to be drawn out and
cut off with s file, 80 a8 to leave an aperture of the gize
and shape of the upper part of fig. 76. The edges are ¥ig. 76.
to be slightly rounded in the lamp-flame, to prevent the
danger of small pieces of glass being broken off,

The balloon having been allowed to remam on the
balance-pan until it hes ceased to increase in weight
from the deposition of moisture, the exact tare in taken
and the temperature of the balance-case observed,

The flask is then ready to receive the fluid, the density
of which is to be ascertained; but there are a fow precan-
tions which ought to be mentioned in this place, Iam accustomed
to make use of a small graduated measure to contain the fluid ¢o
be imsertod, in order that if too eonaiderable a valume of residuat
air is found at the termination of the experiment, a larger quan-
tity of fluid may be used in the repetition of the operation. Itis
very advisable to use no more than is necessary to expel all the
air, especially with substances which leave a alight résidue on
distillation, or which contain a small quantity of a less volatile
substance, a8 is frequently the case with bodies obtained by frac-

The amount of flnid which is intended to be used (say 100
grains for o first experiment) having been poured into the measure,
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_the point of the globe is to beinserted, and the latter being warmed
to expel eome of the air, the lamp is removed, and, as the balloon
cools, the finid enters. If the substance the density of which in
the state of vapour is to be determined, happens to be in the solid
form at ordinary temperatures, it must be fused, and the narrow
tube be kept hot during its insertion,

130. It is necessary to consider, before proceeding, what temper-
ature the subatance requires for volatilization, and e bath muat be
selected capable of being heated to at least 100° F. above that
point. The fluida at our disposal whick are adapted for heating the
balloons are water, neatafoot oil, melted tallow, solutions of the
chlorides of caleium or #ine, melted tin, bismuth, or fusible metal.
For temperatures not exceeding 500° F., I find the third substance
mentioned above very convenient, if the laboratory is suficiently
large to make the odour of the hot tatlow of little moment,

The kind of bath having been melected, the material is to bhe
placed in an iron kettle and heated up to the proper point, the
flask properly secured may then be inserted, the aperture being
sbout § of an inch above the level of the fluid,

181. There are thres methods commonly in use for sapporting
the globein the bath, The first (g, 77) is by means of an arm of
wood which slides on a retort-stand, It is jointed at a to allow
of & motion of the thermometor and flask at various angles.

The btalloon is supported by Fig. 7.

means of a rod, 3, eliding throngh n

an aperture in the arm; it may be N "; lf
arrested at any height by means of  A—X4 7 -

a serew, ¢, The thermometer, d, is
kopt at any required height by the <
serew, ¢, which acts on pieces of cork
placed at f to prevent fracture
anising from too great pressure.
The balloon is attached to the rod, b,
by means of & wire cage. '
Another method of supporting I

the balloon is represented in fig. 78. It is placed between two
¥
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rings, abanded; thelatter is moveablo up and down, and is fAixed
on the balloon by means of Fig. 8.

screws, ¢' g, which press on two
corke, Ak, The scrows work in
the cross piece, ¢f, which also
perves fo support a rod, the
latter in its twrn carrying en
arm, # m, having two pierced
corks attached to the extremi-
ties, through which pass the
thermometers, T'T. Thearm, nm,
is moveable round ita centre, so
a8 to allow of varicus poeitions
being given tothethermometers. : :

132, But the most convenient method of supporhng the bal-
loon and thermometer is reproseated in fg.79, where an iron pot,
V, hag two rods (¢p and ¢ p’) ettached to ite ears by means of
screws, #5'; on ono of these reds
elides the bent bar,c &; it maybe
arrested at any height by means
of the serew, r. Tworings, ef
and g A, move on the bar, ¢d;
they are precisely similar to the
ringe of retort-stands, and may
besecured in thedesired position
by the screws, i, Theflask, A,
msy thercfore be steadity heldin
the bath, and the point, ¢, moved
in any direction with ease, a
very necessary thing in many cases. The rod, ¢’ p’, supports an
arm, ' X, having a pierced cork at its extremity, serving to hold
the air-thermometer, B, or a mercurial one, acecording as the tem-
perature to which the bath is to be raised is more or lesa elevated.

The iron kettle may be placed on an iron triangle over 8 char-
coal fire, or the lower part (fig. 11) of & Luhme’s furnace. I pre-
fer, howevet, a powerful double ring gae-burner enclosed in a case
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of sheet iron, the latter serving as a gas-farnace and support for
the kettls.

133. The balloon and its contenta being attached to the support,
in to be depressed into the bath, and the contents, if valuable, di-
stilled into & tnbe.  For the latter purpose, the neck of the balloon
must of course be directed downwards, As soon as the substance
oceases to distil, the neck is placed in an upright position, and the.
balloon is depressed in the bath until only a 4 or 4 an inch of the
neck remaina above the level of the fluid. The evolution of
vapour again commences, and as soon a8 it almost ceases, the
furnace-doors are closed, or the ges slightly lowered so a8 to ren-
der the temperature of the bath steady for & fow minutes. Du-
ring this time, care must be taken {o chese away, with a red-
hot coal, any fluid which may condense in the neck of the balloon.
As soon as it in found, by applying & cold substance to the
aperture, that no more vapour is being expelled, and the tempera-
tuare is stationary, a good blowpipe-flame is directed on the point
until it is quite closed ; the temperature is then carefully observed,
and the balloon removed; it is now placed for a fow minutes
point downwards, so as to permit the fluid to run into the neek: by
this moans it is immediately sean whether the pealing has been per-
fectly acoomplished, as, if not, a stream of air-bubbles will be found
to enter through the fluid. The balloon is to be carefully cleaned,
and when no longer perceptibly warm, is placed on the balanes~pan
and allowed to remain for twenty minutes; it is then weighed.

134, The next part of the process is to break off the point of the
flask under mercury ; to effect this, the globe is held in the hand,
its paint being depressed considerebly below the surface of the
metal; o fllo-mark is then made on the neck by another person,
snd the point emapped off. The mercury now rushes in with
violence, and, together with the condensed fluid, gemerally fills
the flask to within 2 or 8 centimetres of ite capacity. The bal-
loon is now placed on e ring with its point upwards, and the
condensed flnid is removed by means of e pipette with a long
and thin point, and transferred to o small measure. The mercury
is then poured inte an nocurately graduated bell-jar, and its bulk,

re
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a8 thus ascertained, plus that of the condensed fluid, represents
the volume of the vapour. The globe is then filled with water,
which is to be measured in the same manner Fig. 80,

o8 the mercury, The bulk of the water gives
the capacity of the flask, and the difference
between the bulk of the mercury, plus the
oondensed fluid and the bulk of the water, ex-
presses the amount of residual air. To expel
the water from the flask without breaking the
neck, more then is necessary, is effected by
means of a small curved tube, 3, fig. 80, the
point of which enters the neck of the inverted
fiask ; on blowing air in at a, the fluid eacapes
into the graduated jar, ¢. The superior density
of the mercury renders it unnecessary to use this
expedient in ascertaining the bulk of the vapour,

The measurement by means of water may be dispensed with,
by having a vertical burette with compreesion stopeock accu-
rately divided, and capable of indicating } centimetres; it is
filled to the normal point with mercury and, previous to removing
the condensed fluid, the metal is to be allowed to run into the
globe until the liquid arrives at the orifice; the quantity of mer-
eury required to do this gives at once the volume of the residual
air. Ifound this method to cause great saving of time, where many
vapour densities had to be taken in succeasion,

185, The following very aimple and (for most chemical purposes)
eufficiently accurate formuls®, will give the density of a vapour,
from an oxperiment condueted as above, in & minute or two; and
will, even where it is intended embsequently to recalculate the
expariment with all the corrections, be found usaful to determine
whether an experiment has been: mecessful.

Da=the required density of the vapour:

P = difforemce in weight between globe and air and globe and

vapour;

® J. Maller, Annalen der Chemie und Pharmacie, xxviii. 162, and Licbig’s
Handbook of Organio Analysis, p. 114.
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V == capacity of balloon in cubie centimetres;

v = residual air;
n, = weight of one eub, eent. of air, at temperature at which
the globe filled with air was weighed;

n,.== weight of one cub. cent. of air, at temperature of sealing
the globe ; we have therefore
Do 2F ¥

(V=) ny,

The values of », and n, may be obtained without calculation by
means of Teble XVIL., romembering that the latter is calenlated
for the Centigrade scale; and that if, therefore, the temperature
was observed by & Fahrenheit thormometar, the degrees must be
reduced to Centigrade by means of Table L.

186, If baths of fusible metal are to be employed, the fol-

lowing formuls will be found useful.
FuereLe MPTaL,
Melting-point 200°. Melting-point 208°4.
1 part lead © parts load.
1 part tin, 8 parts tin,
£ parts bismuth. 8 parts bismnth.

1t is very advantageous, in determining the vapour densities of
bodies not previcusly examined, to make the experiment at gra-
dually inereasing thermometrie intervals, for some bodies only
obey the laws of permanent gases when heated very considerably
above their boiling-points; for example, acetic ncid (menchy-
drated), with a boiling-point, of 240° at the normal preesure, gives
the following densities at different temperatares :—-

%7 . 3180 885" . 2480 464° . 2090
268 ., $108 356 . 2488 518 . 2088
24 . 2907 874 . 2878 590 . 208§
802 . 2727 383 , 2248 608 . 2083
320 . 2604 423 . 2182 687 , £088

It is sometimes the case that the vapour demsities of bodies
have to be determined whose boiling-points Ye near that at which
they begin to decompose; it ia then very desirable to make the
experiment under a pressure so much diminished that the sub-
stance will distil considerably below the temperature at which it

undergoes change. For this purpose, M. Regnault proposee the



102 CHEMICAL MARIPULATION,

following arrangement :—A capillary tube, @ b, fig. 81, ending in
an enlarged portion, ¢ d, is attached fo the balloon  Fig, g,
£

with the aid of the blowpipe; the balloon beingim- 4
mersed in the bath, it is, by jmeans of the tube
¢d, made to communicate with & large bottle placed
in a water-bath, kept at a constant temperature,
not greatly differing from that of the atimosphere,

A second tubulaturs in the bottle communicates with a mercurial ‘
Fig. 82,

manometer, whick
constantlyshows the
internal  pressure,
and also with an air-
pump, by means of
which the air in the
bottle and balloon is
reduced to the re-
quireddegreeofelas-
ticity. The experi-
ment is then con-
ducted in the same
menner as usual, it
being only neceasary
to subatitute in the
formuls the elastic
force of the air ob-
served on the mano-
moter for the ba-
rometric pressure®,

137. Itnowremains
todeseribe thesecond

process (devised by

i

= N

M. Gay-Lnassac) for determining the volume occupied by a given
weight of substance at & known temperature and pressure.
® Whare extreme acctracy is desired, or where the above modification

becomes noccesery, the reader is refarred to M. Regnanlt's work, which con- _
tains » very convenient formuls, including all the corrections. ‘
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For this purpose, e glases jar, ¢, fig.82, divided into cubie centi-
metres, is perfectlydried, and, after filling with mercury, is inverted
in & pot of the same metal; a little very thin globe ecntaining the
fluid is then passed wp wnder the mercury, so as to rise to the
top of the bell-glass, ¢. A glass cylinder, open at both ends, is
then lowered over the bell-jar, the latter being kept in the axis of
the eylinder by means of three projections affixed to a small ring,
g, sliding stifly over the bell-jar. The eylinder is held steady by
the ring, d, attached to o vertical rod, ¢ f, passing through &
nut, A, which is ecrewed to the iron pot. The vertical rod carries
another arm, i %, having three aperturee, one of them serving to
admit the end of & rod, a b, the lower end of which carries s cap,
b, which, by alipping over the top of the jar of mercury, assists, in
oconjunction with the three projections previously mentioned, in
kooping it vertical and in the axis of the eylinder. Two other
aperturee in the arm serve to hold pierced corks through which
pase the thermometers ¢ #. Another arm, I m, on the other side
of the pot, is for the purpose of supporting & double-pointed screw,
n o, the use of which will be mentioned presently. The cylinder
is to be filled for an inch or two above the mercury jar with some
flnid capehle of sapporting, withoutblackening, atemperature consi-
derably above the beiling-point of the substance the vapour-density
of which is {0 be determined. Water and neatafoot oil will suffice
for most purposes. The line, d p, shows the height of the fluid.

The gaelight, g, being lit, the fluid gradually rises in tem-
perature, and, before long, the globe will have broken by the
expansion of the included fluid, its vapour gradually depressing
the mercury in the ball-jar, If water is need (and the prooess
is better adapted to fluids the boiling-peint of which is below 212°
than to those which exoeed it), the heat is to be permitted to rise
until it boils; the volume of the vapour, the height of the baro-
meter, and the exact temperature are then to be noted.

It is evident that the external pressure is balanced partly by
the vapour and partly by the column of mercury which rises in
the jar above the level of the merenryin the pot. Toascertain the
height of the latter, we mote the division on the bell-glass to
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which the inner level of the metal corresponds; the merew, n o,
is then carefully turned until its lower end just touches the sars
face of the mercury. The water is then eiphoned off, the inte-
rior being dried by filtering-paper; by this operation the metal
will have receded from the acrew, and more is to be added, until
it agein exactly touches its point. The mereuwry is now on the
eame lovel on both aides of the cylinder, and it is to be observed
to what division on the bell-glass this level reaches, The distance-
between the two points thus ohserved on the jaris the correct height
of the column of mercury, which, being reduced to 32° is to be
doducted from the height of the barometer (also reduced to 32°), in
order to obtain the true pressure to which the vapour was subjected.

Having thus ascertained the volume which a known weight of
substance occupies at a given tempersture and preasure, we have
merely to compare thess data with the weight of the same volume
of air at the same temperature and preasure.

The weight, W, of a kmown volumse, V, of air af & given tem-
perature, T, and pressm, P, may be cbtained by means of the
following form

W0 oomazgm V. raw

By using a gas-flame, as represented in fig. 82, instead of the
furnace usually directed, much assistance is gained in regulating
the heat ; for where the density is to be taken at comparatively
low temperatures, it is otherwise difficult to make the thermo-
meter immersed in the eylinder of water indicate the same tem-
perature for oven & few minutes.

I have contrived an entirely different apparatus for detarmining
the densities of vapours, by measuring the volume of their vapour
under known circumstances of tompersfure and pressure, It
possesses mome advantages over that deecribed, inasmuch as it
permits the pressure to bo increesed or diminished at pleasure;
end enables ue therefore to determine whether the vapour de-
ports from the law of Mariotte at increased pressures. Another
advantage is, that the heat is derived from steam thrown into the
cylinder of water which serves to heat the bell-glass containing
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the vapour; we are not therefore incommoded by the heat of the
apparatns, while reading off the volumes: the quantity of mer-
cury required is also very much less. The results will be given
in the Appendix.

138, Densitiss of Gases.—There are seversl modes of determin-
ing the densities of bodies which are gnsecus et ordinary tem-
peratures. We shall confine carselves to those which have been
found in practiee fo yield the beet results. The first of these
is that of M. Regnanlt, and is detailed in his magnificent work on
the laws of, and data for the eteam-engine®, The annexed account,
although condensed, will aneble any person to use the method.

In order to lessen the influenes of small but unaveidable errors
of weighing, &ec., large balloons, capable of containing 10 litres,
are used, The balance also is large, but of great delicacy; for
when charged with one kilogramme in each pan, it permits with
certainty an appreciation of half a milligramme.

Tt is ovident that the apparent weight of the balloons will be
less than the real weight by an amount equal to the weight of o
bulk of air of the same volume a8 the exterior bulk of the balloon ;
bat if the density of the air remains invariable between the weigh-
ings, no error need be feared on that score ; however, this is seldom
the case, The temperature, humidity, and atmospheric pressure
change so much, that great errors may be introduced, unless some
method of obviating them is made uee of With this intention,
the belloon in which the gas is weighed is counterpoised, not en-
tirely by weights, but ehiefly by another balloon of the same kind
of glass, and of the same bulk. To do this, it is necessary to
determine the volume of air displased by the balloon in which
the gas is to be weighed, and which we will call ¢, Itis to be
filled with water, and then weighed in water of the same tem-

* “Relation des expériences entroprises par ordre de Monsieur 1o Ministre
des trsveux publics, et sur Is proposition de ls commismsion centrale des
machines & yapeur, pour déterminer les principales loin ot lew données nu-
mériqoes qui entrent dans 1 ealoul des Machines & Vapeur, Par M. V,
Begoault,” Ménocires de I'Académie Boyals des Scienoss de I'Institut de
Franoe,

rh
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perature, The apparent weight of the balloon in water is a0
small, that this may be effected on the balanes to be used for the
densities. The balloon is now to be removed and weighed, after
wiping, bat still filled with water, on a strong balance capable of
indicating one decigramme. The difference in the two weighings
is equal to the weight of water displaced by the external volume
of the balloon, Another balloon, b, fig. 83, of nearly the same capa-
city a8 a, but, preferably, a little smaller than that of the first and
ita stopeock, and made of the same kind of glass, is taken, and has

cemented to it & brass mounting, terminating in a hook, to enable
it to be suspended from the balance-pan. If the united weight
of the water displaced by the balloon, &, and its mounting is less
by n grammes than the weight of the water displaced by the
balleon, a, we must attach fo b a glass tube closed at each end,
and having an exterior bulk=n cent. cub. of water®,

& Bocanss 1 cent. cub. of water waighs 1 gramme.
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The engraving, fig. 83, shows the method of saspending the
balloons beneath the scale-pans of the balance, in a chamber

closed with glass doors to prevent currents of air,
The flask, a, has a stopoock attached to it, which allowa it to
be connected either with a three-way tube commumicating with

Fig. 84.

the gas-holder®, or with the mir-pump. The air having been
removed a8 completely a8 possible, the gae is allowed to enter,

® Of course the gaa must be sheolutely pure and perfoctly dry.
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but, aa & small amount of air still remains, the operation ia to be
Fig. 85,

repeated twico. Previous to the third
time of filling the globe, it is, after as
complote exhaustion as posaible, to be
placed in o cane, a b, fig. 84, and covered
with melting ice; the cock being opened,
the globe in allowed to fill with gas, and
when full, a momentary communication
s made with the atmoaphare to equalite
the pressure; the cock, ¢, is closed, the
globe removed, wiped with a damp cloth
to prevent electrical excitation, which
might eause sericus errors in the weigh-
ing, and suepended on the balance, It
is not weighed until two hours have
elapsad, so as to permit the temperature
to hecome the same as that of the
balsnce-case, and thus obviate currents
of air, and also that its surface may be
covered with the normal amount of
humidity, After careful weighing, the
balloon is placed anew in the case, a b,
fig. 84, surrounded with ice, and the gas
removed by the pump. It is necessary
now to ascertain both the atmospherie
pressure and the elastic foree of the gas
remainingintheballoon; forthispurpose,
o1 instrument called a barcmetrie mano-
moter is made uee of. It consists of two
tubes, A Band C D, ig. 85, attached o &
support, which is secured perpendicu-
larly to a wall, The tube, A B, is & baro-
meter of 20 mm. interior diameter; the
motal in the tube having heen cavefully
boiled, it is inverted in a cistern of dry
mercury. This cistern is a box divided
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into two parts, the amaller of which serves for the cistern of the
barometer. Into the second compartment is planged the tube, CD,
which has the same diameter as A B. CD is capable, by meansof a
leaden tube, a b, of being placed in communication with the balloon,

When it is intended to ascertain the atmospheric pressure by
means of this instrament, mercury is poured into the cistern until
it rises above the level of the division, m n. The double-pointed
serew, V, is then adjusted wntil its lower end juat touches the sur-
face of the mercury, If, now, we measure, by means of a cathe-
tometer, the difference of level between the surface of the mercury
in the barometer and the upper point of the screw, and add to
this the length of the screw previoualy ascertained, we have the
height of 8 column of mercury exactly balancing the atmospherie
prossure, The tube, C D, of the manemetric apparatus, is, as we
have said, to be placed in communication with the sir-pump and
the balloon, by means of the thres-way tube and the leaden pipe
a b The gus having been removed, the eock communieating
with the air-pump is elosed, and the difference of level between
the two columne of mercury in the tnbes, A B and C D, is mes-
sured by a cathetomster; thia differenee is the measure of the
elastic force of the gas remaining in the balloon, A thermometer,
T, indicates the temperature at the fime of the experiment.

The divigion, mn, in the cistern is necessary, in order to pre-
vent air reaching the barometer in conssquence of the great oscil-
lations in the level of the mercuryduring experiments. The balloon,
thus again exhausted, and having the elasticity of its residual gas
¥nown, is to be closed, removed, wiped and weighed as before,

The differense, P — p, between the two weighings representa the
weight of the gas, which at 0° Cent.==32° F. fills the balloon
under a pressure equal to the barometric pressure, H, obsorved at
the moment of closing the cock, diminished by the elastic forcs, &,
of the gas remaining in the balloon after making the exhenstion,
The weight of the gas at 0° Cent. and under the normal preesure
of 760 mm. (29922 inches), is obtained by the formula

@—p) o
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139. A eonvenient method of taking the densities of gases is that
described by Dr. Frankland in hie researches on the isolation of
the orgunic radicals. The same, or nearly the same, process was also
used by Dr. Eolbe in his experiments on the electrolysis of organie
compounds, the only difference being, that in the latter case the
gasometer used (that deseribed below) was one of more general
applicability than that used by the former chemist. The follow-
ing is the method of performing the operation :—The gas evolved in

Fig. 86.

%ﬂ:}ﬂc@A

J

ah experiment arrives throngh a chloride-of-caleium tube, a, by
which it is dried; it then passes into the gas-holder, 4, which
consists of a cylinder of glasa 3 inches in diameter and 11 inches
in height, contaiming an inverted bell-jar, open at the lower
extremity, and enclosing one vertieal branch of each of the two
U-shaped tubes, ¢ and &, The hell-glass i fixed by a holder in
its Jowest position, and the apparatus filled with mercury to such an
extent that the two tubes, ¢ and <, through which the air contained
in the bell-jar is expelled, rise only a few lines above its surface.
Each of the cacutchoue connectors, ¢ and #, has a piece of glass
rod inside, emall enough to allow of the passage of the gas under
ordinary circamstances, but enabling the apertures {o be securely
closed by means of a glk ligature. The tube, d, communicates
with the delivery-tube, g, which is 8o placed that ite extremity
may readily be dipped beneath the surface of mercury in a trongh.
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The gas is to be pessed through the system of tubes and eway
by ¢, until all the air in the apparatus is expelled; the valve, f,
being then tied, the gas scoumnlates in the inverted bell-jar,
which is allowed to rise to a proportionate degree by means of the
holder previoualy mentioned. When a sufficient quantity of ges
iz callected, the valve, ¢, is tied, and f being opened, the bell-jar
i# depreesed and the gas is collected by the aperture, g. Tho
density is taken in o light flask, capable of containing upwards of
200 cub, cent., snd having a millimeter scale etched upon its neck.
A fow pieces of fused potash having been introduced into this
flank (if the gas has been collected over water, in which case the
drying tabe, a, is unnecessary), and fixed to the glass by being first
moistened with water and then gently heated, it is to be filled
with mercury, and inverted in a vessel containing the same metal.
The aperture, g, is placed under the neck of the flask and intro-
duced within it, so that the orifice is above the level of the exter-
nal mercury. The gas is allowed to enter until the internal and
external mercury stand at the same level. A thermometer being
now brought inte the vicinity of the apparatus, the whole is
allowed to remain for several hours in a room of constant tempe-
rature until the moist gas is dried by the potash. The thermo-
meter, barometer, and height of the internal eolumn of mereury
sbove that in the outer vesscl, are then reed off by means of a
telescope placed at the distance of a fow foet, and the flask, after
being securely stopped, without bringing the hand in conteot with
it, is to be weighed, afterwards filled with dry air, and lastly with
mercury, the weight being taken in each case. If the apparstus
for holding the gas has been filled with water, ineluding the ingress
and egrees tubes, 83 is sometimes convenient, them the orifice, g,
being inserted below the meroury of the {rough, the water which
eacapes ie to be removed from the surface of the metal by blotting-
paper before inserting the exit-pipe into the neck of the flask.
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SECTION X.

SOLUTION.

140. It is well kmown that one of the greatest obetacles to the
free exertion of chemical affinity is the attraction of aggregation,
the force, namely, by means of which the particles of bodies are
held together ; pulverization to a great extent obvintes this source
of aluggish action; but solution, by separating the particles to
congiderable distances, and by confarring mobility upon them,
enahles bodiea which have a tendency to reast upon each other,
to do 8o, and that under the most favourable circumstances, for
allowing & free exercise of their mutasl ection.

Moreover, by solution we are frequently enabled to seperate
substances of unequal eolubility from eaech other; sometimes the
separation is perfect, while at others the operation has to be re-
peated many times to ensure a complete division,

141. Water is by far the most widely employed end generslly
convenient solvent, but there is mearcely any liquid procurable
with moderate esse, that may not be used with advantage under
cortain ciroumatances, It becomes therefore an extremely im-
porfant matter that the chemist shounld so familiarize himpelf with
the deportment of substances towards solvents generally, that he
may in most instances be able with certainty to pronounce upon the
beat menetroum to be employed in any cese which may eome under
his cheervation,

Among the fluids in ordinary use in research, the following may
be mentioned ; they are placed nearly in the order of their fre-
quency of spplication:—Water, acids, aleohol, ether, alkaline
solutions, wood-spirit or methylic aloohol, benzole, chloroform,
and turpentine,

142, A fow instances of the circumstances in which each of
these liquids are applied will be of serviee to the beginner, and
are properly prefaced by s glance at the general properties of
solvents,
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No finid ekould be applied at rendom in endesvouring to bring
o solid body into solution, but in every case it should be carefully
coneidered what the object is that has to be atiained; whether,
for instance, it is desired merely to dissolve, or to have a chemical
action exertod, and if the latter, of what kind. If the substance
be » salt, water will generally effect our purpose ; a little may be
introduced in the state of powder or small fragments into any of
the vessels mentioned below, and, water being added, the vessel
must be agitated ; if the substance disappears, the question is
anawered ; if otherwise, the mixture is to be beiled, and, if still
ineffectual, one or more of the solvents to be mentioned must be
tried, carefolly considering the chemical action which it is capable
of exerting.

143. The acids most generally in use are the hydrochlorie,
nitrie, sulphurie, acetic, and hydrofluoric; the firat of these is
the most resorted to in inorganic chemistry, as its compounds
with metals are pretty generslly soluble; and, moreover, its che-
mical effects are more limited than thoss of the nitri¢ or the sul-
phurie. It is particnlarly valuable in snalysis, from the fact of
its forming en insoluble chloride with silver; if, therefore, we
procipitste the chlorine of & metallic chloride by nitrate of
gilver, we at once, by escertaining the amount of the latfer, get
o ¢lue to the formula of the salt under examination., Chloxine,
moreover, forms an insoluble protosalt with mercury, and a diffi-
cultly soluble one with lead; most other chlorides dissolve with
comparative ease in water, and many are extremely deliquescent.
On the other hand, we are acquainted with many examples in
organic chemistry, of salts which are regarded in the Light of
bi-hydrochlorates and are yot almost insolubls, ‘We may adduce
in this manner, the bi-hydrochlorates of the chloro-compounds of
some alkaloids and the bi-hydrochlorate of platine-pyridine,

144, In organie chemistry hydrochloric acid has many uses,
as, for example, in extracting alkalies from plants, and conden-
ging ammonia and other volatile bases in processes undertaken
with a view to their purification or estimation: the chlorides of
all the volatile basce, except ammonia, are exceedingly eolublo



T E———

e S it ammea L i ¥

oy

114 CHEMICAL MARTPULATION,

in alechol ; we thus have a valuable method of separation ; and it
is gingular that the presence of the chloride of a volatile base dimi-~
nishes the solubility of sal-ammonisc in alcohol, and thus greatly
inereases the acouracy of the result,

145. Nitrio acid has many, and in fact, almoat an equal aam-
bear of mees, but of a different lind; before using it, we must
remember its peculiar tendency to part with oxygen to the metals
or other substances dissolved in it; in many instancea this pro-
perty may be turned to valuable account, but in others the re-
vorse happens. Tin and antimony are converted into insoluble
peroxides by its aetion, and are sometimes by this means sepa-
rated from other metals which form soluble salts with it. Irom,
or its proto-compounds, are quickly converted, especially on boil-
ing, into salts of peroxide; copper, silver, and a few other metals,
are more readily dissolved in nitric than any other acid.

It must not be forgotien, that nitric, and indeed most acids,
act in very difforent ways, as they are more or leas diluted ; for
instance, nitric acid has much leas oxidizing action when very
woak and at low temperstures, than when stronger and at higher
temperatures; very weak nitric acid acts on excees of metallic
jron with formation of protonitrate; but if the solution be
even moderately heated, yellow fumes are evolved, and s per-
nitrate is the resnlt. Again, if to 8 mixture of the oxides of
cerium and lantaninm which hes boen ignited, an ecid sclution
containing 99 parts water and 1 part nitrie acid be added, the
oxide of lantaninm is dissolved, to the almeat complete exclusion
of the cerium.

146. Sulphurio acid, in its concentrated form, has comparatively
fow uses s p mere solvent, butin a diluted state it acta upon
aome oxides and metals with ease; it is characterized by the in-
sojubility of its compounds with lead, baryta, strontia, and lime;
the three firet being almost entirely insoluble in water, and the
Intter oqually so in spirits of wine,

147. Hydrofluorio acid is extremely limited in its application,
being seldom used exespt for the purpose of separating silica from
compounds, from which it is with dificulty removed by other
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means ; hydrofinoeilic acid being volatile, it may be expelled at
moderate heat.

148, Aleohol is much employed in organic chemistry as a sol-
vent for alkaloids and nemerons other bodies ; one of ite nees has
already been alluded to nuder hydrochloric acid ; it is also s solvent
for some resins, and in fact, its wses in the organic are almost as
manifold as that of water in the inorganic branches of the science.
It is frequently neceseary to subject orgamic hodies, generally
mixtures from which it is wished to extract certain soluble con-
etitnents, to the action of aleohol or ether for a very long time, in
order to thoroughly exhaust them.

149. Ether is chiefly used for dissolving reeins and resinous
matters, alsc as a solvent for fatty ecide and many other sub-
stances.

150, Alkaline solutions.are seldom nsed as solvents in inorganic
chemistry ; alumina, glucine, and uraninm are, perhaps, the moat
commonly ocourring instances; but in the organic branck many
crystalline enbstances are separated from resinous impurities by
means of them.

151. Wood-spirit is sometimes employed for the same purposes
as ether, but its uses are more limited ; it forms & good menstroum
for shell-lsc when required in the fluid state for coment. Ite pro-
perties a3 a solvent are perhape less known than those of alcohol
and ether, and it is probable that they may be very much extended ;
methylatod spirit, however, may be used with as good results
a8 pure alochol for almost every purpose requiring a spiritucus
menstroum.

152. Bentols, or the lighter portion of coal naphtha, boiling at
176° Fahr., is becoming much used as a solvent for alkaloids,
espocially for quinine, as in the processes of Herring and others ;
it may also be used for the preparation of cantharidine, strychnine,
and many other organic bodies.

153. Chloroform is sometimee, but rarely employed ; e solution
of gutta percha in it is used as & spoecies of collodion, and amber
disaolved in it forme a beautiful varnish for photographic purposea.
It also dissolves camphor and other resinous matters.
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154. Turpentine holding camphor in solution is uwsed ae an
assistant in glass-cutting with files, and other operations which
will be mentioned in their proper places; it moreover dissolves
caoutchoue, regin, and many other substances,

155. Apperatus for Solution.—The apparatus for containing
substances while exposed to the action of solvents, is generally
of the aimplest character, congisting of test-tubes, rotoris, flasks,
basins, and porcelain and platinum ¢apsules. They will be noticed
in the order in which they have been named.

1586, - Teat-tubes are of almost universal application in che-
mistry ; they are thin cylinders of glass with rounded bottoms;
the most convenient forms are those in figs, 87, 88, and 89, where
they are dopicted half the real aize,

157. Where substances are
to be dissolved in acids, and ﬁsa'f
much vapour is evolved in the r
operation, it is essential, if
exactitnde is required in the
experiment, to prevent the loss
of particles mechanically re-
moved with the escaping steam.
This may be effected by placing
the flask in a sloping dircetion ;
or, if the matter is carried over
partly chemically and partly
mechanically, as is the case
with osmium during the solu-
tion of the ore of platinum in
squa regisa, it is better to uwse
# retort and receiver, as in fig. 90.

The forms of flasks which may be used for solutions are very
various, and depend, to a great extemt, npon the fancy of the
operator. It is edvisable to have them, when required ex-
clusively for solution or precipitation, of the shape shown at
fig. 94, which, it will bo seen, has no shoulder or projecting
parts where any solid matter can lodge, 60 a8 fo be with dif-

Fig. 6. Fig. 69.
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ficulty removed. They may be held during the operation upen
any of the supports mentioned Fig. 90.
in the section upon that sub-
ject. Itis better to have them
with flat bottoms. The flasks,
figs. 81 and 92, are extremely
purposes during solution, filtra-. |
tion, digestion, or precipitation; -
but other forms are required in
various other proceeses, and
will be described in their proper places.

The porcelain vessel, fig, 93, is very convenient, from the ease
with which it can be cleaned cut, and the porcelain capsules (fige.

Fig. 81, Fig. 02,

95 and 96), from the facility with which they are handled when
hot. Beakers (figs. 97 and 98) are vessels of perhaps more ex-
tended use than any others in the laboratory; there is searcely
an operation in which they are not more or lesa required. From
their thinness, they admirably withstand sudden changes of tem-
perature; and their form particularly adapts them for precipita-
tions, from the extreme ease with which every particle may be
removed, They are generally scld in nests, and the laboratory
should be well stocked with them,

158, Several glase rods, formed from what is known in the
glase-houses as “cane” by outting off lengths with a file, as

RS A
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described under glasg-cutting, and rounded by fusion et the ends,
Fig. 97 Fig. 96.

e = =

must be provided as an adjunct to the other apparatus for mo-
lution.

159, It should be remembered that great advantage is derived
from a minute etate of division, when it is desired to bring re-
fractory substances into solution; as an instance of this, may be
cited the fact, that if a little flint-glass be very finely powdered,
and, after moistening, be laid on reddened litmus paper, the latter
will be restored to its original blue by the alkali dissolved ont of
the glass by the water®.

160. It is of great importance, when a flask containing a solid
matter and a fluid ie to be heated, that the temperature is not
raised toe rapidly, as it is liable to endanger its safety ; and the
moisture which almost invariably condenses on the bottom ehould
be removed with a cloth, Flasks, and other glasa or poreelain
vessels, when hot, must not be plaeed to cool on rapidly conduet-
ing surfaces, 68 such & proceeding ie almost sure to cause it
fracture. A very convenient stand for this purpose may be easily
constructed, by winding list round tin or copper rings. A eold
liquid should not be added to another when boiling ; if uneveid-
able, it must be pomured in by emall portions, and over different
parts of the eurface of the hot fluid.

* Heo also Pelouse on the action of water on glass, Chem. Gaz., Bept. 15,
1856, and Comptes Rendus, July 21, 1856, p. 117.

==
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161, Many substances during solution emit corrosive and offen-
sive fames; such cases may be met by placing the veesel emit-
ting them under & hood or chimney, or in the close closet; or
if none of theso appliances are at hand, & tube may generally be
adapted fo the apparatus which will convey the vapour out of
the window,

The arrangements for forming solutions of gases in water be-
long to the seetion on Gas Manipulation, and will be deseribed n
that portion of the work.

There are soveral operations in organic chemistry in which the
objeot is to extract the soluble parts of plants. Bometimes this
may be done by mers ¢nfusion, which eonsists in pouring s hot
liquid upon the subetance whose veluable parts are to be ex-
tracted. Decoction congists in boiling the material to be exhausted,
for a considerable time; it is chiefly resorted to in manufacturing
processes,

162, Percolation is frequently had recourse to
in research, to extract the soluble constituents of
vegotable substances, On the emall acale, the
apparatus, fig. 99, may be made use of ; the lower
end of the long tube at ¢ is closed with a cork
cut in nofches, so as to allow the passage of
the fluid ; the vessel ia then filled with broken
glaes to a, and moderately fine quartz sand to b;
the substance to be exhausted is placed above
this, and the solvent carefully poured on 8o as
to avoid disturbing it ; if proparly done, the men-
stroum will slowly drop into the vessel, ¢; but
even then the powder or other matter to be ex-
hauated remains eatnrated with the liquid, and
the Iatter has abeorbed all the virtues of the
material, We have now to displace this por-
tion absorbed, by adding more of the liquid, equal
in quantity to that remsining among the powder,
in the same way that the firet was introduced;
the fresh liquid displaces the saturated portion, %
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which then dropas into the lower vessel, and in ready for examina-
tion. If spirit is employed, the greater part may be recovered by
distillation, The tube, d,is to allow the air {o escape as the finid
drops into the lower veasel: it is advisable, where spirit is nsed
in this process, to adapt a tnbe with a amall aperture to the upper
opening of the vessel, ¢ f, s0 us to allow enough sir to enter to
permit the descent of the menstruum, without et the same time
permitting the spiritnous portion of the solvent to escape.
163. M. Payen has contrived an

apparafus for extracting the soluble Fig. 100.
constitnents of organic bodies by ecn- -_'_'I—s\w
tinuous distillation. It is represented {— 4

in fig. 100, where a is a two-necked 4
flask, the longer of the two orifices
being fitted with a tube, &, intended
to contain the organic matters to be ;o
exhansted ; they are packed with
oqual care to those infended for the
ordinary process. The flask, which
contains aleohol or ether, is heated

by the water-bath, ¢, the temperature 4
of which ia regulated by meana of the
thermometer, ¢, supported by a cork
attached to & rod aliding on the ver- 0
tical bar, ff, which in its tarn is sup- 5
ported by passing through an aper-

ture capable of being tightened with 7 _J
s screw. The vapour of the alooholr_[." .
passes by the tube, ¢ ¢, into &, where = /7
being condensed among the animal or

vogetable matter, it falls back into the flaak, to be again raised
a9 before. The three-bulbed apparstus, d, acts as a safety-
tubo, and also serves to condense any of the spirituous vapour
which might otherwise be loet. The digesting vessel, &, is
supported by the clamp, A A, which alides on the rod, ff. The
gas-burner, ¥, enables the temperature of the bath to be regu-
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lated with more nicety than conld be done with a spirit-lamp,
The tripod is supported over the gas by the blocks of wood, I Z,

164. In making solntions in analyses, it is constantly necessary
to pour from one vessal to another, without epilling any of the
lignid ; and it is usual to have lips or spouts to vessels to facili-
tate the operation; but in moet cases it is quite impoasible, in
wpite of this arrangement, to prevent o small portion of the fluid
from running down the ontside of the spout, and consequently we
are liable to a lose from this means sufficient to render an analysis
worthiess. In fact, when the vessols used have a flange (as in
beakers, for instance), it becomes not only unnecessary, but
disadvuntege, to have spouts; and with teet-tubes and flaske,
they are a grest inconvemience, It is wsual amongst chemists
to prevent any source of error arising in this way, by firet
slightly greasing the lip of the vee- Fig. 101,
sel, and then pouring down a rod
in the manner represented in the
engraving, fig. 101 ; it is posaibie
thua to avoid even the alighfest
lose, and the student shonld omit
no opportunity of sequiring dex-
terity in operetions of this kind.

It is advisable not cnly to apply
o little grease to the lip of the
vessel, but also to wet the rod with
the liquid to be transferred, and,
after placing it against the edge, ;
toﬂowlyrmethavmelmhltheﬂmdmeehthaglmmd it
will then run down it with perfect regularity, and may be directed
even into the neck of a small flask as conveniently as by the use
of a funnel,

165. Where basins are used for purposes requiring heat, the
bottomsshouldbeuhvmelytbin,toemblethemtobmmpid
transitions of temperature; flasks also should have the bottoms
thin; but as they are frequently used for gas manipulation and
distillation, the necka should be somewhat stouter,
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It is important to observe, that when & flask is to be placed
upon a hot sand-bath, thie bottom should be quite dry, as other-
wise the water being converted rapidly into steem, scatfers the
sand about, and in all cases there is danger of fracture to the
vessel if the precaution is neglected.

Much care is required in introducing weighed quantities of
pualverulent substances into flasks where accuracy is desired; if,
for instance, a piece of rough paper is used, or even if it be po-
Jished and yet not perfectly dry, the powder is liable to adhere,
and thereby invoive a loss; moreover, if the edge is nof cut, irre-
gularities will mechanically retain a portion of the material. Let
it be supposed that a soluble substance ia to be introduced from
the platinum crucible, in which it wes heated to rednese and
weighed, inte a flask, as in the analysis of soda ash, by the me-
thods of Freeenius and Will or Parnell ; a flask must be selected
the neck of which is not too narrow, and the contents of the
erucible being dropped carefully into it, the washing-bettle (§ 200)
may be used to rinse the crucible out. If, on the contrery,
the substance ia insoluble, and yet it is easential to tranafer it
into another vessel previous to its being diseolved, it may, as
far a8 poesible, be removed by dropping it from one veesel fo
the other, and the particles adhering to the first must be
washed out by directing a stream of water upon it, The wash-
ing-bottle by which this is performed will be described in its '
place, ot p. 142,

1686. In operations connected with solution, it ie necessary to
be made acquainted with some circumstances which modify the
solubility of sebstances in water ; for instance, lime, which is only
slightly soluble in pure water, dissolves abundantly in & mode-
rately strong syrup, and the alkaline resotion of the lime ia not in
the slightest degree affected. Thie property may be made avail-
able in the solution of several analytical probloms; e liquid of the
kind is used by M. Peligot in his process for estimating nitrogen.

It is not uncommon in organie investigations to find crystals
deposited, which on examination prove to be merely sulphate of
lime, the solubility of which is, under certain circumstances,
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greatly inereased by the presence of organic matter, The student
will also find in his Manuals of analysis how greatly the sction
of resgents is modified by this cause; one instance among many
is the dificulty of precipitating oxide of copper by potessa in
6 solution containing eugnr or other vegetable or animal sub-
atances.

In organic chemistry it is & common process to separate one
substance, or group of substances, from complex mixfures by
taking advantage of the solubility of ome of them in eome men-
struum to the exclusion of the others; thus, the acids of coal oil
may be separated by agitation with a strong solution of canstie
alkali, and the bases from the same source may equally well be
removed by agitation with acids,

One group of hydrocarbons may sometimes be separated from
others by treating the mixture carefully with foming nitrie aeid:
the bemzole and C* H* series dissolve, and fluids which I have
ascertained to posecss the eomposition and other properties of
some of the organic radicals are left unacted on®,

* Proccedings of the Royal Society, May 23, 1656, and Junuary 22, 1857,

o2
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SECTION XI.
PRECIPITATION,

167, Precipitation is one of the most valuable processes for
separating substances from eaech other, and is perhaps- the
most frequently used operation in research. It depends upon
the conversion of substances from a soluble to an inscluble state,
with reference to the menstroum employed. When a snbstance
in solution has u reagent added to it which contains & body
capable of forming with it a compertively inscluble compound,
the latter falls to the bottom of the liquid with different degrees
of readiness, depending upon its state of density, aggregation, or
ineolubility, and is then said to be precipitated. It sometimes
happeas, although the matter previoualy in solution becomes in-
soluble sxd ecparates, that, from its want of density, it Soats or
remains suspended ; nevertheleas, by a convenient expreesion, it
is generally said to be precipitated.

The ingtance last alluded to, where a substance ia added capable of
forming an inscluble componnd with the mattsr which it is wished
to separute, is by far the most common kind of precipitation, but
there are numerous other ceses arising from very different eir-
cumstances, A change of temperature of the solvent will fre-
quently induce precipitation, but them the matter separating
in the solid state frequently assumee & regular form, and is
said to erystallise, the term precipitation being more frequently
used to demignete an amorphous condition. As an instance of
the effeot of temperature upon precipitation, may be cited the case
of an admixture of a soluble ealt of lime with & very dilute solu.
tion of a soluble sulphate ; no precipitation takes place in the eold,
but, on boiling, the sulphate of lime assumes the crystalline form
and precipitates. Titanic acid is sometimes separated in the
inscluble stats by the mere boiling for a coneiderable period of
the solution eontaining it.

188. Precipitation is alsc frequently effected by oonverting
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substanees from one state to another, by passing a gas, gemerally
earbonie acid, sulphuretted hydrogen or chlorine, into a solution
oontaining them. Alteration of the nature or proportions of the
solvent preeent will aleo effoct procipitation: if excoss of nitrie acid
be added to a moderately strong sclution of nitrate of baryts, the
sal is proaipitated, being comparatively insoluble in nitrio acid ; it
is highly desirsble to be quite familiar with cases of this kind,
persens often concluding that nitric a«id containe salphurio acid
from the fuct, that, on adding strong solution of nitrate of baryts
to the undiluted acid, they have found a white powder full. The
precipitation of aleoholic solutions of the resins and of camphor
by the addition of water is aleo 8 somewhat eimilar case,

169. It will be seen, from what has been said, that precipita-

tion is one of the beet snd most generally applicable means of
separation of bodies, and that it i3 essential for the student to
aoquire & good general knowledge of the nature of precipitates,
aud of the methods of separating substances by this means ss a
step towards their estimation. A careful operator will always
conzider, before adding & precipitant, the order of sequence, and
the smbstance best adapted for the purpose. If, for example, it
be desired to ascertain the presence of sulphuric and hydrochloric
acids in the same portion of & solution, some judgment is re-
quired; for, if chloride of barium be added to demonstrate the
preeence of the sulphuric asid, it becomes impossible to test the
same portion of liquid for hydrochlorie acid, as ¢hlorine has been
introduced in combination with the baryte; but if nitrate of
baryta be added, and the precipitated eulphate be filtared off,
it is posgible to deteot the chlorine in the filtrate by nitrate of
silver.
. Tt will be seem to be imperntive that & pure salt be used in
testing, for if the nitrate of baryta used is contaminated by the
prosence of chlorine, of course a source of error is at onoe intro-
duced. Fortunately, however, nitrate of baryta is more casily
froed from chlorine than most other salts.

170. Sometimes it in desirable to remove one substance from a
solution without introducing any other matter into the resulting
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product, as in precipitating the sulphurie acid from the sulphates
of potash or soda in the prossss for preparing the pure cavstio
alkalies ; this may be done by adding caustic baryte somewhat
in exoess to the solution until the whele of the sulphuric acid is
rendered insoluble as sulphate of baryta, the mmall excess of
baryta being easily removed, for as the liquid is boiled down, it
sattracts earbonio acid from the air and becomes insoluble,

171, Where exact precipitation is required, as so frequently
happens in analytical operations, the precipitant must be added by
degrees, it being generally advisable to agitate the liquid the whole
time, in order to facilitate subsidence ; this may be done by stir-
ring with a glasarod. 'When the solution to which the precipitant
haa been added is dilute, it is generally easy to ascertain the com-
pletion of the process, because the precipitate fulling leaves a
portion of the liquid clear, 8o that the action is eaxily controlled ;
but where strong solutions are used, the fluid frequently becomes
nearly solid (this is well sesn by adding ammonia to acid solu-
tions of cinchonine, quinine, or peroxide of iron); here it is
advisable to dilute the whole of the solution with water, but
if this is inadmisgible, a little of the mass may be stirred up in
s small glass with a little water, and, after filtration, be tested.
It is requigite in cases of this kind to thoroughly atir the thick
mass before any is removed to be tested, as otherwise it is im-
possible to make sure that the precipitant has been perfectly
incorporated with the solution to be precipitated,

172. Itis frequently extremely advantagecus to add a consider-
sblo exoces of the precipitant if rapid subsidence is desired; an
axcess of acid aleo is sometimes used for this purpose with great
suocess; and farther, it often happens that e precipitate which
otherwise requires a long time to settle, does so rapidly on the appli-
oation of heat, In some instances, as that of the precipitation of
sulphuric acid by nitrate of baryts or chloride of barium, it is
proper to add the precipitant in excess to a hot solution, and then
boil for & ehort time; by this means rapid subsidence is effected,
and error arising from the tendency of the precipitate to pass
through the filier is cbviated. As in all laboratories a veasel ia
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keopt to receive the silver solutions which are constantly acoumn-
lating, it is of no importanee, in an ecomomical point of view,
that an excess of nitrate of dilver be employed in precipitating
hydrobromic or hydrochloric acids. It is dedirable always to have
an axcess of hydrochlorie acid in the alver-washing recipient, so
that it is merely necessary to pour off the liquid and throw it
away when the vessel becomnes filled, as the whale of the metal
will be found at the bottom as chloride.

173. It is by no means indifferent whether, as a general rule,
precipitants are added to hot or to eold solutions, for the condition
of the resulting product in often materially influenced by this canse
alone; if, for instance, hot liguids be used in precipitating iodide
of lead or biniodide of mercury, the whole of the salt is not de-
posited immediately, but on cooling a considerable qusntity of
erystals fall, and from their extreme beauty, this process is often
adopted purpoecly.

In organie chemistry it is frequently inadmiseible to heat solu-
tions previous to precipitation, as this method of procedure would
often decompose substances of no great stability. Solutions of
the platinum ealts of organie bases undergo remarkable alterations
by even shart exposure to temperaturea at or evem below 212°
Fahr,

In analytical investigations it is very common to wish to ascer-
tain by precipitation whether a substance suspected to ba present be
really so or not, and cases of this kind are so numerous, that it is
difficait to propose & general rule which shall be applicable at all
times; there are, nevertheless, o fow points worthy of being re-
membered, If the precipitate looked for be coloured, the cylinder
oontaining the solution to which the precipitant has been added
may be placed upon a sheot of white paper, when, if any perceptible
quantity be present, it will become evident, after a short time, on
looking down the veasel, so as to observe through a considereble
thickness of fluid. If precipitation is not immediate, stirring will
not unfrequently detormine its formation; if this be unsuscessful,
heat may be appliod; if this does mot effect the purpose, it is
seldom that any other operation will enable us to obtain the indi.
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oation sought, unless, as pometimes happens, the solutions were
too dilute; by evaporation of a considerable portion of liquid to a
emall bulk this dificulty may of course be overcome, and this is
the method adopted in the analyuis of mineral waters, where, from
the extreme dilution of the solutions, almost the only matters ca-
pable of ready precipitation are the sulphuric and hydrochloric acids,
. 174, It sometimes occurs that the addition of alechol will cause
8 precipitation, and this method is often used for the ssparation
of sulphate of lime, as such, from solutions,

Potash, sods, and ammonia are constantly in request for pre-
cipitating metallic oxides, but there are aleo numerous salts which
aro scparated from eolutions containing them by those reagents,
end it is of much importance to be awnre of this in order to aveid
perious error, If either of the alkalies alluded to be added to
solutions of alumive or peroxide of iron eontaining phoephorie
acid, the whole of the latter is also removed as phosphate of iron
or slamina, Phosphate of Lime is also precipitated by them, A
peries of reactions, arising from the singular manner in which
phosphoric acid tands to follow metallic oxides while being pre-
eipitated, led one of the most fllustricus of modern chemists into
the error of raising the subphosphate of yttria to the dignity of a
now metallic oxide. .

175. Metallic oxides, when precipitated by alkalies, frequently
carry down with them a comsiderable portion of the precipitant,
which it is often very difienlt, and sometimes impossihle, to remove
perfoctly by washing; thie makes ammonia extremely valuable as
8 procipitant of ench substances, from the facility with which it
is removed by igunition.

176, It has been said that agitation frequently assista in de-
termining thoe subsidence of & precipitate; this must not be lost
gight of in performing the sssay of gilver by the volumetric me-
thod ; in this process the solution of ailver is contained in a stop-
pered flask, and if, after each addition of the standard solution of
chloride of sodium, the flask be vidlently agitated, the chloride of
gilver sottles with remarksble rapidity. Sometimes the precipi-
tats adheres to the vessel only in the places where the glass rod
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has tonched ; this peculiarity has mnot, it is balieved, ae yot met
with a really eatisfactory explanation,

177. Where metallic oxides are to be precipitated by sulphu-
reited hydrogen, it not unfrequently happens that if present in
very minute quantity, the only effect of the gaa is to create a slight
change of colour, best seen by looking down the test-glass.

Ono of the uses of precipitation ariees from the facility with
which it enables us to cbtain organic acids in a efate of purity
from their compounds with lead, silver, baryta, or lime ; the acid
having been precipitated in combination with either of these oxides,
or cbtained in that state by some other means, it is possible in
each case to remove the base by selection of the proper precipi-
tant, and a coreful performance of the operation, When acids are
obtained in combination with lead, the latter is gonerally removed
by sulphuretted hydrogen gas; silver may be separated by the
cautions addition of hydrochloric acid ; baryts by a dilute solution
of sulphuric acid, and lime by oxalio or sulphuric acids : in the latter
case, it is generally necessary to add excess of aleohol to determine
the complete separation of the sulphate of lime.

178. Certain salts of acids are sometimes met with in nature:
the dark brown semi-crystalline deposit from the comcentrated
decoction, of cinchona bark consists chiefly of kinate of lime, which
waa contained in the bark; snd after purification of the salt, the
earth may bo removed in the manmer sbove indicated, and the
kinie acid obtained pure and white by erystallization and treatment
with animal chareoal,

In guantitative estimations, it must not be forgotten that the
stirring-rods almoet invarisbly remove some of the precipitate ;
this portion should be recovared by the use of the washing-bottle,

178. The student cannot be sufflciently careful to render him-
self familiar with the habitudes of substances, in order that he
may be enabled euccessfully to modify hie processes according to
the peculiarities of the materials which may come under his notice,
It is generally necessary to neutralize acid, and sometimes even
alkaline solutions, bofore adding precipitants; this must not be
lost gight of in practice. '

eb
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It very commonly occurs that the electro-chemical relations of
metals may bo made available for their separation and examina-
tion; in fact, ome of the prettiest applications of acience to the
srta is the elestrotype, by which it is possible to obtain fac-
gimiles in copper, gold or eilver, of almost any ohject capable
of being copied in wax or plaster. If a plate of copper be im-
mersed in an acid solution of eilver, the whole of the latter metal
is depositsd in a state of purity in the form of & powder; and the
method effords an easy, and frequently extremely ecmvenient,
method of obtaining the metal in & etate fit for conversion into
uitrate or other salts of silver, If a sclution of cadminm be placed
in a platinum cracible with a piece of zine immersed in the fluid,
the whole of the former metal is depodited on the platinum, and
after washing, which may be performed without fear of re-
moving the coating, the pure cadmium may be disselved in nitric
acid,

180. When chloride or bromide of silver is fused in poreelain
capsulesin the process for estimating hydrochloric or hydrobromic
acids, it becomes so strongly attached that it is generally unsafe
to attempt its removal by mechanical means; but if a piece of
zine be placed in the capsule touching the fused masa, and a little
hydrochlorio atid added, it may, after & fow minutes, be removed
with facility.

There are some few cases whers, although a precipitant haa been
added in excess, the action, nevertheless, is incomplete, & certain
portion of the metal, &¢. remaining in solution; it in then sometimes
admisaible to finish the precipitation with another resgent; this
procedure is frequently applied to zinc in analyxis, and sometimes
even in manufacturing operations ; if, for example, the solution
procured by digesting excess of zine with iodine and water, in the
process for making iodide of ammonium (a salt onee much used in
photography), has excess of carbonate and some caustic ammonia
added, the greater portion of the metal present will be removed
a8 & bulky white precipitate of carbonate of zine ; but & somewhat
considerable amount etill remains in solution, and must be pre-
cipitated by sulphide of ammeonium, the latter also removing any
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iron which may have been preeent in the zinc and not precipitated
by the mixture of carbonate and caustic ammonia,

181, Bubetances may often exist in solution, yet not in the
condition in which they afford characteristic reactions ; when this
ocours, it becomes necessary so to modify their state that they may
with proper reagents afford the reactions required ; for instance,
if iron is present in the state of protoxide, it is generally essential
to peroxidize it before adding the usual precipitants to it, unless,
of comree, it is intended to throw it down as protoxide or proto-
sulphuret, When calomel is to be examined in the humid way,
and it is desired to form the very characteriatic scarlet iodide of
mercury, it may be boiled with nitrie acid and evaporated gently
to dryness, after which treatment it can be precipitated as perio-
dide by the careful addition of iodide of potassinin,

It is nocessary to be on our guard aguinst the many circum-
stancea which modify and sometimes prevent the astion of pre-
cipitants; organic matters especially have a retarding influence
upon precipitation : it has been said ‘before that a very small
quantity of sugar or other organic matier prevents the somplete
precipitation of oxide of copper by potash, even after protracted
boiling. Moderately acid solutions of antimony axre precipitated
by water, but if tartarie acid be added, it enables us to dilute the
solution fo any extent that may be required ; this peculiarity may
be made valusble use of in the analyeis of minerals and alloys
oontaining that metal, the more especially since organic matters
have no power to prevent the precipifation of antimony by sul-
phuretted hydrogen,

182, Gasos, particularly hydrosulphuric acid, are greatly used
s precipitants in both organio and inorgsnic research ; it becomes
important therefore that the student should aequire familiarity
with the methods of nsing them : the details of the processes will
bo found in the echapter on (Gas Manipulation, but as there are
several points which more particularly belong to this section, they
will be pointed out.

Gases should never be pessed directly from the gemerating
vessel into the solution to be neted om, as it is invariably found
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that they carry over mechanically a portion of the acid, &e. into
the fluid under examination, thereby involving a source of errer.
The methods of preventing this are numerous, and will be pointed
out in their proper place,

Ghases are not only used with the intention of causing precipi-
tation, but sometimes also t¢ modify the state in which a sub-
stance exists in solution, 8o that it may afterwards be separated
from others, which, elthough existing in the same fluid, are
sither not at all, or much less actod on by the same reagent; for
example, in Rose’s excellent method of separating cobalt and
nickel, chlorine is passed into the hydrochlorie solution until the
cobalt ia peroxidized, while the nickel remains unaltered, after

_- which carbonate of baryta is added until the cobalt is precipitated,
the nickel rempining in solution,

The action of sulphuretted hydrogen upon metallic solutions hae
been a0 well studied, that it has become one of the moet valuable
methods of qualitative, and in some cases quantitative separation.
Ita action is different acobrding as the solutions exposed to it are
acid or alkaline; the nature of the compounds formed, and the
subdivision of the metals, &c. inte groups by the action of hydro~
pulphuric acid, sulphide of ammonium, &c., belong to manuals of
analysis, and will not therefore be dwelt upon here; but it may,
notwithstanding, be mentioned, that some clue to the nature of
the precipitate is frequently to be obtained by observing the colours
of the precipitates, 'When, after the passage of hydrosulphurie
acid gas through & metallic solution, a white precipitate is obtained,
which proves to be quite volatile, it consista entirely of sulphur,
end is generally due to the presence of peroxide of iron, which is
reduced to the state of protoxide by the hydrogen of the gas, the
sulphur being at the eame time procipitated. We shall allude to
thie again in another part of the work,

If the precipitate is yellow, we may loock for cadmivm, persalis
of tin, arsenic, or antimony; a black one, on the other hand, may
be occagioned by the presence of copper, lead, protosalta of tin,
gold, bismuth, platinum, pelladium, and several others of the same
group. Zino is precipitated from neutral solutions as & white or
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pinkish sulpkide; it is also thrown down from its solution in
agetic, but not hydrochloric acid.

‘When a nitrie solution of vanadiate of lead is precipitated by
sulphuretted hydrogen a peculiar blue tint is produced, the vana-
dic acid being at the same time reduced to a lower state of
oxidation. .

183. It is very often necessary to pass a stream of carbonic acid
through solutions containing free lime, in order to remove the
latter as carbonate; in this case it is imperative to heat the solu-
tion after the passage of the gas and before filtering, in order to
expel exeens of the gas, which might have redissolved any of the
lime as bicarbonate ; as an example may be mentioned the solu-
tion formed by neutralizing with lime the acid liquor produced by
distillation of sugar or starch with peroxide of manganese and
sulphuric aeid in the preparation of formic acid; the filtered
liquid is found to contain excess of lime ; on passing carbonie acid
through, the froe lime is thrown down, and, if continued long
enongh, is partly redissolved; on heating the solution to boiling
for a short time, however, the carbonate of lime ie all removed on
filtration, snd the solution contains no lime save what is in com-
bination. .

Lime ia much used ss & precipitant of irom, more especially
on the large ecale and in technical operations, but it is essential
that for this purpoee the metal should be in the state of peroxide;
and there are several other precautions which are necessary to
success, all of which, perhaps, are required in producing the
commereial white fused chloride of gine, much used in medicine,
In giving the details of the operation, it is to be understood that
tho same process, or a modification of it, will be necessary in
almost every ease where & substance coutaining protexide of iron
is to be freed from it by lime, and it is of courss for thia purpose
that the method is introduced, Commercial metallic gine is to be
dinsolved in hydrochloric acid, & considerable axcess of sine being
present ; the whole is digested for a day or two, by which meang
the lead, copper and some other metallic impurities are thrown
down and removed. The liquid is flltered and conoentrated by hest,.
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while boiling nitric acid is added in small quantity until the iron
is converted into peroxide; the whole is then boiled to dryneas
end fused ; the cake is, when cast out to cool, of a red colour, and
is to be dissolved in cold water ; the liquid becomes heated during
the process of solution, and must therefore be allowed to repose
until quite cold: if, now, the moderately diluted fluid has a little
cream of lime, or, preforably, an cunce to the gallon of prepared
chalk edded, and the whole be well mixed, and after about tem
hours filtered, the liguid which comes through will be perfectly
eolourless and not oontain a trace of iron. When fused, the ealt,
if the previons directions have beem carried out, will be of the
purest white, The same procedure with regard to the nitric asid
and subesquent opetations may be employed in preparing white
fused chloride of calcium, and in meny other operations,

184, Procipitation, when the result of a somewhat sluggish
chemical decomposition, may be facilitated by exposmre of the
reasting materials to a very gentle heat. To illustrate this, the
precipitation of gold by protosulphate of iron or ommlic add, may
be mentioned ; moreover, nitrobentole, when being acted on by
aleoholie solution of sulphide of ammonium, shounld be placed in
s modarately warm situation. This is an instructive example,
becauss the amount of eulphur is sn index to the quantity of
aniline produced, and the reaction may be viswed as the type of
many others, where, the eubstence sought being in a fluid stats,
the amount formed during the operation may be estimated by the
quantity of procipitate. This process is, however, not the best
meeus of cbtaining aniline from nitrobentole, protacetate of iron

the choice of precipitants, and in the method of adding them, than
in the inorgenic department of the sciemce; and this is caused
partly by the easy decomposability of organic substances generally,
and partly by the fact, that when the precipitate is obtained, the
liquid frequently has to be examined for other complex esubstances,
which would be more difficult of separation after the addition of
an unneccssarily large quantity of the precipitating reagent,
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Bometimes muoch advantege may bs guined, where two precipi-
tants at the fire{ glance appear equally eligible, by a careful me-
lection ; narcotine is equally well precipitated by ammonia and
potash, but if the latter bo used, the resine present are retained
in solution, and the narcotine is obtained pure and white with
much grester ease than it would otherwise have been. In the
preparation of picric acid, the same preeaution may be taken, but
greater care is required to prevent solution of the ealt, which
takes place where too great an axcess is used.

188. In laboratories where a valuable eubstance, not absolutely
insoluble, is frequently being precipitated, it is sometimes ad-
visable to pressrve the mother-liquids, and at a convenient time
to concentrate them, and recover by proper methods the portion
dissolved. ’

It is sometimes found that where two substances exist in solu-~
tion, each capable of forming an inscluble salt with some reagent,
that nevertheless by o careful addition of the latter, the whole
of one of the two ingredients in the solution may be thrown
down in the first portions of the precipitate, that subsequently
obtained containing the other material; this method of research,
which is termed fractional precipitation, is probebly capable of
being much extended. A mixture of fatty acids may be separnted
by adding solution of nitrate of silver in small portions to & solu-
tion of the soda or ammonia salts, and filtering after each addition.
The firet precipitates, of course, oontain those acids forming the
mont inscluble salts with silver,

187. The apparatus nsed for precipitation is almost the same as
for solution : Phillipe’s jar, fig. 102, is employed for the collection
of precipitates, and, from the conical form, allows them to sub-
gide rapidly, but the beakers, figs. 97 and 98, are equally or better
adapted for the purpose; and in fact the beaker is in most cases
profarable, not only from the extreme convemience of ita shape,
but also from the facility which it affords for heating the liquid
before or after procipitation,

The test-glass, fig. 104, is the most convenient shape I have
seen; it may bo made about one and o half times the size of the
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engraving, unless required longer for demonstration. The tall
glass, fig, 103, is well adapted for lecture oxperimenta, if made of

Fig, 108,

& considerable size. They are sometimes made of the same shape
as that represented in fig. 108, but blown at the lamp and exceed-
ingly thin, and thus resemble a test-tube on a foot; theyare very
convenient in many experiments of a delicate character,

Flasks of the form and eize of the porcelnin digester, fig. 84,
page 117, are admirably adapted for the precipitations in quan-
titative analysia, where only small quantities are worked wpon;
their shape renders them extremely easy to cloanse, as it is pos
gible to insort the finger against auy part.

188, In precipitations on the more minnte scale, as in micro-
chemical experiments, test-tubes may sometimes be employed ;
but they are far from convenient in quantitative experiments, un-
less made short and wide.

Porcelain vessels from their opacity are objectionable in preci.
pitations, and are therefore seldom employed.

The washing of precipitates is an operation which is 80 much
more conveniently discussed under the head of Filtration, that it
has beon placed in the next section.
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BECTION XII.

PILTRATION AND WASHING OF PRECIPITATES.

189, In analytical operations, it almost always happens that
filtration immediately follows the formation of a precipitate, its
object being to collect the subsetance together, to emable all
soluble matters to be removed by washing; but sometimes it
is considered preferable to wash the precipitate by the process
called decantation, which consists in adding a considerable
guantity of water to it in some convenient vessel (preferably a
tall and narrow one), and, after thorough incorporation of the
washing-fluid and the precipitate by stirring, it is allowed to settle
until the whole of the solid matter has been deposited ; the fluid
is then poured off, and the operation repeated until the precipitate
is sufficiently washed, the latier point being sscertained in all
cases by testing. When the washing is completed, the preeipi-
tate is freed from water a3 much as possible by a miphon, or
careful pouring off, and the rest is removed by a pipetts, or fold
of bibulous paper, after which the precipitate may generally be
placed in a warm place to dry, It is convenient to transfer the
wot precipitate to & capsule or evaporating basin, in which to
complete the removal of the water aud subsequent desiccation, as
the capeule or dish may, without Fig. 105.
fear of injury, be plaved upon a sand- Y
bath to dry,

180, Where the water cannot
well be poured off from & pre-
cipitate without danger of dis-
turhing it, it is advisable to use
a giphon to remove the liquid, as
in Bg. 105, The leg in the liguid .
has themdturnedup,sothatthepmpltntennot dmturbod
by the current,

Mothods of constructing very convenient siphons for this




188 CHEMICAL MANTFULATION.

and other purposes will be found in the section on Glasa-
working.

191, Filtration is, in fact, a species of eifting, being a provess
by means of which we eeparate more dense and coarse from finer
and more subtile particles, by the use of a medium capable of
letting the latter pass through its pores while the former is re-
tained. It will easily be seen, therefore, that many substances
are capable of performing a funetion of this kind under certain
circumstances; and in practice several varieties of filters are em-
ployed, according to the numerous cases which have to be met:
paper, calico, flannel, sand, glass, asbestos, tow, and many other
media may be resorted to with advantage in chemical processes,
where a a0lid is to be separated from a liquid; at present weo
shall only have to dea!, at any length, with paper, that being
almost excludively used in experiments of research,

It is of the greatest importance to the chemist that his filter-
papers should be of unexceptionable quality, yet, until within
the last fow years, it was a matier of extreme difficulty to obtain
& paper even tolerably well adapted for the purpose; now, how-
ever, such an advance has been made in this respect, that excel-
lent paper may be easily procured, already cut to the most con-
venient shape.

192. There are several properties which ought to be possessed
by & good filtering-paper; in the first place, it ought to filter
mpidly, ‘and yet it should be sufficiently close in ita texture to
retain the finest powders; it must not become too retiten when
wet, or it is liable to break by even the most careful pouring of
o solution into it, It is highly deairable thet it should contain
no eolable salts, or several scurces of error are introduced ‘into
experiments, It is, moreover, especially necossary that, if any
soluble matters are prosent, they should not consist of mulphates
or chlorides,

193, It is proper to caution the student againset the fullacy of
suppeding, that becanse fllters are of the same aize they must
nocessarily be of the esme weight. It has been recommended to
collect precipitates upon a double filter, and when the washing is

-
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completed, to dry the precipitate upon both filters, and in weigh-
ing to place the second filter upon the opposite scale of the ba-
lance as a counterpoise, the increase of weight of the one filter
being supposed to. indicate the weight of the precipitate; but
this procedure involves mors than one source of error; it is, how-
ever, meraly necessary to instance one, which is, that the texture
of paper is so irregular, that even when cut by an arming-press,
a8 is generally the case with the circular filters found in com-
merce, it is extremely rare to find two of the same, or even of a
tolerable approximation to the same weight.

194. By far the most convenient shape for a filter is that of a
circle, as it then folds without any projecting parts, and exactly fite
the funnels, provided they are constructed with the proper angle.

They should not, when burnt, yield more than }y te g}y of
their weight in ashes; and it is a good plan te burn a dozen of
each of the sizes in use in the laboratory separmately, and escer-
tain the weight of the ash; this amount, divided by 12, will give
the average weight of the ash of one filter, which ia therefore a
oconstant quantity to be deducted from the weight of precipitates
ignited with fltera,

195, When it is desired to collect a precipitate upon a weighed
filter, with the intention of ascertaining the weight of the former
by the increase of the latier, it is important to ascertain whether
ths filtering-paper contains any soluble matters, as if 50, the paper
loses during washing, and thus vitiates the result unlesa precsution
in taken to prevent it, by waehing the filters intended to be used
for some time with hot water ; when, after being dried, they may
be employed for the purpose alluded to, without much fear of
errur,

196, There are two methods of folding filters in use in the
laboratory: the first is by far the more useful and convenient,
and is performed with ease and repidity; the eecond is, on the
confrary, seldom used, and whenever necessary, may probably
with much advantage have a calico-bag filter substituted for it.

If a square piece of peper be folded in half, diagonally, and
then into quarters, it will form a trianguler figure Like that in
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fig. 106, and if the corners are cut off in the direction of the
curved line, a cirele will be formed on opening out, the mode of
Fig. 107. Fig- 108,

Fig. 106.

N\

formation of which is seen by fig. 107, where the dotted Iines
represent the parts removed; upon opening the folded paper, so
that three thicknesses come on one side and one on the other, &
filter is obtained, as shown in fig. 108, which merely requires to
bo placed in a fannel supported by a retort-stand, or other con-
venient instrament, and is them, after being wetted, ready for
the reception of the liquid to be filtered,

197, The ribbed filter, as it is called, was in congidernblo use
among the older chemists and pharmaceutists, but is now very
little resorted to, from its requiring eome time to construct, and
when mada, being far from convenient, eapecially where the solid
product of a filtration in the part required for vee. It is obtained
by taking & piece of paper, and after Fig. 109.
doubling it, folding it into halves,
quarters and eighths, es in fig. 109,
whare it is aeen that the creases are
all on one side of the paper; the fold-
ings are now repeated on the other ="/
gide, each crease coming between the previoua ones, and project-
ing in the reverse direction ; if the paper be now opened out and
then depressed in the cantre, a filter resembling Fig. 110,
fig. 110 will be obtained, and after cutting off
the epires, may be dropped into a funnel, and
the liquid to be flltered poured in, The inten-
tion of having the ribe, is to afford passages
for the air end liquid between the paper and
the funnel, so as to allow of rapid filtration;
the whole arrangement is seen from fig. 111, whe:aafnnnolm—
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taining one of these flters is supported by a piece of wood perfo-
rated in the centre and placed over s beaker. In quantitative ex-
periments the plain filter, single or double, is invariably used
the ribs and creases of the other rendering it
almost imposgible to remove a precipitate
thoroughly from its surface, Where large num-
bers of filters are used, it is economieal to pur-
chaso the paper in sheets, and cut it into cireles
for use in the laboratory, instead of buying the
circular filters ready made. For this purposean
apparatus of great eimplicity and convenience
has been contrived by Mr. Btevenson, a philoso- —
phical instrument maker of Edinburgh. It consists of several
dises of metal of the sizes of the filter to be eut; to the centre of
each i capable of being attached a moveable rotating arm, carrying
a Iknife which, by mesns of a very simple arrangement, may be
adjusted to any size of filter. With a little practice, filtere may
be cat with great perfection by it.

198, When a filter and its contents, or & filter alone, have to ba
weighed after drying, it is necessary to do so in such a menner
that they shall not be in contact with the air, for dry paper is so
exceseivaly hygroscopic that, under the cireumstances mentioned,
the filter would greatly increase in weight, even during the short
time required for it to be on the pan of the balance. A very
good method of weighing filters is between two watch-glasses
ground at the surface and held together by a clip, fig. 61. In
some cases a wide test-tube, like that represented in fig. 88, but
fitted with a cork, may be used, or even & platinum c¢rucible with a
close-fitting lid is available under certain circumstances. -

199. In moet filtrations it is necessary to support the filtering-
paper in a fupnel ; and the latter must invariably be of glass for
all purposes connected with research. Funnels should be made
to an angle of 607, in order that the circular filters mey accu-
rately fit. It is, moreover, desirable for them to be ground on
the top, to enable a glasa plate to be used a8 & cover when
required,%itherforthepurpoae of preventing the accees of dust,

Fig. 111.
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evaporation of spirit, or the absorption of carbonic neid in the
fltzation of alkaline solutions.

Filter-stands, rotort-stands, perforated boards, &¢., will be
deaaribed in a section appropriated to Bupports for Apparatus,

200. Performance of the Operation.—When a liquid is ready
for filtration, and the funnel, supported by e rotort-stand, or in
some other convenient manner, has a filter placed in it, the latter
is to be wetted by a little water, and the fluid and the precipitate
are then carefully transforred to it, either by pouring down a
rod (§ 164) or otherwise, and any particles of precipitate ad-
hering to the vessel are to be washed into the fllter by & stream
from the washing-bottle, fig. 112. This
instroment, the contrivance of Leopold
Gmelin, has now become indispensable in all
laboratories; its comstruction is extremely

two tubes adapted to it air-tight, and bent
a8 shown in the figure ; one of thess reaches
to the bottom of the flask, the other meraly
enters it; the vessel is filled with water,
and when required to be used, the mouth is
applied to the tube om the right-hand, and air being foreed into
the fiask, the water jssues in s jet from the left-hand tube, which
ends in & fine orifice. It is convenient to have s amall piece of
voleanited indis~-rubber tubing fastened to the end whero the
mouth is applied, a8 by its mesns much facility is gained in mo-
ving the bottle in varicus directions, the pressare not being required
to be kept up all the time by the mouth, it being sufficient to
blow into the flask ; and then closing the caoutchone tube by the
toeth, a stream of water will issue for some seconds, while the
bottle may be moved in every direction.

201, Before Gmelin’s ing-bottle was introduced, the ap-
paratus employed by Berzeling for effecting the same object was
in genersl use ; it consisted of o flask having a tube with a fine
orifice adapted to it. Om blowing into the tube and closing the
sperture dexterously with the tongune while inverting it, & fine
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and powerfal stream of water cen be directed on a precipitate in
s manner admirably adapted for stirring it up thoroughly, and
washing away any soluble matters,

Bevaral washing-bottles are required in a laboratory, even if
only one person is at work ; one for cold and another for hot di-
stilled water ; the latter must have some arrangement for enabling
it to be handled with ease when containing boiling water: a wire
handle is very easy of construction. Botties are also required for
aleohol and ether ; and in investigations where a naumber of preci-
pitates or other substances have to be washed with any particular
fluid, it is desirable to have a washing-bottle fillod with it at hand,

202, It is proper in almoet every case, especially if the ope-
rator has not considerable experience in anslytical chemistry, to
test the washing-water at certain intervals as it passes through,
to ascertain when the operation is completed. Of course the test
will vary in almost every case, and must be selected aocordingly.
The filtering-paper should never rise above the edge of the fuune! ;
and even if, from inadvertence, such should be the case, especial
care must be taken that the k- Fig. 113,
quid is not permitted to rise —
above the level of the fonnel; f ik
if, however, the operation in -t
hand be ex analysis, it is better
that the paper should be thrown
away and a fresh one taken,

203, It so frequently happens
that precipitatee require pro-
lenged washing, that many ex-
podients have at different times
been adopted to render the pro-
cedure independent of the pre-
sence of the chemist, The most
aimple method of effecting this is
to invert a flask of distilled water
over the funnel containing the
precipitate to be washed, as in




144 CHEMICAL MANTFULATION,

fig. 113, in such a manner that the neck of the flask is below the
weter ; in this position no water escapes from the flask until the
liquid in the funnel falls below the neck; when this tekes place,
@ bubble of sair enters and an equivalent bulk of water escapes,
and the washing proceeds slowly in this manner, until the whole
of the liquid has passed throngh the precipitate,

204. Another method ie by the use of a peculiar modification
of the siphon, eaid to have been first adopted by Gay-Lussac; it is
constructed as follows :—A bottle of convenient size ia taken, and
fitted with tubee in the manner represented by fig. 114, where
it is seen that @ & is merely a straight tube open at both ends,
passing tight through a cork, which is perforated to allow the
passage of the even-legged siphon, e¢def, the legs of which
descend s little below the bottom of a d; the end, £, of the siphon
is intended to be placed in the funnel, which is so arranged that
when fullest the water should rise to the same height as a.
It will be observed that
the effective difference of
the length of the limbs of
the siphon is equal to the
space between ¢ and «;
when the liquid rises to
a the flow ceases; but
directly it falls below,
the funnel becomes re-
plenished, and by this
means a constant level is
obtained. The arrange-
ment is exceedingly use-
ful where a fluid is re-
quired to be boiled for a
long time, and it is desired
to prevent loss by evapo-
ration; as, for example, . = '
in the water-baths employed to keep pressure-tubea at 212" for
many hours.

Fig. 114.
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Nothing but its extreme fragility prevents the washing-tube
of Berzelius from being much used in cases of protracted washing
of precipitates. It is represented in fig. 115, Itis fixed by a
Fig. 115. Fig. 118.

perforated cork into o flask supported as in fig. 117, The mode
of action is somewhat peculiar; when Fig. 117.

inverted in & funnel, the point, ¢, is
placed below the level of the Liguid,
and in consequence of ita small-
ness, it oxerts a somewhat retard-
ing effect upon the egress of the
water, 80 that when inverted in
the air, only & very small quantity
eacaped; but when the point is im-
mexsed, the resistance is removed
and air enters by ¢ a8 the water
escapes by ¢, and by this means a
eonstant level is preserved. By
arranging tubes in a cork in the
manner shown in fig, 116, the same
end may be attained, and the chief

ob;ectlon to the beautiful contrivance of Berzehus, m its fmglht}',
is at once removed.
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205, It ehounld be observed that the downward tendency of the
fluid in the last arrangement, equal to the column of water
between ¢ fand g A, is less than the resistance to the passage of
air through the water in the tube, a b, which resistance is owing
to ite capillarity, and therefore, when the bottle is inverted, no
liquid escapes after the first few drops; but this resistance is de-
stroyed by even the small force exercised by the contact of the
water in the funmel with that in the tube, ¢; and if the
funnel be filled until the water just rises to the height ¢ A, the
water will flow out as it sinke in the funnel and maintain a con-
stant level. The conducting power of a piece of wet paper or a
finger applied to ¢, is sufflcient to cause the water to flow. Om
constructing this arrangement, care must be taken to copy exactly
the relative lengths and Fis. 118.
positions of the tubes. —
Another and very elegant
method of obtaining con-
tinuous filtration, is that
soen in fig. 118, An ordi-
hary glasa siphon, with eue-
ticn-tube, has, previous to
bending, another tube of
larger calibre placed out- ¥
pide it ; during the bending
the two become attached, |8
but nevertheless sufficient
space remains hetween |
them for sir to pass, The
whole arrangement is fixed
by a cork into a flask,
On eucking, the water
flows, air passing betwoen
the two tubes to supply
the place of the water re-
moved, but a3 soon as the
water rises in the funnel
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sufficiently high fo close the opening of the wider tube, the air
no longer is able to enter the flask and the Sow ceases. As the
water passing through the precipitate falls in the funnel below
the opening of the wide tube, the flow aguin proceeds, and so on,
until the whole of the water in the flask has been expended.

208. The following method of securing continuous filtration,
is mentioned by Dr. R. D. Thomson as the contrivance of his
pupil, Mr. Eustace C. Summers, and is probably convenient where
extremely froublesome precipitates are being washed, or it is
necessary for the operator to be absent from the laboratory
for considerable intervals; under eany other circumstances it
would, from the space required for its use, canse more trouble
than would be repaid by its superior effectivencas. Into the
lower aperture of one of the stone bottlee so much used as as-
pirators, a piece of tube is fitted by a cork passing at an angle in
the same way that the opening i8 made in a gasometer to pass
in the tube evolving gas. A glass tube, smaller than the one
last mentioned, is bent into a eiphon, the shorter leg of which
is inserted ineide the first glase tube; the longer leg dipe inte
the funnel containing the precipitate; by this arrangement the
water in the resorvoir escapes by the aiphon, air entering between
the two tubes to supply its place; but when the liquid in the
funnel rises so as to close the aperiure of the siphon, the further
egreas of the water is prevented until the dropping of the water
from the funnel has lowered the surface eufflciently to permit a
further escape,

207. Where, as frequently happens, o liguid is being filtered,
which, from its weight, corrosiveness, or other reascns, it is feared,
will break the filter-paper, it is necessary to use & double one,
which is merely one eommon filter placed inside the other in
opposite directions, so that the friple side of one filter is placed
against the single one of the other; by this means the filter be-
comes so much strengthened as to bear very eonsiderable pressure
withont fracture, especislly if the aperture of the funnel is not.-
too large, a fault at all times to be avoided.

208, It is requisite, when making or folding filters, to carefully

B2
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insure against the presence of moisture on the bands, es in that
case it ia almost & matter of certainty that a hole will be found
in the paper on pouring the solution into it.

Circular filters are so extremely convenient, that where they are
not to be prooured it is advisable to have some tin quadrants adapted
to the size of the fonnels, so that when a square piece of paper is
folded into s filter it may be placed against the metal and the eor-
ners be removed, the piece of tin serving as a guide to the seissors,

209, When s filter has been wetted and is ready to have the
solution poured into it, care must be taken that the flaid is not
allowed to descend from too great a height, as not only does such
& proceeding cause a risk of loss by splashing, but it endangers
the eafety of the filter, the mechanical force of & fall of water of
a few inches being quite suffleient to break many of the lese tough
kinds of paper when wet.

210. It frequently happens when a precipitate is poured, to-
gether with its solution, into e filter, that the fluid runs turbid
at firet; it most then be returned to the funnel until it comes
through perfectly brilliant, and this muat never be judged of by
the appearance of the liguid es it runs from the funmel, but by
letting some run into & glass or test-tube, and holding it between
the eye and the light.

211, Filtration is not merely applicable to the separation of
solid from fluid particles, but also at timee to the removal of one
fluid from another; but this is only practicable where they are
not miscible ; if, for instance, a mixture of oil and water be poured
into a thoroughly wet filter, the water will pasa through to the
exclusion of the oil. This mode of procedure is useful in re-
scarches on oily bases, as, where they have in the crude state been
dissolved in an acid, any non-basic il separates and rises to the sur-
face, and if the two are thrown upon a wet filter, the acid solution
of the bases passes through, leaving the other matter behind.

212, Calico Filters,—This description of filter is much used in
meanufacturing operations, and also in lsboratories of research
where large quantities are being worked upon. They are parti-
cularly useful where infusions or decoctions have to be filtered
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from foculent matters, The best material for their constraotion,
a8 far a8 my experience goes, is what is termed *yard-wide
nnbleached calico.”

If large quantities of precipitates have to be filtered, or where
careful collection is desirable, a very convenient and useful
etrainer is formed by stretching a piece of calico over a square
wooden frame, fastening it on by means of a fow tacks. A filter
of this description affords peculiar facilities for the collection of
every particle of the precipitate, whereas conical bags are some-
what troublescme to thoroughly empty without waste.

Flanznel bags, from their great strength, are sometimes useful,
but only in coarse operations: they are inadmiseible for liquids
containing free alkali.

213. Sand, glass and asbestos are adapted for concentrated
acids and strong alkaline solutions ; although not oftem used, they
are sometimes extremely conveniont in cases which otherwise
would cause considerable difficulty. Sand and glass filters are
constructed in the same manner, and therefore one deseription
will serve for both. The throat of the funmel is first to be ob-
structed with rather large pioces of the substance used; on this
are strewed smaller pieces, then coarse powder, and finally, fine
powder, Care must be taken not to disturb the arrangement of
the powders when pouring the liquid in, and it ie generally neces-
sary to pour it back two or three times before it becomes bright.

214, Asbestos filters are made by merely obstructing the
throat of a funnel with clean asbestos, Hghtly packed, other-
wise the liquid will pase with dificulty. In making filters with
sand, glass or broken flint, it ia sometimes convenient to use a
little asbestos at first, instead of the larger pieces of the material,
1t ia of importance to ascertain that the sand, &c. does not con-
tain any substance eapable of being acted on by the fluid filtering ;
and it is proper for this reason to wash it with hydrochloric
acid, and afterwards to remove the latter by repeated adulcoration
with water until the washings no longer precipitate nitrate of
silver,

215. Tow is a rough medium of filtration, and is only applied
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in the coarsest operations, snch a2 the removal of mechanical im-
purities from oils, infesions, &c., and is seldom or never used in
experiments of research, especially where any delicacy of manipn-

lation is necessary.

216, In the filtration of viscid fluids on the large scals, it is
neceasary to use pressure to force them through the pores of the
medium, as, from their aluggish motion, they would, without this
assistance, pass through so slowly, that in msny cases the pro-
longed exposure to the air would cause injury, if not decomposition,

The pressure is obtained
in several ways ; of these,
two are most generally
adopted, namely, atmo-
spheric pressure obtained
bythe use of anair-pump,
and the pressure of 8 co-
lumn of fluid: these me-
thods are seldom or never
resorted to except in ma-
nufacturing laboratories.
217. It is & very comn~
mon occurrence that a hot
fluid containing a consi-
derable quantity of mat-
ter dissolved, and which
is deposited on oooling,
has to be filtered; it is
then required to keep the
fannel, &e. hot during
the whole time of filtra-
tion ; this may be accom-
plished very conveniently
by Plantamour’s ebulli-

Fig 110

tion fannel, shown in figs, 119 and 120, the latter being the one

more generally used,

It will be seen, that in the first instrament a chamber contain-
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ing water has an opening which enables a fannel containing the
finid to be filtered at the high temperature to pass through, the
floid in the vessel being maintsined in ebullition by means of &
lamyp placed beneath a projecting portion of the apparatus.  The
second is simply a double funnel, the interior of which containa
water capable of being kept boiling by a portion projecting
over a lamp-flame in the same manner as the first. These
two instruments, or one of them, should find a place in every
well-appointed laboratory, Where access is unaftainable to an
ebullition fannel, the apparatus for filtration must be placed within
the hot-air closet, or, if very small, in the square water-bath,
fig. 62,

218. Where volatile fluids have to be filtered, the fannel used
should have its upper surface ground, and a glass plate (also
ground) may be placed over it to prevent evaporation as far as
posaible,

Platinum salts of organic bases, no matter how finely crystal-
lized, must, before burning to ascertain the quantity of platinum,
or organic anslysis, be finely pulverized; they are then gene-
rally found to be rather adhesive, and the particles to have a
tendency to hang together; but if washed upon a filter with a
mixture of aleohol and ether, the impurity causing this adhesion
ia removed, and when dry the powder of the platinom salt is
found to be extremely mobile, and generally, on combustion, gives
a nearer result than if the process is omitted*.

219. When the quantity of fluid to be filtered is extremely
emall, it is necessary to use propor- Fig. 121
tionably small filters, and these are = o
eometimes supported over a beaker |
or other convenient vessel by the
poreelain three-legged instrument,
fig. 121. In all quantitative opers-
tions the point of the funnel should |
touch the edge of the beaker or other
vesgol into which the filtrate is to

* Phil. Mag. October, 1864
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fall, in order {o prevent the drops from striking the fluid with
sufficient foree to cause splashing.

220. It ie sometimes required to filter cau- Fig. 122.
stic alkalies out of contact of the air of the .
laboratory in order to prevent absorption of
carbonic acid, and this is casily managed by
an arrangement either the same as, or on the
principle of fig. 122, where, for every drop of
liquid which falle, a ¢orresponding portion of
eir is expelled from the lower and passes into
the upper veasel, and 8o enables the filtration
to proceed, The neck of the upper bottle is
slightly choked by linen, asbestos, or some
other convenient sabetance, care always being
taken to seleet ome unacted on by the fluid
filtering.
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SECTION XIII.

SUFPORTS FOR APPARATUS.

221. Almost all arrangements of apparatus involve the neces-
ity of supports of some kind to keep the various parts in their
proper places, or to prevent their disarrangement by slight con-
cusdions, or even the shaking unavoidable at times during expe-
rimenta.

It frequently happens that the illustrations in chemical works
either do not show the method of supporting the apparatus in
the positions represented, or, which is more objectionable, give
sapports which appear intended merely to have a picturesque
effect, and do not really afford a true idea of the praetical methods
adopted in laboratories to effest the required end.

The various sapports required differ more in size and appear-
ance than in prineiple, and bat little ingenuity has been expended
by chemists upon them, yet there are fow subjects that would
better repay the time and trouble employed than the invention
of some really good, cheap, and stromg supports, adapted for
the complicated and fragile systems of apparates which are
frequently unavoidable in the present state of chemistry, and
will probably become atill more in requisition until the acience
has become 8o improved as to enable us to procure combinations
end deeompositions by simple and direct methods.

222, Few things have s more beentiful appearance than a
complex system of chemical apparatus well put together; and,
moreover, fuccessd in very many instences ia due to the skill
with which this is effected. And when it is known that much
depends upon a judicious selection of supports, it will be seen
that any instructions caloulated to guide the student or operator
in his choice will not be an unprofitable subject 1o which to de-
vote o fow pages.

223, Supports for filtration—These are of the simplest king,
such as the filtering-stand (fig. 123), which should find its plnce

S5
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in every laboratory. Care must be taken in deciding wpon the

proper place for this useful article. It should be in & epot free
from dust, sufficiently near the operator's place for working,
and yet not so close as to occupy otherwise valuable space.
It should be sirictly kept for the purpose intended, and ought
never to be made nse of as a depository for flasks and retorts,
as its peculiar shape is liable to cause this to take place:
those instruments must have a place specially appropristed to
them. The mode of using the filtering-stand is evident from in-
spection of the figure, and need not therefore be desoribed. A
fow blocks of wood of different Fig. 124.

thicknesses form a useful ad-
junet to it, and should therefore
be provided.

224. Betort-stands are ex-
tremely useful for this purpose,
but it is scarcely judicions to
appropriate them to it, as they
are required for so many other
operations; butthe small wooden
filter-stands (fig. 124) mede
upon the same principle, are
cheap, and should be provided
in qguantity; the laboratory
should possess a conziderable
number of them,

225, The porcelain and glaes filter-holders (fig. 121) are some-
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times extremely eonvenient, and when supported on the ring of &
retort-stand, care ghould bo taken thst the point of the filter
touches the edge of the glass or basin, in order to emsure the
ranning of the fluid into them without splashing,

226, Supports for pulverization.—Theso are few, and consist
chiefly of a large wooden block intended to support the iron
mortar, and an equally large one of a different shape for the
anvil.

227, Supports for thermometers.—Most chemical thermometers
have & ring formed at the top, intended to facilitate suspension in
liguids, but they (the rings) are seldom used, it being more
convenient in gemera] to support them by means of s perforated
cork fitting into one of the rings of a retort-stand. I am in the
habit of using the apperatus, fig. 125, for sup-~ Fig. 125.
porting thermometers in baths or other situa-
tione where they may be required. I construct
the screws with the aid of & screw-cutter®;
it consists of a wooden arm, a b o, intended
to support two thormometers. The aper-
ture at a serves to allow of the instrument
baing attached to s retort-stand, the screw,
d, enabling the operator to fix it at any height.
The apertures, 4 and ¢, contain perforated
corks, through which pass the thermometers ;
they may be seoured in any required position
by means of the acrews, ¢ and f.

228, The wire triangle, fig. 126, is easily
made, and is much used to empport pla-
tinum and porcelain crucibles, it being generally laid on the
ring of & retort-stand, or immediately on the chimney of the
lamp.

229, When if is wished to cool & platinum crucible rapidly, it
is best effected by placing it upon the anvil or any other large
clean iron surface (§§ 84 and 108); it need scarcely be said that

# This instrument will be described in the section on Miscellaneons
Operations.
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hot poreelsin or ¢lay erucibles would be fractured by cooling them
in the same manner. Clay crucibles may very conveniently be
supported on the table,
by interposing pieces of
brick between them and
the wood.

230. A retort-stand
is also a convenientenp-~
port for hot crucibles, or
n piece of coarse wire
trellis lying on the top
of a glass or othercon-
venient vessel may be
uged.

231, Supports for evaporation.—The appliances for this pur-
pose are very similar to those used Fig. 127.
in distillation, &c., but vary in [
some cases, Few supports are
more convenient than the sand-
or water-bath during eveporation,
and the methods of supporting
these have already been described
in treating of the insfruments
themselves, The triped-stands,
(§ 236) and especially the lamp-
furnaces, fign. 28, 29 and 127, are
greatly used in evaporations on
the amall scale, ’ -

232. Supports for ebullition, distillation and sublimation,-—Bo
many different kinda of supports are nsed in various ways during
the performance of these¢ operations, that the instruments them-
selves will be described, and the application of them must be lefb
to the judgment of the operator,

The table-support, fig. 128, is an exceedingly valuable piece of
apparatus, and is applicable in a very great number of operations:
¢ is a flat table fixed on a red, &; it slides up and down a hollow
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support, ¢, and is capable of being arrested at any height by the
acrew, d. ‘This portion of Fig. 198.

the apparains is much used = '
for sapporting lamps at dif-
ferent heights during distil-
laticns, and many other
processes, The part f is
s support for fiasks and
dishes, which rest upon the
three pegs; it is likewise
fixable at any height in the
tube, ¢, a8 i8 also the crook,
¢, which is of great service
in eupporting neeks of re-
torta and long tubes in di- ™" ——— -
stillations and reduction operations, a8 in ﬁg 129. Befstrém’s
holder is convenient in distillation, especially for heavy retorts,
and to hold a Licbig’s condenser, for which its considerable
strength renders it particularly applicable. It is seen performing
this office in fig. 130,

Fig. 129,

It will be unnecessary to dwell upon the method of its con-
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struction, as it is rather troublesome to make, and can be easily
procured from the dealers in chemical instraments,

m‘m‘

Lo,

gr—

vl

233, A still more generally useful instrument is the wooden

Fig 165 c
ﬁ:% ‘

vico, fig. 131: a is & rod turned to fit the hole, k, of the

block, ¢, fig. 132, which moves up and
down the rod, £, and is fixable at any
point by means of the screw, g. The
vice is jointed at &, and is opened or J
shut by the motion of the screw, ¢,
which, strictly, is only capable of
shutting it; but & spring, ¢, forces
it open when the screw is turned in
the propaer direction. The part d
is made elightly arched, to emable
the vice to grip round substances,
as the necks of retorts, teat-tubes,
&e

3
i y 3

P Fig. 192,

- E—

The instrument is particularly applicable to the sapport of small

retorts during distillations, and in fact is constantly ueeful where
vessels have to be supported at varying heights,
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234, A rotort-stand fit for many porposes is easily made cut of
o fow pioces of wood and wire. The common form, however, is
that shown in fig. 133. The rod, d, should be tolerably stout,
and fit into a heavy loaded foot, f.

Fig. 133,
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Distillatory apparatus, constructed of test-tubes, may very
conveniently be supporied by means of the tin test-tube holder,
fig. 134, There it is seen that steadiness is obtained by means
of the frietion of a perforated cork enclosed in & tin cylinder, and
aliding upon the rod; while the support for the tube is made to
grip by slipping the piece of tin along the clasp. Thin is a cheap
and useful piece of apparatus, and may be constructed with ease
out of pieces of tin and a few corka.

235. A superior kind of retort-stand is often used, the rings of
which are moveable and capable of being fixed by droppiung into
square sockets in the parts which alide upen the rod; it is ad-
visable to have seversl pieces of apparatus so made as to be
capable of dropping into the sockets, such as a screw clamp (fig.
131), a Plantamour’s ebullition funnel, and a crucible jacket.

236. Flasks are conveniently supported, while fluids are boiled
in them, by means of a tripod, es in fig. 135,

237. My, Griffin, to whom the chemical public is indebted
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for the introduction, from the Continent, of an immense pum-
ber of inetruments, until then al-

most unknown in England, bes Fig. 138,
doscribed & vertical clamp woll
adapted for the support of small tube
retorts, and several other pieces of
apparatus,

238. I have often made vertieal
supports of the ferm of fig. 136, with
the aid of the tools described in the
soction upon Miscellaneous Opera-
tions, Two slips of wood, preferably
of a hard and springy kind, are
screwod to a small block, ¢, which
keope them sapert, and thus forms _.
the epring. A ecrew, d ¢, ia made
upon & Tod (by means of a screw-
cutter); it is fixed at d by means
of a pin, and passes loosely through the other alip, A female
serew is cut in s block of wood, ¢,
which has two projecting pieces Fig. 136.
to sssist in turning it. On screw- :
ing up the block, ¢, against the
alip, 3, the two are brought into
contact. The instrument to be sup-
ported is held betwoen two pieces of
cork glned on at a and b.  The whole
is then cemented into s mortise in
the foot, f, which is loaded with lead,

Lamp-furnaces are also very eon-
venient for supporting retorts, &e,
in small dietillations: they have
already been described (§6 42 and 231),

239. Supports for burcties.—These valuable instruments are
supported in s vertical poeition, by means of a socket made in &
block of wood. Binke’ alkalimeter, which is far better and less
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fragile than Guy-Luseac’s, is, from ite simple form, capable of
being mupparted by a circular tube of wood with a foot.

240. Supports for gas apparatus.—The apparstus used in ma-
nipulations connected with gases, is generally somewhat more

,complex than the other kinds; and not unfrequently several

supports of different kinde are required in one arrangement, as
in fig. 137, in which the operation of collecting a gas over mercury

Fig, 17.
L] i
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is repreeented, and where, from the weight of metal, it is neces-
pary to have the supports of considerable strength. The gas jar
Fig. 188,

y |
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is held by one of Gahn’s cylinder-holders, an excellent con-
trivance, the structure of which is seen by reference to fig. 138.

ﬂ
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A block of wood, a, having a rod, ¢, to enable it to alide in s -
hole formed in a block, as at &, fig. 132, has a slit cut in it to
enable a broad gilk ribbon, d, to pass through, which is then
fastened by one end to a slit in the conical plug, 5, which is re-
presented again at b/, to show the position of the alit; the other
end of the ribbon passes round the end of the block, and is fast~
ened to the other gide, The mauner in which this is done is
obaarvable from fig. 139, where it ia seen from above. By twist-

¥ig. 188,

ing the piug, the ribbon is tightened round the cylinder, and the
conical form of the plug enables it to be fixed by a slight preseure
downwards after the ribben is tightened.

241, The flazk in fig. 137 is secured by a clip, and the lamp is
seen to be supported by the table, fig. 128.

The rod on which the Gahn’s holder is fixed, is sometimea
clamped to the edge of the mercurial or pnenmatio trough,

242, In gas experiments, as in many others, wooden blocks
are often of great eerviee for raising and lowering apperatus to
different heighta; they should be about 4 or § inchea square,
and may vary from half an inch to 2 inches in thickness.

243, U-shaped chlorido-of-calcium tubes are generally tied by
string to a wooden support, but preferable methods will be found
in the Appendix,

244. The U-shaped desiccating tubes, with a conducting tube
at bottom, much used lately for drying gases, by passing them
over fragmenta of pumice moistened with sulphurie acid, are con-
veniently supported against a board by means of wires passing
through the wood and round the tube, & piece of vuleanized
cacutchoue intervening,

245. The apperatus used in experiments on the solution of
bodies requires no special snpports, the appliances already men-
tioned being capable of meeting all ordinary casos.
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248. An exceedingly useful support for U-tubes, and many
other kinds of spparefus, is represented in fig. 140, It merely
congists of & frame- Fig. 140,
work of wood, to which [~ oy = — o)
the U-tubes are sus- \
pended by strings at-
tached to nails or pegs.

247. Support for
thermometer and va-

pour - flask,— In ta- A
Xing the densities of \wd | &'
vapours, I have some~§

times constructed the
arm for supporting the thermometer and vapour-flask (see § 131)
of the form of fig. 141. No difficulty will be found in making it.
1t isrepresented turned sideways, toshow the position of the screws,
&e. It is jointed at a, to allow of ita being raised or depressed

Fig. 141.

&

to any angle, and may be fixed tight in its position by the screw,
b ¢, which pusses smoothly through at the upper side, and has
the screw eut npon ifs lower portion. A square hole is mortised
at d, containing two piecea of cork, one of which, ¢, is moveable,
and serves, by turning the screw, £, to fix the thermometer. The
rod supporting the cage which holds the vepour-flask passes
through the aperture, g, and is held in the desired position
by means of the screw, A. The hole, ¢, enables the arm to slide
upon a retort-stand, and it may be arrested by the screw, %, at
the proper height,
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SECIION X1V,

DISINTEGRATION, &

248, T{ has already been observed that the attraction of aggre-
gation is one of the greateat obstacles to chemical action, and that
the further the particles of bodies are separated from each other,
the more freely and eanily are they attacked by chemical re-
agents; it will be seen, therefore, that any means enabling the
chemiet to effect the disintegration of bodies, should be tho-
roughly familiar to him,

There are many methods by which solid bodies may be rednced
to powder, but only a limited number of them are capable of being
used in reesarches ; this arises from the fact that there are but
fow processes possesaing the neceesary but somewhat incompatible
qualifications of not only pulverizing substances, but at the same
time preserving their purity, The ordinary operations of grind-
ing by means of stones, alabs and mullers, mills, &e., will not
be noticed in this work, as they are almost solely applicable
tc manufecturing and technical pursuite; it is trme that there
are occasions on which the scientific chemist is obliged to avail
himself of their assistance, but such are of comparatively rare
ocourrence,

249, The manner of procseding to reduce a substance to a fine
state of division necessarily depends npon ites physical characters;
for example, a piece of chalk and ap ingot of ailver roquire very
different kinds of procedure, the firet being easily brought to al-
most any degree of fineness by mere trituration, the second being
only procursble in a pulverulent form by precipitation or filing.

260. The instruments most commonly used by the chemist for
the purpose are the pestle and mortar, and these are necessarily
made of many different forme and varieties of material, to suit
the perticular cases which present themselves, Porcelain, glaess,
agate, porphyry, marble, granite, iron, steel, brass and bell-metal
all being in use for various purposes, but only four of them are
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employed in the laboratory, namely, porcelain, agate, stesl, and
iron, Under the head of poreelain is of course included the ex-
tremely valuable Wedgwood-ware mortars so much in use. It ie
considered unnecessary to enter into & deseription of the best shape
adapted for a mortar, because those last alluded to are generally,
perhaps always, made upon an unexceptionable model, and the
other varieties of form in use in the lsboratory are all appropriate
in certain processes. In the operation of pulverization, as in
- most others, much time and trouble may be saved by a syste-
- matic method of procedure, and an equally great loss ineurred
i by carsless manipulation. Some substances, such for instance as
suger, when touched by the pestle, fall immediately into srnall
fragments, and are easily reduced into fine powder by & grind-
ing motion; others, like sulphuret of iron, require a great deal
of pounding, and some care is neceesary to prevent disper-
gion of the fragments; this may be prevented by striking with
the pestle straight down, carefully avoiding lateral! blows, it
being these which chiefly camse the particles to fly about.
After the substance has become tolerably reduced, it is better to
substitute & movement between that of & blow and a grind for
the directly downward motion of the pestle; this is effected by
greeping the handle firmly in the hand, the etriking portion of
the pestle pointing somewhat inwards, and then striking down-
wards, drawing the pestle towards the operator’s body; when
by this meens a certain degree of finenoss has been obtained,
it is advisable to entirely substitute trituration for blows,
the pestle travelling in turn over the whole of the lower por-
tion of the inxide of the mortar. Where the matter adheres
to the ingide, it must be scraped down towards the centre with
a spatnla, It is necessary to have only & moderate guantity in
the mortar at once, 88, otherwise, the fragments are protected
by each other from the mction of the pestle. If the contact of
organic matter is unimportant, it is convenient, and assists the
operation, to sift the matter as fagt as it is pounded, and retum
the fragments which are too large to pass through the sieve into
the mortar to be repulverited,
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A good method of sifting small quantities of matter where
sieves would be inapplicable, is to put the powder inte 8 piece
of muslin of the proper fineness, and gathering up the ends, to
sirike the end of the pestle gently with the bag thus formed, over
a sheet of paper, of course avoiding a draught, if the powder, from
its amall density, is liable to be blown away.

251. It is always best to have the pestle formed out of one
piece of porcelain, instead of the old plan of cementing & wooden
handle into a Wedgwood foot. If the pestle ia used for pul-
verizing oxide of copper or chromate of lead this is indispensable,
a8 it is sometimes difficult to prevent fragments of the cement
being projected into the mortar.

252, It is important to ascertain the soundness of the material
of whioh the mortars are made before using them, as a bad cne
is worse than useless, and sometimes gives rise to serious errors,
Ome of the worst faults is porosity ; if sulphurio amid be put into
s mortar and left for some hours, it ought to be immediately
and thoroughly removed by merely rinaing with cold water; if,
moreovet, any colouring matter be left in it for twenty-four hours,
the same ought in general to be the case. Some unglazed mortars,
however, although in other respests excellent, have & tendency to
alightly retain colouring matters with great obstinacy, while acids
or other fluids do not appear to be abeorbed. It is cesential that
the mortars should be sufflciently hard to allow of substances of
considerable hardness being pulverized without imjury. It is
sometimes found that the pestles and mortars, although purchased
together, are not of the same degree of hardness, very hard mor-
tars being sometimes accompanied by worthless pestles, and vice
versd ; where this is the case, it is better to throw away the im-
perfeot instrument than to ran the risk of causing the failure of
an experiment by retaining it in the laboratory.

253. When a good instrument has been procured, overy care
ought to be taken to preserveit. Sudden changes of temperature
are to be avoided ; many mortars have been destroyed through
careloas persons mixing sulphuric acid and water in them, or
plunging them into boiling water for the purpose of cleansing.
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Impurities may be removed from mortars by rubbing in them a
little sand saturated with a strong acid or alkali, as the case may
be; it is seldom that any dirt is found to redist the action of
nitric or sulphuric acids or canstic potash., 'With the same view,
namely, to prevent destruction of a good mortar, care should be
taken fo prevent wunecessarily hard blows being used in pul-
verizing ; moreover, where it is essential to warm the mortar, ag
is the case in the comminution of very deliquescent substances,
it ought to be done very gradually (such as by letting it remain
for some hours in the warm closet) before attempting to make
it hot.

264, The operator canmot be too strongly cautioned against
pulverizing s chemical mixture with the properties of which
he is unaequainted ; this especially applies to anything in which
chlorate of potash entars as an ingredient, severa! fearful accidents
having oecurred in this manner,

255, It has been said that some kinds of unglated mortars
retain colouring matters with obstinacy; it must not be infarred
therefore that glazed mortars are the best; on the contrary, and
oven where the glaze exists, it is only for a ehort time, as the
attrition from use soon removes it, and, in fact, a glage is an
obatacle to the use of a mortar, its polish enabling the subetance
to alide over its surface without meeting with the proper degree
of attrition.

256. Tt often happens, espeeially in the preparation of refrac-
tory eilicates for analysis, that substances are to be reduced to an
extrome state of divigion; it is then generally best to commence
by reducing the mineral to coarse fragmemts, by first heating it
to rednees and then quenching it in water; thie fills the mineral
with innumerable fissures, which greatly assist the farther pro-
groes of the disintegration. It must not however be assumed
that this is invariably a correct mode of operating, becanse there
are instances where such a procedure would destroy the posaibility
of obtaining an accurats regult.

257, A very good general method of reducing hard subetances
into moderate-sized fragments, either after heating to rednees and
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then quenching or otherwise, is to wrap the maea in a few folds
of paper, and holding it with the forefinger and thumb of ome
hand on the anvil, to give it a few smart blows with a hammer
more or less heavy, according to the hardness of the substance.
Bome bodies, as the phosphuret of rhodium, are very dificult to
reducs to fragments even by this method, and are perbaps beet
broken in the diamond mortar to be described presently. After
breeking the mineral to modsrute-sized fragments, it may generally
be reduced to a coarse powder in an ordinary Wedgwood or
Meissen porcelain mortar, and be finicshed by long trituration in
the one of agate.

258, These last-nemed instruments are ebsolutely indispen-
sable in the laboratory. The demand for them having greatly in-
creased during the last few years, they may be procured at very
low prices, and are tharefore within the reach of almost all who
stndy the ecienoe to any extent. They are only available for tri-
turation, having generally more or less fissures, which weaken
them so much as to cause them to fly to pieces with a smart
blow. They are, however, excesaively hard, and coneisting
almost entirely of dilica, the nature of any matter introduced
may be knmown and estimated accord-
ingly. The pestles are generully incon- Fig. 142.
veniently short, and therefore should it i
into 8 handle, or the whole arrangement
may be made as in fig. 142, where the
mortar is fixed and the handle is atiached
to a tube, which, from the mode of sup-
porting it, allows of a sonsiderable amount
of motion, and at the same time greatly
fasilitates the working of the instrument.
It will be scen that the agate mortar from
its shape is also singularly well adapted
for the pulverization of small guentities of
valuable substances for analysis,and should
themﬁomﬁndspheamngtheuppamm for organic as well as
inorganic analysis ; it is also cleaned with extreme facility, partly
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in consequence of its shape, and partly from the perfect absenee
of porosity, that is at least in good specimens, for some agute
mortars contain flaws upon the basin; these should be rejected.
In examining them they should be held against the Light, when
many imperfections which would otherwise pass unnoticed will
become visible ; care must, however, be taken not to mistake the
lines and streaks (almost alwayas to be found in agate) for flaws.

259. One of the great uses of an agate mortar is in gualitative
blowpipe analyaes, for procuring the metallie globules formed by
exposure of oxides with carbonate of soda, &e. to the reducing
flame ; the charcoal, after the blowpipe process is ended, is cut
out at the spot where the action tock place, and is ground in the
agete mortar, after which the powder is carefully washed away,
and the grinding and washing continned, sometimes alternately
and sometimes together, until nothing remeains in the mortar but
the rednced metallie globules, which may generally be recognized
by their physieal characters, or, if not, by a fow asimple tests.
The reason why only an agate mortar is properly applicable in
this process, is, because the rough surface of an ordinary mortar
would almeost infallibly deetroy the globules. A poreelain capsule
and the polished end of a porcslain pestie may sometimes be
subatituted for the agate, where the latter is not to be procured.
Great care must be taken in this process to avoid too powerful a
stream of water, which would wash away the globules with the
charconl. 8everal other precantions are also to be taken at times,
which belong to analytical treatises, and cannot therefore be
entered upon here.

260. An iron mortar is useful for many purposes, and shounld
therefore find a place in the laboratory. It is well adapted for
pounding the hard masses of fused chromate of Jead and sulphuret
of iron, the former used in organic and the latter chiefly in in-
organic analysis, It is coustantly used, moreover, for pounding
marble and several other hard substances.

261. The student should endeavour to familiarize himeelf with
the physical and chemicel characters of subsetances, in order to
be able to perform with facility any operations of solaution or dia-

1
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infegration that may be required, it being well known that dif-
ferent bodies require very different methods of reducing them to
powder; for example, eamphor is & somewhst troublesome sub-
stance to reduce to fine powder per ¢¢, but if it be moistened with
aloohol, it is readily obtained in the required state. Chloride
of ammonium is extremely tough if struck et right angles to the
grain, but if the blows are given in the direction of the fibres
it yields readily.

262, Metallic gold may be obiained in powder by several
chemical and mechanical methods: in the first place, it may be
precipitated by & sclution of profosulphats of iron or by oxalic
acid, or it may be ground with honey to & pasts, and the honey
may aftorwards be removed by watar, Tin and lead may con-
veniently be pulverized by melting them and pouring into s wooden
box, which is to be vigorously agitated as rapidly as
possibls after the introduction of the fluid metal, 26 14%-

263. Before lovigating hard minerals, itis usnal £
to reduce them to a certain degree of fineness in
the diamond mertar (flg. 143), consisting of three
pieces, &, b, and ¢; the pestle, ¢, fits into & very ¢
accurately, 8o that no particles can be lost by di-
sperwion, and 8 in its turn fits into a, which serves
a8 8 foot and steadies the whole. When the
mineral is inseried into the cavity of &, the pestle
is put into its place and struck smartly with a
bhammer, until it is found that the mineral has
yielded, which it invariably does if the hammer ¢
is wiolded properly. Although the inetrument is
constructed of the finest and hardest steel, it is
generally found that more or less has been abraded,
and this must cither be allowed for or removed, :
acoording to cireumstances ; gemerally the latter, | b—---rened
it being ugual to digest the aseay in weak hydro- -
chlorio acid to remove the steel,
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SECTION XY.

CRUCIBLES AND OPERATIONS AT HIGH
TENPERATURES,

264, Crucibles are generally used for experiments which re-
quire very high temperatures, and are made of many different
materials, according to the purposee for which they are intended.
Those of clay are commonly used in laboratories, sad are convenient
if the operations are not of great delicacy, and the material to be
heated is not liable to injury from the contact of the matter of
which the vessal is composed, For the fuxion and reduction of
metals, and the preparstion of many ohemical compounds, they are
invaluable, and it becomes important therefore to bo acquainted
with the characters of the varions kinds in general use, in order to
enable us to make a selection of the best adapted for any operation
which may present itself.

285. Cornish orucibles are very refractory, and if treated well,
may be used for the same kind of operation several times in me-
eeseion without cracking, espedially if they are recharged before
cooling ; they are well adapted for the fosion of alloys, melting
and reduction of gold and silver, fosion of chromate of lead, igni-
tion of oxide of eopper, &e.; and, moreover, they have the con-
venience of covers, which is not tho ease with Hessian crucibles,
which in many respeots have much resemblance in properties ;
the latter, however, are trisngular, while the Cornish are round.

£266. Ordinary English crucibles may be obtained of several
shapes and sizes, according to the purpose for which they are to

be used ; figs. 144, 145, and 146 give an idea of their general

sppearance. It will be seen that they are made both trisngelar
end round, besides the egg-shaped veesel, fig. 147, generslly
known as a “ akittle-pot.”

For ordinary fusions the triangular erueible is convenisat,
and affords considerable facilitios for pouring the melted metal
from the angles into small moulds or other positions, They atl

12
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have covers. The skittle-pots are particularly convenient in
Fig. 148.

I

some oporations, from the facility with which reduced and melted
globules descond and form a buttonm at the bottom; they are,
moreover, useful for charring animal and vegetable subatances
without access of air, and in some metallic fusions. It must not,
howaever, be forgottan that most kinds of English crucibles, except
the Cornish and London, are not only fusible at very high tem-
peratures, but are peculiarly liable to erack if suddenly heated
or cooled, and-should therefore be warmed through before being
placed in the furnace; and when the operation for which they
have been used is concluded, they ehould, immediately after the
contents are poured cut, be placed among the hot ashes to coal
slowly, Itis seldom, however, that they can be used twice, un-
leas it is for the same operation; and when this is the case, it
is usnally necessary to recharge them befors the temperature has
much fallen, and even then they often crmck in the fire on the
sooond heating; I have on oceasions, however, fused some hun-
dred-weights of chloride of calcium with only a few large crucibles,
by teking the precantion not only to refill them before the tem-
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perature had muoch fallen, but also to warm the charge before
inserting it.

287, Hession erucibles,—These are sold in nests, and in mate-
rial have much resemblance to the Cornish; they are, however,
triangular, and are more neatly made. They withstand e very
high temperature, and if warmed before insertion in the fire, are
not very lisble to crack®; they have the inconvenience of not
being provided with covers; this may be obviated by using an
English cover, or by inverting one of the same kind a aize smaller
ingide the larger one.

208, Blue pots.—These crucibles, which resemble fig. 148 in
appearance, are made from a mixture of plumbage end clay,
and are admirebly adapted for many metallurgical and technical
operations, but their composition renders their use in chemieal
experiments very limited; this is unfortunate, as they are not
only capable of resisting very high temperatures, but are also loss
lisble to crack than most others. They are much softer than
ordinary crucibles, and may easily be sawn and drilled so as to
wmeko small chauffers and furnaces, which are extremely neat it
appearance, and retain heat a long time, but are much leas con-
venient than the small iron furnace, fig. 19, in practice, from the
fact that after being used a few times they invariably erack, and
then require to be bound round with wire to enable them to be
used ; they may be obtained of all gizes, from an ounee to 2 or 3
gallons capasity. _

289. FPorcelain crucibles.—These beantiful vessels are now
made in Germany and France of the most exquisitely white thin
and hard porcelain; they are to be procured of all shapee and
gites, and have become absolutely indispensable in the laboratory.
They do not crack when heated, and are but little acted on by

® Mitchell, * Manual of Practical Asaaying,’ states that *the Hessian pots
are worst of all ; they do not stand the least change of temperatnrs without
cartain fracture, so that they require to be very carefully used.” This does
not scoord with my  experience, for I have used the same Hessian orucible

fwigmhngondoosfoopputodiaﬁnctmdnm(prepmmtounmorg.mc
analysia) & dozen or more times in succeesion without s crack oom.u'nng,

and without taking any specisl precsutions. ¢
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aven the most energetic chemical reagenta; they tharefore com-
municate no impurity to the substances which are being examined
in them. For some operstions they supersede platinum, particn-
larly in the ignition of preeipitates of the more reducible me-
tals, which would infallibly destroy & platinam erncible. Their
beautifn] whiteness frequently makee them eligible instesd of
tost-glasees, the action of eoloured reagents being very often
equally well obearved in them as by ordinary tranemitied light.
They do not retain colouring-matters, and are not parous.
Their covers are alao excellently adapted for many cases of

270. The crucible of the ehape represented in ~ Fig. 148.
the margin may be procured of any size, from &
fow drops capeeity to about half a pint, and is
very well adapted for the ignition of precipitates
in analyuis, especially where the nse of a platinum
veaseel is inadmisaibla,

271, The capsule, fig. 149, is also adapted for ignitions and
fusions, but is more sppropriate to ewa- Fig. 149.
porations and crystallizations on the

small scale, especially those in orgamic
reaearch.
272, The porcelain digester, as it is

termed(fig. 150), wouldmore properly have
been doscribed in the section on Bolution, Fig. 160.
I is an admirably useful veseel in many
experiments, but is not, I think, a very
genera}l favourite, 1 know of no vessel
better adapted for slow evaporstions and
other operstions on the sand-bath; and
I have had some glass ones made, which
are excellent for many purposes, and are
particularly convenient from the facility
with which they may be cleaned.
273. Bmall poreelain eapsules of the shapes seen in figs, 151, 162
and 153, but of larger site, may ha obtained of extreme thinness
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and lightnees, and are better for the ignition of chloride, hromide,
&e. of silver than any other vessels with which I am aoquainted.

Fig. 151. Pig. 162.

U

I have ofton hed them in almost every-day use for months for
the ignition of gilver and platinum ealts, &e., and have fonnd them
neither vary in weight nor crack. Those which are unglazed
on the bottom part of the outside, may very conveniently have
their weights marked wpon them with a black-lead pencil, which
will remain legible for some little time; and ink, although de-
stroyed by the heat, leaves a rod mark, caused by the iren in it,
which may be read even after several ignitions,

It must be remembered that poroelain capsules, from their
small conducting power, require a moro powerful heat to raise
their contents to the same temperature than veesels of platinum,

274. Platinum crucibles—Perhape no single invention has
more contributed to the development of accurate analysis than the
discovery of the method of constructing pletinum veesels; their
uses are almoet infinite, and the platinum crueible has become
one of the most indispensable of all the analyst’s instruments.
They are chiefly employed in the ignition of preeipitates for
analysis, and in the fusion of silicates with carbonated alkalies to
render them soluble, a preliminary etep to their analysis, The
shapes of the vesscls that may be used for these purposes are
numerons, but the most ordinary form of the platinum crucible ia
that represented in fig. 154. Thelidsof someare,  pig, 154,
however, constructed in much & manner that they
may, when separated from the crucible, bo used as
o capanle for ignitions and evaporations of various
kinds, e in fig. 165,

275. Bpoons made of the eame form as those
altudad to in the section on Blowpipe Apparstus, but
much larger, are also very valuable for many operations. Flatinum
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capenles, of the form of figs. 156 and 157, are alac extremely con-
venient. Platinum crucibles are absolutely Fig, 166.
unacted on by carbonated alkalies at & high
temperatare, but this is not the case when
canstic elkalies are substituted: the vessel is
then liable to be seriously damaged.

276. In the ignition of platinum salts of or-
ganic bases, in order to establish their atomic
weights, &, it is advisable to employ porcelain capenles, for by

. 166,
o Fig. 157.

their use itis possible to obtain results of equal precision, without
injury to the valushle platinam ¢rneible ; for when this operation
is performed in it, the epongy platinum formed mdheres with
tenacity, and cannot be entirely removed. It is also of great im.
portance to observe that no metallic oxides of easy reduction are
to be heated with filters, or in any othor manner that can poesibly
introdunce froe carbon, as the metal will unite with the platinum
et a high temperature, and the capsule will probably be rendered
useless,

277. It is convenient t0 have counterpoises made of leed or
oth.ermetolfora]ltheplnhnumvemo]s 80 that the increase may
at once give the weight of the precipitate without caleulation.
See also ants, pp. 71 and 72.

Platinum capsules, &¢. may be heated in mmny ways, which
will be seen by inspection of the articles on Lamps and Fur-
naces, where the methods beet adapted for the purpose are
detailed.

278. When used in furnaces, they must be protected by being
placed within another crucible of clay, as otherwise they would
be infallibly destroyed by the alag, and also by the vapours
containing salphur, which invarisbly exist in furnaces. It
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bas been said that crucibles, &c. are never to be weighed in «
beated etate, but it frequently happens that a substance is to
be estimated which mpidly increases in weight even in a covered
crucible, for their lide seldom fit very accurately after they have
beer much used. In these cases it is usual to place the hot
crucible or & wire triangle over & vessel of sulphuric acid under a
bell-jar, which mode of proceeding effestually prevents all access
of moisture, and also retards the cooling; but where it is desired
to proceod rapidly, any delay like this is a source of some annoy-
ance; I have therefore been in the habit of placing the hot cru-
cible upon a clean steel anvil which, from its mire and conducting
power, renders it perfectly cold in a space of time so ehort
that few snbatances would absorh moisture during the operation ;
where, however, this is not practicable the first method muet
bo adopted (§ 84.)

Where dilicates have been fused in platinum veesels with car-
bonated alkalies, it is usual to extract their contents with hydro-~
chloric acid, in order to bring them into a state fit for analysie;
but it muvst be remembered that if the silicate contained eer-
tain peroxides, chlorine will be liberted during the solution of
the fosed mass in the acid, which will act upon the erucible, and
not ouly injure it, but introduce platinum into the analysis.
Under such ciroumstances, the crucible must be boiled with water
until the contents are enfliciently softened to allow of removal,
and when the whole has been removed, and transferred to a
beaker, hydrochloric acid may be poured on and digested with it
until the reqnired reeult is obtained.

It must not be forgotten that when an acid i added to the
oontents of the crucible after a fusion with alkaline earbonates,
a violent effervoscence will take place unless it is added by-small
portione, and even then danger is incurred of loss of substince.
During the effervescence, it is proper therefore 16 place s cap-
sule over the beaker, which will prevent the escape of the par-
ticlea of lignid thrown up, es they will etrike upon the convex
sarface, and trickling down, will fall baok ; after the effarvescerice
has comsed, however, the bottom of the capsule must be washed

15
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by a stream of water from the washing-bottle (§ 200), the liquid
being allowed to drop into the beaker with the rest.

279. Gold crucibles are exceedingly valaable in many opera-
tions, from the admirable way in which they bear the action of
alkalios ; but they are comparatively fusible, and from their value,
of course require proportionate care.

280, Silver erncibles are much used for fuxions with cavstic
alkalies, as they are far loas acted on by them than platinum;
but it must be remembared that they are dissolved by nitrie asid,
even when very dilute, are very fusible, and in general are more
eagily destroyed thau platinum or gold crucibles,

281, Iron crucibles are sometimes o be obtained, and for some
purpoees are extremely convenient; but their uss is limited, and
they do not therefore demand any special notice. The same ob-
servation appliee to those made of copper; it may, however, be re-
marked, that if Wohler's new prooees for preparing pure potash
from the nitrate, is found practically convenient, it will cause them
to be more extensively employed then they have been hitherto,

282, General remarks on eruciblo opsrations,—Crucibles at high
temperatures are handled by means of fongs of various shapes
and eizes, according to the weight and nature of the vessels to
be lifted. When large and heavy, they are to be lifted ont of the
fire with strong ring-tongs. The latter are almosat indispensable
in these operations, becaunse if straight ones were used they would
break a piece out of the edge, and perhaps be the sause of serious
accidenta,

283. Small platinum and porcalain erucibles are handled by
means of the tongs represented in the figs. 158 and 158,

1t is very important to see that the anvil or other place upon
which the platinum erucible is placed to cool, is free from dirt or
fragmenta of readily fusible metels; as, if the former adhered to
the crucible, an error would be introduced into the weighings,
and if the latter, the vessel would stand e great chance of being
destroyed.

284, Most persons commencing experiments at high tem-
peratures, raise the heat too much ; it is well, therefore, for the



TERMS USRD T0 DENOTH HI¢H TEMPERATURES, 179

student to make himself familiar with the nature of the various
terms used to express roughly the intensities of the tempera-

Pig. 158.

Pig. 159.

tares of furnaces. The expressions alluded to are gemerally
Inown aa dull red, cherry-red, yellow, bright yellow, white,
and blue heat*; thess distinctions are genernlly suificient to
ensble the experimenter to apply the proper degroe to his cru-
cible in the present state of the science. Undoubtedly the time
is approaching when terms so loose as these will be quite inade-
quate to exprees the gradations of temperature adapted to re-
fined proceeses, but for the present they suffice, it being a very
rare occurrence to resort to the indications of the pyrometer,
exoopt for the purpose of ascertaining the fusing-points of metals
and other substances which require & very high temperature for
fasion.

285, Charcoal crucibles were much in vogue amongst the older
chemists for experiments of reduction; they fell, however, into
disnase, until the employment of them was revived by M. Deville.

® Thia tarm, blue howt, is amployed by M. Gainte-Claire Devillo s indi-
outive of the highest tempersture obtainable in furnaces; it was also weed
long ago by Farsday.
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Two ways of making them are adopted: the firet and more ancient,
oongists in taking & piece of fine hard charccal and modelling it to
fit. the ingide of a clay crucible; s hole is then bored in the char-
eoal sufficiently large to contain the subjeot of experiment, and a
stopper is mede to fit it; this is also cut out of another piece of
charooal. 'When used, the snbetaxce is placed in the aperture, and
the stopper inserted; the whole is then placed inside the clay cru-
cible, and the latter has a cover luted to it, a small hole being left for
escape of gas. 'The nexi method is much simpler, and is perhaps
more generally useful : a quantity of charcoal is powdered to &
moderate degree of fineness, and after being moistened with weak
glue or gnm-water, is preesed into a crucible of refractory elay;
& hole is then made in the charcoal paste by pressing in it the
small end of a pestle; it is dried at e very gentle heat, and is
then ready for nee®,

It is well known that in ordinary furnaces the maximum heat
is an inech or two above the bars; it is nsual therefore to sup-
port the crucible to be heatod, upon some substance equally able
to stand the temperature to be employed. A portion of an old
erucible, or a fragment of brick, is generally used. The fire
must be built round the crucible with great care, eo that when it
falls, as the eombustion proceeds, the position of the vessel may
not be altered, or its safety, and that of ita contents, endan-
gered. Tt is not always convenient to warm the crucible previous
to the operation in a separate furmace; it is therefore a good
plan to commence building up the fire round the crucible-snpport
with & fow piccos of ignited charcoal, and then continue it
with cold coke in emall pieces, For an ordinary-sized furnace,
where the space between the crucible and the walls all round is
about 7} inchee, the fragments should not much excend the uize
of @ large walnut; by this means the combustion will proseed so
gradually that the erncible will run but smasll denger of fracture
during the beating. When the whole of the fuel has acquired a
foll rod heat, if it be gently tonehed with s rod, it will «ink in

* Por another kind of carbon oracible, see Appendix, on the ** Produstion
of High Temperstures.”
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oonsequence of the charcoal on which it rested having been con-
sumed ; more fuel must now be added, and the furnace, if its
construction will admit of it, should be filled almoet to the top,
or at least as nearly so s is practicable, without effocting the
freo egrese of the air and smoke through the flue. In almost
all ordinary cases, the operation will be concluded without the
addition of any more fuel; but where the experiment requires
the protracted application of a very intense heat, more will be
required, and it is very necessary to be able to supply it from
an adjacent stove, kept buraing merely to supply the one where
the fusion, &o. is proeeeding, aa, if cold fnel be added, the tem-
perature of the furnace will fall considerably, the proeess will
be proportionably retarded, and, if it come in contact with the
intensecly ignited orucible, a fracture will probably result. For
these reasons, it is far betier to keep on adding red-hot coke by
small portions as the fuel sinks, so that the erucible shall always
remain ¢overed to the depth of 4 or 5 inches with the red-hot
fuel. In protracted experiments, a certain quantity of slag or
dlipker falls to the grating and closes it up, thereby materially
retarding the operation by preventing free ingresa of the air; if
this be neglected for a short time, it ascumulates so much that it
will be dangeroua to attempt ite removal during a fusion, as it
would be extremely difficult to do so without disturbing the
crueible, and thereby running a risk of losing its contents. For
the same reason, if any considerable number of experiments in
crucibles at very high temperatures have to be performed, it
is proper to take every care to provide the best eoke, and to
see that the furmace is properly freed from clinkers every time
it is to be used. The tendency of some metals and alloys to
abeord silicium st these {emperatures, must not be overloocked
in operations where such an action mey exert an injuricus
tendency.

Bometimes even the best eruciblee will open and discharge
their eontents into the fire during an ignition, egpecially where
fluxes are present; it is therefore good palicy to make s point
of baving the crucible well luted before exposure to the fire.
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To prepare this Juting, I have always found the following mode
of procedure answer extromely well :——fift some good Btour-
bridge olay throngh & tolerably fine dieve (about twelve holes to
the inch), and let it be thoroughly beaten in a mortar with pome
fresh horse-dung to s amooth peste; pess a cloth slightly wet
over the crucible so as to damp it, and epply the luting with a
knife or spatula; let it be nestly and evemly epplied, to the
depth of & quarter of an inch, then let the erucible be placed in
s moderstely warm sittation until thoroughly dry, and when this
is the case, any oracks which have appeared are to be made good,
and after being dried the second time the vossel is ready for use.
The same mods of proceeding answors very wall for stoneware
retorts and tubes.

286. Very froquent operations in laboratories of research
aro the ignition of oxide of copper, and the fusion of ohro-
mate of lead ; when these ere performed, extreme care is re-
quisite to prevant fragments of ooke or coal, or even the amoke
of the furnace, finding their way into the crucible. It is beet
to place the erucible containing the material on the top of the
furnace until quite hot, and during this preliminary heating to
make up the fire with coke, so that it may be quite clear and
froe from smoke; the rings (§ 20) may then be removed until an
aperture is obtained rather lees than the largest part of the cru-
cible, which may then be dropped into the aperture, it being sop-
ported by its widest part ; it will soon become very hot, and in &
flt state to be inserted in the flre, which should he so managed
that the fuel does not extend to within an inch of the top of
the erucible. If oxide of copper which has been used is being
ignited, after treatment with & little nitrio acid to reoxidige the
redneod metal, it may be lifted out of the fire and atirred ocea-
sionally until the whole has acquired a duoll red heat, and the
nitrate of copper become perfoctly decomposed. The fusion of
the chromate of lead is scoelerated by stirring now and then, as
otherwise the bottom part fuses and descends, sometimes leaving
the rest above it in the cooler part of the ernaible,

287. If proper eare be taken, sarthen crucibles msy be used
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for operations which are generally supposed to be necessarily per-
formed in more veluable vessels, If properly freed from iren and
other imparities, chloride of caleium may be prepared of the pureet
white in ordinary English erueibles,

288, Porcelain basine are very well adapted for gome fusions,

as for instance the white ohloride of gine; the furnaces, figs. 1
and 17, are convenient for this purpose; one or two of the rings
being removed, the baesin containing & dense solution of the
parified chloride may be sapported upen it, care being taken to
exclude dust and dirt: thia method is far more efficacious and
economical than the use of gas, espocially where large quantities
have to bs made.
. 289, In ignitions in porcelain and platinum eracibles over gas-
and epirit-lampa, much care is required to prevent loss of the
material, Some substances decrepitate violently when, exposed
to heat; when this occurs, the Lid of the erucible should be kept
on. The deerepitation, however, may sometimes he prevented
by finely pulverizing the matter to be ignited.

290, In the ignition of the platinum and gold ealts of the orga-
ni¢ alkaloids, it often happens that the metal volatilizes with the
vapours, although the tempersture had heen kept below redness
until the organic matters were destroyed. It is necessary, at such
times, to cover the salt with pure dry carbonate of soda ; end, after
the ignition, to wash the latter away on a filter; the whole ia then,
to be re-ignited and the filter-ash deductod from the weight of the
metal obtained. 'Where the salt of silver, gold or platinum is diffi-
cult to burn, which very seldom happens, it in sometimes admisaible
to drop a small fragment of solid and extremely pure nitrate of
ammonia into the erucible, to facilitate combustion of the carbon ;
but greet care is requisite in its nse, to avoid a deflagration violent
enough to project anyof the metal. For other precantions necessary
to be observed in operations of this clase, see §§ 80, 218, & 276,

291. In every easo of ignition to remove carbon, care must be
taken to allow air to enter the cracible, and this may be dore in
several ways, the moet eligible of which have been already deseribed
(§ 86).
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- 292, The method of cooling a platinum erucible with rapidity
h.u been more than once mentioned; if, however, a porcelain
vessel were exposed to the seme {reatment, its fracture would be
inevitable; when it is desired, therefore, to cool it as quickly as
possible without danger of fracture, it may be placed upon a piece
of wire-gause, supported upon a capsule or other convenient sup-
port; or, if its contents are hygroscopic, upon a triangle over a
surface of sulphuric acid,

293. In comnexion with the furnace operations with crncibles
at high temperatures, there are a fow preceutions which must
not be neglected. If, while a substance is in a state of fusion, it
is deaired to add more, it must be carefully ascertained that no
moisture is contained in it, as vielent and dangerous explosions,
accompanied with projection of the fused matier, may be the re-
sult, Itis often convenient to remove one of the rings (§ 29)
and lay a plate of talo upon the aperture, to enable the operator
to view the interior of the furnace and, in some circumatances, of
the crucible also.

204, Where it is nocessary to melt a more with a leas fusible
substance, as, for axample, in the preparation of brass, the less
fusible metal is invariably to be melted first, then the other to be
added, and the whole well stirred together. If, in the example
given, the zine were first fused, and the copper added, almost the
whole of the former metal would be oxidized or volatilized bafore
the temperature had become suficiently high to fuse the eopper.

295. It is a very common operstion in laboratories to have to
reduce the ailver, gold, and platinem from the constantly accu-
mulating etock of precipitates and filter-papers. It is, however,
much better in the case of silver to keep the papers separate and
heat them by themselves, 8s if the mixtare of solution and papers
be placed in s basin to be dried down, there is sometimes & for~
mation of some explosive compound, apparently derived from the
mutual action of nitric acid, nitrate of eilver, and the organic
matter of the paper, which may be the causs of loss by projec-
tion, In the case of the plstinum, the whole mixture when dry
may be mixed in a red-hot orPcible with nitre, and when the
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organic mattet is deetroyed, the platinum may with ease be sepa-
rated from the residue. With the gold and silver residues, the
dried moass may he mixed with soda and borax, and be expoeed
to o brilliant yellow heat for half an hour, at the end of which
time the gilver or gold, as the case may be, will be obtained in &
button.

206. Mr. How has shown that much trouble may be caused
by the ailver and platinum washings being inadvertently mixed, as
the platinum dissclves in nitrie acid when fused with dilver. If,
however, the nitric sclution eontaining the two metals he evapo-
rated to dryness and fused, water will separate the nitrate of
silver, the platinum remaining behind insoluble; if any platinum
still adheres to the silver, the latter must be precipitated by
hydrochlorie acid.

207. It is becoming & commor operation in the analysis of
inorganic compounds to
offect reductions by hy-
drogen geain porcelain :
erucibles ; this may be
performed in the man-
ner shown in the en-
graving, fig. 160, where
the tabe, a a, convey-
ing dry hydrogen, passes through a hole in a platinum ld adapted

to & poreelain erucible, Fig. 161.

and descends a short | \\

distencs into the latter, )

which may be support- e T
od upon a wire triangle i I
over & lamp, It is

gometimes possible to obtain porcelain eoverawlth & tube of the
dame material, made in one pieee, a8 seen in soction, fig. 161, but
they are rather diffieult to procure,

298, Operations at high temperatures in tubes.—In the chemistry
of the preeent day tubes are much used 48 8 means of exposure of
substances to high temperstures, froquently with a gas of some
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kind passing overit. The process of organic analysia in & current
of oxygen may be instanced as am example, From the large
surface which is by this means of operating exposed to the sction
of goseous matter, a very advantageous mode of experimenting is
the result, and, in fact, soms of the most beantiful and accursto
experiments in modermn chemistry are thus performed. The
material of which tubes are made for this purpose is generally
gluss, as it is casily worked to different shapes to suit the various
purposes to which it may be applied. Earthen tubes are worse
thant useloas for most experiments of this class, and those made
of poroelain, althongh not porous like those last named, are so
extremely liable to crack, that it is far better wherever poe-
sible to use glass, the only drawback being ite fusibility; the
hard Bohemian glass (of which the eombustion-tubes for organie
snalysis are made) is, however, capable of withstanding o full
rod heat when supported ms in o Liebig’s furnace, and is there-
fore sufficiently refractory for all ordinary purposes,

208, Where the use of & very high tempersture is unaveid-
able, gun-barrels may very often be made use of, and it will be
shown farther on that they are well adapted for nitrogen deter-
minstions by Peligot’s modification of the method of Varrentrapp
and Will, where, although the heat required is not very grest,
it is seldom possible to use the same glass tube twice; and as in
many laboratories it is common in the analysis of nitrogenized
manures, soils, &¢, to make three or four combustions a-day, the
saving of tubes becomes worthy of attention. A good gun-barrel
may be used for nearly a hundred analyses before being destroyed.
A pieco of iron gas-pipe may often be employed instead of a gun-
barrel, and for some kinds of reduction experiments suswers ex-
tromaly well. It is often advisable to protect the glass tube by an
onter one of copper, which may be constrncted of o ribbon of the
metal the same length as the tube, or a little shorter, and rather
more than three timee its diameter; after being heated to dull
redness and allowed to cool to snneal and render it easy to
work, it may be rolled round the tube with the hands, & small
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pioce of iron or copper wire being twisted rather tightly round
either end to keep it firmly fixed,

300. It is necessary to boe aware of the high conducting power
of an exterior tube of copper when applied in this manner, as,
if not kmown and guarded against, it would sometimes preju-
dicially affect the results, When required merely as a support,
8 narrow strip of metal may be made to lie upon the vertical
supports throughout the whole length of the eombustion-furmace,
the tube resting upon it being thus prevented from curveture
when softened by the high temperature.

301. Figure 7 on page 14 represents the general mode of pro-
cedure in experiments where a gas is to be passed over o substance
at a red heat, as, for instance, in the reduction of ferrie oxide or
oxidized copper turnings by hydrogen. The piece of combustion-
tubing, a, resta npon a series of vertical supports intended to prevent
flexure, The gas evolved from an apparatus not scea in the figure,
bat which will be deseribed further on, passes through the tube &
into the bottle ¢, filled to about one-third its height with eoncen-
trated sulphuric acid, intended to absorb the mainture with which
tho gas is maturated; from thenoce it pasees through & into the
combustion-tube, which latter is closed at either end by corks,
¢, ¢, fitted with tubes, the posterior one being attached by means
of a tube of eaoutchoue to the tube d, evolving the dry gas.
It is necossary to allow the gas to stream rapidly through the
apperatus for some time before putting the red-hot churocal in the
farnaoe, it order that the etmospherio air may be perfectly ex-
pelled, as otherwiso & violent explosion will ocour, and of course
the fragments flying about are liable to cause serious injury to
the operator. It ie always necessary to continue the stream of
ges until no more water is produced, a8 may be proved by none
condensing upon a cold glase plato held closa to the exit-tube,
or, in general, by steam ceasing to make its appearsnce, In all
cases it is better to continue the flow of gas until the apparatus is
quite cold, when the tube should be closaly corked at either end,
until the ecntents are wanted for use,

302, In experiments where a very intense heat is required,
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it is necessary to lute the tube, no matter what may be the
msterial of which it is composed; for if of iron, although the
temperatnre may be far short of the point of fusion, the metal is
rapidly oxidized and destroyed when exposed to a current of air
at a red heat; the same applies to copper, and even platinum is
injured by the eulphurous vapours to.be found to a greater or
less extent in all farnaces. In the case of the latter metal, it is
eagentinl to Inte the tube to protect it from slag and the fusible
impurities abounding in fires at strong heata,

As instances of some interesting furnace-tube experiments, may
be mentioned the decomposition of water by metallic iron, the
formation of the same by passing hydrogen over reducible metallie
oxides, the formation of the besutiful sesquichloride of chromivm
by passing chlorine gas over a mixture containing oxide of chro-
mium snd charcoal, Berzelius’s experiments on the separation of
antimony, arsenic and sulphur from minerals, by passing ehlorine
over them at high temperatures, the conversion of toluidine into
aniline, Captain Reynold’s experiments on the produstion of pro-
pylene from valerianic acid, the formation of the anhydrous chloride
of aluminium, the decomposition of some oily bases, with produe-
tion of others having the power of giving coloured reestions, &o.

It appears from some experiments, that bodies standing high in
homologous series may, by passing through tubes heated to mode-
rately high temperatures, be reduced with deposition of earbon
and evolution of gasecous hydrocarbens into members lower down
in the seale; it need secarcely be said that a careful investigation
of these decompositions is abaclutely cortain to be rewarded by
valuable discoveries,
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SECTION XVI.

PRESSURE-TUBE OPERATIONS.

303. In the progress of modern organic chemistry a new method
of manipulstion has been gradually developed, and now besome
very generally adopted in certain traing of rescarch, It conaiste
in exposing substeances to the action of reagents ai an elovated
temparature under considerable preesure. The reason for this
procedure is, in general, that the reactions sought are most fre-
quently sluggish a$ ordinary temperatures, and as the reagents
used are often volatils, it would be difficult to effeet the intended
change by mere digestion in the ordinary way. Itis true that
an appamtus might be made, by means of which substances
could be exposed to the acticn of volatile reagents ai temper-
atures not sufficiently great to injure corks, but then it would
be impoesible to econstruct it eo as to withstand a very power-
fol pressure; now, by the procesa about to be described, this
objection is removed, and any temperature or preasure may be
attained short of that capeble of bursting the tube. Before
proceeding to desoribe the prooess, it mey be mentioned thst the
iodidea and bromides of ethyl, methyl and amyl are greatly used in
experiments of this description, as in the splendid reeearch of
Hofinann on the bases of the aleohol radicals, Frankland’s iso-
lation of the hydrocarbons forming the redicals of the same
series, &e.

- 804, It is not always necessary to expose the preseure-tubes
to a considerably elovated temporature, thet of 212° Fahr, being
safficient in the greater number of instances; sometimes, however,
a salipe solution or oil-bath is required to raise the heat to the
required degree, but then the tubes should be of greater strength
than in the former case. It is generally better to have them
of rather emall bore, and to employ a greater mumber, than
to use & fow of considerable diameter, as the former are eapa-
ble of withstanding greatar pressuree. To construct a prossure-
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tube, it is merely necossary to seal one end and to keep it in the
blowpipe-flame, turning it round eonstantly until it has become of
the same thickness as the other parts. Itisnowtobems.mz_s
heated strongly about 12 or 14 inches from the closed
ond, and dexterously turned in the flame until the glass
has beoome of considerable thickness; it is then to be «
drawm out until of the form seen in fig. 162.
The part a is to serve the purpose of a funnel, and, if

the liquid to be introduoed is poured into it and s little &
air expelled, by warming ¢, the liguid rushes into the
tube as the latter oools and the air consequently de-
croases in volume ; by repeating this two or three times
& sufficient quantity will have been introduced, and the
tube is then to be closed by directing a biowpipe-flame
upon the part b, It is sometimes advisable to reduce
the amount of air in the tube, s0 that the only outward
pressure, on exposure of the tube in the bath, will be
causod by the vapour of the liquid and not by the ex-
pansion of the included air. This is readily managed
by heating the liquid until it boils, and sealing the tube
before the vapour has condensed, The tube is now
of the shape eeen in fig, 188, and this is a better form
than fig. 164, because it admits of having the point
broken off, and then being used again and agsin untl -
the fine tube has bocome too short. No fear need be emtertained
of the tube bursting at the amall portion if mederate care be nsed
in its constrootion, as from ite emall internal diametsr it is eapable
of withstanding a greater pressure than the large cne; never-
theless, where very high temperaturee are to be applied, it is
advisable to thicken the glase of the larger tubeat the point where
the small one joins on, before introducing the substance, The
tubes are now to be labelled, whioh is eesily done by tying on them
small pieces of rine with the name of the contents seratched on,
or gtill better, written on the clean metal with a quill-pen dipped
in s weak solation of chloride of platinum, the latter forming an
indelible and jot-black stain upon the zine, If the tubes are to
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be exposed only to the temperature of boiling water or a saline
solution, they may generally be immersed a8 iz 149,

, they are, but if any fear of their bursting is

entertained, they may have a piece of reg tied Fig. 164
round them, 8o that if such an sscident should '
bappen, the fragments may not be projested M
about, or the others in the bath be broken by
the conouesion. It is extremely oonvenient to
have a tin-plate pierced with holes inserted in
the bath, so that the tubes may be supported
vertically, or, if this is not used, & small picce
of lead may be encloeod in the rag used to sover
the tubos, 8o a8 to gink them in the bath.
‘Where high temperatures are employed, and,
consequently, the preesuree become very great,
it is advisable to introduce the tubes into a \_/
pistol-barrel with a plug capable of being
sarewed in ; & piece of stout iron gas-pipo an~ \U
awers very well. A emall piece of tow first
being thrust to the bottom of the barrel, the tube is to be in-
troduced, then a little more tow, and, finally, the plug is to be
screwed in. 'Where an cil-bath is required, it is frequently con-
venient to substitute tallow, as it is not so liable to emit unplea-
sant vapours. If solutions are employed ae the media for ap-
plying heat, great care must be taken that the bath does not
boil dry, as in this case explosions may oecur, which, if not
dangerous, are lisble by the oomcussion to canse injury to the
neighbouring spparains, An errangement upon the prineiple of
Qay-~Lussac’s washing-bottle (fig. 114), may be employed with
much advantage to keep the water or saline solution of the beth
at & oonstant level,

Bome chemists do not guite immerse the tube in the fuid, bat
allow the upper portion to projest, so that a species of cohobation
is continually going on; this is, however, not so rapid & method
a8 by entirely immersing the tube.

No gemersl rule can be given as to the time of exposure, it
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varying from a quarter of an hour or less to e fortnight or even
three weeks. Where ammonia is employed, with the intention
of removing its replaceable hydrogen, and substituting some
hydrocarbon for it, the volatile alkali must invariably be em-
ployed in an alecholic inatesd of an aqueous solution, s with the
latter the reaction is so “aluggish, that after s week’s expo-
sure, and sometimes even much longer, less effect is produced
than in an hour or two with the alesholic ammonia, This arises
from the reagents being soluble in aleohol but not in aguecus
ammonia.

805. It is not always easy to know when the reaction is com-
pleted, without opening the tube and examining the eontents;
but a shrewd guess may frequently be given from the appearance
of the flaid when cold, If, for instance, the ingredients when
introduced are entirely fluid, and erysials appear on eooling the
liquid, after an exposure of moderate duretion, it is advisable to
returu the tube for & short time to the bath, and observe if the
quantity appears to be increased on a second inspection ; if this
happens, the reaction may again be allowed to go on, uatil no
further effect is produced.

808, It is better to pormit the tabe to oool completely before
removing the reg, and to avoid incauticus handling, or even a
alight blow, eepocially when hot, as the tube sometimes flies to
picess in the operator’s hands, and great danger is ineurred of

For the esame reason, when the tube is to be opened, the rag
is only to be removed from that part of the tnbe where the file-
mark is to be made ; and even then, where gases are ovolved, great
care is to be taken that the end does not fly off with viclence.
‘Where the gases produced are to be examined or analysed, the
point is to be broken off under mercury, a gas-jar fuoll of the
same metal being immediately over it, so that the gas may pass
freely into it.

807. Wheare the jodides of the alochel radicals are made to
react in excess om aleoholic ammonia, it is usual, when the
process is concluded, to distil off the former upon s water-bath
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in & rotort, as it may, with the addition of a little more, be used
sgain for the same purpose.

308. As the pressure-fubes are generally rather troublessme
to clean, it is better to preserve them if the same operation is
to be repested, a label being attached to assist identification,

809. It is generelly unneceesary to use now inbee, unlees re-
quired very strong, as, with the aid of the gae-blowpipe, fig. 48,
they may be constructed with facility from the necks of broken
retorts, which should always be preserved for this and other pur-
poses, Other uses of broken retort-necks, &c. will be pointed
out in the proper placee.

It must be borne in mind thet the tnbes should always be
of pretty considersble thickness, and that test-tubes from their
thinness are totally unfitted for experiments of this kind. Mr,
Bquire, in his investigation of caprylamine, made use with advan-
tage of soda-water bottles, well corked and wired down; what
are termed carrara-water bottles, from their shape, would be
more generally convenient, and probably resist s greater pressure,
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SECTION XVII.
EYAFORATION

310. The process of evaporstion is ome constantly employed
in the laboratory: ite objeet is to separste fluids from asolids by
volatilization of the former, and is opposed to distillation, from
the fisct that in the latter operation it is generally the fluid which
is the valuable product, whereas in evaporation it is invariably
the solid matter which it is sought to obtain.

It is generally a very easy process; the apparatus is eom-
monly of the simplest and most inexpensive kind, but there are
nevertheless many precautions to be taken with which it is essen-
tial the student should be familiar. Evaporation ia very frequently
the firet stop in crystallization, but as the latter operation is of
every-day employment in all laboratories and in all kinds of re-
searches, and is one involving some detail, it will have s section
exclusively devoted to it.

311. Evaperation over naked fire—In scientific research, it is
not usual to trust fluids nnder examination in porcelain vessels
over the naked fire; it is true that with care most porcelain will
endure the temperature without fracture, but them it becomes
novessary to devote more attention to the progress of the opera-
tion than can generally be spared. Moreover, it is not eafe to
risk contamination with the smoke and dust which furnaces, un-
lees managed with extreme care, are liable to evolve, For these
reascns, eveporation over the naked fire i more generully re-
sorted to in the comparatively rough operations of technical and

It may be mentioned, however, that the rings of the furnaces
(figs. 1 and 17) are well adapted to support basine of different
gizes over the fire.

312. The remarks in § 311 apply, elthough with somewhat
less force, to exposure of evaporating dishes to the flame of a
lamp; and it may be taken as a genersl rule, that if a flame



BAYEDX AND WARR BASTNS, 195

passea over the line formed by the height of the fuid in the
basin, the latter will be fractured. If, therefore, it is neces-
sary to oxpose a porcelain or glass vessel over a lamp-flame
without the intervention of sand or other medimm, care should
be taken to prevent actual contact of the flame with the bottom
of the vessel, If, for the flask supported over the gas-farnace in
fig. 28, & basin be substituted, as in fig. 29, a very effective mode
of evaporation is obtained; but, nevertheless, there are many
analytical operations in which a wide-moutbed flask like that in
the engraving alluded to, may be used with advantage in evapo-
rating over the flame of a gas-lamp.

Where rapidity of evaporation is the chief object, as in eva-
porating saline liquids to dryness io obtain the solid matter, it is
of course desirable that the vessel selectod should be as open as
possible, to enable the steam to escape without hindrance; in
these cases, the bagins shown in figs, 165, 166, and 187 are

Fig. 166,

vory well adapted for the purpose. They should be of the
Bayeux or Meissen ware, both of which are extremely thir and
light, and ere therefore well adapted to withstand sudden
changes of tempersture. Their thinnees, however, renders great
care necessary in their use, especially in etirring the pesty mass
which is generally obtained towards the end of the process, as
if the stirring-rod is roughly handled, it is eaay to push it through
the bottom of the basin,
x2
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313. Almoet all liguids containing solid mattera in suspension
emit while boiling, small drops, which are thrown up to & con-
siderable height; the greater portion of these fall back into the
basgin, but others are carried over and become lost; this ren-
ders it very improper to let Liquids in basine boil where the solid
matter hae to be estimated with precision; it is true, that by

placing another basin somewhat larger, over the one containing
the boiling fluid, much of this loss is avoided, but then & large
quantity of the steam formed eondenses upon the basin used as a
cover and falls back, thus greatly retarding the operation, and
making it far more convenient, as & general rule, to expose the
basin to the heat of the water- or mand-bath., In fact, as has
been provioualy indicated, evaporation over the naked fire is

TFig. 167,

more adapted to the copper pans of the pharmaceutist than to
the porcelain vessels of the soientific chemiat. Almost all saline
fluids, as they become thick and pasty by evaporation, require
to be carefully stirred, to assist in the escape of the vapour
arising from them; if this precaution he not attended to, violent
bursis of steam take place, which are liable to give rise to con-
siderablo lose of material by projection, snd even to cause the
fracture of the vessel. Not only does stirring prevent this, but it
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also enables the operation to be completed in a much loss time
than would otherwise be necessary,

314. Evaporstions requiring to be performed without loss, as
in the concentration of mineral waters or the estimation of their
solid contents, are best performed in flasks during the first stage
of the proceas, that is, until they are so far reduced in bulk that
they may be transferred to an evaporating basin, in order that
the operation may be concluded on the sand-hath. The evapo-
rating baains for this purpose are best when made of platinam or
silver. It mmst be remenbered, thet some fiasks are constracted
of zuch bad glass that they yield soluble matters with eonmider-
able facility when waters are hoiled in them for s long time.
‘When this is the case, it is better to evaporate the liquid in por-
celain basins over the gas-furnace; it is not generally safe to
place them upon the sand-bath,

315. When evaporations are to be conducted in flasks until
nearly ell the fluid is expelled, or if any effervescence takes plact
or the boiling is violent, it is & good plan to have a small capsule
paced in the neck of the flask, to avoid loss of solid matters
without proventing the escape of the steam, It is essential, where
avaporations in open basins are taking place, to prevent the ingress
of dust ; thie may be accomplished in many ways, two of which may
bo mentioned. If e diaphragm of bibulous paper be placed at a
little distance above a fluid which is evaporating without eballition,
it will prevent the dust from felling in without much retarding
the evaporation, or a plate of glase may be laid on the top of the
basin without quite covering it. A very oonvenient plan is to
support & large pieoo of glase by two bricks at a fow inches above
the veasel in which the operation is proceeding, or even a plank
may be used, but it must be placed se far away that no vapour
will condense upon it and fall back into the dish, es it would pro-
bably ceuse the introduction of impurities, which would in some’
instances involve the neceesity of throwing away the material

316. If the matter operated upon is injured or decomposed by
too high s temperuture, it may be placed upen the water-bath ;
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this will prevent ondue elevation of the heat, but at the same
time refard the process. It mmst not be forgotten that stirring
8o greatly facilitates the operation, as often to reduce the time
required more than half,

817. In many analytical operations of this class the gns sand-
bath (fig. 29) is extremely convenient, and, moreover, allows of
the regulation of the heat with conaiderable nicety.

818, Itis mot at all an uncommon occurrence to have to eva-
porate liquids and dry precipitates which are decomposed by even
very moderate degrees of heat; in thess instances it is necessary
to resort to the use of subetances which have a great tendancy to
abaorb moisture ; among which may be mentioned sulphuric acid,
quicklime, chloride of caleium, nitrate of magnesia, chloride of
gine, &o. Those most generally used are the three first, and they
may be made available either with or without the assistance of
the air-pump, Thesimplest way of using these deaiccating media
is by placing them in a porcelain or glass vessel, and supparting
the fluid to be evaporsted upon e triangle of wire or glass, or &
piece of wire-trellis over the drying substance: the whole ar-
rangement ia placed upon a piece of ground glass, end is covered
with s glass shade or bell-jar having its edge ground true and
greased ; by this means the damp sir is prevented from entering,
and as the absorbent gradually removes the moisture from the
included air, the fluid parts with its water, and this goes on until
the fluid is dried up or the precipitate completely desicoated,

If the apparatus, instead of being merely placed under a bell-
jar, be put on the plate of an air-pump and exhaustion is effacted,
the process will be brought much more speedily to a termination.
In either case the operation is necessarily rather slow.

319, It is well kmown that the point at which liquide boil is
the higher the greater the weight of the atmoaphere, as shown by
the baremeter ; and from this it will reedily be eeen that i vacuo
the boiling-point of liquids is very considerably lower than when
under the ordinary circumstanoces of atmospheric pressure: this
principle has been much made use of in many manufscturing
operations on the large scale, particularly in sugar-works and in
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the preparation of the more delicate and easily injured pharma-
coutical extracts; it ie seldom if ever required to operate in this
manner in chomical research, and & description of the manipula-
tion would be foreign to the plan of this work; but evaporation
in vacuo at ordinary temperatures is, on the contrary, an ope-
ration of every-day occurrence in the laboratory, and will there-
fore be deseribed.

The air-pump, to be practically usefal in experiments of this
kind, must not only be capable of effecting & good vaecoum, but,
what is equally necessary, be able to retain it for several days, as
the process of exsicoation #n vacuo, althongh a very perfect one for
removing mechanically or feebly combined water, in slow, and
some substances require s week’s exposure to effoct a perfect

320. One of the most convenient mathods of opereting, is to place
8 glass vessel eontaining sulphurie acid upon the plate of the air-
pump and cover it with a very coarse brass-wire trellis, on which
the substances to bhe dried are supported in capsules or watch-
glasses ; (it i an excellent plan to have a number of the latter
always at hand, their surfaces having been ground to fit each
other) ; if, now, the substance to be dried is weighed between them,
and the upper one be removed and put underneath, and both are
placed in the receiver together, it is easy to weigh the apparatus
again in the same manner an at first, after a cerfain exposure
to the sbsorbent surfece, and by this means sll danger of in-
crease from stmospheric moistare during the weighing is pre-
vented (§ 85).

321, It shonld be remembered, that in all eases of drying by
exposurs to degiccating egenmts, the rapidity is greater the more
oxtended the surface and the thinner the stratum; it wounld be
dificult, therefore, to find anything better adapied to purposes of
this kind than watch-glasacs ; smali capsules may, it is true, be
used, but they are gemerally far lees convenient. In order to
ascartain whether the subetance is perfectly dried, it may be
weighed and exposed for a day or two and then reweighed ; if no
difference is observed, no further exposure is required, but if loes
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is found it must be noted, and the substance is again to be desic-
cated for another day or two, and this altarmate drying and weigh-
ing is to be continued until twe estimations at tolerably long in-
tervals are found to be the same.

822. There are many organio bodies which, althongh uninjored
when heated to 212° in a nearly dry state, are, nevertheless,
rapidly decomposed if introduced into the water-bath damp ; such
substgnces should be first dried over sulphuric acid until all out-
ward sppearance of moisture is removed, snd may then be placed
in the hot-air chamber or water-bath until perfectly dry. BSome
substances of e very explosive kind mmst be entirely dried in
vaeuo, ag it wonld be dangerous to raise them to 2129, although
it may be known that in general they require a higher tempera-
ture for explogion, ns they are frequently very uncertain in their
behaviour at moderately olovated temporatures, and it is singular
that in & damp state some substances explode more readily than
when dry; this is frequently the case with gun-cotton.

‘Where o great many desicoations have to be effected, it would
be inconvenient to use more than one air-pump, and various
methods have been contrived to enable one instrument to oxhanst
several receivers without adding very greatly to the expense; ons,
but not the most eoonomical,is tohave several ground plates eapable
of being attacked to and removed from the pump, and having
taps beneath to enable them to be closed before being removed.

823. Another process is that of Mr. Cooper’s, recommended by
Faraday, which consista of two plates of thick glase ground per-
fectly true, and having a small hole through each about one-quarter
of a diameter away from the edge; these plates, with the holes
opposite each other, are placed upon the pump plate, o tolerably
plentifal supply of greass being rubbed over them ; the receiver is
then put in ite position and the air exhausted ; when e sufficient
vacuum is obtained the plates are slightly moved, so that the two
holes no longer caineide ; they may then be removed without air
penetrating into the receiver. Of course, by having several domble
paim of plates, any number of yecoivers may be exhousted with
one air-pump.
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824. The milphuric acid used for these purposes becomes diluted
by frequent use, and must be replenished as this takea place: it
in & good plan to have a mark made upon the glass pan which
contains it, in order that the amount of increase may be Imown.
‘When six paris have become seven, its action is too feeble to be
worth keeping in the pan; it should therefore be removed and
have fresh scid put in its place, Itis advisable not to use this
acid for any experiments of importance, as it generally contains
many impuritiee ; it will, however, answer very well for making
hydrogen, sulphuretted hydrogen, or other purposes which do not
require it to be pure,

325, Under certain circumstances, many other preparations
having great affinity for water may he used instead of salphuric
acid, they have been allnded to in describing desiccation without
the air-pump.

828. It hss been said that some organic substances when in-
troduced into the water-bath in s damp state are decomposed,
although they bear the same temperature vary well if previoualy
air-dried ; it is remarkable, also, that the presence of water in
some cases tends to eonfer fusibility. 'Warren Do In Rue foumd
that carminic acid fuses if heated to 248 Fahr., unless it has
previously been dried ¢n vacuo, If is, moreover, by ne means te
be taken for granted in all cases, that a substance is sufficiently
dry for analyeis because it cceses to lose weight in vacuo over
sulphuric add, as many substances retain the last portions of
water with such obstinacy as to render exposure to & temperature
of 212° Fahr., or even higher, absolutely necessary,
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SECTION XVIIL
DIBTILLATION,

327, Tt has been eaid that distillation differs from evaporation,
inaamuch as in the former case it is tho fluid which is required,
while in the latter it is not regarded, but, on the contrary, every
facility is given for its escape.

Distillation depends upoen the fast, that all liguids when heatod
to o certain degree, called their boiling-point, become converted
into vapour, which, by the application of cooling agencies, may
again be condensed into the flnid state. Tt will reedily be seen that,
as liquids differ 8o greatly in the temperatures necossary for their
waporization, and also that, as vapours require such very different
degrees of cold (if the expresdion may be allowed) for eonden-
sation, the methods of distillation must be exoeedingly nume-
rous to suit all oases; it would therefore be almost a hopeless
task to enumerate every contrivance which has bean adopted to
meet the ever-varying cases which constantly oecur in research,
But as the subject is one of such great importance and every-day
application, especial care will be taken to point out the more

ealient featuree in the manipulation,
328. One of the most ancient inetruments for the purpose is
the alembio, which may be consi- Fig. 168,

dered the type of all distillatory
apparatus, and although seldom used
in modern chemistry, it must be
confessed that it was admirably
adapted to the processes in vogue
among the alchemists, by whom it
was chisfly used : it conaisted of two
portions, capable of being separated ;
the Jower, kmown as the body, cuour-
bit, bolt head, belly, chamber, and
by several other fancifu] expressions,
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was 8 gourd-shaped vessal (whence one of its names, suocurbit),
well fitted for being cleansed, or to have solids or ligwids in-
troduced. The head, or capital, was also singularly perfeet in
shape for the intended uses; it had & species of chanmel all
round to carry any Liquid which condensed in it to the beak, by
which it was conveyed to the receiver. Modifications of the
alembic are still used, and will be pointed out in the proper
place.

829. The simplest apparatus used by chemists for distilla-
tion, conaista of the retort and receiver, fig. 90, where o is the
retort having its nock inserted into a receiver, 5. The retort
rests on & triangle, d, supported on a small clay farnace, ¢. The
recoiver is supported by a tripod, ¢, of iron wire, Retorte seldom
crack if heated over a charcoal fire in this manner, in oomse-
quence of the complete diffusion of the heat over the whole body
of the vessel,

Rotorts require care in their selection, as they are sometimes
so imperfoctly formed as to be scarcely adapted for the purpose
intended. They should be selocted light and free from epecks
and flawe, which are Liable to cause them to crack on the appli-
cation of heat, They should also be well made about the part
where the neck is bent, the ¢urve being as round as posaible, and
not like a large wrinkle, as is the ease with those which are care-
lessly formed. With tubulated retorts, the tabulature should be
directly over the body, eo a8 to parmit the sntrance of & thermome-
ter; mo retort should be unsed in which the tubulature is formed
eo far forward, that when in its poeition & liquid or solid canmot
be added without eoiling the neck, as is the csse with many that
are gold, The form usually made in England is more globular
and less deep than those imported from the Continent, I am
inclined to prefer the latter form for general use. It is & eon-
venient plan to draw out the necke of retorts, which may readily
be done in the blowpipe-flame, By this contrivance, the neck
may be introduced into receivers without the use of an adapter,
an important point in many distillations,

It is constantly necessary during distillation to add liquid or
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solid matters without etopping the process, hemoe one resson for
the necessity of having the tubulature directly over the body of
the retort. This eddition requires eonsiderable eare, for saveral
reasons; in the first place, the addition of solid matter te a boiling
fluid, by forming a number of points for vapour to be evolved at,
frequently canses the fluid to froth over and contaminate the liquid
in the receiver, so that the process is retarded, as the fluid
has to be returned fo the retert, and the distillation repeated.
The powder or other solid body must therefore be added very
gradually, If the powder be heavy, it falls to the bottom and
forms s cake, which, by preventing the proper distribution of the
heat, and csusing an undue rise of temperature in one spot, is akmost
sure to canse the fracture of the vessel ; if posaible, therefore, the
distiliation should be arrested and the powder introduced by emall
portions, and by a gentle motion of the retort in the hands is te
be thoroughly disseminated throughout the liquid until dissolved ;
or if comparatively insoluble, & wire should be passed through the
cork which closes the tubulature, and being bent into & handle
on the outside, be kept in motion during the distillation, so ag to
prevent the accumulation of the powder at the bottom; and the
heat is to be applied with greater care than ususl, and less directly
upon the bottom.

If, on the other hand, the matter to be added is in the liquid
state, it is to be considered whether the addition will cause any
chemical action, and if so, it is to be added with sufficient care to
prevent the rising of the materiala to such an extent a8 to canse the
contents of the retort to boil over into the receiver. It is necea-
sary that care shonld be taken in the eddition of cold liquidas to
n glass veesel containing a flwid ef & high temperature, as it is
very liable to causs fracture, If infroduced by e funnel, it must
not be allowed to penetrate very far into the retort so as to cool
the bottom part too much, but rather be added by small degrees,
the funnel penetrating only a short distance below the surface;
by this meens suflicient heat is immediately commuricated to the
fluid added to prevent fracture of the veasel. Bubetances in hard
lympe must not be added at all during the progress of the distil-
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lation, but must be introduced while the retort is held, with the
bottom only elightly depressed, eo that the pieces added may
slide gently down the neck, or through the tubulature, into the
body of the retort without any concussion.

330. In distillations of liquids the habitudes of which are not
thoroughly known, it is well to have the retort capable of holding
twice the quantity of materials to be introduced, in order to pre-
vent the probability of an overflow, In some processcs, the oon-
tents of the distillatory apparatus are eo prone to froth, that ves-
sels of even three or four times the usual size (compared with the
bulk of the contents) are insufficient to retain the fluid during the
boiling, In the preparation of formic acid from starch or sugar,
for instance, the contents of the etill sometimes swell to thirty
times their original volume, and much anroyanoce is experienced
until the peculiarities of the operation are become familiar to the
Openmc

Next to the selection of propar retorts for the process about to
be undertaken, the receiver best adapted for the purpose claims
sttention, In the great majority of cases, a common globular
flask ie all that is required ; it is shown infig. 189. Fig. 170isa

Fig. 169.
Fig 170,

o jong-necked receiver, very convemient in many instances, and
from the distance the vapour has to travel before it can eacape
into the air, acts well as & condenser, They are ala¢ useful where
Guy-Lussao’s method of ascertaining the value of peroxide of
manganees is usod. Beosivers, the same as figs, 168 and 170,
with the addition of a tubulature, are also convenient in many
distillations, Figs,. 171 and 172 are more complex in shape, but
are nevertheless nocessary, not only in the preparetion of meny
organio snbetances, such aa those formed by the action of chlorine
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or other gases upon aleohol or hydroearbons, but also in o great
number of other processes; and that shown in fig. 171 is often
nsod in ordinary distilla-

tions, from the effective Fig. 171. Fig. 172.
maxnner inwhich theglobe
acts a3 o condenser, and
also as a valve or safoty-
tabe; for if the end, q,
is immersed in the liquid
in a fiask, and contraction
takes place iv the retort,
the fluid rises in the long
tube, and may, perhape,
partly fill the globe; but
as soon &4 it has all passed -
in, air-bubbles rise up
through the column of fluid and restore the balance of pressure.
‘Where ir a distillation & gas as well aa » fuid is produced, the
usual meothod of proceeding must be somewhat modified; the
arrangement fo ba selected of course depending upen the nature
of the gas and fluid formed.

831. It is frequently observed, thet, from various reasons de-
pending upon the nature of the distillation, sudden contraction
takes place, and if the neck of the retort dips into the distilled
liquid, it will infallibly rush back, and the experiment will in all
probability be destroyed. Accidents of this kind may be pre-
vented by the use of the safety-tube, several modifications of
which are shown in the section on Manipulation connected with
researches on Gases.

332. Substitutes for retorts,—In many proceeses of distillation,
retorts are by no means the most convenient kind of vessel in
which to perform the operation, and it is poaaible to contrive a
great many substitutes. Beveral that are not shown in the peges
immediately following, will be seen by reference to the figuree
reprosenting various processee involving distillation in the course
of the work. The most obvious and commonly used substitute
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for a rotort and receiver, is constructod from two flasks connected
by a tube fitted with corks,

Bmall distillations may sometimes be advantageoualy effacted
by means of test-tubes connected in the same marner, The tube
delivering the vapour passes through & eork in the recipient, the
aperture in which holds the tube tolerably tight, but allows the
air to eseape as it expands by the heat. The tube acting as the
condenser may be kept immersed in cold water to facilitate con-
densation of the vapour.

333. Tube-retorts may be made of s great variety of forms,
and are extremely valuable in experiments of research, from the
facilities which they afford for working upon quantities of liquid
so small that they would be lost in retorts or other distilling ap-
paratus of the usual size ; they are therefore much employed in in-
vostigations on the products of decomposition of organic bodies,
particularly such as are only procurable with difficulty or at great
expense., In experimentsa of demonstration they are equally
useful, where the results are only to be observed by one or two
persons; and combinations end decompositions may be observed
in them as readily, and sometimes more so, than in working on
much larger quantities,

The student will do well to practise the construction of these
vessals, which will be found extremely easy after a little expe-
rienco. Faraday, whose dexterity as an operstor in tube che-
mistry was proverhial before he devoted himself to electrical and
magnetic investigations, waa perhaps one of the first to publish
the methods of using vessels constructed of tube for most of the
operstions in chemical research, and sinee that time their use
has become greatly extended. And when the student is re-
minded that the magmifieent and highly difficalt investigation
of cacodyle, by Bumsen, was almost exclusively worked out
in tube apparatus, he will be able to form some idea of their
value,

In the section on (llass-blowing, descriptions will be found of
the various methods of bending, blowing, and eutting glass tubes,
and of constructing retorts used in tube chemistry; alao a fow



R i T ol

208 CHEMICAL MANTPULATION,

general directions as to the best methods with which the anthor
is acquainted of forming various articles of glass apparatus,

334. Fige. 173 to 177 ropresent a fow of the most commeonly
used tube-retorts, but several others will be seen on referring to

Fig. 179,

o

the engravings of apparatus scattered throughout the pages of
this volume,
Fig. 173 shown a form of retort easily made, and sometimens

Pig. 174

very wsoful. The fluid to bo distilled is made to occupy the part
a, and gentle heat is applied just sufficient to raise the vapour,

Pig. 175.

the retort being held vertically. The part & is kept cool by &
picce of moistened rag, or any other convenient method, and this
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is continued until the portion of the enbetance introduced which
contaminates the sidea is washed down; the retort may then be
placed an in the fignre, and the distillation be proceeded with, the
angle, 3, etill being kept cool; a retort and receiver are thus
formed in one piece, and as the distillate may eesily be re-
moved by a pipette, the instrament is seen to be managed with
ease, the only disadvantage being the loss of time in washing out
the lignid to be distilled from 3. Clarke’s retort and receiver,
fig. 174, are in some alight degree like the last; the chief dif-
ferences are in the shape of the retort, and in the arrangement
consisting of two pieces instead of one; the form of the receiver
is the same, and it also resembles the first in being open. Itis
generally, however, made much larger, and intendod to hold about
two fluid ounces, The receiver must of course be kept cool; a
short test-tube full of water may be inserted at the open end,
to sssist, by the coldness of the fluid, in effecting condensation,
The neck of the rotort fits with sufficient etiffness, at a, to
render it merely necessary to eupport the receiver Ly the
vertical clamp (§ 238) or otherwise, If the neck of the retort
fits too loosely, it may be tightened by rolling a piece of paper
Tound it,

835, The small retort and receiver, fig. 175, are eagily oon-
structed out of the fragments of tubing which are eonstantly
accumulating in the laboratory: it is a useful arrangement
where the quantity of fluid under examination is extremely
small. The liquid may be introduced by immersing the point in
the fluid to be inserted, and alternately heating and cooling until
the object is effected. It is preferable, however, to make the
neck eufficiently large to admit & emall funnel drawn out of &
piece of tubing. A small test-tube makes an excellent receiver,
the neck of the refort being held steady by passing through a
eork, which, however, does not fit so tightly as to prevent the
encape of the expanded air on the applieation of heat.

Fig. 1768 shows another way of constructing these little vessels,
which is more espocially useful whare & sublimate is formed
which would choke np the small orifice of that last deecribed, or
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if it in dosired to clean it out for a repetition of the experiment,

or other purposes,
Fig. 176.

338. Fig. 177 shows an arrangement of the retort and receiver
of & somewhat different kind to those previomsly described; it is
used where it is neces-
sary to pass the vapour
of a substance over some
solid matter to effect a
change in the vapour
previous to collecting it.
There are many pro-
blems of this kind con-
stantly ocourring in the
laboratory ; if, for ex-
ample, it is wished to dry
a gas formed on applying heat to some subetance in a, it may be
conveniently effected in many instances by passing its vapour
throngh the desicoating agent contained in fragments at b ¢; or
oil of vitricl may in some cases be placed at &, in just enfll-
cient quantity to close the bend of the tube, the end being
corked ; the gaseous products are conveyed sway by the tube, 4.
Hydrobromic scid is sometimes prepared in this apparstus by
having bromine at a, the vapour of which is passed through
pieces of phosphorus at 5, and fragments of glase wetted with
water, from b to ¢; the acid gas is evolved by the tube, d, and may
either be collected in the mercurial trough, or be absorbed by
water.

Fig. 177.
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337. The common alembic hes been alluded to at p. 202 ; it was,
however, omitted to be stated there, that it is well adapted for
operations where e sublimate is formed aimultanecualy with a fluid,
as the latter draing off through the chanmel previoualy deseribed,
and leaves the solid matter comparatively pure, at least as regards
contamination with the liquid products of distillation. Small
alembics blown at the lamp sre sometimes employed; they are
made in two pieces, the head being fitted to the body by grinding,
snd the former having a tubulature to allow of more fluid being in-
troduced during the distillation. They are, however, too fragile and
expensive for common use. In alembies, the chief condensation
is in the head, its globular shape well fitting it for that purpose,
It is perhaps strunge that alembics are so little used, as, if made
with the beak at a much less acute angle than as generally seen,
so that they may be attached to a condenser, they are exceedingly
convenient for many operations, from the faeility with which
they may be cleaned, Thisis partieularly the case with those made
of stoneware described further on.

An extremely convenient mode of effect- Fig. 178,
ing distillations on the small scale, is by
the use of a U-tube for a receiver, ha-
ving one arm bent and bordered for the
reception of a cork, into which the neck
of the retort is inserted, fig. 178. The
other end of the receiver has a small
opening, to allow of the expandion of the vapour. A beaker con-
taining & freezing mixture may be used, if necessary, to cool the
condenser ; in most cases cold water is sufficient, if changed when
it becomes warm to the touch.

338. The ordinary still and worm to be found in almost all
laborutories, is constantly in use for a greai number of operations.
It is frequently required for preparing distilled water; and if
the head be removed, the beiler, if of a capacity of from twelve
to twenty gallons or more, is very useful for preparing decoctions
of plants, previous to an examination of their constitnents, ova-
poration of large gquantities of liquids, preparation of various
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substsnces, &o. Many varieties of stills are now in wuse, and
considerable ingenuity has been displayed in adapting them to
the purposes for which they are required; it is seldom, how-
over, that in a laboratory of research more than two stills are
required, and these are generally of the eimpler description, the
more complex ones boing almost exclusively used in technieal
operations, and a deecription of them does not, therefore, come
within the scope of this work,

339. The still shown in fig. 179 consists of a stout copper
boiler, a, inserted in brick-work, and farnished with s tap to ron

Fig. 179,

oft the liquid whon wecossary; f is the man-hole, which serves
to introduce fresh quantities of fluid without removing the head.
It is also sometimes used to insert a thermometer, when it is
desired to ascertain the temperature, as in preparing formis acid
from starch, and many other operations. The head in seen to be
provided with a flange, which rests on the rim surrounding the
top of the boiler; the tube leading from the head fite into the
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enlarged end of the worm-pipe, and the points of junction here
and where the head fits in to the boiler, are made good with
a loting of almond- and linseed-meal. The worm-tub is kept
well supplied with cold water during the distillation by a
pipe leading to the bottom, the heated water by its diminigshed
density floating on the top and flowing away by another pipe;
neithor of these are shown in the engraving, The flue is so
constructed thaet it winds onee or twice round the pot, ssat g ¢,
and finally escapes into the chireney; by this contrivanee a great
saving of fuel is effested. It is not advisable, as a general rule,
to fill the boiler higher than is shown in the figure, especially
where thers is a tendency to froth. The fire-bars are seen at
d; the supports on which they rest are not shown; they are
the same as in fig. 4, p. 12,

940. It is proper where very volatile liquide, such as ether, are
distilling, to place a piece of moist bladder over the exit-pipe of
the worm and the fiunel into which the liquid drops, to prevent
evaporation,

‘Where it is wished to distil as rapidly as possible, the head
ghould be kept hot by covering it with a cloth, which effectually
prevents condensation there, and csusea almost the whole of the
vapour formed to pass at once into the worm.

841, The operation of distillation is in general one of great case
and simplicity, and few precantions are required ; it is, however,
neceseary to avoid urging the fire too flervely, s, if the steam is
formed with too great rapidity, the head is lisble to be blown off,
there being oonsiderable resistance offered to ita escape by the
worm. The distillate ehould never be perceptibly warm as it
isgues from the condenser ; when such is the case, the fire must
be alackened and the supply of cold water inereased.

842, It spiritnous fluids are being distilled, to increase the
quantity of the more volatile ingredient in the distillate, the fire
should be kept low, so that the fuid may issue very slowly; it
is sometimes better that the liquid in the etill should not boil
in thess operations, in order that the amount of water coming
over with the epirit may be as little as possible. If & weak spirit
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in to be concentrated, as in distilling off the eleohol or ether from
the reaidues eonstantly sccumulating in the laboratory, it is better
to have s water-bath made to fit inside the still, the head fitting
tolerably tight. The weak epirit is to be placed in the bath, the
body of the still being filled to the usual height with water ; the
heed is then luted on, and the water in the still made to beil ; the
finid in the bath never reaches guite to 212°, and the ether or al-
cohol comes over readily ; when this atops, the contents of the bath
will be found to eontain very little spirit and may be thrown away,
excapt where some valuable substance is contained in it.

843, When o substance has been diseolved in aleshol or ether
for the purpose of obtaining it in erystals, and the first crop has
been separated, it is generally neccesary to concentrate the fluid
to obtain & second crop ; the value of alochol and ether renders it
usual to perform this by distillation, in order that the apirit may be
recovered and used again for similar purposes; as this is usally
an operation performed upon very small quantities, it is best to
distil from s flask placed upon a small water-bath, and attached
by a glass tube to one of the condensers to be described further on,

Fluids containing mixtures of apirit and water are lisble to boil
with concussion, or, 88 it is usually termed, *bumping;” this
may be obviated in several ways, most of which have for their
object the production of surfaces containing points, in order to
permit with ease the evolution of the vapour ; pieces of wire, pre-
ferably platinum, fragments of glass or quartz, &e., may be usod
for this purpose: even fragments of cork or wood thrown into the
retort to some extent assist the evolation of the steam.

It must be observed, however, that if the liquid in the retort
ecommencad bumping before the platinum wire, &o, was introduced,
it must be allowed to cool 20 or 30 degrees before attempting to
retriove the oversight, ms, if fragments of metal, wood, cork,
glass, &¢. be thrown into a xetort et or even a little below the
boiling-peint of the contents, it frequently happens that eo large
& quantity of vapour is suddenly formed that the fluid boils over
end may do considerable injury, especially in the case of such
inflammable liguids as alechol and ether.
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844, It is neccesary, as a general rule, to note the quantity of
fluid introdueed into » still, bocanse from the opacity of the vessal
it is imposaible to see when the contents are getting low, but if it
is known how much is contained in it, and the quantity coming
over is observed, no fear need be entartained of proceeding so far
a8 to injare the bottom of the vessel.

345. In the distillation of vegetable matters with water, it is a
good practice to place them upon e perforated false bottom raised
a fow inches above that of the still, in order to ensure them from
burning. ‘Where herbs are to be distilled to procure essential oil,
it 18 proper to add some salt to the wuter, in order to raise its
boiling-point & few degrees, as by this means the oil is procured with
more fcility, and, according to some distillers, in larger quantity.

346, One disadvantage of the ordinary worm-condenser is the
diffcnlty with which it is cleaned, and one product is lisble
therefore to be eontaminated with that which has been previonaly
distilled. In al! cases where s fluid has passed over which is not
readily removed by running ocld water throngh the worm, the
Intter should be closed by e cork at its lower end, and filled up
with some solvent capable of removing the obnoxious matter.

The solvent to be used of course varies with the different matters
to be removed; aloohol, wood-spirit, benzole, dilute solution of
canstic potash, or acetic acid, are the substances most commonly
regorted to for this purpose; where wood-spirit or bensole hes
been used, it is necessary afterwards to empty the worm-tube and
blow steam through it until the odour is removed, before proceed.
ing to distil. In fact, this operation alone will frequently remove
impurities from the worm without the use of any solvent.

347, The difficulty of cleaning the worm has led to the invention
of several modifications of it, the greater number of which are only
employed in {echnical operations. One of them, however, may be
mentioned here ; it is extremely simple in principle, but requires
considerable care in its manufacture toanswer thepurpose perfostly,
29, if the workmanship is not good, it will be found dificult to
prevent leakage. The ends of the worm (which is merely a xig-
zag) project from the tub at each bend, and are connected together
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by pieeos of tube which alip on tightly, and ere made good, if
necessary, by a little luting, It is evident that if the jeints are
taken off, it is easy to pass a bottle-brush or other convenient
eleanser down the tubes, so as to remove any dirt with facility.
348. Retorts require somewhat more care in their use then
stills, from the fragility of the material of which they are eon-
structed ; if used properly, however, it is seldom that they break
during & distillation. The remarks upon the proper degree of
stoutnees in material given with regard to flasks, apply with equal
foroe to retorta; they need not therefore be repeated. In general
it is essential to apply the heat exaotly under the eemtre of the
bottom of glasa vessels, as, if the sides become heated many
degrees above the liquid, the comperstively cold fluid, if thrown
upon it during the ebullition, is liable to canse fracture. There
are, on the other hand, instances in which it is neceesary to place
the lamp a little on one aide of the retort, eo that the full heat may
not play direotly upon the bottom: some lignide which boil with
violent concusaions, although a considerable quantity of platinnm
may be in the retort, may be brought over quite quietly by this
means, When s liquid is introduced into a retort and heat is
firat applied, it is nsual to find water condense on the outside of
the glass; it is advieable to remove this with a cloth. Care
must be takem 80 to rogulate the heat that the fluid may
never be distilled too rapidly for the means of condensation, as,
in the oase of volatile liquids, considerable loss may be occa-
sioned. If the fluid being distilled has & very high boiling-
point, it is better to cover the dome of the retort with a hood
of some kind to provent condensation there, because if this be ne-
glectod the operation is much and umnecessarily prolonged, and
with liqnids decompoasble by protracted ebullition, loss is incurred ;
where, however, the object is to separate & more from a lesa vola-
tile fluid, this procedure is injarious to the success of the experi-
ment, a8 the lees volatile portion is retained by the condensing
power of the dome, while the more volatile one passes over,
349. Whare the eubstance being distilled is very volatile, or
eontains s dificultly condensable ingredient, and efficient means
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of cooling are not to be had, the receiver may be attached to the
retort by a well-fitting cork, through which, or the tubulature of
the receiver, o small tube passes, and dips a short distance under
mereury, or,in some cases, s fiuid capable of absorbing the volatile
product ; the mercury allows sny permanently elastic matter to
escape, and a0 prevents dieruption of the joints, while sny fluid
condensable with the aid of a alight pressure is retained. Where
this precaution is adopted, it is necessary to eneure against the
possibility of the fluid whose pressure is made use of, rashing back
into the receiver, This may be easily effected by the nse of one
of the safety-tubes described further on.

It is advisable, s & general rule, to which there are, however,
some exceptions, not to allow the beak of the retort or other di-
stillatory vessel to dip under the surface of the distillate, as, in the
event of the heat being suddenly lessened, contraction takes place
and the liquid will in all probability rush back into the retort;
thie is almost sure to happen under the circumstances indicated,
unless the neek of the retort is so large as to more than contain the
distilled finid, becanss, as soon as the fluid has all entered the meck,
air-bubbles pass through it end equalize the pressure in the
same manner as with the quilled receiver previously mentioned.

retorts is by the use of Licbig’s condenser, fig. 180, Itis seen in
3



218 CHEMICAL MANIPULATION.

other places in this work., A tube of tin is closed at each end by s
cork through which a glass tube passes; the tin portion is to con-
tain the oold water, which by means of the funnel enters at the
lower end, and, after becoming heated, eacapes by the upper aper-
ture. Bimplicity of form is one of the chief merits of this appa-
ratus, enabling it to be cleaned with facility after any operation,

851. It frequently happens that the neck of the retort is too
large to enter the recipient; one method of obviating this has
been already given, p. 208; another is by the use of adapters,
which are tubes, generally of glass, rather wide at one end and
small at the other, the wider end to admit the retort-neck, the other
to enter the receiver. The simpler shapes are easily made with
the blowpipe and some large tubing, which, for this purpose, is
preferably of flint-glass. Figs. 181 to 188 show several varisties
of adapters fitted for different purposes.

Pig. 161, Fig. 182.

—— —

It is merely desired to commeet the exit of & Liebig’s con-
denser with a hottle or flask intendod to contain the distillate,
figs. 181, 182, and 183 are the beet; but, if the fluids being
distilled do not require much refrigeration, and it is gimply
inbmdedtooonnoctthemtortorothmdisﬁ]lingapparatus
with the receiver, fige. 184, 185, and 186 are convenient. It is
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often an effectusl method of condensation to arrange the apparatus
Fig. 185.

| #

¥ig. 186.

as in fig, 187, where it will be seen that a retort, a, is fitted at &
with a cork into a long adapter, c¢, similar to fig. 186 ; the bent

point enters s flask, d; 8t e¢, a piece of bibulous paper is placed
along the adapter and receives the water which falls from the tap
of the water-bottle, f. At g another piece of paper is placed across
the adapter, its ends hanging down, in order to econduet the
water which has performed its office into the vessel beneath. It
must be observed, that if the tube, ¢¢, is placed too slanting, the
paper, ¢, will be unable to prevent the water from passing g and
entering the flask, d. In some cases it is impossible to prevent great
obliquity of the condueting tube, c¢, as in connecting with re-
2
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ceivers those alembica the beaks of which have a ¢ quick dip,”
as it is termed, or, in other words, make too acute an angle,
with a vertical axis passing through the vessel, it is then neces-
sary to poss a pierced but tightly-fitting cork over the conducting-
tube, making it occupy the place of g in the above figure; the
water will then be conducted by the cork into a veasel placed
beneath it,

In distilling fluids which are not corrosive, it will be found ox-
ceedingly convenient to have some adapters made of tinned iron,
somewhat of the ehape of fig. 186, In order to prevent the con-
densing water passing into the recipient, & piees of tin, shaped like
# heart, is pierced in its centre to permit it to be passed over the
bend for a short distance. It is then soldered in its place, and all
the water running along the condenser stope short at the impedi-
ment thus placed in its course, and runs down in a stream from
the lower end into a pan placed to receive it.

352. When the liquid to be distilled is very volatile, or if a mix-
ture contains a very volatile ingredient, several expedients may be
regorted to in order to effectually condense the whole of the vapour.
Sometimes, after passing through a Lisbig’s condenser, it is con-
ducted into a flask immersed Fig. 183
in enow and selt, or some
other convenient freezing
mixture, or into the arrange-
meont seen in fig, 188, where
the tube, a, is supposed to
come from a condenser, and
enters a series of U-tubes,
bb, immersed in o freezing
mixture contained in the ves- i M—¢
sels perforated at the bottom, = = i
to allow the passage of the /"T'c\ / ;J: "]
conducting tubes, ¢¢, which J@ ‘f@ =
are attached to the U-tubes,
and terminate in the flasks, dd, which may likewise be placed in
a freezing mixture.
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This is, however, an expensive arrangement, and one that may
generally have substitated for it a far simpler one constructed of
flasks, and connected by glass tubes fitted into ecorks. Where
no freezing mixtures are at hand, it is sometimes necessary to
avail ourselves of the property of evaporating fluids to carry away
8 large amount of heat, which becomes latent as they are con-
verted into vapour; for this purpose aleohol, ether, wood-gpirit,
and some other volatile fiuids are employed ; their use is, however,
limited, and it is far better to avoid them if possible. Fused
nitrate of ammonia, when dissolved in water, Fig. 189.
dovelopes cold, and as it may be evaporated L d
down and used again any number of times,
it becomes a very wseful auxiliary in many
researches,

An extremely convenient mode of cooling in
distillatory experiments on the small scale, is
by mesne of the contrivance seen in fig, 180.
It consists of an adapter, a b, having at its lower
end, b, a piece of vulcanized india-rubber tube,
b ¢, which passes through o square hole mortised
in & block of wood, . A emall piece of hard
wood, d, lies in the cavity, and, on turning the
Berew, ¢, is pressed against the tube, sc as to
collapse it to any required exteni, and con-
sequently regulate the flow of water. These
compression stop-cocks are adapted to & mul-
titude of purposes in the laboratory, and are
very casily made by any persbn with the aid of
the tools to be described further on. A piece
of glass tubing, g, is tied at the lower end of
the vulcanized-pips, which latter is securely
fastened by eilk at % and ¢, ;

353. Fractional distillation—1It frequently happens in organie
researches, that mixtures containing several substances of different
boiling-points present themselves, and the only available means
of soparation sometimes consists in what is termed fractional
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digtillation, This process is not only one of grest labour, but,
unfortunately, it has little claim to accuracy as regards the
absolute soparation of bodies, it being, perhape, almost imposaible
te procure one substance out of & mixture of homologoua fluids in
such n state that it can be said to contain no admixture of its asso-
ciated compounds, This arises from the fact that the boiling-peint
of an orgunie fluid is dependent upon the relative number of the
atoms of carbon and hydrogen present, the former element raising
while the latter lowers the degree st which it is converted into
vapour; it will therefore be seen, that on endsavouring to sepa-
rate bodies by this mesns, where homologous groups are present,
it is possible to obtain fluids having the theoretical boiling-point,
and proportion of carbon and hydrogen in the hundred parts, and
yet being admixtures of the fluids above and below in the homolo-
gous serieq, the deficiency in the carbon and hydrogen of those lower
in the series being exactly counterbalanced by the exeess in that
portion present belonging to s higher position in the group. This
mode of separating bodies is always, therefore, to be considerod as
by no means preventing the necessity for further modes of puri-
fication being adopted in all possible cases, and it is only with
some neutral hydrocarbons that any great difficulty occurs in this
respact.

354, Where only one substance is sought to be obtained from &
mixture, and there is ample material to work upon, it is possible
to obtain it in & state of comparative purity, alithough with con-
siderable loss*, by distilling it several times in & retort with a
thermometer in the tubulature, and each time rejecting all liquide
boiling below or above the point known to be that theoretically
belonging to the fluid under examination ; by this means s large
quantity of the mixtwre may be made in general to yield sufficient
of the substance sought for an examination of its chief properties.
It ia far better, wherever practicable, to submit the liquid to a
complete fractionation, which is performed by distilling it with a

® This lose is not sbsolute, but a8 & considerable portion of the substance
sought becomes by the proosss disseminated through s grest mass of the
other bodies, it may be sid to bs lost for all practical purposes.
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thermometer in the tubulature, and changing the receiver at,
say, every 10° Fahr., or 5° Centigrede; by this means fractions
are obtained, which are fo be again distilled into & fresh eeries
of bottles in the same manner, which forms the second frac-
tionation. It will bo eeen that where a fluid begine with a low
boiling-point and rises very high towards the end, this process
involves an immense amount of labour: if we suppose the fluid
to commence ebullition at 200° Fahr. and rise to 400°, there will
bo twenty boifles required, the contents of each to be agsain
distilled, and generally towards the beginning of the operation, each
fraction, when redistilled, spreads itself over four or five bottles,
requiring therefore constant attention ; and when the liquids are
completely fractionated fifteen times, as was the ease in the in.
vestigation of the bases from Dippel’s oil by Dr. Anderson, and
in my own experiments on the naphtha from Boghead cocal, 300
distillations become neceseary ae a minimum; in each of those
researches, however, at least 1000 distillatione were made, in-
volving an amount of lahour, patience and attention, which few who
have not worked out such processee can imagine. By tho method
given, thero are only two seriee of bottles required during the
operation, one containing the fluide being distilled, and another
receiving the products of the distillation. As each distillation
reaches its close, a point ie atteined when it would be unsafe to
proceed farther, the quantity of liquid in the retort being too small ;
this should, in a careful operation, be very little, but as it is con-
stantly occurring, it must not be wasted, and it is generally, per-
hape, the best plan to draw it off with a eiphon or pipette when
the rotort is nearly cold, and (as most fluids become coloured by
ebullition} place it in the botile corresponding with the second
fraction above it of the series then being distilled, not the series
being distilled énto; by this meanas, the last distillates are always
colourless, if the liquid does not come over coloured.

856. It ie a disputed point whether the bulb of the thermo-
meter should be immersed in the liquid of the retort during a
fractional distillation, or in the vapour; but if we consider that
the vapour represents the fluid distilling, whick is always a



284 CHENICAL MANIPULATION.

nearer approach to homogeneity than that in the body of the re-
tort, which is alwaya of a higher temperature, it will be admitted
that the bulb shonld be as near the fluid as may be, but not in
it, to indicate the beiling-point of the fiuid distilling over. This
does not apply to pure lignids: for then the bulb should be
thoroughly covered with the boiling fluid. In fractional distilla-
tions no regard need be had to the influence of atmospheric pres-
sure, as the fractions are all produced nearly under the same cir-
comstances ; this does not apply to ascertaining the boiling-pointa
when the fluids are pure. For the influence of the barometric
indications upon the result, see p. 55. Fractional distillations
will generally be commenced with a large retort, but as the liquid
becomes dispersed over a number of bottles, and consequently
the quantity of fluid in each distillation is much lessened, 5 smaller
retort muast be uwsed, and if the Fig. 190.

fleid is small in quantity and .

very valuable, that figured in the
margin will be found extremely
convenient, and as it is made from
tubing at the glass-blower’s lamp,
it is light and not liable to crack.
The thermometer is held verti-
cally by the cork. Where it is | i
merely intended to jsolate & more [ |
from a leas volatile finid, sn ap- |
paratus, the same as, or on the
principle of, that employed by
Wurtz to separate the butylic
aleohol from the amylie and others
of the same eeries in fasel oil, is of great assistance, The less vola-
tile fluids are condended in a bulb placed over the flask, while the
more volatile pass over; by an arrangement of this kind much
labour is saved. When liquids have been fractionated several
times, portions are almost invariably obtained, beiling many
degrees balow the original point of ebullition, which fact has been
mistaken by some for a breaking up of the liquid with production
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of fluids of more zimple constitution ; but this is not the case, at
least in the majority of instances, the lowering of the boiling-point
simply arising from the snccessive removals of the more carburettod
and consequently less volatile portions of the mixture. It is not
intended to assert that breaking up never takos place, for it has been
said by some chemists that certain fluid hydrocarbons, when distil-
led until their boiling-point has become nearly constant, and then
kopt for s considerable time, boil at a very different temperature
than st the time of preparation, the differences in height of the
barometer of comrse being allowed for, If, therefore, some hy-
drocarbons break up at normal temperatures, it is to bo supposed
that they would be far more lisble to do so at the point required
for distillation ; the alleged phenomena, however, require confir-
mation, Mansfield, whose experience in the fractionation of fiuid
hydrocarbons from coal-raphtha gives weight to his opinion, denies
that any breaking up takea place in those examined by him, It
would be interesting, therefors, to expose fluids of this clase, the
boiling-peint of which is constant, to a tolerably high temperature
in soaled tabes, and then examine the fluid, as by thia means the
question might probably be decided. It is doubtless the case that
when organic flvids, more especially those with somewhat high boil-
ing-poinis, are distilled, decompoeition takes placetoa greateror loss
extent, a8 is made evident by the colour which is at last acquired
by liquids which were perfectly limpid before the operation; the
¢hange, however, appears to depend upon a gradual oxidation of the
hydrogen of the aubstance, water being formed and carbon elimin-
ated, end differs entirely from a molecular breaking up. This is
confirmed in many ways, amonget others by the fact that water
becomes evident as the distillation proceeds, no matter how care-
fully exposure to the damp air has been avoided ; and also, that
when s current of dry hydrogen, earbonic acid, or nitrogen is
eubstituted for air, the decomposition ie prevented. It must be
remembered when distilling in a current of gas, that if itis one less
dense than air the boiling-point will be lowered, and vice versd.
358, When volatile organic bases are fractionated, thoee with
the very high boiling-points become decomposed with a formation
' Ly
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of pyrrol, the presence of this substance being shown by its
characteristic reaction of dyeing red, slips of deal wood moistened
with hydroehlorie acid.

857. A method of separation of volatile organic acids of the
serice C® H® 04, dependent upon an entirely different prineiple
to the method last alluded to, has been proposed by Liebig, and
has afforded excellont results in the hands of several chemists,
The process consists of partial saturation and distillation, and is
thus performed:—The mixture of, say butyric and valerianic
acids, is divided into two portions, one of which has potash
added to it until neutralized, the other is then added, and the
mixture distilled; if, now, the quantity of alkali added is lese
than is required to nentralize the valerianic acid, nothing but
valerianate of potash remains in the retort, a mixture of vale-
rianic and butyric acids, containing much less valerianie acid
than before, dietilling over. 1If, on the other hand, the quantity
of potash added is more than enough to neutralize the valerisnic
atid, the surplus will of course be aaturated with butyric acid,
and thus s mixture of velerianate and butyrate of potash re-
maina in the retort, the former salt being in the greater quan-
tity, while the distillate contains only butyric acid, When acetic
s6id is present, the reastions are somewhat different; but for de-
tails the reader is referred to the paper itself®,

368, Special cases of distillation.—There are many fluids
which, either from peculiarities in their methods of beiling, or
from their action upon vessels constructed of ordinary materials,
require particular precautions in the operation of distillation.
Only a fow of these need be instanced as types of the general
methods to be adopted.

One of the most dangerous and troublesome fluids to distil is
sulphurie acid ; its great cauaticity, and the suffocating nature of
the vapours formed by its contact with earbonacecus matters
at high temperatures, make the destruction of a retort contain-
ing it, while over the fire, a serious accident, and one which must
be avoided by every moans in our power. The manufacturers of -

® Lishig's * Annalen,’ Bept. 1848, sud Chem, Gms. 1850, p. 24
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this important acid have been induced from this cause to use
stills of platinum, which, although of such great expense in the
first instance, are found much more economical in the end.
Sulphuric acid possesses in an eminent degree the unpleasant
property of eoncussive boiling previously alluded to, and it is
nocessary therefore to have a oonsiderable guantity of fragments
of glase or platinum in the retort, to facilitate the escape of
vopour, It is, moreover, not only unnecessary but improper to
apply any artificial refrigeration to the receiver, as the extremely
hot acid coming into contact with the cooled vessel would almost
infallibly cause its fracture; end, moreover, its boiling-point
being o high, if we have a tube, 4 or § feet long, to connect
the retort with the recipient, no fear need be entertained of
the acid vapours cecaping into the laboratory. It is perhaps
scarcely necessary to caution the operator egainst allowing any
organic matter to find its way into the acid to be distilled, as a
decomposition takes place with formation of sulphurcus acid,
the presence of which may prove highly prejudicial in many
operations in which the acid is likely to be used. With eul-
phurio acid, advantage is gained by preventing the heat from
playing immediately upon the hottom of the retort; this has
airendy beer mentioned a8 a means of preventing concusgive
ebullition in other eases, and Berzelius applied the method to the
distillation of sulphurie acid, by placing the bottom of the retort
upon s truncated cone, which in its turn rested upon s hearth,
and a charcoal fire was made round it, so as to apply the heat
in such a menner that the boiling commenced from the sides
instead of the bottom.

359, Hydrofluoric meid requires o special apparatus for its
production, in consequence of its great tendency to combine with
gilica rendering it impossible to use glass vessels, as they would
be deetroyed in a very short time, and, what is far more serious,
prevent the posaibility of obtaining a pure product. Perhaps
the mcet convenient apparatus for the production of hydrofluoric
acd, where it is required to be frequently mads, ie that repre-
sented in fig. 191,
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It consists of two hemispherioal iron pots with broad flanges,
which permit them to be laid mouth to mouth, and afford the
space to pierco holos for the admission of the screws, the nuts of
which are soan in the engraving, Thse pots are lined throughout
with lead; in fact, two leaden vessels of the same shape es the

Fig. 191.
)

iron ones are construsted, which exactly it inside them, and are
also provided with flanges, as by means of the screws the two
leaden surfaces are brought into such olose contact that scarcely
any leakege occurs, and ‘what there is may be effectually
stopped by a little plaster of Parie. A hole is made through
both lead and iron at the top, to admit the leaden pipe, which is
ground in quite tight. The chief advantages of this apparatus
over those ususlly described, consist in the facility with which
the sulphate of Lime may be removed after the action, the eco-
nomy with which the leaden lining can be replaced, and the
protection afforded to it by the iron exterior; moreover, the iron
pots are to be obtained with ease, as they merely consist of the
larger sizes of sand-pots mentioned at the commencement of the
work (p. 13).

380, There are scveral cases of distillation of frequent oecur~
rence, in which & liquid has to be saturated with e gas evolved
by the reaction of certain subetances upon each other; the pre-
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peration of hydrochloric acid may be taken as illustrating the
general features of the operation, and showing the precautions
necessary. The chloride of sodium ie placed in the retort, @, and

Fig. 192,

sulphuric acid is introduced very gradually by the funnel, b; the
muriatic acid gas passes at first into the bottle, ¢, where any im-
purities mechanically carried over are deposited; it then flows
into d, by a tube which dipe under water; these bottles are seen
to be provided with eafety-tubes, ¢¢, which, by admitting eir, if
any contrastion occurs, prevent the contents from being forced
back: the mode of action of theee tubes, and the varieties of them
in use, will be explained in the section on Gaseons Manipu-
lation. In the same manner as the last, the gas, if any is un-
absorbed by d, passes into f'; at first the water in ¢ and d absorbs
all that comea over; but as it becomes seturated, it passes into
the other bottle. As henat is developed during the absorption, it
is proper to immerse the bottles in cold water. It ie unnecessary
to apply heat to the retort at the commencement of the oporation,
that developed by the reaction being sufficient; but as the flow
of gas becomes alackened, e small lamp-flame may be placed
beneath it and gradually inereased, The bottle, £, is fitted up in
a manner different from the others: the mode of action will be
explained further on,

861. When mixtures are to be distilled which it is expected
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might explode by a temperature of 2127, the contrivance shown
at p. 46 may be used with advantage.

362, Mercury may easily be distilled in emall quantities in
plain glass retorts, whick showld not be foo large; for if the
dome of the retort ia far above the mercury, it will be necessary
to heat it to a degree that may endanger ita safety, in order to
drive the metal over. From the high temperature required, it
is improper to use tubulated retorts, as if closed by a stopper
they are liable to fracture, and corks are rapidly carbonized.
The steady heat of o small charcoal fire is perhaps the most
convenient for the purpese. 'Where larger quantities are to be
distilled, an iron retort is preferable to any other, and the bot-
tlea in which the metal is imported, if fitted with a bent iron
tube, answer the purpose extremely well. The addition of
copper filings much facilitates the process, where it is desired to
obtain as pure 8 product as possible. The exit-tube in either
case must be plunged under water.

Fig. 198.

363. It hes already boen mentioned, at p. 225, that fluids
distil at a lower temperature in a current of hydrogen than when
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the operation is conducted in the usual manner, This method of
oparating has to be resorted to in several cases ; in the first place,
it ia not unfreguently necessary to oxpel 8 more from u lees vola-
tile fluid in the purification of the latter, as, for inatance, where
it ie deeired to drive off ammonia from a fluid base having & com-
paratively high boiling-point ; to aeffect this, the apparatus shown
in fig. 193 may be used, where a represents s bottle fitted up
with tubee for the preparation of hydrogen gas, which is dried by
passing through sulphuric acid eontained in 3, from whence it
streams through the baxic liquid in ¢, Bometimes it is required
to heat the latter, in which ease the volatilized base is condensed
in d and falls back into the flask, the dry hydrogen carrying away
the ammonia and water present in the fluid. The operation is
generally o somewhat protracted ome. It is often required to
distil fluide of Do great stability in an atmosphere of some gas
having little or no tendency to impart oxygen. The ebullition
of fluids is often by this means considersbly facilitated, Phos-
phite of ethyl, which boils at 19i° Cent. (375°8 Fahr.) in air,
comes overat 188° C, (370%4 Fahr,) in & current of hydrogen gas®.
Where it is merely wished to prevent oxidation, or to facili-
tate the ebullition of fluids of no great stability, but not sponta-
necusly inflammable, & current of dry hydrogen evolved from an
epparatus similar to that shown in the last cut, passes into a
retort the neck of which is drawn out and bent, so as to enter a
U-tube, which, if necessary, may be immersed in & freezing
mixtare and have a conducting tnbe passing info e flask (in the
manner of thoee in fig, 188), likewise kept cold. Bometimes the
current of hydrogen carries awny 80 large a quantity of the fluid -
that its loss would be serious; it is then necessary to connect the
first with another, or even two or three more U-tubes or other
condensers, according to circumstances.

364. If the fluid is spontanecously inflammable, as is the
case with many organic compounds containing antimony, ersenic
and other metals, it is necossary to have the joints made by fusion,
and the apparatus is then preforably constructed from glass tubes.

* Railton, Chem, Soo. Quart. Jomm. Oct. 1856,
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Fig. 194 gives an idea of one of the simpler kinds of apparatus
for the purpose. The substance is formed by the action of heat

upon the ingredients in a, and is condensed in the V-tubes, 55,
the second of which is drawn out to a point at ¢, Before the
reaction is commenced, a current of dry hydrogen is passed through
the whole by meens of the tube, d, connected with & gasometer
or other source of the ges; d is conneeted in its turn with ¢, by
8 cpoutehoue tube, ¢, containing s piece of glass rod, almost large
enough to fill it. When all the air in the apparatus has been
expelled by the hydrogen, the tube, ¢, is tightly tied, and d is
removed. The bulb, a, is then heated until the substance has
distilled over into the V-tnbes, 53, which are kept very eold
during the operation, When no more fluid is condensed in the
reccivers, a powerful blowpipe-flame is directed upon the parts,
fand g, in succesaion, which are thus closed and removed until
wanted for examination ; finally, the point, ¢, is elosed by fusion.
From what has bean eaid, it will easily be scen that the above is
far from being a universal method, the method of manipulating
requiring various modifications acoording to the ngture of the
eubstance operated on.

865, When it is neceesary to observe the temperature at
whichk a fluid distils in & current of hydrogen or other gus, it is
sometimes proper to use a fask provided with three apertures:
ane for the tube delivering the gus, another for the exit of the
diatilled liquid, and a third, generally in the centre, for the ther-
mometer. By this arrangement, however, a considernble surface
of cork is exposed to the action of the heated vapour, and with
fluids the boiling-point of which is above 300° Fahr., it scon
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becomen brittle, and even rotten, so that it is difficult to keep it
from leaking; but if the surface of the cork is comparatively
- amall, this does not oceur, or at least with the same rapidity.
There are small three-necked Woulfe’s bottles, blown from
tube at the lamp, to be procured from the dealers in chemical
apparatus, which, from their thinnees, are well adapted for this
purpose,

860. In some distillations it is advissble to allow the ingre-
dients to digest for some time before applying the fire, particu-
larly if Auids are to be dehydrated by contact of quicklime, chioride
of caleium, or other subetances used to remove water. The
loas netive the matter intended for the purpose, the longer the
digestion is required to be. In most instances, the object may
be effectunlly attained by putting the ingredients together over
night, and distilling in the morning,

867. In making formic acid by the more common processes,
the starch or sugar, oxide of manganese and water are intro-
duced into the still, and & fire being put under it until the fluid
has obisined a temperature of about 100° Fahr,, or a little higher,
the sulphuric acid is added by degrees, the fire being previously
removed ; an immense quantity of carbonic acid gas is evolved,
and sometimes the action is so violent, that, although the fire has
been taken out, the mixture froths over; in any case, it is better
to allow the ingredients to digest for five or six houra before distil-
lation, when, by careful regulation of the heat, the dilute acid
may be brought over without any further danger of frothing.
The formiate of lime produced in a subsequent atage of the pro-
ceas in best distilied with sulphuric acid, to obtain the strong
asid, in the stone alembic, p. 239,

The formic acid, as thus obtained, invariably contains a certain
amount of sulphurous acid, which may be rendered sufficiently
fixed to allow of distilling over the formic acid in s atate of com-
parative purity, by adding just enough of s eolution of chromate
of potash to convert the sulphurous into sulphurie aeid. If
this is done with moderate care, no fear need be entertained
of lessening the product by decomposition of the formic acid,
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The salt alluded to is moreover useful as a test of the presence
of gulphurous in formie acid, as a vory amall portion converts the
yellow colour of the chromate into a besutiful green, even in the
eold, by reduction to the state of green oxide.

868. For a great many purposes, but more especially in the
production of chemical reagents on a somewhat large seale, as is
so frequently required in certain investigations, a stone etill and
worm are much employed, and will be found exeeedingly useful.
It is scarcely safe to use a sand-bath for them, although some
withstand that method of applying heat very well. It is better
therefore to use & chloride-of-calcium hath, the heat given by which
is suffiesiont for almoat all the purpoaes to which a stoneware still
is likaly to be applied. For the preparation of prussic and
valeriani¢ acids on the large scale, they are indispensable, The

Fig. 195,

worm should be inserted inte a wooden tub, the spout projecting
at the bottom. This is the most easily fractured part of the
apparatus, and requires especial care. It is a good plan, as &
means of protection, to have two stout pieces of wood nailed to
the tub, end standing out to the same extent as the exit of the
worm, but not placed so closs as to prevent easy acoess,

869. When theee stills are in operation, it is necessary to
cover the hesd with a cloth, to prevent condemsation and con-
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soquent loss of time and fuel. The juncture of the heed with
the body is closed by means of almond and linseed luting, It is
absolutely essential that grest care be taken to prevent the
chloride-of-calcium bath becoming dry, or even too low, s in
that case the addition of cold water would infallibly break the
still ; in fact, when water has to be added to keep up the height
of the fluid, it should always be nearly if not quite hoiling,

370. The best method of supporting the still in the bath is
seen in fig. 196. A hole is

punched out in a circular Fig. 196.
piece of etrong sheet-irom, i Ll
just large enough to permit .'/

the easy entramce of the - o oo o0
still as far as the flange, a,
which supports it in the
bath, The iron pot is at
least 6 inches larger all
round than the etill. A
hole about 2 inches across
in punched in the iron ring,
to allow of the addition of
hot water to replenish the
bath. As the solution of
chloride of calcium is liable
to froth up and boil over at
times, it is better not to
allow it to fill the pot to a
greater height than that indicated by the line in the figure,

371. The stone worms are so cheap, that it is better, where
thoy are required frequently for any particular purpose, to keep
them for that exclusively, especially if from its nature there is
any difficulty in cleaning them out, their opacity throwing grest
difficulty in the way of ascertaining their freedom from dirt or
impurities,

372, Destructive distillation.—The producte of the destructive
distiliation of coal, and varions animal end vegetable substances,
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The salt alluded to is moreover useful as & test of the presence
of sulphurous in formic acid, a8 a very small portion converta the
yellow colour of the chromate into e beautiful green, even in the
cold, by reduction to the state of green oxide.

368. For a greet many purpoees, but more especially in the
production of chemieal reagents on & somewhat large scale, 88 8
so frequently required in cortain investigations, & atone etill and
worm are much employed, and will be found exceedingly useful.
It is scarcely safe to use & gand-bath for them, although some
withstand that method of applying heat very well. It is better
!;hemforo 1o use a chloride-of-calcinm bath, the heat given by which
is sufficient for almost all the purposes to which a stoneware sti
is likely to be applied. For the preparation of prussic and
valerianic acids on the large scale, they are indispensable. The
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have farnished chemists with many of their most interesting
products. The number of these already obtained would, to re-
count their history, require a volume; but a fow will be men-
tioned, in order to ehow that s description of the apparatus re-
quired, and the methods of using them, are deserving of a place
in this work, '

373. Wood, by destructive distillation, vields, in addition to
acetic acid, methylic alechol, acetone, xylite, lignone, parafiine,
kreosote, the besntiful pittacal, and the host of substances stu-
died by Reichenbach, several others which are as yet imper-
feotly Inown, Bmall as the per-centage of nitrogen in ordinary
wood is, the auther found methylamine to scoompany the am-
monia formed by destructive distillation of the impure asetate of
lim¢ mede on the large ecals, from the acetic seid produced
simultaneously with wood-spirit,

Coal, by destructive distillation, yields the whole series of
fluid hydrocarbons homologous with the starting-point, benzole,
mADY gasecus ones, being still far from well known, and numerous
organic bases, viz. aniline, the pyridine and chinoline series, and
the somewhat mynterious body, pyrrol, kmown by its charac-
teristic reaction of staining fir-wood meistened with hydrochlorie
acid, bright red or crimson. Indige yields aniline and other
subatances, Boghead coel, and probably Burmese naphtha,
yield hydrocarbons of more than one clasa, one appearing to be
identical with the aleoholic radicals,

874, Theso few substances meutioned {for they are few com-
pared with the multitude inviting study) are sufficient to
indicate that a wide fleld for investigation remains comparatively
unexplored in the products of the deetructive distillation of
organic matter; and also that no apology is due for devoting
some pages to a consideration of the apparatus best adapted for
researches on the subject.

875, Where it is intended to distil large quantities, reconrss will
doubtless bo had to the cast-iron retorts need at gas-works; but,
on the small scale, the stout iron pots to be obtained at the iron-
wharves, and shown in figs. 107 and 198, are very eonvenient.
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The pot, a, in the latter figure, is provided with & very broad
flange, supporting an iron cover made affer the manmer of a
saucepan-lid, and perforated with an aperture of about 8 inches

Fig. 107,

diameter, to sdmit the head, which 18 to be riveted on. The
exit-pipe is made large until it enters the first recipient, d, with
which it is connected by the adapter, ¢. The vessel, d, may
very well consist of & six-gallon stone jar, closed with a large
bung pierced with two spertures, All the tar and other semi-
solid and easily condensable matters having been deposited here,
the more volatile products pass into the worm, ¢, which is kept
constantly supplied with a stream of cold water having lumps of
ice floating in it, Al the fluid hydrocarbons, and most other
matters, are ocompletely condensed by this means; but if very
volatile bases are present, they require further precautions; the
exit-pipe, f, is therefore made to dip into dilute muriatic acid con-
tained in s socond bottle, which effectually retaine all the basic
products. The iren pot is set in brick-work, just in the way of
an ordinary still, no particular precautions being necossary, excopt
that of being able to remove the fire with rapidity in the event
of the products coming over too rapidly. It is to be remem-
bered that the great denger is not of having too little, but too
much heat ; and it is & good general rule, to bring over the pro-
ducts at the lowest possible temperaturs, the fire being increased
as the evolution of volatile products alackens, this being easily

i I_H [
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by watching the rapidity with which the bubbles of gas
pass through /. Where the gas is very fotid, as is the case
when most substanoces oontaining a large per-cenmtage of ni-
trogen are distilled, it may be passsd through a rather thick
solution, prepered by stirring up chloride of lime and water to a
creamy condistoncs, or the gas may be ignited or passed by means
of a lottg tube under the ash-pit of the furngee. The lid of the
still is luted up with & mixture of finely-sifted fire-clay and fresh
horse-dung beaten to a plastic mass in an iron mortar. To apply
the luting in the most successful manner, the 1id being inverted,
the luting is to be placed all round, and the lid beiug then put
in ita placs, is to be kept down by placing heavy weights on it.
376. In some oparations, & neater but mocre expensive ap-
paratus for distillation is made by drilling a aeries of holes
round the rim of a carron pot, and festening the lid down by
screws and znuts, as seen in seotion, fig. 188. The exit-pipe is
made of wrought iron, and is inserted into the lid by baving e
screw tapped ozn its end to fit a hollow sorew made in the plate
which covers the pot. This arrangement is excellently adapted
for the preparation of enlphurous acid from bruised charcoal and
sulphuric acid,
Fig. 196, Fig. 199,

877, Where destructive distillation is to be performed on s
much emaller scale, as in preparing aniline from indige, chino-
line from ciachonine or quinine, trimethylamine from narco-
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tine, &c., the arrangement shown in fig. 169 may be used.
It is constructed of stout sheet-irom, and has the head, be-
longing to & stoneware alembic similar to fg. 200, luted to it
with the almond and linseed luting previously alluded to. By
far the best way of heating these slembics is by menns of o
species of hot-air bath, formed of an iron pot similar to those
used to melt lead in, but with the three feet removed, which may
be done by filing them three parts through, and then giving a
smart tap with the hammer. These pota are covered with a lid
fitting somewhat tightly on; it has a hole in the top large
enough to admit the alembic, which is supported by the flange
which joins the body, @, to the dome, b. A small hole, about
1inch in dizmeter, ia loft in the lid of the hot-air bath, to enable
the operator to observe when it reaches a red heat. The pot is
to be heated by placing it on the largest hole of the furnace,
fig, 1, all the rings being removed.

The great advantage possessed by this arrangement, is the
rapidity with which the temperature can be regulated as com-
pared with a sand-bath, In the latter case, the sand takes a
congiderable time fo acquire the requisite temperature, and when
it has done so, it requires a still longer time to eool, whereas the
pot can be heated to redness as rapidly or slowly as may be
required, and may be cooled with equal facility.

The manner in which the alembic is surrounded preveats
accesaion of currents of cold air, so that even when construeted
of earthenware they may be raised to a red heat and eooled
again a great number of times withont fear of fracture. The
stoneware alembic alluded to is shown in section in fig, 200,
They are somewhat difficnlt
to obtain, but thar extreme
convenience in many opera-
tions renders it well worth
while to have them made of
the potters, so many of whom
are to be found in Lambeth,
near London. The aperture in the topof t.'heheadlsusefulfur

Fig. 200.
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the intredustion of fluids, &e. after the joints have been luted
up, or during the progress of a distillation.

878. It has been eaid that, ze s general rule, the lowest possible
temperature should be nsed in destructive distiliations where the
object is to examine the products obtained ; this rule holds good
in the process for procuring aniline from indigo; the latter sub-
gtance, being finely pulverited, is to be mixed with a very con-
centrated solution of potash, and the whole is to be evaporated
" with constant setirring, in an jron pot, until a faint odour of
aniline is perceptible; directly this is observed, the mass is to be
rapidly tranefarred to the iron alembic with the stone head, fig,
199, which is then to be inserted in the hot-air vessel, and the
apparatus being placed on the aperture in the furnase-plate, and
ample oomdensation being ensured, the fire is to be very gradually
raised until no more aniline is procured. )

It is important in the construction of these mlembics to have
the beak made af 8 much more obtuse angle with the body than
is usnally done (see also p. 219), as, if this is attended to, much
greater easo is found in attaching them to condensers, The caprylic
aloohol, which has become an object of interest lately, is readily
and conveniently prepared from saponified castor-oil in an appa-
ratas gimilar to fig. 198,

879. There are many oscasions in organic and inorganic che-
mistry where it is desired to effoct distillation under reduced
pressure, and consequently at a lower temperature than if per-
formed in the ordinary manner. This is easily managed by the
use of the apparatus seen in fig. 201, A glass retort, a, has its
neck inserted into a tubulated receiver, ¢, with which it is eon-
nected, air-tight, by the cacutchouc tube, b, The tubulature of
the receiver is fitled with a cork and tube, d, which connect it
with & amall air-pump. The air ie then exhansted as far as may
be requisite, the degree being made evident by the rise of the
mereury in the tube, ¢, which dipe into a emall baain of the
metal ; if, now, a lamp-flame be applied at d, the tube is soon
closed by the pressure of the atmosphere, and the distillation
may thes be commenced.
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In distillations of this kind there are several methoda of pro-
ceeding, which will suggest themselves to the operator, as they

Fig. 201.

are dependent on the habitudes of the matter which
is the subject of experiment. In some cases, it is
sufficient to cool the receiver by o powerful freezing
mixture, when the fluid in the retort gredually
distils over. More generally, it is necessary to
apply a gentle heat to induce ebullition,

380. In some rescarches, where it is necessary
to separate a more from a less volatile liquid, great
asnistance is gained by using the double-headed
stills shown in figs. 202 and 203. The method of using them
consists in placing within the chamber, b, which surrounds the
head, ¢, a fluid, the boiling point of which is higher than that
of the more volatile product which it ie wished to obtain, and
below that of the liquid which is to remnin behind in the still,
If, for instance, it is desired to obtain benzolo from coal-naphtha,
it is sufllcient to fill the chamber, 3, with water, and proceed with
the distillation in the ordinery manner; it is evident, that, as
the temperature of the head can never exceed 212°, the hydro-
earbons, which require a higher point for volatilization, will be
condensed on arriving at that part of the head which is sur-
X

-

4
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ronnded with water, and return to the body a, but that the liquids
which boil at or below 212° will pass the head and proceed to

Fig. 208,

the receiver. Sometimes it is unnecessary to have a worm pasa-
ing through the water, a rather eonsiderable elongation of the
head being sufficient to prevent the passage of fluids of high
boiling-points, ae in fig. 203.

381. If retorts or flasks are to be exposed to temperatures so
high as to endanger their safety, or where fluids are to be ope-
raied on which, either from their inflammability or value, it is
particularly easential to prevent being spilled if any accident
should oeeur, we may employ vessels covered by the electrotype
process with a thick coating of copper: the method of effecting
this will be found in the section on Electrical Manipulaticns,

382, In operations on very limited quantities, where the use of
ordinery retorts, or even the small ones deseribed in the seetion on
Fractional Distillation, would be impossible, recourse may be had to
the apparatus shown in figs, 204 and 205; it conaists of 8 very small
tubuleted retort made from a piece of large tubing ; when the bulb
has been blown on the end of it, and the neck bent as in fig. 204,
the point of the blowpipe-flame is directed on the part , fig. 205,
and a pioce of red-hot glass rod is placed against it and imme-
diately withdrawn ; it thus forms a thin tube, which may be bent
asat ad. This construction enables us to introduce the fluid to
be distilled without eciling the neck of the retort, an sdvantage
not generally found in these instruments as constructed from

e
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tubes; the flnid is made to enter by dipping the end, 3, into it
and applying suction to ¢, earefully avoiding the entrance of mois-

Fig. 204.

ture: when a sufficient quantity hes entered, the point, &, may be

closed by the blowpipe. This method is especially useful in ex-

periments where it is wished to operate upon known quantities.
Fig. 205.

383, Where an extremely volatile fluid is one of the products
of a distillation or reaction, the appliances shown in figs. 206 and

Fig. 206.

207 may be made use of with advantage. The retort, @, in

which the mnterials are being heated, is connected with the

bulb apparatus, 3, immersed in a freezing mixture. The product

may be transferred to the little tube apparstus, fig. 207, in which
a2
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it is to be preserved; it may be introduced by the method de-
Fig, 207. ®eribed in the ssetion on Pres. Fig. 208,
sure-tube Operations (§ 304),

384, Itnot unfrequently hap- A
pene that it is wished to submit
o fluid to the action of a sub-
stance at & moderately high tem-
perature (generally a little above
the boiling-point of the liquid)
for & considerable time, s, for 8
example, in the preparation of
some hydrocarbous by the action
of scdium on iedine or bromine
ecompounds, In this case it is
convenient to use the sppa-
ratus shown in fig. 208. The
flusk, a, contains the substance to be oo-
hobated, and, in the example given, a
quantity of sodium ; it is immersed in the
copper tallow-bath, ¢, which ig heated by
the gas-lamp, d. The vapour which rises
¢ondenees in the long wide tube, b, which
haa a capillary opening at its upper end,
and falls back into the sediam; by this
means the whole of the iodine or bromine
mey be removed in an hour or two, and £
the tube, b, and its cork being removed, it
is 1o be replaced by a bent tube connected with a reeeaver,and
the pure hydrocarbon or other fluid distilled over,
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HECTION XIX.
SUBLIMATION.

385, Bublimation differs essentially from distillation in the fuct,
that the product of the operation is obtained in the solid instead
of the fimid state; the apparatus used is generally extremely
simple, and preeents far less variety than that employed in
distillation.

888, Vury frequently, in manipulating with the small quantities
used in research, thearrangement recommenided by Borzelius (which
for simplicity leaves nothing to be desired) will answer equally
well with far more complicated appliances; it merely consists
of two platinum crucibles, one rather larger than the other, the
largez being inserted so as to penetrate a short distance ineide the
smaller, The upper one is filled with cold water during the pro-
cess, which, if required, may be removed with a pipette as it be-
comes heated, and be replaced with fresh. Two poreslain erucibles
may sometimes be substituted with advantage for the platinum ;
but in this cass it is generally unsafe to fll the upper one with
water, as such & prooceding would, in all probability, be the cause
of fracture. Two porcolain or earthen basins, placed mouth to
mouth, and having a strip of paper pasted round the line where
they join, for the twofeld purpese of confining the vapour and
keeping the vessels together, is frequently a good arrangement.
In all cases of sublimation it is essential to have a small aperture
in some part of the apparatus to allow of the expansion of the
air, an, if confined, it would, ot heat being applied, break the
connexions. It is seldom, however, that it is necessary to make
this aperture purposely, as the apparatus for sublimation ie seldom
quite air-tight.

887. In eubliming iodine on the small scale, with a view to its
purification, it may be placed in rather large and shallow evapo-
rating-basins, covered with others, which are to be inverted and
placed with their mouths downwarde egsinst the under ones.
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The place of juncture is to be made tight (with the exception of
a very small air-hole) by means of the almond and linsesd luting
frequently alluded to in the section on Distillation. The apparatus,
after being put together, is placed upon a moderately hot part of
the sand-bath for some hours, and is then to be removed to a
cooler portion, and allowed to become cold very slowly. When
perfectly cold, the basing are to be taken apart and the iodine
removed with & strip of gless, or even with & etrong feather; it
is, however, bettar to avoid the contact of organic matter. The
largest crystals are generally found upon the bottom dieh, in
the form of magnificent sword-blades, sometimes several inches
long, when the quantity sublimed is large. If & coneiderable
quantity of pure iodine is required, as in many researches, the
ordinary porcelain dishes in use in the Iaboratory are too small to
be really serviceable, and it is better to use the large earthenware
dishes mown as milk-pans: the arrangement is precisely the
game a8 with the evaporating-besins.

388, Many organic substances, such & naphthaline, pyro-
gallie acid, &c., may be very eonveniently mblimed in the appa-
ratus shown in fig. 209. It consists of Fig. 209
an evaporating-basin having a beaker in- .
verted over it, the join being made with | )
paper pasted round. Rings are then
made of annealed iron-wire, of the exact [ =]
gize of the inside of the glass: these are
covered with muslin, which is sewn on.
The object of these discs (whick are placed
in the beaker in the positions indicated
by the lines) is o retain the sublimate and
provent it falling into the dish again.

389. As o general rule, it is proper to
employ & gentle and steady heat, only just
sufficient, in fact, to vaporize the substance, many volatile bodies
of unstable composition being partially, or even entirely decom-
posed by an undue elevation of temperature. This is particularly
the case with pyrogallic acid, previously alluded to. No matter
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how carefully the operation may be performed, & certain quantity
of this, at present, uselesa metagallic acid is formed, but by careful
management the amount may be considersbly reduced.

890. With fusible sublimates much ia absorbed by the dia-
phragm ; this must never be lost sight of, as in some instances it
may be recovered by solution in alcohol or ether, and subsequent
crystallization. In the case of the curious substance obtained
from sulphopianic acid, as much, or more, is obtained in this
manner a8 in the state of sublimate. '

- 891, Indigo may be sublimed between two porcelain dishes, or
by mixing it into a paste with plaster of Paris, forming the mixture
into a cake, and placing it in & warm place to become dry; when
this has been effected the temperature is raised, and crystals will
form on the emrface of the plaster, and may be removed with a
feather, Biniodide of mercury mey be cbtained in magnificent
scarlet erystals by careful sublimation between porcelain capsules.

There is a well-known peculiarity of the last-named substance
which has heen only imperfoctly accounted for, pamely, that when
- first sublimed it is of a beautiful pale-yellow, which, by contact
with a glase rod, becomes searlst, & peculiar motion taking place at
the same time among the crystals, indicating some structural
change, This difference in colour between substances before and
after sublimation is by no means uncommon : bisulphuret of mer-
cury, if formed by precipitating corrosive sublimate with suiphu-
retted hydrogen, is quite black before, but brilliant red after
sublimation, and is then known as vermilion. Changes of this
kind are, however, not peculiar to the procesa of sublimation :
many colours prepared by the wet method acquire different tints
by digestion et certain temperatures; the arsenite of copper
prepared in the manmer adopted for the beautiful emerald-
green, acquires its beauty by the maceration of the ingredients
for some time, The wet method of preparing vermilion is also
an example of the same kind of change.

302, A current of eir or certain gases appears to greatly faci-
litate the crystallization of some eubstances: if naphthaline is
heated t¢ the subliming-point, and air is drawn through the
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spparstus, the product is denser, and apparently whiter and purer,
than when sublimed in an apparatus with diaphragms, such as is
represented in fig, 209, If the crude mixture of chrysine and
pyrene be heated in a test-tube, it melts and ereeps up the sides,
but does not volatilize even at a very considerable teraperature ;
but if air is dmwn through the apparatus, a dense yellow vaponr
risgs, and may be condensed at some distance; it is possible,
however, that some decomposition takes place in this case, Inthe
process for forming the sesquiehloride of chromium, much trouble
is sometimes found in obtaining the crystals at a sufficient di-
stance from the mixture of oxide and charcosl; if, however, a
very powerful current of chlorine ia employed, and the heat is
pufficiently raised, this dificulty does not appear.

893. Sublimations on the small scale are often conveniently
observed in glaes tubes, ae for inetance, in the opera- gy 210.
tion of testing for areenic. Great care should be
taken in selecting tubes for this purpose, as if the
ordinary flint-glase containing lead is used, and it has
to be exposed to a reducing flame, or even if heated
in contact with carbon in any way, the lead becomes
reduced, and much uncertainty may arise from this
point alone, In the sublimation of mixtures com-
taining arsenic in minute quantities, aceording to
the directions found in elementary works, very small
tubes are employed of the size and shape seen in
fig, 210; and a little care is required in so inserting
the charge at @, as not to leave any upon the tube,
Perhaps the beet way of doing thisis to place the mix-
ture upon e little paper gutter,and, the tube being held
horizontally, the gutter is to be placed in it; the tubeis
now to bo raised, when the whole of the charge will fall
about 3, a4 small portion, however, dropping in its place
at @; the rest is to be got down the narrow tube by
the use of a small wire and a gentle tapping. If the
substance is sufficiently dry and in fine powder, no dificulty will
be found in effecting this, After the charge is inserted in the
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little bulb, any traces which may be found to adhere to any part
of the tube are to be carefully removed from the narrow portion hy
means of a wire with a small piece of linen or thread tied to it, and
from the large tube by a piece of wood having something similar
but on s larger scale attached. In many cperations of qualitative
analydis an open tube is used, in order that air may have free
acceas, for the double purpose of oxidizing the metals sought for,
and, by establishing a current of air, carrying the vapours forward ;
in this operation a piece of ordinary tube, from Lth to 4th of an
inch in diameter, about 5 inches long, and cpen at both ends, is
employed ; it is held almost horizontally at first, the epecimen
under examination occupying a position about 1 inch from the end
exposed to the flame, A spirit-lamp should be used in order to
prevent smoke. The heat employed, gentle at first, should be
gradually increased, in order to observe all the phenomena that
may present themselvea, It is to be notived that the current of
air through the tube is greater, the more the position in which it
is held-approaches the vertical; muchk command is therefore
obiairied over the process of oxidation by this means, Every
point is to be noticed: the esse with which the sublimate rises,
ita colour, odour, its appearance when chased by the flame from
one part of the tmbe to the other, whether it melts, or globules
are formed, &c. If water is evolved, care must in all cases
be taken to prevent its running back upon the hot glass, and
thereby causing itafracture. Bometimes, but this is comparatively
seldom, the flame of a apirit-lamp is ingufficient to volatilize the
anbatance ; when this oceurs, the blowpipe must be used to urge
the flame; this is generally noeecssary with tellerium, which
requires a powerful heat for volatilization.

304, Sublimation is sometimes conveniently effoctod in common,
or preferably, Hossian eracibles ; two are taken, one a little smaller
thun the other; the one is inverted inside the other, and, if ne-
cessary, luted to prevent escape of the snblimate,

M5
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SECTION XX.

CRYSTALLIZATIOR.

395. The process of crystallization is one of the most important
in the whole range of chemical operations, and, to perform suc-
ceasfully, requires considerable attantion to minute detail. It is
by means of it that moest inorganic and organic substances are
obtained in a etate of enflicient purity for analysia; and it is this
ciroumstance that makes it 8o great a source of pleasure to the
chemist to find the substances he is investigating capable of being
procured in well-defined crystals; end it may be taken as a
general rule, to which there are few exceptions, that the solid
objects of chemical research which possesa the greatest points
of intereet are capable of assuming the eryetalline state. More-
over, the forms of crystals are a most valuablo means of identi-
fying substances, end it is this fact which renders it so neces-
sary for overy chemist to possess & moderate kmowledge of
crystallography.

396. It has long been a favourite object among some chemists
to obtain regular crystala of large sire, and of late years this
art hes been carriod to a degree of perfection which perhaps
those who have not seen what may be done in this way would
hardly believe possible. It is difficult to lay down any general
rule for obtaining cryetals; that which is generally given in
books, namely to evaporate the solution requiring to be crystal-
lized uptil a pellicle forms and then set agide, is, it is frue,
adapted for most cases which oecnr in rough technical operations,
but as a means of operating in research it would be difficult
perhape to find & worse guide. Liguids evaporated until a pel-
licle forms, generally, in fact almost invariably, give a confused
irregular mase of erystala; where it is merely required to obtain
a large crop, and size is not an objeet, the rule may be maid to
anewer, but in no other case. In fact this rule, from having
becn s0 generally adopted, has caused some articles of commerce
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to be only fit for the market when in very small cryetals; a
product in which the crystals were well doveloped being rejected,
and probably considered impure. It is somewhat amusing to
know that morphia is only saleable in powder, and if offered in
a stato that would to eome extent be an evidence of ite freedom
from adulteration, would be refused.

397. The methods by which very large crystals are procured
differ generally in minute hut essential poinis, according to the
habitudes of the salt worked upon. Some are readily obtained
in very large erystals without much trouble; others, on the
contrary, are exizemely difficult to procure in large crystals,
which show distinctly the characteristic form. Of all classes of
salts, perhaps the alums arc the most easily maneged in this
respect, (ligautic crystals, in regular o¢tahedra, the longer axis
6 inches long, are to be seen in some mussums, Chrome-alum
is particularly easy to procure in fine crystals, In the process
for making valerianie acid by oxidation of fasel-oil with bichro-
mate of potash and sulphurie acid, it is by no means uncommon
to obtain chrome-alum crystals 1 inch in longth along the chief
axis, But when subatances are obtained in such extremely large
specimens, it is generally at & sacrifies of perfoction in form ; they
are frequently covered in certain directions with strie, or the solid
angles are not sharp at the extremities. This must be submitted
to as unavoidable, unleas a large quantity ie made, so as to permit
selection of the best.

If a saturated sclution of chrome-alum is allowed to deposit
its first crop of crystals, and the mother-liquid is set aside to
evaporate spontaneously, at the end of a few days a number of
crystals will be found, some of perfect shape; these are to be
seloctod and put inte & shallow veesel by themselves, being
evary day turned with & plece of wood on to a different face.
At the expiration of every few days, the liquid is to be replaced
by & fresh, cold, saturated solution.

Many other sclutions give almost equally fine crystals, espe-
cislly sulphate of copper and common or even iron-alum.

308, Crystallization is dependent upon the change from the
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flaid to the solid state, and it ia the mobility among the particles
conferred by flnidity that, enabling the forces to act freely, causes
bodies to assume the crystalline form. The more slowly this
change is effected, the greater the freedom with whicli the force
is exerted, and consequently the greater the regularity of the
crystal, If, therefore, in ordinary erystallization it is desired
to have a erop, the characters of which shall be well developed,
every precaution must be taken to retard the cooling ; the slower
this takes place themore succesaful will be the operation. Where
small quantities of solutions of salta are to be cooled alowly, the
capeule may be placed overnight mpon a warm brick, but as this
would cause evaporation, and comsequently by concentrating the
solution injure the operation, the vessel containing the solution
to be crystallized ehould be covered with another, the convex
portion being downwards, in order that the flnid reised by the
heat may drop back and preserve the originel strength of the

solution,

399. Mixtures of baryta- and silver-ealta of different acids, more

especially if belonging to homologous serice, may be separated by
what is termed fractional erystallization, that is, the gredual
separation of the more from the less soluble ealts.  Aftar one crop
has deposited, the mother-liquid is evaporated gently, untila crop
will be deposited after standing some time, but no further ; it is
then set aside, and after & sufficient interval, depending of course
upon the circumatances of the case, for which no general rule
can be laid down, the orop is removed for examination, and the
operation repeated.

460, The same remarks apply to platinum- and silver-salts, In
the former case, however, the evaporations must be made without
the agencey of heat, which appears to reeult in the gradual pro-
duction of bases in which the platinum, instead of merely occupy-
ing the poeition of a metal in a double salt, becomes an integrant
pearticie of & new alkaloid which is formed, posseesing aualogies
with the platinum bases examined by Reiset, Magnus, Pey-
rone, Gros, Rewsky, Gerhardt, and others. It is aimoet equally
neceqsary in the fractional erystallization of platinum-salts, to

o
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avoid prolonged contaet of a great excess of bichloride of platinum,
as s decompogition is thereby set up, and gradually becomes more
evident as the time becomes longer; it is therefore advisable to
perform the evaporations in wacus over sulphurie ecid, and with
only a moderate excees of platinum.

401. The crystalline forces sometimes act with sufficient energy
to canse double decomposition ; thua the Chili saltpetre, nitrate of
sodaor cubic nitre,as it is sometimes called, is converted into nitrate
of potash by mixing it with an equivalent of chloride of potassium
and crystallizing, the decomposition being effectadin consequence
of the superior tendency to crystallize posscssed by nitrate of
potash over nitrate of soda. Large quantities of chloride of po-
tasgium were imported inte Russia during the commencement
of the late war for that purpose, and it is but recently that the
object has become evident to the aunthorities, and the exportation
prohibited.

402. Crystals are not necesearily identical in composition be-
canse they are a0 in shape, certain subetances having the power
of replacing each other in any guantity without regard to the
usual equivalent proportions; thus three parts of seequioxide of
iron may replace three parts of alumina in alum without alteration
of struocture, or three parts of seequioxide of iron, and three parts
of green oxide of chrome, may replace aix parts of alumins in the
same salt. The consideration of the laws of isomorphism being
foreign to the plan of this work, they are merely alluded to in
order to show the importanece of a kmowledge of the subject in
manipulating where isomorphons substances are present. The
fact of the same smbstances crystallising in two forma of incom-
patible kinds is at times obsorved, and constitutea what is termed
dimorphism. But where, more eepecially in organic chemistry,
substances belisved to be the sams, yield crystals unlike the usual
form, the circumstance is alway» to be looked upon with suspicion,
and should induce eareful examination,

Bubstances crystallized from water frequently retain that fluid
in the state termed water of crystallization, in which the water
always stands in atomic relation to the equivalent of the sub-
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stance. Many salta that are properly anhydrous have water
mechanically held between the plates or particles of which they
are composed, and on breaking large crystals which appear dry
outwardly, it may frequently be scen. This property of retain-
ing foreign substances is common even to the finest and beet-
looking crystale, and particularly happens with the platinum-salta
of the organic bases; the latter, even when of perfeot shape and
considerable gizo, having a tendency, when powdered, to hang
together as if moist, but if washed with a mixtare of aleohol
and other this disappears (§ 80). It has been found that salts
treated this way invariably afford more correct results on analysis
than where it has been omitted. Salts crystallized from aloo-
hol sometimes retain thet fluid in e state analogous to water of
crystallization.

403. Bome substances tend to asgume the crystalline etate
with greater facility at one temperature than any other, and this
property may sometimes be employed as & meana of separation.
‘Where alooholic salutions arystallize with difficulty, and the matter
experimented on is too insoluble in water to allow of the use of
that liquid a3 & solvent, it is sometimes posaible to obiain erystals
by adding water to the alcoholic solution until precipitation takea
place, but only 6o long as it is capable of being redissolved on the
application of heat ; if too much water has been added to allow of
this, a little aleohol will ensble the point to be reached ; the fluid
is then to be set aside fo cool and erystallize. The same romarks
apply where ether is capable of precipitating from alooholic solu-
tions, or vics versd ; but in the latter instance there is more often n
tondency to assume & reginons than a crystalline state. Sometimes,
where a substance is excessively soluble in water, but not at all,
or comparatively little, in strong aleohol, as in the crystalline
hyposulphite of gold and soda of Fordos and Gelis, the crystal-
lization may be determined by the careful addition of spirit to
the aqueons solution, a quantity wafficiently great to canse preci-
pitation being avoided.

404. Tho beautifal condition of the pharmaceutical preparations
of certain compounds of ferrous and ferric oxides with ammonia,
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potash, quinine, &c., are not inatances of erystallization, although
the preeautions in obtaining them are sometimes even more difi-
cult to fulfl; this subject, however, from its technical character,
will not be considered here.

405. Somo selts are almoet equally soluble in hot and eold
water; they are therefore best procured in the crystalline state
by very slow evaporation, as, for instance, on the sand- or water-
bath, the fluid not being allowed, as & general rule, to atiain a
higher temperature than 100° Fahr., and,in most cases, conaidar-
ably below it; formiate of lime and chloride of sodium are per-
haps the most familiar examples of this kind of salt.

408. A very good method of obtaining the platinum-salta so
froquently alluded to in good cryetals, in to add the bichloride
of platinum to e very strong aquecus solution of the chloride of
the base as long es precipitation takes place, then to add boiling
water until the precipitate at first formed is redissolved, and then
to place the capsule on a warm brick, so as to permit the cooling
to take place with extreme alownesa. Bome platinum-salts erystal-
lize with euch extreme readiness, that very little precsution is
required to obtain them of large gize, even when the quantity of
Jiquid is extremely amall,

407, Where it ia desired to prevent any vibration from disturb-
ing the capeule containing the ealt which is wndergoing cryntal-
lization, it may be suspended from the ceiling by strings; this ig
said to be essentinl to the success of the process for obtaining
Herapatk’s sulphate of jodo-quinine in a state fit for use as arti-

408. When cantharides, or pepper, snd several other animal
and vegetable substances have been exhausted with ether, or
benzole, to obtain cantharidine, piperine, &ec., the solution when
evaporatod yields crystals of the body sought, but always con-
taminated by s large quantity of reainous and oily impurities;
these latter may be removed by washing the crystals with cold
ather or solution of potash, which dissolves the resin much more
readily than the proximate principles.

Subetances belonging to extensive homologous series always
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show extremely marked difforences in their tendemcy to crystal-
lize, a8 the number of atoms of C* H? increase in the compound.
The great group commencing with formic, and gradually rising
to the wax acids, affords e very distinet inetanee of this; for
whereas formic acid requires to be reduced below 32° to crystal-
lize, acetic acid, the next atep, keeps its crystalline state until
the thermometer reaches 60°; after this, the next step in the
series, propylic acid, begins to assume the character of a fat acid,
6t least in its saits, and the rest become more and meore oily,
until pelargonic acid is reached, which shows unmistakeable
gigns of being o fatty aeid, being solid and greasy at low tem-
peratures; and the next, namely capric acid, is solid below 80°,
the fusing-points becoming higher with every additional inere-
ment of C* H*.

409. In this last-named series, it is the acids themselves
which more and more epproach the solid condition as they
rise higher in the scale; but their salts docrease in tendemcy
to crystallite in the same rutio, the acetate of ecods being
highly ecrystalline; but after this, the salts which these acids
yield with the alkalics, become more difficult to crystallize;
there are, however, many anomalies in the crystalline tendencies
of these and all other homologous peries ; the salts of the dif-
forent acide becoming in some casea less and lesa crystalline up
to a certain point, then one perhape will be found exceedingly
eagy to obtein in that etate, and after this the tendency to yield
ceryetalline compounds will again decrease. A very marked in-
gtance of the incressed development of & character with each
additional increment of C* HY, in seen in the baryta-salts of the
oily acids of butter and cocoa-nut-oil, butyrate of baryta being
readily soluble, caproate not so scluble, the caprylate aparingly,
while caprate and laurate of baryts are nearly insoluble. The
fractional crystallization of the salts of baryta is the only meens
of separating these acids with any succesa.

If the ammonia-salt of the mixed caprate and laurate of baryta
in decomposed by chloride of barinm, and the precipitate is
boiled with e large quantity of distilled water and the solution

o
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filtered, the bright liquid becomes turbid before cooling if laurate,
but not until eold if only caprate of baryta in present ®,

410. The platinum-saits of organio non-oxidized bases belong-
ing to the pyridine and aniline series become lesa resdily cry-
stalline as they rise in boiling-point, and consequently in the
per-oentage of carbon. Chinoline and lepidine present remark-
able excoptions to the law of decrease of crystalline tendency as
the point of ebullition risest.

411. Itis often an important objeet to ascertain the fact of a
substance being crystallizable or not, and also what menstruum
is the most favourable for the purpose. To effect this, a little of
the matter may be boiled in a test-tube with the liquid to be
tried, and the solution, if necessary, filtered; if, on cooling,
crystals are not obtained, the fluid may be placed in a watch-glass
and evaporated s little ; if there is no reeult, the evaporation may
be continned almost to dryness, or the fluid may be artificially
refrigerated. Motion in some cases greatly facilitates crystal-
lization. There are organic acids which, when dissolved in
water, remain a long time without crystallizing, if kept quite
quicecent; but on the fluid being stirred with a glass rod, the
whole becomes almost solid, Fluids which resist every me-
thod adopted to induce them to deposit crystals, will sometimes
do so after being kept for a long time. Many organic saits when
first precipitated are in a reainons or pasty condition; but on
keeping them for a few days, they frequently become hard, ery-
stalline, and in a state it for pulverization. It is curious that
digestion in ether sometimes converts e soft and resinowe body
into & hard and pulverizable condition. It is not an uncommon
thing to find precipitates which are guite amorphowe when first
formed, become granular or crystalline on boiling for some time,
It is always better to obtain them in this state, unless decompo-
gition is caused by ebullition, as they are so much easier to wash
and procure in a state fit for analysie.

& Georgey, Ann. der Chem, und Pharm., lxvi p. 298; and Chem. Gas.,
1849, vol. vii, p. 82,

+ Trsns. Roy. Boo. Edinb., vol. xxi. part 2.
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412. The presence of small quantities of resinous matiers
sometimes impedes ¢rystallization to a degree which would appesr
quite disproportionate to the amount of impurity present; and
some salts, even those whose characters are the most marked,
become vo disguised by this means as to be taken for new ones;
and it would not be difficult to point out instances where chemists
of the greatest skill and experience have been deceived through
not being sufflciently alive to this source of error.

413. As a general rule, solutions intended for erystallization
should be put aside in a quiet place, where no dust can find
entrance, and where there is as little vibration as posaible, If a
solution, in the act of depositing crystals, is even alightly agitated,
it frequently deposits a second erop ont the fivet in such a manner
a8 to render it unsightly. It is neceasary to be aware of the re-
markable way in which the crystals of inorganic salts are medified
in shape by the presence of organic substances, It is well known
that common salt crystallizesin octahedrs if a little ures is present
in the solution. Bulphate of potash is also sometimes so altered
in appearance by the presence of impurities in the solution, that
it might at first sight be eadily mistaken for an organic product.

414. Crystallization is often remarkably facilitated by hang-
ing pieccs of string or catgut across the pan or bagin in which
the operation is procesding; and as the crystals deposited npon
the catgut are sometimes remarkable for their symmetry, it is
a good method of obtaining the small and perfect ones intended
to be grown by the procesa given at p. 251.

415. Crystallization is sometimes only to be effected at high
temperatures ; this is the case with bismuth, sulphur, and other
fusible substances. The general method ie in almost all cases
the same, namely, the subetance to be erystallized is fused in an
earthen erucible in eonsiderable quantity, and made to cool very
alowly; a8 soon as it has solidified on the surface, a hole is mado
in the crust with an iron rod, and the fluid in the interior is poured
out, when the gides, on being removed, are generally found etudded
with orystale, Sulphur and bismuth may be successfully ope-
rated on in this manner.
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416. Very fine erystals of sulphur are sometimes obtained on di-
geation of an aleoholic solution of hydresulphuret of ammonia with
nitrobenzole, in the process for preparing aniline, and also from a
solution in sulphide of carbon.

417. Coloured crystals may generally be bleached by filtering
the hot eolution through enimal charcoal. It is considered by
some that the bleaching property of charcoal is inereased if added
in small guantities by sprinkling into the solution containing
the salt to be decolorized during ebullition. If the selution is
acid, and in fact, as a general rule, the animal charcoal should
have been freed of its phoephate of lime, insuficiently burnt
matters, &ec., by hydrochloric acid before use. Great care
must be taken to wash away the last traces of acid from the
charcoal. 'The hydrochloric acid, if preeipitated after the opera-
tion with ammonia, yields a lerge quantity of phosphate of lime
in a state of considersble purity.

418, Prolonged exposurs of any organic substances to even
moderately high temperatures, preperatory to crystallization, is
to be carefully avoided, as much loas is frequently caused by this
means through decompeaition, or rather, perhaps, modification ;
quinine, for example, is gradually converted into s dark-coloured
mass of the same composition in the hundred parts, but quite
altered in its external characters. The remarkable results of
Pastsur’s experiments on the artificial production of racemic acid
by the nction of heat on the tartrate of cinchonine, &e., should
also be remembered, 8s showing an instanes of the same kind of
action.

419. A beautiful instence of the use of crystallizetion is af-
forded by the method of preparing pure benzole from the hydro-
carbons of coal-naphtha: if the fraction boiling between 165°
and 180° Fahr., after about ten complete fractionations, is im-
mersed in a mixture of anow and salt, about half of it freezes to
a besutifully white and highly cryetalline solid, which may
be drained for a short time, and the process repeated two or
three times, or less if the apparatus for removing the non-
ctystallizable portion by atmospheric pressure, described by
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Mansfield, is used. By thus purifying the benzole, a product of
constant boiling-point is much more readily obtained than by
any other means. A more rapid way of obtaining the benzole
in & etate fit for being crystallized, than by fractional distillation,
is given in § 380. .
Benzole is often the best mentruum thet cen ba employed for
erystallizing organic preparations inscluble in other fluids. Not
the least of its advantages is the ease with which it can be driven
off by exposure of the substance {o a temperature of 212° in the
water-bath. Chryséne, which refuses to crystallize well from
most of the fluide usually employed as solvents, yields megnificent
yellow spangles resembling iodide of lead, when a hot saturated
solution of it in benrole is cooled slowly. Laurent's bichloride
of naphthaline crystallizee from benzole in large rhombic cryatals
which cannot be distinguished by the eye from icoland spar, and,
like that substance, possessing the power of double refraction.
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S8ECTION XXI.
ON VOLUMETRIC MANITPULATION.

420, By volumetric analysis is understood the use of mea-
sured bulks of test-liquids containing known quantities by
weight of certain subatances, capsble of producing with a solu-
tion of the assay sufficiently marked effects to show with pre-
cision the complete conversion of the substance sought to be
estimafed, into & compound the nature of which is perfectly
known. The quantity of the matter sought is ascertained by
ohserving the number of measures of test-liquid used. This
mothod of research has become of almosat universal application
for the estimation of certain substances, the names of which are
given below, and several others which are not necessary to be
specified, as they are more ususlly determined in other ways,

421. The objection has been raised to all methods of volume-
{ric analysis, that it is impoasible to measure with accuracy ; and
this has been sought to be proved by the difficnlty of so fllling
6 measure with any liquid twice that it shall each time weigh
exsctly the same. But it is unnecessary, in reply to this, to do
more than say, that the solntions are used in so dilute a state,
that not only does any error of admeasurement become too small
to bave any infleence whatever upon the results, bat that ac-
curate estimations may by this means be effected on gquantities
8o emall as to render it impossible to make use of the balance.
This might, if necessary, be instanced by numercus cases; but
it will be sufficient to allude to the paper of Bunsen “On a
meothod of volumetric analysis of very general applicability®,” to
show the really wonderful aecuracy of whioh the method is
pusceptible,

422, There are cne or two advantages of a general kind to be
gained from the use of measured, which do not apply to weighed,

# Lisbig's Aunalen, lxxxyi p. 266.
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quantities, In the first place, the results are invariably cbtained
with far greater rapidity, all the operations of quantitative ana-
lysis which caunso delay, s, for example, the washing, drying,
and weighing of precipitates, being dispensed with, There is
also ancther advantege which is peculiarly a feature in volume-
trical estimations, namely, that when two experiments are made,
the second is, if the solutions are properly prepared, almost
absolutely correct. This feature will be more particularly dwelt
upon farther on,

423. The instruments most commonly used for the purpose
are the burettes, figs, 211, 212, 214 and 215, test-mixers, and
calibrated pipettes.

Guy Lussac’s burette, fig. 211, is to-
lerably convenient, from the facility with
which minute additions of liquid can be
made, by gently inclining the instrument,
the end, a, being closed during the pro-
ecss by the pressure of the thumb, which
is relaxed when necessary, to allow of the
atmospheric pressure upon the liquid in
the tube, a &, so ns to permit its exit by
the aperture, ¢, The chief objection to
this instrument is its fragility, the tube,
¢ d, being extremely liable to bo breken
off by the slightest carcleasmens. If,
however, a small piece of cork is inserted
between the two tubes at ¢, and a atring
is bound round them both, the danger of
breakage ia so far lessened that in care-
ful hands a burette of this kind will last
in every-day use for years.

424, Mohr’s alkalimeter.—This form
of burette consists of a graduated tube
open at both ends, a 3, fig. 212, and
fitted with a compression stopcock made
of vuleanized indie-rubber. It ia fixed upon a vertical support,
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and when it is intended that the liguid shall flow, pressure is
applied to the two knobs, ¢ d, which causes them to open. The
¢lasp is represented on . :

o largor scale, and Fig. 213, Fig. 21-
elightly open, in fig. /

218. The instrument !

is sometimes made with

8 stopeock of glass, as

. in fig. 214 ; this, how-

ever, adds greatly to

the oxpense, without
increasing its eficiency.

An apparatus of this

kind, but ungraduated, is, however, in
some researches invaluable as a separa-
tor, where very volatile and rare fluids
are to be removed from water, acid, or
alkaline solutions, &e.

425, Binks’ alkalimeter, fig. 215, is
the most convenient of all the forms of
burette; its construction is simpler than
either of the others, and it is far less
liable to injury. Btrange to say, Dr.
Mohr, of Coblentz, entirely misunder-
standing its mode of use, describes it
as incapable of being used without dan-~
ger of spilling its eontents. If made
to hold 50 cubic centimetres, and of a
length of 2 feet, very open divisions
will be obtained, which will enable the
operator to obtain extremely accurate
results with considerable rapidity. It is generaly the custom to
graduate these instruments in ,such & manner that it becomes
necessary to hold it in the right hand during the operation of
adding the test-liquid; it is much better, however, to reverss
this, a8 & little practice will enable the operator to use the left
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hand with equal facility, and then the right is at liberty, so that
it may be used to stir the liquid, direet the course of the test-
liquid with the glass rod, apply.teat-papers, regnlate the gas-
flame when heat is required, &e, If Binks’ alkalimeter, full of
test-liquid, is held in the left Fig. 215.
hand, in such a manner that the —~ —
thumb closes the aperture, a,
while b becomee the lowest part
of the tube, the end, a, being
elevated atanangleof 20° or30°,
no fluid will escape, but upon |
relaxing the pressure of the
thumb, and allowing air to en-
ter, it will rise in & succession
of bubbles through the liquid,
which latter escapes by the ori-
fice; in this manner the rapidity
of the flow mayberegulatod with |
the utmest nicety. When the
effeot sought has been obtained,
and it becomes evident that the |
test-fluid has beenadded in suf-
ficient quantity, the burette is
placed in & vertical position in
the stand, 4, and allowed to re-
main until all the fluid has
drained from the sides, and the
liquid in the burette ceases to
rise from this cause, After the
operation has been concluded, it
is invariably found that a small
quantity ofliquid remaiusin the |
spout, 3, being retained by eapil- |
lary attraction; it is necessary
to make this unite with the reet
of the fluid, by applying a mo- |
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mentary snction with the lips to a, before putting the instrument
aside to drain,

426, It is a matter of indifference what part of the curve
formed by the water in the tube is employed as the line to read off
from, if the same portion is taken invariably in the preparation of
the standard liquid, and when using it, It is most common, how-
ever, to read from the lowest part of the curve,

427, Many contrivances bave been adopted to render the read-
ings extremely accurate, and lessen the errors of observation ; and
oven tables have been constructed to correct for the inflnence of
variatione of temperature in altering the volume of the liquid;
but it is better, as a general rule, to use tubee of emall calibre
and very dilute solutions, so a8 to Fig. 216.
reduce the error of obeervation toa ___
point so far below the unavoidable
errors of experiment as to be in-
appreciable ; and it is more easy to
do this then is generally supposed.
Further on, experiments will be
detailed fo show the amount of
aceuracy attainable in several kinds
of testing.

428, The alimlimeter on a foot,
fig. 216, is, when made narrower
than thoee usually sold, a conve-
nient instrument for delivering
test-liquids; the rapidity of flow is
determined by the position of the
grooves in the stopper; its use
requires no particular precau-
tions,

The volumstrie method of eati-
mation hes been applied to the
determination of the per-centage
valnes of a great number of snbatances; it will be unnecessary,
however, to describe them all, the manipulation with & fow being

"




246 CHEMICAL MANTPULATION,

understood, will render it easy to acquire facility with the others
described in works on analyeis. )

429. Volumetric determingtion of acids.—The volumetric me-
thod, as applied to acids, almost invariably depends upon the
amount of an alkali required to neutralize them, and, with a
little care, most persons will be able to estimate their strength
with a degree of accuracy leaving nothing to be desired, It is
ususl to employ a different alkali in the case of hydrochloric and
woetic ncids to that used with the sulphuric, because with
the former it becomee impossible to heat the solution to drive
off the carbonic acid, the presence of which interferee with the
reaction, But as it is ineonvenient to have severnl alkakine test-
liquids in the Iaboratory, I have been in the habit of using the
same for all, it being equally applicable o the determination of
fixed and volatile acids, The liquid alluded to is the solution of
lime in sugar-water, recommended by Peligot in his modification
of the nitrogen proceas of Will and Varrentrap, described in a
subsequent part of this volume.

Lime is well adapted for the neutralization of acids, the only
impediment to the use of lime-water being the emall per-cent-
age of earthy base, But if, instead of wsing pure water, a tole-
rably strong syrup is eubstituted, the portion dissolved becomes
much greater; and the fluid is extremely convenient for the eeti-
mation of the strength of acids, from the fact, that, being free
from carbonic adid, it is unnecessary to emplioy heat, This will
be adverted to at greater length under the head of Alkalimetry.

The solution of lime in syrup, if very concentrated, hes a
yellowish colour, but the equivalent of lime being low, it will
bear considerable dilution. A solution of caustio soda i also a
very convenient standard alksli. As the solution is intended to
be used for all the acids, it becomes a question which to selest to
prepare it from, and no hesitation need be had in adopting sul-
phuric acid for the purpose. As it is necessary in every Inbora-
tory to have a standard sulphurie acid, it being required not only
for estimating the value of the carbonates of potash and sods, but
algo for nitrogen dstarminations, it will be selected as the starting-
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point for the other acidimetrical and alkalimetrical solutions. The
preparation of thies acid will be found deseribed at p. 269.

The strength I am in the habit of employing is such that 50
cubie centimetres, equalling 100 divisions of the buretts, are
exactly eqnal to 20 grains of carbonate of potash; each division,
therefore, is equivalent to ‘2 grain of carbonate of potash, and
as the instrument has very open divisions, it is perfectly easy to
read off to half o division, equal in value to -1 grain. If pre-
ferred, any other strength may be employed. As all caustic
alkalies in solution are altered in value by keeping with a repidity
proportional to the amount of exposure, no good can result from
making a very large quantity of the lime-syrup or caustic soda
up to any exact standard, as it is necessary every few weeks to
determine its eaturating power, This doos not deteriorate the
value of the methoed, becauss the process of ascerfaining the
strength of the alkaline solution doee not oceupy five minutes.

430. The spparatus depicted in Fig. 217,
fig. 217 is admirably adapted for o
keeping the solutions of cauatie
soda and lime-gyrup, and enabling
the burettes to be filled with little
expoeure of them to the air. K
is, I believo, the contrivance of
Dr. Price. A glass bottle is fitted
with a sound cork, through which
pass two tubes, a and 5. One of
these reaches to the bottom of the
fluid, and, when not in use, is |
closed by e small tube and cork,
o. 'The other fite into a hole in |
one of the hollow vulcanized in-
dia~-rubber balls used as a toy. '

On applying pressure to the ball, the soluhon ru.shaa up the tube

a, and is forced into the burette or other vessel used to receive it.

On removing the hand, the ball reeumen ita originel shape, end a

volume of air equal to the fluid expelied enters by a. The fact
¥2




268 CHEMICAL MANIPULATION.

that the volume of air entering is never greater than that of the
liquid ejected, in one of the great merits of the instrument, be-
cause the quantity of carbonic acid in such a small bulk is so
inconsiderable, that the sclutions keep & long time unaltered.

If we find the number of divisions of lims-syrup required to
nentralize the burette full of standard acid, we have the data for
sscartaining the quantity of all other acids which the burette full
of syrup is equivalent to, Suppose, for example, that the 100
divigions of the burette of lime-syrup or soda are just suficient to
neutralize 100 divisions of the sulphurie acid, it is evident, that
as the 100 divisiona of sulphurie acid are equivalent to 20 graing
of carbonate of potash, that the 100 divisiona of lime-syrup are also
equal in saturating power to 20 grains of carbonate of potash ; and
to ascertain how much of each of the acids the 100 divisions of
limeo-syrup are capeble of neutralizing, it is only necessary to cal-
culate how much of each acid is equivalent to 20 graine of car-
honate of potash.

The following equations give the values sought :-—

KOCO* S0 EOCOs S0
60 40 :: 2 : 11594

EOCO? NO# KOCO0s NO#
69 64 :: 20 : 15652

EOCOs ry KOCQ? s
69 51 :: 20 : 14782

The 100 divisions of lime-syrup are equal, therefore, to 11-584
dry sulphuric, 15:652 dry nitrie, and 14:782 dry soetio acids.
The quantities of the other acids may be caleulated in the same
manner, by sobetituting their equivalents for the second term in
an equation like those given above.

431. To perform the analyeis, 50 grains of the acid are weighed
in a small capsule or flask, the quantity being adjusted by means
of a pipette; the contents of the capsule are then washed out into
a amall basin ; e little tineture of litmua, snfficient to give a bril-
lisnt scarlst to the fluid, is added, and the lime-syrup is slowly
poured in until the colour begine to ohange; when this takes
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place, the addition is made more slowly still, the finid being kept
constantly stirred. A point is at last reached when one drop
more syrup is capable of turning the Liguid from red to blue;
the operation is then finished, and the small quantity of liquid
remaining in the beak of the alkalimeter is made to join the rest
by suction applied at g, fig. 215, and when the finid has all run
down, the volume remaining is read off,

432, It is proper in all cases where great acoursey iz desired,
to repeat the operation, care being taken to add the test-ligeid
very slowly when the point attained in the firet experiment is
nearly reached.

In order to calculate the result, it is merely necessary to con-
sider that, as 100 divisions of the burette are equal to a eertain
amount of dry acid (which amount has been found by an equation
gimilar to those on the previcus page), so the number of divisions
used in the experiment indicate the number of graing of dry acid
in the specimen. Therefore, calling the amount of dry acid equal
to the 100 divisions of the buretts, a, and the number of divisions
used, b, we have

2 mthe number of grains of dry acid in the quantity analysed,
from which the per-centagoe can immediately be deduced.

433. Volumetric determination of alkalies—There are many
ways of ascertaining the quantity of canstic and carbonated alka-
lies in any given specimen, and the methods of manipulation will
bo found in their proper places in this volume. The mode of
determining the quantity of alkali in carbonates by the weight of
esrbopio acid evolved on heating the sample with an acid, will be
deseribed in the section on Gas Manipulation.

434, The volumetric process, while susceptible of equal, if not
groater precigion than that last mentioned, is less troublesome, and
cocupies not half the time, It is, however, necossary in the first
place to prepare & tost-acid, and as this latter is also the etandard
from which the lime-syrup previcusly alluded to is made, great
care should be taken that it is of exactly the proper strength,
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To prepare it, concentrated sulphuric acid is diluted, say with
twenty times its bulk of water; 20 graine of pure anhydrous car-
bonate of potash® are then weighed out, dissolved iz water in a
poroelain basin, and some tineture of litmus added; the whole is
then supported over & lamp and heated nearly to ebullition: &
buretie being filled to 0° with the acid, the latter is to be
elowly added until the colour of the litmus changes to a red; if
the operution has been carefolly performed, it will be found that
this red is only due to the liberated carbonic acid acting on the
litmus, and if the solution is briskly boiled for a very short time,
the blue colonr which the litmus had before the addition of the
acid will return ; by thus adding the acid carefully, and boiling
the solution, a point is at last reached when the emallest further
addition of the acid will convert the sclution from a distinet blue
to a brilliant scarlet, which indicates the conclusion of the process.
A little practice will anable any person to perform this with success,
The operation is to be repeated, the test-acid being added with
very great care us the point firet obtained is approached; the
second result is to be taken as the true ome, The number of
divieions used, of course indicates the quantity of the diluted acid
equivalent to the 20 graine of carbonate of potash; snd to make
the standard acid from this, it is merely necessary to dilute the
sclution until the quantity thus obtained is made up to 100
parts. Thus, supposing 60 divisions of the burette to have been
required, it is evident that to obtain the standard fluid, 60
"volumes of the diluted acid are to have 40 volumes of water
added. For this last operation any tall cylindrical jar will
angwer, if it is accurately graduated into 100 parts. It is better,
after this has been done, to again make an experiment on 20, or
any other number of graine of carbonate of potash, to ascertain
whether the dilutions have been accurataly made. If the liquid
ie still a little too strong, it may be again diluted on the same
principle, but if t0o weak, more enlphuric acid must be added,
and this involves a repetition of the whole proceas.

® For precoutions necessary in weighing deliquescont substances, see
§§ B4, 91, 276.
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435, If the sbove operations have been ekilfully performed,
ragults almost absclntaly accurate may eagily be obtained with the
test acid. Itis ossential that the carbonate of potash used in this
process should be earefully examined aa to its purity. It is mot
sufficient to merely establish the absence of sulphates, chlorides,
silica, &¢.: its freedom from sods must be carefully ascertained,
as it has been found that specimens of carbenate of potash eon-
sidered as abaclutely pure, have contained sufficient soda to cause
sarious errors fo ereep into analyses made with a standard aeid,
the strength of which hes been determined by it.

A etandard acid is aleo used in Peligot’s modifisation of the
procoss of Will and Varrentrap for estimating nitrogen.

438. Volumetric methods in gensral.—~The volumetric me-
thod has been applied successfully to the determination of a
great number of substances beaides those enumerated, including,
among others, baryta, bromine, chlorine, copper, manganese, tin,
uranium, seilver, iron, indigo, prussic acid, nrea, and chloride
of sodium in urine, &c. Baryta may be determined by the
standard sulphuric acid ; the process is, however, not so generally
applicable as the converdion of it into s known weight of sulphate
of baryta and weighing. Bromine may be very exactly deter-
mined, even when in presence of hydrobromic and hydrochloric
acids, by means of & standard sclution of pure ¢il of turpentine in
aleohol®, turpentine having the property of combining with bro-
mizne info & colourless oil, when present in the proportions of 84 of
the former to 80 of the latter, being in the ratio of zingle equiva-
lents, snpposing the formula of turpentine to be C* H*+, What-

® Ohemical Gasette, vol. xii. p. 488,

+ Although 34 parts of turpentine decolorize 80 parts of bromine in pre-
sencs of water, it is not necessary to assume O H* = 34 aa the formuls and
atomis weight of turpentine ; in fact C% HY wppours to be the formulsof the
oil ; for if we multiply 188 (which is the stomic weight ; supposing C» HU
to be the formuls) by 0846, we obtain 47056 as the yapour-density for four
volumes, and 4776 bes been obtained by experiment. The fact that the
atomio weight of any organio substance, if multiplied by half the denaity of
hydrogen, gives its vapour-density for four volumes, becomes obvious on &
little reflection, and has already botn mentioned in the section on Vapour
Denaitios (§ 127).
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ever the real formula of turpentine may be, the fact that 34 parts
of pure turpentine are capable of decolorizing 80 parts of bromine
{when the reaction takes place under the conditions given in the
peper allnded to), is quite sufficient for all the purposes of the
quantitative estimation of free bromine.

Chlorine, as it exists in chloride of lime, is capable of being
volumetrically determined in several ways, the manipulation
connocted with which will be found in analytical treatises.

Copper is determined by a solution of sulphuret of sodium, & pre- .

Liminary assay being always made upon a known weight of pure
metal, the solution of the sulphuret being prepared fresh each
time by dissolving the crystals in distilled water; the method is,
however, but little preactised.

437. Uranium may be estimated by a solution of e phoephate of
Imown constitution, the process being based upon the insolubility
of the uranic phosphate.

438, Urea is determined by the new process lately introdneed
by Liebig, and which is founded upen its tendenoy to form definite
compounds with corresive sublimate,

439. The quantitative detarmination of silver by a solation of
chloride of sodium is susceptible of the greatest precision. A
standard solution of common salt is made of such & strength that
100 divisions of the burette are squal to 10 graine of silver, each
division being equivalent to 0-1 grain, and & mocond solution is
also made ten times more dilated, so that one division is only
equal to 0-01 grain. The firet asssy is made with the strong
solution, and is repeated, the process being stopped when the point
is nearly reached, and the estimation is finished with the weak
solution. The eolution of the silver in nitrie acid is placed in a
rather capacious stoppered flask, which is briskly ehaken after
each addition of the test-liquid, As long as silver still remeins
in solution, the latter is milky, even after conaiderable agitation ;
but when the operation is finished the solution becomes clear,
The milkinees alluded to is & great assistance in the process, e it
enables the operator to know that sufficient test-solution hes not
been added, and fortunately it is not opaque encugh to prevent
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the cloudiness caused by each addition of the normal finid from
being seen.

440, In the French Mint very elaborate precautions are taken
to ensare perfect accuracy in the measurements, tables of cor-
rection for the influsnce of temperature upon the bulk of the
solution being used ; such modifications are, however, merely use-
ful where s great number of operations have to be performed
daily, and are never adopted in scientific research, the silver in
the latter ease being almost invarisbly weighed as chloride.

441. Test-papers, Jc.—~There are several substances ueed in
qualitative and quantitative expetiments to determine the presence
of exceee of alkalice or acids, by the changes of colour produced
in them, The most common of these, and perhaps the most
gonerally useful, is litmus, which appears to be prepared from
two or three species of lichen by a procees which is by no means
thoronghly known. As it appears in commerce, it consists of
small square pieces about 4 of an inch long by } broad; these
fragments, besides litmus, contain a great many substanece, among
whieh may be found ferric oxide, alumina, sulphate of lime, silica,
and some others. Upon digesting this mixture with distilled
water at  gentle heat, a bluo solution is obtained of considerable
intensity ; this solution must have abont & qaarter of its bulk of
alcohol added to it to prevent desomposition, which would other-
wise take place on keeping. If pieces of white filtering-paper
are saturated with the finid thus prepared, and hung upon clean
atrings in a place free from dust and vapours, what sre termed
litmus-papers will be obtained; they shomld be out into stripe
about § an inch broad and 3 or 4 inches long, which may be kept
in small test-tubes, corked, for almost any length of time with-
out injury. These papere are so valuabls, and of sueh constant
use in the laboratory, that no trouble should be spared to obtain
them of the best quality. If the litmus, as sometimes happens,
contains an axcess of alkali, it is less sensitive as s test for acids,
a portion of that present being expended in its neutralization before
the remainder can act upon the colouring matter. This difficulty
may be got over by adding a very dilute acid to the solution before

x5
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dipping in the paper, and when the fluid has begun to show the
acid reaction, bringing the blue colour back with a little carbonate
of potash.

Litmus-papers aro preferred by some to the tineture in alkali-
metrical experiments; the solution to be tested is applied to the
paper with a glass rod, and if a red coloration is observed, the
paper is gently warmed until dry, in order that if the reddening
is cansed by earbonic acid the latter may be dissipated by the
heat, and the blue colour restored. 'When litmus-paper is in-
tended to bo nsed as o test for alkalice, it should be previcusly
reddened by holding it in & moderately damp state over the
vapour of acotic ecid until of a distinet red, but not lenger; the
blue is readily restored by even very diluted alkalice fluids or the
vapour of ammonia, The neutral-tint paper, sometimes prepared
as 8 teet for both acids and alkalies, is an unnecossary addition to
the colleetion of test-papers,

442, Turmerio-paper is best prepared by macerating gronnd
turmerio root with moderately strong spirits of wine, filtaring off
the bright liquid and ssturating white fltering-paper with it; in
consaquence of the volatility of the spirit, the pmpers soon dry,
and may then be preserved like those coloured with litmua,
Turmeric-paper thus prepared, is of a brilliant yellow colour,
which is turned to a reddish-brown or intense red by alkalics,
according as they are more or less strong. The dilute alechel in
by far & better menstroum for the colowring matter of the tur-
merio than water, espocially if the papers are intended for use at
loctures, where it is desired to make the chenge of colour evident
at & distanee, ‘Turmeric paper is much used to deteet ammonia,
but for this purposs it should be slightly moistened, in order that
the volatile alkeli may be absorbed and thus more effectually act
upon the colouring matter.

443, Lead-paper, used for detecting the presence of sulphuretted
hydrogen, is mads by saturating filtering-paper with solation
of acetate of lead, and, after drying, may be preserved in the same
manner as the others. It is blackened by very minute traces
of wulphur, If lead-paper be heid over a bottle of sulphide of
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ammoninm until black, it becomes an excellent test of ozone in
ossentinl oils ; for if a little turpentine, or other it which has been
exposed to the air until ozoniged, is dropped nupon the paper so
blackened, and the latter be held over the furnace-plate.or other
source of heat until the turpentine begins to volatilize, the blaak
stain disappears in the places where the ozonized oil has been,
and the original appearance of the paper is restored. This change
is due to the conversion of the black eulphwret into the white
sudphate by the oxidising tendency of the ozone.

444, Logwood.—The colouring matter of this substance is
preforred by some to litmus for dstecting the presence of excess
of alkalics, an axid aquecus solution of the eolouring matter being
turned from red to blackish purple by small exceas of alkali. It
is especially used in nentrulizing the sulphuric acid in Peligot's
nitrogen process.

445, Stips of fir-wood, moistened with hydrochlorio acid, are
muoh used as & teet in experiments on the volatile organic bases.
The method of testing for pyrrol has been mentioned before,
P- 238, A great number of volatile bases, when quite free from
pyrrol, have the property of giving e bright yellow etain to fir
and hydrochloric acid; the reaction is therefore not distinctive
of any specific substance.

Carbolic acid is recogmized by its property of giving & deep
blue tint to slipe of fir, moistemed with moderntely strong
nitrie acid ; the blue solour soon passes, however, into & brown.
Tt also gives & blue with fir-wood and hydrochloric acid.

446, Paper saturated with tincture of guaiscum assumes a blue
tint when exposed to most oxidizing vapours, such as chlorine,
bromine, nitrie acid, ofons, &c.

EXrEpIMENTS AHOWING THE ACCURACY OF THE METHODS GITEN,

447, Albalimeiry.—A tost-acid having been prepared, 100
divisions of the burette being equivalemt to 20 grains of car-
bonate of potash, e little of the latter, which was ascertained by
careful analyais to be chemically pure, was heated to rednees in
@ platinum crucible, and on being weighed with the lid om, to
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prevent moisture from being absorbed during the operation, was

found to be equal- to 10-8 grains. The contents of the crucible
were washed into s porcelain basin, some tineture of litmus and
a little more water being added, to make up about 2 ounces: the
fluid was now heated nearly to ebullition, the test-acid being slowly
dropped in, with constant etirring; after a time the solution be-
came distinetly red, but on boiling for & fow minutes the blue was
restored ; at Iast a point was reached when a single drop con-
verted the boiling solution from a blue to an intense scarlet, which
wase not altared by prolonged ebullition. The burette was then
replaced on its stand, the drop of fiuid remaining by capillary
attraction in the beak, sucked in so that it jeined the rest of the
fluid, and, after a fow minutes being allowed for the wides to
drain, the volune was read off, when 46 divixions still remained
in the burette, and 100 — 4854, the number of divisicnsused to
neutralize the 10-8 of carbonate, and
100;20::54:10:8.

In another experiment, 7-4 grains carbonate of potash required
37 divisions ;—

100:20::37: 74,

448, Estimation of silver by standard solution of common salt,
—The burette, which was divided into 100 parts, held 50 cub.
cout., and the jar for making the test-aolutions held just tem
times that quantity.

Now,toaseorbamhowmnehchlondeofsod:mubobed:s—
solved in 50 cub. oent. of water to make e standard solution, 100
divigions of which shall be equal to 10 grains of silver, we say—

Ag NaQl Ag ¥aQl '
108 ; 686 :: 10 ; 541,

The latteris therefore the quantity of common salt to be added

to 50 cub. cent. of water to make the standard solution, but to
" make ten times the quantity as a stock, 54-1 wonld be necessary,
In order to allow for impurities in the salt, 84 grains were dis-
solved in the jar of water, To detormine the strength of this
solution two experiments were made,
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- 1. 10 grains pure silver took 81 divisions.
II. 10, »”» 81 » *

The 81 divisions were therefore made up to 100 with water.
L. 5 grains of pure silver took 51 divisions.

II. 10 ,, » 100 ”
IoI. 10 » ” 100 ”
Per oont. ‘
_/%
rI. 1I. III.
102 100 100

In the firat experiment an excess of one division was added,
which, although only equal to 0'10 grain when caleulated to
100 parts, gave an exocess of 2 per cent. The other experi-
ments nre éxaet, and with moderate care may be obtained
equally correct every time. It must bo mentioned that the ex-
periments above quoted are taken at random from the laboratery
note-book,

Estimation of fres bromine by oil of turpentine (Wweighed quan-
tities being used),—47'7 cub. cent, of bromine-water, treated
with solation of turpentine in aleohol (containing 10 per cent, of
the oil} until the colour of the bromine had disappeared, gave in
aight experiments—

I. 4:16 of bromine. V. 423 of bromine,
o +18 ” VI 423 "
IIT. 4-36 ’» VIIL. 418 .
IV, 435 " VIII. 418 ”
8ix estimations as bromide of ailver gave—
L 415 IV. 425
I 415 V. 435
I, 426 V1. +14
Mean sit estimations Moan six estimations as
by tarpantine. bromide of sllver.
42256 4216



278 CHEMICAL MANTPULATION.

Almost the same results were obtained in presence of hydro-
bromie and hydrochlorio acids®,

449. To show the necessity of carefully examining the carbonate
of potash used for determining the strength of the test-acid, to
upon 8 specimen of carbomate of potash, eold as abaolntely pure
at an extravugant price, may be quoted :—

Carbonate of potash . . . . . 8185
»” goda . . . . . . T80
Tose . . . . . . . .. 86
100-00
A spocimen of salt of tartar of commeree gave—
Carbonateof potash . . . . . . 767
» soda. . . . . . . 84
Sulphate of potash . . . . . . 82
Chloride ofpotnmum . L
Water . . . . . . . . . . 169

997

450, The best method of ascertaining the aexistemoe of small
quantities of eoda in the presence of a great ¢xoces of a salt of
potash, is to heat & fragment of the suspectod mixture in the blue
flame of the blowpipe, and see if the yellow flame, charasteristic
of soda, is obtained. A mere trace of soda may be detected in
this manner, aa it quite ocverpowern the peach-blossom flame pro-
duced by pure potash salts.

* Chemioal Ghazette, vol. xii. p. 489,
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SECTION XXI11.
GAS MANIPULATION.

451, Experiments with geses are of everyday occurrence in all
laboratories, many processes of research being dependent mpon
the operator’s knowledge of their peculiarities, and familiarity
with the methods of working with them, It will be convenient to
divide the subject into five parts, namely, I. Prepamtion of gases,
2, Btoring of them. 3. Estimation of them: a, by volume; b, by
weight, 4. Analysis of gneeous mixtures,

PrRPARATION oF (FasEs,

452, a, Sulphuretted hydrogen; b, carbonic acid; e, hydro-
gen; d, oxygen; ¢, chlorine; f, sulphurous acid; g, cyanogen
and chloride of cyanogen; A, nifrous acid; +, muriatic acid.

4538, a, Sulphuretted hydrogen—This is by far the most com-
monly employed of the gases in analytical research; its uses are
numerous, but the property which, of all others, renders it in-
dispensable to the analyst, is the exceedingly characteristic nature
of its behaviour with solutions of the metals,

454. In faot, the latter may be divided into two grest groups,
by the menner in which their acid solutions react with it, some
being precipitated and others not. Among the former are found
antimony, arsenic, bismuth, cadmium, copper, gold, iridinm, load,
mercury, palladium, platinum, rhodium, ailver, telluriam, and tin.
Moreover, its reactions are in pome instances so marked, that a
shrewd guness may be madg e to the identical metal. Tt is also
invaluable for the precision with which certain metals may be
isolated from complex organic mixtures, even when existing in
them in very minute quantity.

455, It is also much used es s deoxidating agent, many solu-
tions of the higher oxides of metals being redunced to the protosalts
with precipitation of sulphur, Its deoxidating properties are also
turned to valuable account in organic research,
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Todine and bromine in contast with water may be converted by
it into the corresponding hydracids. A minute consideration of
these points helongs, however, to works on general chemintry.

466. Bulphuretted hydrogen may be propared from either the
. sulphide of iron or that of antimony.

457. From sulphide ofm—Thsmganerdlythemonm-
veniant of the two methods of preparatiom, as it does not involve
the application of heat. The material from whieh it is obtained
is the protosulphuret of iron, which, for the purpose, ought to be
in small fragmenta: fig. 218 represonts the apparatus moet usually
employed for this purpose.

The metallic pulphide is con-
tained in the inrge flask provided
withathistle-funnel,and a tube
by which the gasisconveyedinto
the washing-bottle. It will be
seen that the tnbe leading from
the generating-flask is divided
and connected with & cacut-
choue tube, to allow of freedom
of motion in the apparatns.
The washing-bottle is used to
retain any sulphuret of iron, or
solution of the eulphate or other impurities carried over mecha-
nically by the current of gas. To effect this washing, the tube
evolving the gas just dips under the surface of the water in the
washing-bottle. It is not advisable for it to be immersed deeper
than this, as such & procedure of courne ereates & pressure in the
flask, causing the fluid in it to ascend in the pipe of the thistle-
funnel, and, if allowed to penetrate deeper into the water in the
washing-boitle, this preseure, added to that in the vessel con-
taining the fluid to be acted on, may prove inconveniemt. By
increasing the length of the thistle-funnel the gas may be passed
& oonsiderable depth under the snrface of any fluid, it being always
remembered that the height to which the fluid in the generating-
fiask will rise in the tube of the funnel, is equal to the depth
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which the tube penetrates under the surface of the water in the
washing-bottle, plus that which it dips in the liquid being
acted on.

458, The spparatus, fig. 219, is for enabling a current of sul-
phuretted hydrogen to be obtained at any time, and yet to prevent

Fig. 219,

the sulphuret of iron from being dissclved after the required
amount of gas has been obtained. It moreover prevents the
oscape of gae into the apartment after the experiment is finished.
It was firnt desoribed by the late Mr, Kemp of Edinburgh. A
glass vesael, a, has o lateral opening, g, to which is attached the
weshing-apparatus, ¢, A plate-glase cirele, 4, fits air-tight zpon
a, the two surfaces being adapted to each other by grinding.
The plate has an aperture drilled in it to admit a vork, &, which
allows the wire, ¢, to alide up or down, The basin, d, is attached
fo the wire, and is intended to support the sulphuret of iron. 1t
is made of lead or porcelain, and is perforated. The washing-
apparatus, ¢, is attached to g by e cork. The form in the en-
graving may be modified in many ways to suit the operator's
oonvenience. A piece of caoutchouo tubing, f, enables a clean
exit-tube to be attached when required. The veesel, a, may be
filled o about a third of its capacity with dilute sulphuric acid.
To obiain a current of gas, the baain, d, is depreased until it just
touches the liquid. If the quantity of gas required is very emall,



282 CHEMICAL MANTFULATION, *

d is to be mised agein immediately, as the acid adhering to the
fragments will be suficient.

459. The fluids on which the action of the gas is to be tried
must always be tolerably dilute, and, if it is intended to separate
tho metals contained in it into groups in the usual manner, should
be distinetly, and even pretty strongly acid ; a great excess, how-
over, being avoided, a8 it invelves the introduction of an incon-
veniently large quantity of ammoniacal salt when the flaid has
to be rendered neutral or alkaline in a subsequent atage of the
analysis. The production of & precipitate is not invuriably owing
to the presence of & metal capable of being thrown down by the
gas, a8 when sulphuretted hydrogen is passed into solutions of
aalts of some of the higher oxides, pure sulpbur is thrown down
a8 & milk-white powder; an acid liquid containing persalts of
iron giving a copious precipitate of sulphur, according te the
equation

Fe 0*+ HE=2FeO 4+ HO+8,

460, It is necessary to perform operations with this gas in
places where there is good ventilation, in consequence of ite
deleterious nature, and also to prevent it from acting upon the
other substances contained in the laboratory. All malts of lead
will be blackened if even a minute quantity of the gaus eacapes
near them. Baryta salte are (from the almoat invariable presence
of a trace of lead in them) gemerally discolonred by it, us also
metallic apparatus,

461. ‘Where there is much testing with sulphuretied hydrogen,
it is a good plan to use water satursted with the gas, instead of
the latter itself, and, in fact, in all casea where it is not neces-
sary to expose the fluid under examination to the action of a
continued stream,

462, To obtain a knowledge of the appearances cansed by the
aotion of a stream of this gas upon various metallic solutions is
of great importance to the snalyst, as it frequently enables e
pretty acourate guess to be made at the natnre of the substances
present. For this purpose it is well to prastice upon solutions of
Inown composition, until the reactions are familiar,
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463. A blue colour is formed by sulphuretted hydrogen in
solutions containing vanadium. The precipitates formed in solu-
tions of copper and lead, and perhape many other metallic salts,
vary greatly in colour with the coneentration and degree of
acidity of the fluid, and with the mixtures present. If, for
example, sulphuretted hydrogen is passed into a solution con-
taining lead and arsenic acid, the first precipitate will be black;
and if this is filtered off, or allowad to settle, a yellow one re-
sults. In this ¢case, the phenomens are caused by the ease with
whieh the lead is precipitated, the sulphuret of that metal being
formed immediately, the yellow compound of areenic and sul-
phur, corresponding to arsemic acid, being formed with greater
diffienlty; it is usual, therefore, to reduce the arsemic to the
state of arsenions acid before precipitation.

464. A metal may be thrown down byt.lmgumth quite
different appearances, according to the state of oxidation in
which it exists in the solution; protosalts of tin, for example, -
giving a dark-brown precipitate, while the persalts are thrown
down of a bright yellow colour.

465, A peculiar appearance is caused when the gus under
congideration is passed into o solution of corrosive sublimate. It
may be mentioned, that at first, when the gas is in small quan-
tity, a white compound of meregric sulphide with the chloride
ia formed; and as the precipitates pess through various shades of
colour, from white through yellow and red to black, it would
appear that several compounds momentarily exist, but ere all
rapidly decomposed, the ultimate product being mercuric sulphide
of & black colour until sublimed, when vermilion ia obtained,

466. When insoluble salts are to be decomposed by sul-
phuretted hydrogen, as very frequently occurs, more especially
. in organic chemiatry, it is necessary to keep stirring up the pre-
cipitate, in order that it may be thoroughly exposed to the action
of the gas, as, if allowed to remain at the bottom of the beaker,
or other vessel in which the operation is performed, the decom-
position would be very incomplote even after a considerable
time.
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467, It is sometimes required to prepare hydriodic acid by
passage of this gas into & mixture of water and iodine; agitation
is particularly essential in thisinstance, from the way in which the
iodine becomes enveloped with the precipitated sulphur, masses
accumulating which are troublesome to get rid of when once
allowed to form,

468. It will be seen on refarence to the engrmving in p. 280,
that the large tube proceeding from the washing-bottle has a
small tube fitted to it with a cork; thisis in order that when it
ip wished to test solutions of different kinds one after another,
it should not be required to wait until the tube last used is
cleansed from the adhering metallic salphide before proceeding
to the next experiment; a few of these tubes may always be kept
in reserve. It is sometimes more convenient to attach them
to oue of vuleanized esoutchoune.

469. An aleoholic solution of sulphureited hydrogen is much
used, conjointly with ammonia, in some branches of organic che-
mistry, for the purpose of reducing the nitro-compounds of
oartnin hydroearbons, with the intention of eomverting them
into organic bases; the follewing equation, showing the msnner
in which thie decomposition takes place in the case of the forma-
tion of aniline from mitrobensole, may be taken 85 expressing
the genaral nature of the process, even where the hydrocarbons
are of a different constitution :—

n csH*

C“{ + 6HB = H}N+4H0+GB
Nor H

The amount of sulphur deposited being direetly in the ratio of

the quantity of base formed.

470, b. Carbenic acid.—Carbonio acid, although of far lees
general applicability in research, is, nevertheleas, often required
to be prepared in the laboratory. Itis usually obtained by sot-
ing on fragments of marble with hydrochlorio acid. It is much
better to use the marble in fragments than in powder, as in the
latter case the gus is evolved too tumultnously, while in the for-
mer it is procured in a steady aud easiiy mansgesble atream, well
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adapted for acting on sclutions or other matter exposed to its
infloence. It is improper to wse black marble in experiments
where a tolerably pure gas is required, as it evolves sulphuretted
hydregen at the same time as the carbonic acid. The apparatus
seen in fig. 218, p. 280, is adapted to the preparation of this gea.
The operation is precisely the same as in the case of sulphuretted
hydrogen, the only difference being that carbonate of lime in the
state of marble fragments is substituted for the forrous guiphide,
and hydrochlorie acid for the sulphurie.

471. It is easy in all cases where o gas does not require heat
in its preparation, to connect two ordinary glass bottles with
glass tubea and corks, so a9 to form a very efficient apparatus for
the purpose; the method of putting it together is cbvious from
fig. 218, In this, end, in fact, in all cases where gases are
prepared and passed into fluids under any pressure, it is ne-
cessary to take congiderable care in the selection of corks, in
order to avoid the neceesity of making good the joints with
luting. Neverthelees, when large quantities of the gas are required,
it is impossible to avoid the use of Inting unless an expensive
apparetus is employed.

A very effectual arrangement for the preparation of carbonic
acid, sulphuretted hydrogen, or pure hydrogen on the large scale,
conxists of & large stome jar closed with a bung, through which
pass two tubee, namely, a large one of glass, having a glass funnel
fitted to it with a cork, and a piece of tin ges-pipe pessing under
the surface of water contained in a washing-bottle, from whence
it is conveyed into the liguid {o be acted on.

472, When the fluid which is o be submitted to the action of
the gas is of a nature to receive injury from contact with a metallie
pipe, it is very easy to adapt a pieco of glass tube to the metallic
one. In this arrangement it is necessary to have recourse to
luting, and the best for the purpose is the almond- and linseed-
. meal mixture previoualy mentioned.

473, Carbonic acid is, it has been said, less frequently used
than sulphuretted hydrogen in research, but, nevertheless, it is
indispensable in many operations. It is used to convert the
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ordinary carbonate of potash into the bisalt, and to precipitate
lime and baryts from alkaeline soluticns. As produced by the
combustion of eoke, it has been employed to precipitate soluble
salts of lead with it, to form white-lead. It is not unfrequently
nsed a8 a non-oxidizing atmosphere in some chemical operations,
such as the distillation of fluids easily decomposed by contact
with air. Where the chloride of caleium in the epongy state,
used in organic analysis, is alkaline, it is usual to pass a gentle
stream of carbonic acid throngh the chloride-of-caleium-tube for
about half an hour, in order that nome of the carbonic acid gas
produced during the comlmetion of the orgenic substance shonld
be absorbed during its passage before reaching the potash.bulba,
It is necessary, of course, {0 remove the remaining carbonic arid
from the chloride-of-calcium-tube before conmeeting it with the
combuation-tube, &e.; this is best done by gentle euction with
the lips, applied by means of a suction-tube, or by simply ap-
Plying them to the tabe iteelf, of course avoiding to wet the out-
gide of it, or, if such should happen, it must be carefully wiped
off preparatory to weighing.

474. In operations where lime, &e. is to be precipitated by a
current of carbonic acid from any solutiom, the property of this
gns to dissolve the precipitate again when in sufficient oxeess
must not be forgotten. Where it is suspected that such an error
hss been committed, it may he corrected by boiling the solution
for a short time, by which means the excess of carbonic acid is
oxpatled, the earthy carbonate being agein precipitated.

475, ¢. Hydrogen.—In the preparation of this gas, the same
gystom of apparatus given for sulphuretted hydrogen end carbonic
acid may be employed ; the substances by which the water is de-
compoeed to furnish the gas, with the assistance of sulphuric or
muriatic acids, being iron or zine. The manipulation required de-
manda ao specific notice. There are, however,some particular cases
in which precautions must be taken. If, for example, it is reqnired
to reduce a metallic oxide with hydrogen, it is necessary to dry
the gas before pessing it into the tube in which the reduction is
porformed, In the instance of the proparation of the metallic
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copper used in organic analysis to reduce the oxides of nitrogen,
end sometimes for other purposes, it is merely necessary to sub-
stitute a flask of concentrated sulphuric acid for the washing-
bottle i fig, 218 ; seo also p. 187,

476. The uses of hydrogen in analysis have been much .in-
creased lately by the researches of MM. Rivol and Bt.-Claire
Deville, and it is probable that they will be still further axtended.
1t is important in experiments where the reducing property of
hydrogen is to be made use of on mixtures of & heavy with a
compearatively light substance, not to have too rapid a current of
the gas, as it is lisble to carry away mechanically & portion of
the less weighty matter,

477. When the loss of weight consequent upon the pessage
of hydrogen at a red heat over a mixture of a reducible and non-
reducible metallio oxide im to be ascertained, it is unnecessary,
where the mixture has been obtained by precipitation, to employ

the whols of the precipitate. If the weight of the latter is

accurately kmown, a portion is introduced into the bulb of the
reduction-tube, figs. 129 and 220, which is weighed before and

Fig. 220.

after ite introduction. By this means the loss of weight con-
sequent upon the passage of the gas over & kmown portion of
the mixture may be cal¢ulated upen the whole quantity, and as
accurate a result will be obtained es if the entire amount had
been introduced. In fact a more exact experiment is generally
made thus, because where a considerable quantity of substance
is treated in the manner alluded to, a portion is liable to eecape
the action of the gas from its being covered by the superin-
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cumbent mass, and in all cases the larger the quantity worked
upon, the more troublesome the reduetion becomes to effect
completely.

478, The use of hydrogen in distillation to prevent oxidation
haa been previcualy alluded to, § 863, p. 231,

479, Intaking the densities of the vapours of substances lLiable
to oxidation at elevated temporatures, results are obtained greatly
varying from the numbers required by theory. To obviate
this, the flask in which the density is to be determined, hea ita
neck inserted into a vessel through which e stream of hydrogen
gas ie passed for eome hours; by this means the diffusive pro-
perty of the gas enables us to get rid of the whole of the oxygen
from the globe, and thus aveid the sourse of error caused by the
oxidation of the vapour.

480. When it is required to obtain hydrogen gas abeclutely
pure, it is sometimes procured by the electrolysis of water; the
apparatus required for this purpose will be found in ite proper
place.

A very pure hydrogen may be procured on passing the gas
evolved by the action of dilute sulphurie acid on gine, first through
water, then through a solution of nitrate of silver; after this it
bubbles up through a tolerably concentrated solution of canstio
potash ; and lastly, it is dried by sulphuric acid. A considerable
time must be allowed to elapse before the gas is eollected, as the
quantity of air in 8¢ complex sn apparstus as thet required for
ita complete purification is comsidarable ; and the stream must be
tolerably rapid, and well sustained, to ensure the removal of the
last traces,

43]. Hydrogen is froquently prepared by means of an ap-
paratas on the principle of that seen in fig. 221, and kmown es
Peehereiner’s lamp. The chief advantage in ite use is, that it
allows of a supply being obtained at any moment, and with the
addition of a small brass cup containing spongy platinum, consti-
tutes an instantaneous light. It can elso be used very conve-
niently as 8 Marsh’s apparatus.

The instrument consiste principally of two vessels, o and b:
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a is & globe with a long neck, snd provided at the bottom with a
Fig. 231,

flange, to enable it to sopport a cylinder of zine, A*; it has a
stopper at ¢, which is, however, perforated. It fits tightly into
5, by meana of a thick portion ground conical to fit accurstely into
the neck of the lower vessel at d. The lower portion of the
lamp has a pipe projecting from it, furnished with a tap, ¢,
which is 8o made as to allow of the other piecee of apparatus,
presently to be desoribed, being attached. The mode of action of
the instrument is very simple, Dilute sulphurio acid, sufficient
to fill the lower vessel when the sine is in its place, is poured in,
and the upper portion is ingerted, care being taken that it fite
properly et &; the acid meeting with the cylinder of sine held
round the tebe by the flange, generates hydrogen with tole~
rable rapidity ; ¢ being closed, the gas is unable to escape, and

* Tt is preferable to have o movesble cork flange to support the zine.
0
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canses sufficient pressure to force the liquid np the tube, 1, inte
a; the level of the liquid in & is now at &, and the acid being no
longer in contact with the zine, all evolution of gas ceases; and
by opening the stopcock, ¢, the pressuré of the column of fluid
causes the gas to escape with rapidity. If it is desired to
use the lamp as & Marsh’s apparstus, the finid smepected to
contain arsemic is introduced into a, and allowed to descend
into the lower compartment, a0 that the hydrogén may act on the
avsenic at the moment of ite formation. A piece of hard glase
tube, free from lead, drawn out and bent upwards, as in figure
221, is attached at f, by means of a perforated cork, and as
soon a8 the air is expelled (by allowing the liquid to deecend
twice, and again making it rise into @, by means of the stop-
cock, ¢), the gas is inflamed at the point of the tube, and e
cold porcelain plate is depressed upon it until the presence or
absence of arsernic is determined.

The process is sometimes modified, by heating the tube, g, in
the oentre by means of a spirit-lamp, when the arseninretied
hydrogen is decomposed with deposition of the metal. When it
is intended to use the instrument as an instanteneouns-light ap-
paratus, the appliances seen in fig. 222 are attached. It con-

Fig. 282,

< J_ ge
k3
gists, essentially, of a brass tube, a, upon which slides stiffly a
small piece of tube, carrying a rod, to which is attached a nut,
perforated to allow a wire fo slide through it, which is capable
of being fixed in its position by a screw with a milled head, 5,
This wire has & small brass cup, ¢, fastened to its extremity,
the concave part of which is directed towards the fine orifice of
the nowxle, d; this ¢up contains a little spongy platinum. If
the tap, ¢, be tumod when the veesel, 5 (fig. 221), is full of
gas (the apparatus in fig. 222 being eubstituted for f g, fg.
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221), the hydrogen escaping by the aperture of d, plays upon
the platinum, and being by the peculiar structure or con-
dition of the metal brought into intimate contact with con-
densed oxygen, ita union takes place with formation of water,
and the action is sufficiently energetic to eause the igmition of
the platinum, which in jts turn inflames the excess of hydro-
gon. This takes some time to deecribe, but the effect, as the
name of the lamp implies, is, when all things are in good order,
instantaneons.

482. If, as not unfrequently happens, it is wished to collect
the hydrogen over mercury or water, the arrangement seen in
fig. 223 is adopted. It merely consists of & glass delivery-tube,

Fig. 228,

1

which may be attached by a cork to the stopoock, o, instead of
the tube g in fig. 221,

488, Oaxygen—The uses of oxygen in reecarch ave very limit-
ed, and, with the exception of its power of converting carbon
into carbonic acid at a red heat, I do not remember any applica-
tion that requires particular manipnlation, except in experiments
for the lecture-table, and in eudiometrical proceeses, to be al-
luded to in another section,

The method of applying it to the purpose first mentioned, will
be described under the heed of Organic Manipulation. For all
purposes where a good quality of gas is reqnired,it;spropmd

o
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by heating chlorate of potash mixed with about one quarter of its
weight of powdered oxide of copper or manganess. This addi-
tion enables the gas {0 be obtained at & lower temperature than
would otherwise be necessary. In heating the mixture either in
flasks or large test-tubes, care should be taken to apply the
heat very gradually, or a fracture is almost sure to take place.
A charcoal fire is, for this reason, better than a lamp, as the
temperature is more diffused and gradeal. The delivery-pipe
must not be immersed too deeply in the water of the pneurnatio
trough, or the pressure will cause the tube to blow out, in con-
sequence of the softening of the glass caused by the high
temperature. Many other points in the manipulation connected
with this gas will be alluded to under other heads,

484, Chlorine.—This gas is used in a multitude of cases, each
requiring & different system of apparatus, or a modification pecu-
liar to the circumstances of the experiment in hand. Great
care must be taken to avoid breathing it, as its effect upon the
lungs, even when much dilnted with air, is very distressing ;
should such an asccident oceur, moet rapid relief is obtained by
inhaling the vapour of hot water, the face being placed upon a
jug so as to permit of the eteam being easily breathed: a very
little ammonia added to the water greatly increases its efficacy.
Another reascn for preventing its escape into the laboratory, is
the great injury done by it to all metallic instruments. Whero
a continued stream of the gas is required to be pessed for hours
through a solution, ae in Rose’s excellent process for separating
nickel and cobalt, the exit of the gas must be into a chimney, or
rome other place whers no inconvenience can ariso from it.

If an exoeedingly largo quantity of gas is to be passed for
hours through or over a substance, as in acting on large quan-
tities of naphthaline in Laurent’s process for preparing the
bichloride, or in making considerable quantities of pentachloride
of phosphorus, &e., the oxide of manganese in very fine powder
should be placed in a six-gallon stone bottle, provided with o
cork, through which two tubes pass. One of thesc is merely for
the exit of the gas, the other is a safety-funnel, by which the
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hydrochloric acid is to be added. The stone bottle is to be
placed in a wafer-bath, all the joints of the tubes being made
with rather long pieces of vuleanized tubing, in order that the
varions parts of the apparatus may be susceptible of considerable
movement without deranging the rest. The chlorine first passee
into an empty bottle kept cold in order to allow the greater part
of the moisture to deposit, and then two flasks of concentrated
sulphuric acid, one after the other, to ensure perfect dryness.
The gas then, by moens of a tolorably wide tube, enters the
flask in which the naphthaline, phosphorus, or other matter is
eontained, care being taken that if at any stage of the operation
the subetance acted on thickena under the influence of the gas,
the tube by which it enters doee not quite touch the matter
acted on. Ancother tube from the flask is allowed to pass out
of the window, to got rid of the excess of chlorine and other
gases and vapours gemerally evolved under such cireum-
stances. If it is suspected that volatile products of decompo-
sition are evolved, as not nnfrequently happens in operations of
this class, the gases before passing out of the window may be
made to traverse a bulbed tube immersed in & good freesing
mixture. This will generally be found to retain any producte
that may be formed. The method above deecribed must of
course be modified to meet the varying circumstances of the
experiment.

485. Sulphurous acid.—~Where a oconsiderable quantity ie
required, the iron pot with the tube secrewed on, fig. 198, ie
perhaps the most convenient apparatus. In this case it is
evolved from & mixture of bruised charcoal and concentrated
sulphuric acid. The pasty mass is gently heated, the gas being
copiously evolved. The mixture is almost without action mpon
iron. It ie also sometimes prosured by the actiom of sulphurie
acid upon mereury or copper, but this process is only adopted
upon the emall scale, where o pure product ie required. Ass
very effective oondensation is necossary, where the gas is to be
condensed by itself, the methods of effecting condensation
describod in §5 352 and 383, may bo employed. It is proper
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to have the exit-pipe immersed a short distanee under the sur-
face of mercury, 8o as {0 aseist the condensation by alight pressure.
The product must be kept either in thin stoppered flasks, which
are to be retained at as low a temperature as possible, or, which
is prefersble, sealed tubes. It is seldom used in this condition,
oxcept, pechaps, for demonsirating the sphervidal state of water,
by the conversion of it into ice in & red-hot crucible, as in
Boutigny’s remarkable experiment, Bulphurous acid very much
diluted, as prepared by passing the gas produced by the mutual
action of charcoal and sulphuric adid into water, is used to re-
duce arsenic acid to arsenicus acid, previous to precipitating the
fluid by a stream of sulphuretted hydrogen.

486. On the large scale, sulphits of soda is prepared by pase-
ing the gas, produced as last mentioned, into a strong solution of
carbonnte of soda. The sulphite of soda, thus prepared, is cne of
the ingredients wsed in making hyposunlphite of soda according
to Berzelius’s method, A strong solution of sulphide of sodium,
procured by boiling caustio sods with exceas of flowers of gulphur,
has the sulphits of soda added to it until the dark colour of the
sulphide dieappears; a little more of the Iatter is then added,
until the fluid assumes a pale but distinet straw tint, On eva.
poration, crystals of hyposulphite of soda, alightly yellow, are
obtained, which by reorystallization may be procured colourlees
end very pure. The bisulphites of soda and ammonia are inva-
Inable in organio research, from the powerful tendemey which
they ovines to combine with the aldehydes, and some other
bodies.

487. Cyanogen.—This gas has Iately been wsod with great
success ax s reagent, more especially by Hofmsuun, in his ex-
tremely besutiful researches on aniline, an inveetigation which,
from the completeneas with which all the analogies which the
base alluded to presents with ammonia, bave been followed out,
has probably never been surpassed.

The gas is evolved in a tost-tube by the astion of heat upon
cyanide of mercury, and is conveyed into amother, where any
aqueous or mercurial vapour ie condensed, the pure gas passing
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into a third, where it exerts its action upon the fluid submitted
to it. For details connected with the action of cyanogen end
the chloride of that radical upon orgenic bases, the reader is
referred to the original papers of Hofmann in the Quarterly
Journal of the Chemical Bociety of London.

488. Nitrous acid.—The action of this ges upon oile and other
matters has been etudied of late to & suficient extent to make its
‘mention here not improper. If nitrio add moderately diluted
is placed in & fiask with & bent tube to convey the produced gas
into the solution to be acted on, and a fow pieces of starch are
added, and the whole is gently warmed, a mixture of nitrous
and hyponitric acids is given off with extreme regularity; and
by removing the flask from the somrce of heat, may be passed
through the oil or other matter to be examined in a elow steady
stream, excellently adapted for prodncing the intended offect.

489, Muriatic avid gas.—When it is desired to submit any
fluid to the action of muriatic acid, as in the preparation of the
others, the production of the muriate of camphene, &e., several
ways may be adopted, The ges may be procured by merely
heating hydrochloric acid, and passing the evolved gas first through
sulphuric acid and then into the fluid, or by adding concentrated
sulphuri¢ gently through a safety-tube inte strong muriatic acid,
in a flask provided with a bent tube, to couvey the gas to the
place where it is to exert its action: or the action of sulphurie
acid upon common salt may be resorted to as being the more eco-
nomical method of procedure. In most cases, no matter in what
way the gas is procured, the matier to be aeted on ehould be kept
veory cold, to prevent the vapour from escaping before it has had
time to produce the desired reaction.

490. There are other gases often required in the laboratory for
purposes either of demonstmtion or research, but the methods of
msnipulation in the following pages will be found amply suficient
to indicate the mode of procedure to be adopted, and the apparatus
to be made use of,

491, Collection and ratmtion of gas.—The way in which che-
miats at the present day vollect elastio fluids is pretty much the
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same as it was in the time of Priestley, the differences being
only in the arrangement of the apperatus, not in the principle.

The method depends upon the displacement of water or mer-
cury by the gas as it is evolved from any of the instruments
either to be alluded to or those already given. If a bottle be
immersed in & vessel of water, so that it becomes filled, and it
‘is then raised, bottom upwards, out of the liquid, the latter will
not esoape so long as the mouth of the vessel is under the wuter;
the same thing happens with mercury. The oldar chemists were
in the habit of suspending the jars to be filled with gas by means
of strings, in the pneumatic trough as it is termed, but the
method shown in fig. 224 is that now generally adopted.

It will be seen that two jars stand upon the shelves of the

trough, in both of which the water has been partially displaced,
that in ¢ by the gas evolved from the flask, ¢, the tube of which
passes through a slit cut in the shelf at e,
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492. When an inverted jar of water has the end of a pipe
delivering gas passed under it, the water is displaced, descending
into the trough, the level of the fluid in which of course rises,
the gas supplying the place in the jar, At dies a small fuanel
placed immedistely beneath the aperture in the shelf, by which
the gas sscends. Bometimes, inatead of this arrangement, the
jars are so placed upon a plain shelf that they projeet over it
sufficiently to allow of the delivery-tube being placed under it,
as at &, in the figure, Another method is to have notehes cut in
the shelf to permit the tube to pass under the jar without any
danger of the latter falling, as may take place where they are
allowed to project over the shelf. But by far the most convenient
and portable method is that seen in fig. 225, where what is
termed a bee-hive shelf Fig. 285.
is used. The last-named
piece of apparatus con-
gists of a veasel shaped
like a bee-hive, only flat
at the top, so as to sup-
port & gas-jar, An
aperture in the side per-
mite the pessage of o
delivery-tube. The nse
of this little contrivanee
(the invention, it is bo-
lieved, of Mr, J. J, Grif-
fin) almost dispenses THREREYC : 4
with the use of the cumbrous pneumaﬁo trough, any baain or
water-tight box answering the purpose. The water should be
poured in until it covers the shelf for about an inck, when the
jar, full of water and inverted, may be placed upon it, and sup-
ported, if necessary, by a ring of the retort-stand, or by Galin’s
eylinder-holder, described at p., 161,

403, Pneumatic troughs of large sire adapted for class illus-
tration and lecturing, are frequently made of japanned tinmed-iron
or wood. Their construction and nse will be obvious from what

o
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has already boen said. Where it is necossary to fill several jare
with gue one after another, they may all be arranged in a row
upon the shelf of the large trongh, and the delivery-tube may be
brought in sueccession under each until it has become full of the
gos. In thia latter cnee, however, as the quantity of water dis-
placed gradually accumulates, the trough soon becomes filled with
water to an inconvenient height, and may easily overflow. The
undne rise of water is to be carefully avoided, bocanse the jars,
when foll of gus, are eaxily upeot as the water rises, their buoy-
anoy being considerable. It is best to have a miphon, with ita
longer leg closed with a cork or tap, hanging over the gide of the
trongh, so that any quantity of water required may be drawn off.
‘Where very small troughs, such as that scen in use with the bee-
hive shelf in fig. 225, are employed, it is of course impoasible to
fill the gas-jars by immersion in the troughs, and then inverting
them; in this case one of two methods may be employed, de-
pending upon the calibre of the jars, If they are long and narrow,
o8 in fige, 226 and 232, they should be ground at the opening, and
then, being inverted, may be filled up with water, and » ground-
glasa plate being placed over the aperture, they may be restored to
their proper pogition as used in the trongh, and the mouth being
placed under wuter, the glass plate may be removed, and the jar
put in its place on the ahelf. Where, on the other hand, the jars
are too large to be alosed with a plate, they must be filled with
water at & cistern or some other convenient vessel ; and a amall tin-
tray or an evaporating-basin, or even, if nothing else beat hand, a
saucer or small cheese-plate, shonld be alipped under the jar be-
neath the surface of the water, where the small quantity of fluid
in the plate will be quite sufficiant to retain the water in the jar
on lifting it out. In the same manner s jar full of gns may be
taken from the trongh and put aside until wanted,

494, The jars used -at the pneumatio trongh vary in sise and
capacity acoording to the purposee for whioh they may be required.

Fig. 226 showe a form of gas-jar of very frequont use in the
laboratory in varions researchee, especially at the merenrial trongh.
It is made very thick in the glass, to emable it to bear the great
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weight of the metal ;. it is also ground at the bottom, to facilitate
the removal of the jar and contents by closing it with s glass
plate, in the manner described further on,

Fig. 227 is chiefly used in experiments involving the tranefer-
enoe of a gas to a globe or biadder, by the method the details of
which will be found farther on.

Fig. 228 repreeents a form of jar much used in demonstrative

Fig. 228.

experiments; it consists of a wide-monthed bottle open above
and below, the outside of the neck being ground smooth at a, to
admit of ita being accurately closed by s glass plate, or by the air-
tight collar, b, through which passes a wire, having a small spoon,
d, at the lower end. To use this jar for deflagrations, as, for ex-
ample, to show the combustion of sulphur in oxygen, the mouth
is closed with a glass plate, slightly greased to ensure complete
adhesion, and the bottle being filled with water, is to be inverted
in the pneumstic trough, and the gas passed in until full. When
this is the case, the collar and wire being et hand, the matter to
be burnt is placed in the spoon and ignited, and the plate of
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glass being quickly removed, the spoon, with ita lighted charge,
is to. be quickly and steadily inserted, the collar, b, resting on a.
Fig. 229 ia a form of jar equally adapted to lectare  ¥ig. 229.
experiments, and, when graduated, to researches. It
is, however, not used where ignitions are to bo per-
formed in gases, except for the combustion of anti-
mony or copper in chlorine, where the gas is ineerted
by displacement inetead of over the water-trongh, as
described at p. 302, and in this case the round top
is very inconvenient, and the jar seen in fig. 231 is
almost always sobstitated. Fig, 230 is used in lec-
ture experiments, to show the combustion of phos-
phorus in air or oxygen gas. In using this apparatus,
the globe previously filled at the trough with gas,
where oxygen is used, is, after the phosphorus has
been ignited, steadily placed over the deflagrating
spoon, a, supported on the stand, . Figs. 231 and
232 show two forms of plain gas-jars much used in
experiments at the lecture-table; the first is well adapted for
showing the effeet of oxygen upon the gas produced by the acticn

Fig. 230. Fig. 231.

of nitric acid npon copper, the binoxide of nitrogen being converted
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into the red fumes of hyponitric acid. It is equally  Fig. 282
well adapted, from its flat top, for experiments with
chlorine, carbonie acid, &o., where it is filled by dis-
placing the air with the heavy gas. The tall tube,
fig. 232, is useful for showing the decomposition of
water by sodinm. The vessel, the mouth of which is
ground, so as to enable it to be closed with a glasa plate,
ia filled with water, by pouring the latter in from a
jug; the plate being then placed over the mouth, it
is inverted in the pneumatic trough, and the plate is
removed, If, now, a pellet of sedium is wrapped in
paper and dextercusly ineerted under the edge, it
ascends to the top, and as soon as the fluid has pene-
trated the paper, the decomposition of the water takes
place, with evolution of hydrogen gas, the liquid be-
coming of course depressed; if, now, the plate is
placed under the jar, and the latter being raised
mouth upwards, the plate is removed, a light being
at the same time brought close to the aperture, the
inflammability of the gas will be shown. It is better
in this experiment not to use sufficient sodium to
expel all the water, as a little oxygen, or even atmo-
epherie air, may be introduced, and, on the approach
of the light, an explosion will take place, the experi-
ment thus becoming more perceptible to those at
some distance from the lecturo-table. The reason that sodium is
usod, is because it is more managenble than potassium, from being
not quite so rapidly oxidized by water, so that less heat heing
developed, there is little danger of fracturing the jar. The jar,
fig. 227, has a cap cemented to it to allow of stopcocks or other
pieces of apparatns being attached, to enable the gas to be truns-
ferred to bladders or other recoptacles. A convenient form of
cap is that given in fig. 233, where it appears attached to the
neck of & glass balloon ; the female screw allows of the stopeock
of the bladder or gas-bag being attached or removed. To ascer-

tain the tightnesa of a gas-jar with the stopeocks and cap attached,
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it is to be placed upon the shelf of the pneumatic trough, and,
spplying the mouth to Fig. 288.
the opening, air is to
be drewn out so as to
cause the water to
stand several inches
inxide the jer, sbove
£he level of that in the
trough, The atopeock
is now to be turned off,
sud the height of the
water is to be marked \
with a piece of gum-
med paper. If at the end of an hour or so the water has not
fallen, the cap and its adjuncts are perfect.
495. Heavy gasos, such as chlorine and carbonic acid, are fre-
quently colleoted very conveniently by the method of displacement,
the arrangement of the apparatus being evident from fig. 234,

‘where o represents a flask in which the gas is prepared, which
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pasece throngh &, down the large tube ¢, into the washing-
bottle, d. Tho washed gas passea from d, through the tube e,
to the bottom of the cylinder, £, which is the same as figure 231
inverted. The heavy gas gredually sccumulates in f, rising
higher and higher until the atmospherie airis expelled ; when this
is the case, the mouth is sovered with a glasa plate ground to fit
it, and the veassel is ready for the lecture-table. In the case of
chlorine, it is easy to know when the cylinder is full from the
eolour of the gas, but with carbonio acid it is proper to continue
the stream until an ignited splinter held close to the side at f is
extinguished by the gas, which, having filled the vessel, ows
over the sides owing to its high demsity, and then extinguishes a
burning body as effectunlly as water.

486, Ammonia may be ponveniently obtained in jars for the lec-
ture-table by an inversion of the latter process as shown in fig. 235,
where the ammoniacal gas libo- Fig. 296,
mted from the fask, a, ie
carriod by the bent tube, b, to
the top of the eylinder, ¢, until
& pieco of turmeric paper is
turned red the instant it is held
near the mouth of the cylinder,
as at d.

497. Where very small
quantities of geses are being
examined as to their solubility
or any other physical or chermi-
cal character, it is pomeotimes
convenient to dispense with the
pneumatic trough aliogethar,
and several contrivances have been adapted to meet this require-
ment. One of these, Kerr's tube-receiver, fig. 236, although
less nsed than it deserves to be, will be described from its great
oonvenisnce it many experiments of research where the quantitios
are very limited. It consists of & V-tube, 8o construsted that the
lowest part, b, is not exactly in the centre, but rether towards
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the side, ¢, so that if the apparatus be filled with the acid to d,
end a fragment of carbonate of lime, for example, be dropped in,
it will ocoupy the positicn Fig. 236,
acen in the figure, and the '
bubbles of gas will ascend
in the limb, de¢. Ifitis
desired to replace the acid
by water in order to exa- &/
mine the behaviour of the
gaa towards reagents, it
may easily be effested by
plunging theapparatusinto
water, keeping the end, ¢, uppermost, when the neid will flow cut
and its place be ocoupied by the water. The tube being filled
with water, exoept that portion of 3 ¢ cccupled by gas, it is easy,
by elosing the end, a, with the thumb and depressing v, to obtain
any quantity between the thumb and the surface of the water in
the limb, ba, 8o a8 to try the effoot of flame, &o. upon it. The
method of performing these experiments will, however, be made
more evident by consulting the deeeription of Cooper's mercurial
498. In most instances where a gas is to be collected for expe-
riments to be made upon it, it is essential to allow all the air
contained in the delivery-tubes, end in that portion of the gene-
rating flask above the materiale, to be expelled before colleoting
the remainder ; where this precaution is necessary, it is improper
to allow the gas and air to stream from the end of the delivery-
tube into the apartment, evon in cases where no immediate in-
convenience would result from such a procedure, becanse by this
means it is impossible to ascertain with accuracy the point at
which it is neceesary to stop; but if, on the other hand, the first
portions which come over are received at the pneumatie or mercu-
rial trough in small tubes, it is easy to ascertain by approprisie
toats when the air is suficiently expelled {o make it proper to
receive the remainder in the regular manner., On other oecasions,
however, as, for examplo, in one of the older and lesst-used
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methods of detormining nitrogen, the whole of the gas ia received
from the commencement.

499. Solution of gases.—Where gases are to be dissolved in
fluids, the simplest method of proceeding consists in passing the
former into the latter contained in a test-glass; the manipulation
necessary in a ¢ase of this kind having already been desceribed, will
not be repeated, But if, on the other hand, the gas is extremely
soluble in the absorptive media employed, there is considerable
tendency in the fluid to rush baek into the generating bottle.
Ag the ordinary routine of laboratory-work presents numerous
examples of this kind, and as it is very necessary for the student
to be familiar with all the precautions requisite to ensure freedom
from accident, the operstion will be deecribed somewhat minutely.
If, for example, it is desired to obtain a saturated sclution® of
ammonia in water, by the roaction of slacked lime and chloride
of ammonium, the materials are mixed in the fask, to which is

£ Fig. 237.

=

fitted a perforated cork ; a tube passes from this into a little water
contained in the first bottle, b, intended to wash the gas and re-
tain any impurities mechanically carried over; from this another
tube proceeds into ¢, which containe the water to be saturated,
and thence, if necessary, into one or two more bottles. The
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delivery-tubes procoed to the bottom of the water, and it is to
be obsarved that when contraction takes place in a or b, which
frequently happens, there is a tendenoy in the fluid to rush up the
tubes, d d', the fluid in ¢ going back into &, and that in the latter
into the flask, & ; but this is prevented by the safety tubes, ¢ ' and
J; the two former dip only just below the surface of the water in
the bottles, and therefore whan contraction takes place, sir enters
by them and reetores the equilibrium of pressure. But as there
is no fluid in the flask for a tube to dip into, the Welter’s tube, f,
is used, a little water, or sometimes mercury occupying the bend,
As mercury is nearly fourteen times demser than water, it is
necossary that the delivery-tube, &, should be fourteen times
longer than the distance that exists from the bottom of the curve
in'f to the surface, g, of the metal in the tube and arm of the
safoty-tube: if this is so managed, air will preferably enter by
bubbling up through the mercury, than by foreing the column of
water from 3 through d inte ¢®,

500, If, on the other hand, alcohol is to be saturated with
ammoniacal gne, liquor ammonie may be gently heated in a retort,
in contact with fragmenta of quarts, to facilitate escape of the
gss, which, after passing through s U-tube filled with fragments
of quicklime, may be passed into aleohol kept cold by immersing
the flask containing it in water or otherwise, In this ease it ia
mnecessary to employ & Welter's tube, because, if a glass tube
passes through a cork in the tubulature of the retort and just
dips into the fluid, air will enter by it, if any contraction takes
place, and thereby prevent the receesion of the alcohol.

501, It hag been said in the section on Distillation, that it is
often required to add e portion of fluid to the contents of & vetort
during an operation, and this may be effocrted eesily by a tube
often used in experiments with gases, It alsc acts as a mafoty-
tabe, It is seen at several places in this volume, among othera
in Ag. 237. When the fluid poured in at f rises above the bend
of the tube over the bulb, it begins to flow over into the retort,

® A vory simple method of construsting s Waltar's safety-tube wil be
found in the sectiom on Glass-working.
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and thus any desired quantity may be added, and if contraction
occurs, air enters through the liquid into the retort. The length
of the column of finid ir the limb, ¥, must be suflaient to prevent
any outward pressure from ejecting it and thue allowing escape
of gas.

502. A very neat eafety-tube, which is especially convenient
in cases where the retort has no tubulature, is seen in fig. 288,

Fig. 238,

Muriatic acid gas is formed in @ by the reaction of salt and
sulphuric seid; the ges passes through b into & tube containing
a little mercury, and thence through d into water contained in
the botile, . The tube, ¢, it closed with & oork, through which
passes & tube, s, dipping s short distance (about 4 an inch) into
the metal, On contraction teking place ir a, air enters by o
through the mercury and prevents the regurgitation of the acid
in . Another, but more expensive safety-tube, equally adapted
with the last described to retorts whioh have no tubulature, is
seen in fig. 239. One very important use of these eafoty-tubes is,
that in the event of the exit of the apparatus becoming choked, the
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rotort is saved from bursting by the gas escaping in the direction
of the arrows.
508, Two more
forma of safety-
tubes are seen in
figs, 240 and 241.
The former is con-
structed with glass
valves,oneofwhich
opens inwards and
the other out-
wards; they re-
quire, however, to
be finished with

Fig. 240.

Fig. 289,

not more conve-
nient than the
comumon form. The
other is intended,
in the event of eudden condensation taking place in the retort,
to prevent the fluid from finding its way in, and thus by mixing
with the contents, apoil the reeult. It also has other and better
uses, which will be seen by inspecting d, fig. 100.

504. A very convenient method of obtaining the moet intimate
contact of a gas with a floid on which it is to exert a reaction,
especially where the gas is valuable or the quantity at the opera-
tor’s dispossl is emall, congiste in passing it through the fluid
contained in a potash-tube, as in fig. 242. The apparatns should
be inclined by means of a cork, as is deseribed in the chapter on
the manipulation conneeted with organic anelysis, 'This is par-
ticularly useful in experiments on the action of heat upon some
organic bodies, On exposing the hydrochlorate of camphene to a
high temperature in contact with lime, by passing it over frag-
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ments of the latter in & long glass tube, both fluid and gaseous
products are evolved. As they pess from Fig. 241.

the tube into  Woulfe’s hottle protected by P
8 screen of tin plate from the heat, and also
immersed in cold water, the greater portion
of the products obtained are condemsed,
only & few drops of an excessively volatile
fluid being found in the U-tube cocled
by & powerful freezing mixture, but 8 very
considerable quantity of the gas is retained
in the potash-tube fillled with alechol.

A gimilar method of condensing eesily
dissipated products should be adopted
in submitting volatile acids to the action
of the pile, Kolbe found that valyl (butyl)
vapour was carried away with thegus formed
by the electrolysis of valerianic acid, and
I observed in elecirolysing butyric acid
the same to happen to a atill greater ex-
tont in consequence of the superior volati-
lity of propyl.

505, The Gasometer—This is an indis-
pensable piece of apparatus in all labo-
raforiea of research; and in consequence
of the very general adoption of Hofmann’s
method of performing orgenic analysis,
finds its way into places where otherwise
ita presence would not be required.

506, The gusometer, as modifled for the last-named purposs,
will be deecribed in its place, under the head of Manipulation
connected with Organic Analysie, The method of using the
ordinary gasometer will be evident from the following deserip-
tion of fig. 243, The vessel, a, b, ¢, d, is & cylinder of copper
or gine, made air-tight, and surmounted by another mueh
shorter one, &, 7, ¥, 1. These two are connocted with each other
by the tubces ¢ and £, which also perform the office of supports
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for the upper cylinder. The tube, ¢, descends to the bottom of
the lower cylinder, and serves to sllow the waterin A, 1, k, { to

Fig. 242.

|
descend to displace the gas which eacapes by the ecock, §, to the
place where it is desired to be sent. The tube, f, on the other
Fig. 248.

Fig. 244.

hand, only conneets the upper with the lower cylinder, and docs
not descend into the latter; itis used to supply gas-jars, which for
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this purpose are filled with water at s cistern or other convenient
place, conveyed to the water-tank, &, +, &, I, and placed imme-
dintely over the aperture, m. The glase tube, 4, ¢, is used as &
gauge to indicate the amount of ges, and for this purpose opens
into the lower cylinder at the top and bottom, where it is fast-
ened in with cement, In the figure, it is representsd as stand-
ing ont from the gas-holder; in gencral, however, it is better to
have it sunk in, 8o as to jnour less danger of fracture. The pipe
with a cap, seen at d, is intended to introduse the gas from the
apparatus where it is generatod, and will be described further on.
To illustrate the method of using the instyument, let it be
supposed that all the cocks are closed, and that the wpper ¢ylin-
der is half-filled with water. If, now, the tap, ¢, is turned so as
to open & communication between the two, water will, it is true,
descend for & short time; but & and f being closed, so that the
air cannot escape, no result takes place, with the exception of a
alight condensation, proportional to the height of the column of
water. If, now, f is turned so as to open a paseage botween the
veasels, bubhles of air will rise into the bell-jar placed to receive
them. If f is shut off and b opened, the air will escape by the
latter, and may by suitable conmexions be catried to any deeired
spot. In eome gasometers the part represented at b is of a
soméwhat more complex structure than appears by fig. 243,
This part is seen in plan in fig. 244, as obeerved on looking
downwards, The cirele indicates the body of the gas-holder
shown at 4, b, ¢, d, in the previous engraving, In fig.244,4,%
represcuts a brass tobe, connected by a rectangular berd, at a,
with the body of the gasometer, and capable of being opened or
closed against the passage of the gas by the stopeock, s, This
latter has a lever, f, 7 or 8 inches long, attached to it, which
moves over & small divided segment of a cirele, ¢, enabling the
operator not enly to make smaller movements of the handle than
oould be done without it, but also to place it in exactly the same
positions on seversl ocoasions, which would be imposaible with-
cut some guide of this kind. It must be remembered, howevar,
that the flow of gas will not always be of equal rapidity when



312 CHEMICAL MARTPULATION,

the handle is in the same pogition on the scale, unless the pres-
pure in the chamber, 4, b, ¢, d (fig. 243), i the same, The eroas
piece, fig. 244, ¢, parallel to ¢, is merely & support to assist in
keeping the fube, a, b, immoveable. The aperture, b, which is
capeble of being closed with & etopeock, A, is intended to enable
another gasometer, containing o different ges, to be connected
with the first when necessary. The pipe, d, is the outlet for
the gas, and is the part to which e flexible tube is generslly
attached, to direct the gas to ita destination. The direction of
the current is shown by arrows.

507. Fig. 245 is an enlarged view of d in fig. 243, It ocon-
gists of s short wide tube, soldered into the gide of the gaso-

Fig. 245.

49 0 0 O 9

JARVAR\N

meter, and so arranged that the lowest portion of the outer rim
is higher than the highest portion of the inner rim. The tube
is seen delivering gas into the gesometer, which has been filled
with water by means of the upper cistern, until it sseaped by 3,
fig. 243, the cap, d, being previously screwed on. The taps, f
and ¢, being then closed, the cap, &, may be removed, and the
gaa-delivering tube inserted, when the water will escape by d
8 the vessel becomes filled with gas. When it is scen by the
geuge that the lower chamber is filled with gus, or bubbles of
the latter escape by d, fig. 243, the delivery-tube is withdrawn,
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and the cap, d, screwed in its place: the further manipulations
will be evident from what has been already said,

6508. The operator, by the exercise of u little ingenuity, will
easily ba able to form a gas-holder out of & tin oil-can or even
8 glase carboy, for purposes which do not require any great amount
of accuracy in workmanship.

In order to ascertain the tightnees of the joints in the gasometer
deseribed, it is merely necessary to close the lower aperture, and
pour water into the upper cylinder, at the same time opening f, e
and b, and continuing the sddition of water until, the gasometer
being full, the water escapes at b ; the cocks are then to be closed,
and the cap, d, being removed, the apparatus is allowed to etand
for some time, when if no leaks exist, the water will not escape;
but if, on the contrary, the gauge indicates the descent of the
water, some deficiency will be found either in the stopeocks or
seams, which must be made good before nsing the appamtus.

508. Where a very considerable preseure has to ba met bythe gas,
#8, for instance, in cesea in which the delivery-tube dips deeply
into mercury, the column of water in the gasometer may not be suffi-
cient to overcome the reeistance ; to do away with this diffieutty is
eagy: it is sufficient to fasten a long pipe with a funmnel at the top,
into the aperture at I, fig. 243, through which the water is to be
introduced, and by increasing the length according to the amount
of resistance, the gas may be conveyed into any required position.

510, The gas, as thus obtained, is saturated with moisture, and
therefore in an unfit state to be used in some experiments. When
it is suspected that the presence of water might prove injurious, it
may be removed by passing the gas through a washing-bottle,or a
Liebig’s potash apparatus filled with eulphuric acid, or through a
U-tube filled with fragments of pumice-stone moistened with
gulphuric acid.

£11. A very olegunt, and at the ame time convenient gasometer,
particularly adapted for use in organic analysis, where it is
desired to complete the combustion with a current of oxygen, is
seen in fig. 246. It is constructod out of a large Woulfe's
bettle, throngh the middle tubulatare of which passes a tube to

) J
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whichastopeock,monntedhyafunne], is comented ; this is
intended to regulate the flow of the water which expels the gas.
Another tubulature permita the passege of two tubes, one of which

bW 4 .
\ J Fig. 246.
/ g

passes to the bottom of the bottle and serves to admit the gas,
the other, 5, allowe of the exit of the water ae the oxygen enters.
The gas as it escapes by ¢, on opening the stopeock, d, is dried
by pessing through the U-tube, ¢, it which is placed & small tube
to retain water carried over mechanically, in order to provent the
too rapid moistening of the chloride of caloium contained in the
other limb; it is necessary, when used iu organic analyses, to pass
the gas through a bottle containing sulphuric acid, a0 aa to partially
desiccatoit before entering the chloride-of-calcium-tube, and also
to allow of the rapidity of the flow of ges being made evident to
the eye. In ordinary operations this may be dispensed with,
512. Transference of gases at the pnewmatic trough,—To trans-
for a gas from one jar to another at the water-trough is an opera-
tion of ease or difficulty, sccording to the relative shapes and
wiges of the vessels used. If it is merely required to tranafer
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from a plain to & gradusted jar for the purpose of measurement, .
or to instance an equally common case, where it is required to
add a certain quantity of one ges to a portion of another kind
standing in & jar over water, and if the jars are tolerbly large,
it ia neceasary to advance that which is to receive the contents of
the other about halfits diameter over the shelf with the left-hand,
while that which is to be poured upwards into it is to be steadily
depressed with the right hand until its month is & short distance
below the edge of the other. The jar in the right hand is then
to be inclined in smuch & manner that it shell lean with its top
away from the other, while the upper edge of its lower extremity
projecte s short distance under the bottom of that which is sup-
ported by the left hand. The decanting jar is then to have its
highest portion steadily and alowly lowered, in such a manner
that the contents flow upwarde into the other in bubblee not too
large, a8 in the latier case it is difficult to prevent them from
escaping., It happens, somewhat unfortnnately, that emall tubes,
which in experimental research are constantly used, are ra-
ther troublesome to transfer in this manner, as the ascending
bubbles interfere with the deecent of the water at the same time.
This dificulty may be obviated by the nee of fannels to direct the
ascending gae, or by having the decanting tubes made with a lLip.
Or where it is merely desired to make gaseons mixtures of only
approximative accuracy, as in lecture experiments, one of the
lipped measures holding 3 or 4 ounces may be nsed.

513. Instances of transference of gases from the appamtns in
which they were generatod to the places where their action is to
be exerted, have already been given.

514. When a gas standing over water is to be made to enter
& bladder or gas-bag, a jar provided with & cap and stopeock must
be used; a bladder is to be salected, closed with a bras piece in
which a etopeock is inserted, capable of being joined to that in
the gas-jar by meane of the connectors described further onm.
Before allowing the gas to pass from the jar to the bladder, the
Intter must be moistened, and so squeezed that all the air is ex-
pelled; it should then have the connecting piece joined to it, and

r2
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the latter to the stopeock on the air-jar; the tap is now to be
turned in such a manner as to open communication between the
two; and the bell-jar being steadily and slowly depressed, the
gas will be forced into the bladder; the taps may then be turned
off, and the bladder, with ita contents, be removed.

In all cascs where a gas standing over water or mercury is to
be made to enter a globe or bladder, eare must be taken to stop
the depression of the jar in time to prevent the fiuid from being
forced into the bladder,

To &ll & jar, fitted with a stopoock, with water at the pneu-
matie trough, it is merely necessary to open the stopeock and
deprese the jar, exaotly as in the last process, until all the eir is
expelied, and the water just reaches the brass-work of the eap,
but no further; the tap is then to be turned off, and the jar raised
full of water and placed on the shelf of the trough, ready to re-
esive the gas from the delivery-tube,

515. Manipulation with gases over mercury.—The chief dif-
ference in the modes of operating with jars at the mercurial and
pneumatic trough, is caused by the great weight of the mereury.
If a jar of moderste size, say holding 200 eubic centimetres, beo
filled with water from a jug or other convenient vessel, and its
mouth is then covered with a glass plate, nothing can be easier
than to invert the jar in the trough, and, by removing the plate,
to leave the jarin a fit condition to receive the ges. But if mer-
cury be used, the inaxperienced operator will find that greet care
i required to keep the glass plate so tightly in ita place as to
prevont some of the metal escaping at the moment of inversion,

516, The operation may, however, be eanily managed after a
little prastice, and taking care to press firmly with the two first
fingers of the left hand upon the plate, while the right hand
asaiats in raising up the other end of the jar. It must not he
forgotten, that, from the great weight of the metal, & very slight
blow will be sufficient to cause a fracture to a jar flled with it,
and therefore it is necessary to have mercurial jars made stouter
than those used at the water-trongh. Whenever a jar has been
filled with mercury, it is necessary to insert s glass red, and with
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it to bring to the surface any air-bubbles which may be seen be-
tween the metal and the glass, as they are liable to cause con-
giderable errors in delicate experiments if allowed to remain.
517, The expense of mereury being considerable when required
in large quantities, mercarial troughs are generally made as small
as possible, and it i3 necessary therefore, in almosi all cases, to
flll the jar from some convenient vessel, and to trensfer it to the
trough, Btoneware mercurial troughs are in eommon use, and,
if carefully used, very convenient; but it must not be forgot-
ten that their hardness somewhat endangers the safety of any
jars that may be sllowed to strike the side with even a slight
blow. The kind of porcelain trough in most common uss is zopre-
sented in fige. 247 and 248, where the firat shows a plan, and the

Fig. 847.

second, fig. 248, a section of it, with the position occupied by o
jar. In fig. 247, a a repreeent two projections, one on each side
of the interior of the trough, which serve to support the tube, c.
The hollow epace between thess two solid portions shown at b,
is intended to admit the delivery-tube; d shows the body of the
trough, and ¢, a spout by which the mercury may be poured off
when the instrument is done with. As the seme letters refer to
the same portions of fig. 248, no farther description is necessary,
518. Mr. Griffin has constructed a stoneware trough for minute
experiments, capable of being worked with only four pounds of
mercury, end yet allowing tubes 8 inches in length, and nearly
1 inch in dismeter, to be inverted, when full, with safety. Itis
socn in plan and section in fige. 249 and 250, The part at a is
on the principle of the bee-hive shelf, which latter is s contri-
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vence of the same person, Between 5 and ¢ there ia & cavity

capable of admitting a gless tube 2 inches long by 4 sz inch
wide, to enable caustic potash or any other substance required to

be passed into the gas-jar. There are also two recesses, to enable
the thumb and finger to enter the trough, to manage the tube
used to introduce the reagents alluded to.
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519. It is essential to use these troughs upon & tray, in order
Fig. 250.

that the mercury, amall portions of which will inevitably be
spilled, may be gathered up with facility. As scon as the metal
is done with, it should be poured away into an iron bottle kept
for the purpose.

6520. Fig. 251 representa Bunsen’s wooden mercurial trough,

Fig. 261,

which is exceedingly well adapted for eudiometrical experiments,
It is made of wood, and hes e pieve of plate-glasa inserted at a,
by slipping between two grooves. It doee not require so much
mercury 88 would appear from ita sise.

521. A most excellont subetitute for a mercurial, and even
for a water-trough in many experiments, is the inetrument shown
in fig. 252, and kmown as Cooper’s mercurial receiver. It con-
sists of a glasa tube, 4 b, closed at one end, and bent upwards, as
seen in the figare. It is fllled with the metal by inverting and
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pouring it in at . On again inverting it cannot fall out, in con-
sequence of the pressure of the atmosphere being unable to act
upon theend, 4. If, now, .
the delivery-tube, as scen Fig. %62,
in the engraving, is made
toenter,and gesissentin, |
the mercury descends and
escapes by &; but the ope- |
ration is eoncluded when
the gas cecupies from a
to the bend of the tubo. |
One of the great advan-
tages of this contrivance,
is the faclity which it
affords for making a great
number of experimenta
upox a small quantity of
gas; for if the thumb be
placed upen the end, b,
and the tube is a0 inclined as to permit a little of the gas to flow
round the bend into the part 5, so as to occupy a space of from
4 to 1 inch between the mereury and the thumb, it may be
examined as to ite chemical or physical characters, snch as smell
or inflammability. And by filling ap the vacant space with mer-
cury, another portion may be made to oceupy the eame position,
and may aleo be examined, and so on until all the gas has been
used. The basin, ¢, fig. 252, in placed to catch the mercury which
falls on the admission of the gas,

$22, It is pocessary in all eases to guard againet the great
pressure exercised by merctry as compared with water, 8 pros-
sure which is s their respective densities; and as mercury ia
13:5 times heavier than an equal bulk of water, it is evident that
a tube dipping 1 inch into mercury will exercise as great a pree-
sure ag if it dipped into 13'5 inches of water ; this pressnre must
be provided against by inereased security of all the joints of tho
apparatus; and for the same reason it is essentinl not to allow
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the tabe delivering a gas to dip to an unnecessary extent under
the surface of the metal.

523, It is advisable in all cases where a gas is to be passed
into a tube over mercury, to make it tarn up at the end, in order
to throw the gas up at once, and prevent that tendency to escape,
by returning along the outside of the tabs, which is sometimes
perccived in experiments at the mercurial trongh,

524. When a dish is placed under a jar of mercury in order to
remove it to the mercurial trough, care must be taken that it is
not too thin, for as more force is applied in lifting such a weight
than when water is used, there is some danger of breaking the
basin wnless it is tolerably etout.

526, Transference of gases—-One of the most common opera-
tions in exporiments mpon gases, is to remove a portion from a
quantity standing over water or mercury for the purpose of sub-
mitting it to farther examination, such, for instance, as ascer-
taining its behaviour towards various reagents, Sometimes,
however, it is desired to remove a portion of a ges standing over
water to a tube at the mercurial trough, azd yet it is necessary
to avoid the presence of water in the latter vessel. The late Dr,
Henry describes, in his  Elements of Chemistry,” a transferrer
which was invented by Cavendish:—# A tube, 8 or 10 inchew
long, and of very emall diameter, is drawn out to a fine bore, and
bent at the end, so as to resemble the italic letter 7. The point
is then immersed in quicksilver, which is drawn into the tube till
it is dilled by the action of the mounth, Flacing the finger over
the sperture at the straight end, the tube filled with quicksilver
is noxt conveyed through the water, with the bent end npper-
most, into an inverted jar of gas. 'When the finger is removed,
the quickeilver falla from the tube into the trough, or into a cup
placed to receive it, and the tabe is filled with the gas. The
whole of the quickailver, however, must not be sllowed to escape,
but & column is to be left a fow inches long, and kept in its place
by the finger. The tube is to be removed from the water and
dried by an assistent with a towel or with blotting-paper; the
point of the bent tube is then to be introduced into the aperture

e b
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of the tube standing over guicksilver, and on withdrawing the
finger from that aperture, which is now uppermost, the preesure
of the column of guicksilver, added to the weight of the atmo~
sphere, will force the gas from the bent tube into the one standing
in the mercurial trough.” But since the time when Cavendiah
contrived the transferrer last described, many instruments have
been invented for the same purpose, some of which serve also to
enable gases to be treated with reagents away from the measuring-
tabe. The annexed cut, fig. 253, represents one of the most
convenient of them; it illustrates the
shape most commonly employed, but
several modifications are adopted in spe-
cial cases of research. For the double
purpose of transferring a gas and treat-
ing it with a reagent, the tube, g, is
partly filied with mercury and partly
with the liquid, to the action of which
the gas is to be subjected. The tube,
bef, is also filled with the metal. The ©
portion & ¢ ia introduced under, and
then up into the jar containing the
gas to he experimented upon, and the
lipa being applied at ¢, the mercury is 4
drawn from & into g, and of oourse at
the same time the gas passes through ¢b and f into a. As it s
now eesential that the tube, be, should be olosed, that is done,
if the ges alluded to stands over mercury, by merely depreesing
the aperture, ¢, beneath the surface of the metal, and applying a
slight suction to e.

As soon as the ection of the absorbent is completed, which may
be fadilitated by agitation, and it is desired to pass the gas into
the measuring-jar, or into one where it may be intended to act
upon it with some other reagent, the aperture, ¢, being again de-
pressed below the mercury, the metal is to be drawn in by the
same method as before, until it stands higherin dge; the tongue
for a second closes ¢, and then a moistened finger is dexterously

Fig. 253,




MILLER'S TRANWFEERING PIPETTE. 323

gubstituted for the tongue. To camse the passage of the gas into
the jar, it is merely necessary to gently withdraw the finger from
covering the orifice, when the pressure of the mereury in g will
foree the gus into the vessel,

A tranferting pipette, which is extremely eagy to use, has been
devised by Dr, W, A. Miller. It consists of a system of glass
tubes, having at the centre a bulb, 4, fig. 264, with a capa-
dity of about a cubic inch., A funmel, ¢, holding
enough mercury to fill the bulb and all the tubes, is Fig. 254.
joined to a steel stopoock®, b, which at its inferior ||
extremity is comented to o long tube communicating
with the bulb. From the latter proceed two tubes, |
the lower of which descends and is cemented into &
second steel stopeock, a, while the upper tube is bent
four times at right angles, and terminates in a fine
orifice, ¢. To use the instrument, the stopeock, a, is
opened, and mercury poured in at ¢ until it descends | ||/ l
- and fille the tube, f, cecaping by a; the latter is then | || |
closed ; the metal still mnning in gradually filla the K
bulb, d, and eecapes by e; the stopeock, 3, is then |
shut. If the gas to be transforred is in & tube over | '
mercury or water contained in a tall cylinder, ¢ must
first be depressed beneath the surface of the fluid, and
then raised inside the oylinder of gns; a is now
1o be opened so as to allow the mercury to escape,
which will cause the gas to enter by ¢ and fill ; the
orifice, ¢, is then to be depressed beneath the metal, and a littlo
allowed to enter, 80 as to close the aperture. After this, the pipette
may be removed, any commuunication between the ges in & and
the external air being shut off by the mercury in ¢. In order to
transfer the gas to another tube over mercury or water, it is
necessary to fill the funnel, ¢, with mercury, end introduce ¢ into
the tube as before. On opening 3, the metal will enter d, dis-

® T have construsted this pipette with the stopcocks of vuloanized eaout-
chona, on the principle represented in fig. 189, p. 221, and have found them to
anwwer excellently.
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placing the gas, which may then be measured, due sttention being
given to the pressure, temperature, &e., after which it may be
subjected to any desired treatment. The whole apparstus is
fastened to a board to prevent fracture.

528. The analysia of gases having now become & problem
which the chemist has frequently to solve, it is neces-
sary to deecribe the instruments which have been found
to yield the moet accurate results, Theee are undoubiedly
those of Regnanlt and Mesers. Frankland and Ward. The
latter gentlemen’s apparatus is a modification of Regnault’s,
and posgesses certain advantages over it in practice. For any-
thing more than the deecriptions following, the student is re-
forred to Regnanlt’s ¢ Elements of Chemistry,’ an excallent
translation of which has been made in America by Dr, Betton,
edited by Messrs. Booth and Faber; and also to the peper of
Mesars, Frankland and Ward in the Quarterly Journal of the
Chemical Society.’

527, The epparatus of M. Regnault is seen by reforence to
figa. 255 and 256, The former represents a goometrical projes-
tion of the anterior surface, and fig, 256 gives a vertical moction
made through a plane perpendicular to this face.

528, “The apparatus is composed of two parts, which may be
poparated and united at pleasure; end while the first, or the
measurer, perves to measare the gas under given conditions of
temperaturo and moisture, in the second the gas is subjected to
various absorbent reagents, on which aceount wo shall vall it the
absorption-tube.

+ The measurer is composed of a tube, ab,of 15to 20 millimetres
diametor internally, divided into millimetres, and terminsting
above by a curved capillary tube, b ¢+, while the lower end is
luted into a cast-iron piece, p’ ¢, baving two tubulures, , 4, and &
stopeock, R.

529. * To the mecond tubulure, 1, is luted a straight tube, < A,
open at both ends, of the eame diameter as the tube, a 5, and
also divided into millimetres.” The stopcock, R, is somewhat
peculiar, and will be found fully deseribed in a subeequent por-
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" tion of this volume*®, where it is seen in the three prineipal posi-
tions in which the key may be turned. * A communieation can
Fig. 266. Fig. 256.

themforo be established at will between the tubes a 5, ah, or ohe
or other of these tubes only may be opened to the external air.

¢ The two vertical tubes and the cast-iron pieco form a mano-~
metric apparatus contained in a glaes cylinder, p ¢p' ¢, filled with
water, which is maintained at a constant temperature, marked by
the thermometer, T, during the whole time of the analysis, The
manometrie apparatus is fixed on & cast-iron stand, Z Z’, furnished
with sdjusting screws,

530. “ The absorption-tube is composed of a bell-glass, ¢ £, open

* Oo the analywis of certain gases by the method of ultimate organic
analysis.
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at the bottom, and terminated above by & curved capillary tube,
fer. The bell-glase dlpemtoamallmowuﬁa.lbath U, of
cast-iron, exactly represented in figure 257, while the basin, U,
is fixed on & plate which can be raised at will Fig. 267,

along the vertical support, Z Z', by means of

the toothed rack, v, which works with a

toothed pinion, o, set in motion by the crank,

B. The ratchet, », arreats the toothed racks,

and consequently keepe the bagin, U, in any

given position. A counterpoise affixed to the

ratchet facilitates its working, and as it ie

turned to one side or the other, the ratchet ia

thrown in or out of gear with the pinion,

The ends of the capillary tubes, which ter-

minate the absorption~-tube and measurer, are

luted to two small steel atopeocks, r, 7', the

ends of which exactly fit each other, and have the same shapo as
those represcnted in ﬂgnma%&and%ﬂinsecﬁon' Fig. 258
represcnta a saction of stop- Es 260.
cocks, »#'. It will be seen

that the firet tubulure is
terminated by a plane sur- E

faco, a5, and & projecting

cons, ¢, while the second has elso & plane surface, a'¥, and a
hollow come, ¢, which exsetly fits the plane surfaco and pro-
jocting cone of the other. In order to close them hermetically,
it is gufficient to press the two parta against each othar by means of
the dlamp (fig. 260, and in section, fig. 261), which is to be tight-
ened with scrows, after ha-

ving poured in a small quan-

tity of melted eaontchoue. (al
¢ The absorption-tube is

maintained in & vertical po- EI

gition by means of pincers, «, lined with ecork, which are eadily

® This description i introduoed for completeness here, although in
Regnault it is placed in o different part of the work.
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opened or elosed when the tube is to be removed or replaced.
The measurer, a b, is traversed at b by two platinum wires oppo-
site to each other, the ends of which spproach to the distance of
a fow millimetres from the inside of the ball-glasa, and of which
the other ends are fastened with wax to the lower edge of the
large cylinder, The eleotric spark is passed into the bell-glase by
means of these wires, and the water in the eylinder is no obstacle
if the epark be furnished by o Leyden jar.

681, “ Let us enppose that in this apparatus e mixture of atmo-
spherio air and earbonic acid is to be analysed,

5382, « Through the tnbe, ¢k, the measurer, a b, is filled with
mercury, until the latter escapee throngh the stopeock, r, which
is then closed, and at the same time the abaorption-tube, ¢f, is
filled with mercury, to effect which the tube, g f, is detached
from the pincers, u, and plunged into the bath, U, the stopoock,
r, being opened ; and the operator sucks with e glass tube fur-
nished with a cacntchous tubulure, the edge of which is applied
to the plane part of the tubulure, ». 'When the mercury begins
to eacape, the stopeock, r, is closed,

* The gas to be analysed, which has been collected under a smalt
beall-glasa, is then introduced into the absorption-tube, and the
extravesation is easily performed in the bath, U, on acoount of
the shapo given to the lattar, The absorption-tube being them
replaced by the pincers, u, the two tubulures, r,+', are fitted to
each other; then, elevating one end of the bath, U, and allowing
the marcury of the measarer to flow from the other throngh the
cock, R, and lastly, opening the stopeocks, », #, the gas is cansed
to pass from the abeorption-tube into the measurer. When the
mereury begins to rise in the capillary tube, fe¢, ita cacape through
the stopcock, R, is slackened, so a5 to tause the mercury to rise
very gently in the tube, fer, and the cock, r, is closed when the
mercurial column reaches a mark, a, on the horizontal leg, ¢, at
a small distance from the tubulure, . The level of the mercury
is then brought to a given division, m, of the tube, a b, and the
difference in height of the two columne cen immediately be read
on the scale of the tube, ¢k, The water in the oylinder has been
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several times agitated throughout by blowing air into it by means
of o tube which descends to the bottom,

533. « Let t be the temperature of the water, which is to be
stationary during the analysis; £ the elastic foree of the aqueous
vapour saturated at this temperature; V the volume of the gas;
H the height of the barometer; and lastly, A the height of the
mercury elovated : then will H+A—f be the elastic force of the
gus when supposed dry. The temperature of the water in the
cylinder should be nearly that of the surrounding air, which
does not vary sensibly during the short duration of the em-
periment ; and it is unnecessary therefore to reduce to 82°, by
caleulation, the height of the barometer, and that of the mer-
cury elevated in the manometric apparatus, ¢ bi A The gus
ocollected in the measurer is, moreover, always eaturated with
moisture, because the sides of the tube, a b, are moistensd with
¢ small quantity of water; and this is constantly the same, since
it is that which the mercury does not remove when the tube is
filied with it.

534, « When this is done, the merenry is aguin allowed to fow
through the etopeock, R, and the cock, r, is opened, in order to
aliow all the gus, as well a9 a columu of mercary, to pass into
the tube, » ¢ b, aftar which the stopoock, #, ia closed. The
absorption-tube is then detached, snd a drop of a concentrated
solution of potases is passed up by means of e curved pipette,
when the absorption-tube is again fitted to the measurer, and
the bath, U, allowed to fall to ita foll extent; and then, after
having poursd & large quantity of mercury inte the tube, A+,
the etopeocks, r, ¥, are successively opened. The gus thus
passes from the measurer into the absorption-tube, and the amall
quantity of solution of potassa completely moistens the sides of
the bell-glass. The ocock, », is closed when the mercury begins
to fell in from the measurer into the vertical leg, ¢ f, of the
abeorption-tube ; and, after waiting for a fow moments, in order
to give time for the absorbing action of the potassa, the gas is
passed from the ebeorption-tube back into the measurer, by
causing the bath, U, to sscend, and the mercury to flow through
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the cock, R. Ae soon as the alkaline solution begins to rise in
the tube, f ¢, an inverse movement is caused by ologing the
stopeock, r; that is, the gas is again passed from the measurer
into the abeorption-tube, by lowering the bath, U, and agsin
pouring mercury inte the tube, + k. The intention of this
operation is to again moisten the sides of the bell-glass, fg,
with the solution of potasea, and subject the gus to the absorbing
action of the new Layer of potassa,

5356, “If it be deemed neconsary, these operations may be
repeated soveral times; although, after the second, the whole of
the carbonic acid is generally absorbed. The gas is then passed
for the last time from the absorption-tube into the measurer,
and the cock, r, is closed when the top of the alkaline column
reaches the mark a. The level of the mercury in the tube, a 3,
being brought to m, the diffarence of beight, ¥, of the mercury
in the two legs, ¢ b and i &, is measured, and the height, H',
of the barometer is noted down. Wo shall supposs that the
temperature of the water in the cylinder has not changed; if
otherwise, it must be restored to the temperature, ¢, by the addi-
tion of hot or cold water.

538. « The elastic force of the gas, dry and deprived of carbonic
~ aeid, is therefore (H' + A’ — f) ; and cansequently (H + A— f)—
(H + % —f)mH~H 4+ h— A is tho diminution of elastic
force cansed by the abeorption of the carbonic acid; and

BE-—H+Ai-V

T R¥R-—fF
represents the proportion of earbonie acid in the gas when sup-
posed dry.

537, ¢ The proportion of oxygen which exista in the gas
remaining must now be determined; for which purpose the
absorption-tube is detached, and washed several times with
water. It is dried first with tissne-paper, and then by bringing
it into conmexion with an sir-pump; and, lastly, after having
filled it with mercury, it is fitted to the measurer. The bath, U,
being reised wa high as poeaible, the mercury ie allowed to run
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through the stopeock, B ; then opening carefully the eocks, r and
+/, the mercury of the absorption-tube is passed into the tube,
a v/, of the measurer, talking care to close the sock, +/, when the
extremity of the mercarial colnmn reaches a second mark, £, on
the vertical leg, & ¢. The mercury in the measurer is again
brought to the level, m, and the difference of level, A", and the
height, H", of the barometer is ascertained, H” 4 A" — f is
therefore the elastic force of the dry ges, the quantity of which
is somewhat smaller than in the measure made immedintely after
the absorption of the earbonie acid, becanse a emall quantity
{about y7hipr) has been loet by detaching the abeorption-tube from
the measurer,

“This emall loss does not affect the result of the analysis,
becanse the gas is again messured.

538. « The sheorption-tnbe being once more detached from
the measurer, the hydrogen gas intended to burn the oxygen
is now introduced into the latter, by arresting the ascend-
ing mercury at the mark € The mereury is aguin levelled
to m, the differenco of height, A", of the two columns of mer-
cury measured, and the height, H'”, of the barometer ob-
sarved, H" 4 K — f in therefore the elastio force of the
mirture of hydrogen and oxygen to be analysed. As some-
timeos required for the perfoct admixture of the gases, com-
bustion by the electric spark cannot be immediately effected.
The gos must again be passed from the measurer into the
absorption-tube, and & small quantity of mercury, which pro-
duces an egitation in the gas, allowed to flow through the
tube, ¢ d ¢ f; and, lastly, the mixture is paseed back into the
mesagurer, this time allowing the mercury to entirely fill the
tube, ¢ ¢b, in order that the whole volume of ges may be
subjected to combustion.

* 589, *“The electric spark is then applied, and after having
established an excess of pressure in the measurer, 4 b, the stop-
cocks, r, ¥, are carefully opemed, in order to allow the mercurial
colomn to retrograde into the tube, b ¢ +'; and it is stopped
when it reaches the mark ¢. The elastio force of the gas re-
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maining is again measured, aftar having levelled the mercury to
m; and H™ 4 A" — Fin then the elastic force. Conssquently,
(H"+ ¥ = y—(H"+ "= f)=H"—H" + A" — K" is
the alastic force of the gaseous mixture which disappeared during
the combustion; § (H" — H"" 4 A") is the elastic foroe of
the oxygen contained in the dry ges, of which the elsstic force
is (H" + 4" — f), and

l Hf" — H!"f + h!ff — h.””
3 nﬂ + h!l _f

is the proportion of oxygen contained in the gus when freed from
earbonic acid ; whenoe the proportion of oxygen in the original
mixture may be easily deduced.

540. * The example chosen shows the mode of operating with
the spperatne; the manipulations are of sach a simple cha-
moter, that the operator requires no asgistant; and, lastly,
the operation ia mso rapid, that less than three gquarters of
an hour is required for that just deseribed; the greater por-
tion of which time is comsumed by the absorption of the car-
bonie acid and the oleansing of the bell-glass aftar the experi-
ment, Air freed from carbonic acid can be analysed in less than
twenty minutes.”

541, The above will, it is hoped, sufficiently illustrate the
pature and mode of using this admirable instrument, but for any
other points which may require elucidation, the reader is referred
to the work cited.

542. Mossrs, Frankland and Ward, the first of whom has
long been well kmown for his dexterity in the manipulation
connectod with ges analysis, while admifting the advantages
which the apparstus just described possesscs over even the very
scourate method of Bunsen, the latter requiring the use of a room
oapable of being maintained at o standard temperature, take
exeaption to M. Regnanlt’s method of determining velumes by
ascertaining the pressure of a constant volume greater or legs
than that of the atmosphere as expressed in millimetres of mer-
oury, as having the disadvantage of expressing large variations in
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bulk by small numbers, as compared with Bunsen's method.
They illustrate the foree of their remarks by snalysee made on a
mixture of air with a very small portion of carbonic acid, where
they show that an error of observation equal to {i;th of 8 milli-
metre had sn effect soven times greater with Regnanlt’s methed,
than whon that of Bunsen was adopted. They commence the
description of their process, which is intended to combine the
advantages of both methods, by stating the requisites of a perfect
instrament ; theee are,—

543, 1, The determinations of the gaseous volumes should
be made in g manner entirely independent of the pressurc and
temparature of the external atmosphere.

«2, Buch determinations of volume should also be self-correct-
ing, as regards the tension of aqueous vapour and the veriationa
in the density of mercury,

3, Each change of volume should be expressed by & numerical
difference as large as possible.

«4, In order to avoid the inconvenicnce and loss of time
occasioned by tedious caleulations, referances to tables, &eo., the
numerica! expression of each volume actually read off should
eithar be the true and corrected volume, ot & namber from which
such volume can be at once obtained by the most simple arith-
metical process.

4 The advantage of securing the firet and seoond of these qua-
lifications is suficiently obvious; for whilst we can thea earry on
the operations of gaseous analysis without an apartment of nearly
constant tempernture sot apart for the purposs, the esouracy of
our results is also not liable to be affected by any errors that may
have been made in the determination of the expansion of gasce
by heat, the tension of aqueous vapour, and the expamsion co-
officient of mereury.

“The third snd fourth qualifications are also scarcely of in-
forior importance, the ome for securing delicacy in the read-
ings, and the other for ecomomiging time, and enabling the
operator to see the corrected results of hie experiments during
their progress, an advantage which can best be appreciated by
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those who have had to make large numbers of consecutive gas

analyses,

In construoting an apparatna to
eombine the foregoing qualifications,
we have taken as a modsl the inge-
nious and very convenient arrange-
ment of MM, Begnault and Beiset,
with the mechanical arrangement
of which our apparatus, though dif-
forent in principle, has much in
common,

544. < Our instrument, which is
represented by the eaccompanying
figure, consists of the triped A,
furnished with the usual levelling
screws, and carrying the vertical
pillar, B B, to which is attached on
the one side the moveable mercury-
trough, C*, with its rack and pinion,
aa, and on the other the glass
cylinder, D D, with its contents.
This cylinder is 36 inches long and
4 inches internal diameter; its
lower extremity is firmly cemented
into an iron collar, ¢, the under sur-
face of which ean be screwed per-
fectly water-tight upon the bracket

Fig. 263,

plate, d, by the interposition of a vuleanized cacutchouc ring.
The circular iron plate, d, is perforated with three apertures,
into which the caps, ¢ ¢ ¢, aro scrowed, and which communicate
below the plate with the T-piece, E E. This latter is furnished
with a double-way cock, £, and a single-way cock, g, by means
of which the tubes cemented into the sockets,eee,can be made to
eommunicate with each other, or with the exit-pipe, 4, at pleasure,

& The mercury-trough, including #ta tubular well, 5, may be conveniently

comstructed of gutta percha.
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“ F G H are three glass tubes, which are firmly cemented into
the eaps, ¢ ¢ ¢. F and H, which are only alightly shorter than
the glass cylinder, are each from 15 to 20 millimetros internal
diameter, and are salected of a8 nearly the same bore as possible,
to avoid & difference of capillary action, The tube, G, is some-
what wider, and may be continued fo any convenient height
shove the c¢ylinder, H is accurately graduated with & millimetre
scale, and is furnished at top with a small funuel, 4, into the
neck of which a glass stopper, about 2 millimetres diametar, is
carefully ground. The tube, F, terminates st its upper extre-
mity in the capillary tube, &, which is carefully comented into
the amall steel stopeock, I, F has also fused into it, at m, two
platinum wires, for the passage of the electric spark. Aftar this
tabe has been firmly cemented into the cap, ¢, its internal vo-
lume is accurately divided into ten perfeetly equal parts, which
is effocted without difficulty by first filling it with mercury from
the supply-tube, G, up to its junction with the capillary attach-
ment, end then allowing the mercury to run off through the
nozzle, A, until the highest point of its convex surface stands at
the divigion 10, previously made, 80 a8 exsctly to coincide with
the serc of the millimetre seale on H; the weight of the mer-
cury thus run off is carefully determined, and the tube is again
filled as before, and divided into ten equal parts, by allowing the
mercury to ran off in successive tenths of the entire weight, and
marking the height of the convexity after each sbstraction of
metal, By uaing the proper precautions with regard to tem-
perature, &e., an exceedingly accurate calibration can in this
way be accomplished,

545. « The absorption-tube, I, ia supported by the clamp, », and
connected with the capillary tube, k, by the stopoock and june-
tion-piece, I' p, in exactly the same manner as in Regnault’s
apparatns.

546. « When the instrument is thus far complete, it is requisite
to agcertain the height of each of the nine upper divizions cn the
tube above the lowest or tenth division. This is very accurately
effected in o fow minutes, by carefully lsvelling the instrument,
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filling the tube, G, with mercury, opening the ecock, 2, and the
stoppered funnel, i, and placing the cock, £, in such a position
@8 to canse the tubes, F H, to communicate with the supply-
tube, G. On now slightly turning the cock, g, the mercury will
slowly rise in each of the tubes, F and H; when its convex sur-
face exactly coincides with the ninth division on F, the influx of
metal is stopped, and its height in H accurately observed ; as the
tenth division on F corresponds with the zerc of the scale upon
H, it is obvious that the number thus read off is the height of
the ninth division above that zero-point. A mimilar observation
for each of the other divisions upon F completes the instrament,.

547. ¢ Before uging the apparatus, the large cylinder, DD, is
fillod with water, and the internal walls of the tubes, F and K,
sre once for all racistened with distilled water by the intro-
duction of a fow drops into each through the stopeock, 1, and the
stoppered funnel, ¢, The three fubes being then placed in com-
munication with each other, mercury is poured inte G, until it
rises into the cup, ¢, the stopper of which is then firmly closed.
‘When the mercury begine to flow from I, that cock is alve closed.
The tubes, F and H, are now apparently filled with mercury, but
s minute and imperceptible film of air still exista between the
metal and glass; this is effectually got rid of by connecting F
and H with the exit-tube, &, and allowing the mercury to flow
out until & vacunm of several inches in length has been pro-
duced in both tubes; on allowing the inetrument to remain thus
for an hour, the whole of the film of air above mentioned will
diffuse itsolf into the vacuum, and will become visible a8 & mi-
nute bubble in each tube, on allowing the vacuum to be filled up
from the supply-tube, G, These bubbles are, of course, easily
expelled, on momentarily opening the eock, 7, and the stopper, ¢,
whilst G is full of mercury. The absorption-tube, I, being then
filled with quicksilver, and attached to I by the serew-clamp, the
instrument is ready for use.

548, ¢ In localities where a constant supply of water from street
mains can be had, the temperature of the water in the eylinder,
D D, can be maintained perfectly constant, by allowing s con-

Al
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tinuous stream direct from the main to flow into the bottom of
the cylinder, and msake its exit near the top. By this arrange-
ment, it has been proved by one of us, in an extensive series of
exporiments, that the temperature of a cylinder supplied from the
Manchester high-pressure mains, does not vary more than (%02
Centigrade in twelve hours, a variation which scarcely requires
eorrection in the most delicate experiment.

¢ In illustration of the manner of using our apparatus, we will
take as an example an analysis of atmospheric air. A few cubic
inches of air freed from carbonic acid having been introduced into
the tube, I, it is transferred inte F for measurement by opening
the cocks, 17, and placing the tube, F, in communication with
the exit-pipe, % : the transference can be ssdisted, if needful, by
elovating the trough, C. 'When the air, followed by e fow drops
of mercury, has passed completely into F, the cock, 7, is shut, and
f turned, so as to connect F and H with A. Mercury is allowed
to fiow out until a vacuum of 2 or 3 inches in length is formed in
H, and the metal in F is just below one of the divisions; the
cock, £, is then reversed, and mercury very gradually admitted
from G, until the highest peint in F exactly corresponds with one
of the divizions upon that tube : we will assume it to be the sixth
divigion. This adjustment of mercury, and the subsequent read-
ings, can be very accurately made by means of a amall horizontal
teleacope plaoed 'at o distance of about 6 feet from the cylinder,
and sliding npon a vertical rod. The height of the mercury in
H must now be accurately determined; and if, from the number
thus read off, the height of the sixth division above the zero of
the acale in H be deducted, the remainder will expresa the true
volume of the gas; bat in order to compare this with subsequent
roadings made at other divisions upon F, the number thus obtained,
which evidently represents the pressure of the gas, is reduced to
what it would have been had the gas been expanded to the tenth
divigion of F. Bearing in mind that the pressure of a gas is
inversely as its volume, this reduction is very eimply effected by
multiplying the number as above obtained by & or 0-8; and
in all cases any determination of preesure made at any division
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upon F may be reduced to the pressure of the same volume when
expanded to the tenth division, by the use of a fractional multi-
plier whose denominator ia 10, and numerator the number of the
division at which the dstermination is made.

549, ¢ Ag the temperature in maintained constant during the
entire analysis, no correction on that score has to be made; the
atmospheric pressure being altogether excluded from exerting any
influence upon the volumes or pressures, no barometrical observa=
tions are requixite ; and as the tension of aqueous vepour in F is
exactly balanced by that in H, the instrament is in this respeet

560, « Hydrogen being then intrednoced in the same way as the
original gus, and the volume determined anew, the electric spark
is passed through the mixture by means of the platinum wiree at
m, and the determination of the contraction cansed by the explo~
gion terminates the analydis,”

551. BEudiometers,—It would perhaps have been more in ae-
cordance with the ordinary modes of arrangement, to have intro-
duced the more gimple kinds of eudiometer first, end then to have
proceeded to a description of the more complex; but it has been
preferred to reverse this,—to give the more perfoct methods the
priority, and to make the others merely supplemental to them,

There are several instruments in use for the analysis of gases
by the passage of the electric spark through mixtures, but before
proceeding to notice these, it will be proper to call attention to a
few precautions which are neceseary to ensure euceess with all of
them. The epark is obtained either from an electrophorns, the
prime eonductor of an electrical machine, or & Loyden jar®. In
the case of the two former, it ie essential that every facility should
be given to enable the spark to pass a8 a bright distinet flash, and
not in the feeble manner in which the electric flaid is evolved -
from points, It is necessary, therefore, where the source of
electricity is not sufficiently powerful, that extra care ghonld be
taken to ensare roundness of the ends of the wires in the inferior

# In the Appendix snother method will be described of obtaining the

spark, even in oold, damp rooms.
Q
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of the eudiometer from which the spark is given off, and aleo that
those on the exterior should have kmobs, or if this is inecon-
venient, that the hooks should not be thin. Where a Leyden
jar is nsed, thess precautions are not 8o essential, as there is then
much less difficulty in detonating the mixtare.

552, It is moreover essential that the quantity of gas to be
exploded should not be too large, e otherwise it will be difficul¢
or imposgible to prevent loss. It is not easy to give a genernl
rule for the quantity of gaseous mixfure that may be detonated
with safety, becanse much great differences exist in the degrece
with which expansion takes plase on the passage of the spark;
the operator must therefore be guided to a grest extsnt by his
judgment ; but it is frequently proper not to explode more gas
then ig equal to a tenth of the internal meamvre of the instrament,
although sometimes & third may be exploded withount danger.

§53. When the gas has been introduced, the exterior of the tube
is to be well dried by frictior with & warm cloth, as damp much

inereases the difficulty of obtaining a enfliciently powerful sperk.
The charge may be passed through the eudiometer in several
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ways ; that represented in fig. 263 in frequently convenient. Omne
ball of the tube is attached to a copper wire in contact with the
. extarior of the jar, while the other ball is conneeted with another
wire terminating ip & brass ball, which is approached to within a
1 or } an inch of the condnetor of an electrical machine, the knob of
the conductor being in contact with the ball which communieates
with the interior of the jar. The ball, 4, is supported by a piece
of glass tube at the proper distance from the condnctor, When the
preparations are complets, the electrical machine is worked, and us
soon ag the tension of the eleetricity bocomes sufficiently powerfsl
to overcome the registance of the eir between the ball, g, and the
conductor, & bright spark will pass Fig. 266.
and cause inflammation of the ga- d q
seous mixture, The eundiometer T ankanTi
figured above is of the common
kind, but where it is feared that
the expansion oonsequent on the
explosion might project a portion of
the contents of the vessal, the contri-
vancoof M. Gay-Lassac, fig. 264, may
boadopted. It will be oen thatitis
provided with s valvewhich descends
as the mixture expands on pes-
sago of the epark, and thus closes
the aperture ; but on the contrection
which takes place immediately
afterwards, it ascends, and thus al-
lown the mercury to enter and Al
the vacuum thus produced.

554, Mitacherlich usee a eudio-
meter gimilar to fig. 265. It is
closed hy the glass stopper, a, until
after the explogion, when it is
turned to allow entrance of the

mercury.
A much better way of preventing escape of gas at the moment
a2
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of explosion, is by pressing the lower end of the eudiometer against
& piece of vuleaniged caoutohoue, the latter being placed at the
bottom of the mercurial trough. The caoutchoue should be meist-
enod with solution of corrosive sublimate to remove the film of
air which adheres to it, and may give rise to errors.

If the wires of the eudiometer are too thin to allow guod sparks
to pass, balls sttached to wires may be fastened by twisting these
on the exterior of the endiometer.

555. The connexion between the interior and exteriorof the jar
should be always by wiree in endiometrical experiments, and not
by & chain, as is frequently represented ; in the latier case, there is
sometimes a difficulty in obtaining perfect contact hetween all the
links, especially when the jar is held by the hand while exploding.
If inconvenience is occasioned by the rigidity of the wire, it may
be divided into two or three pieces, and
hooked together a0 s to form links, but -
their being so fow in number prevents any
danger of non-contast if they are clean and
properly attached by small hooks.

566, Itis seldom that any difficulty is
found in selecting e copper wire of snffi-
cient pliability; if, however, this is the
case, the wire may be bent into a spiral in
one or two places s a8 to allow freedom of
motion, a8 is sometimes adopted with the
wires from the battery in electro-deposit-
ing. In the arrangement, fig. 268, the
charge passes directly from the one coating
of the jar to the other through the endio-
meter, and does not affect the operator,

Dr. Ure’s endiomstor waa intended to render gns-analynis casy
of performance by one person, buf, from what has been previously
said, it will be soen that with a little mansgement almost all
operations of eudiometry may be performed without the necess ty
of an sasistant, Nevertheless, it hae other qualities which wouald
render its omission improper; not the least of these is the com-
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peratively amall amount of mercury with which it may be worked.
One important featurs is the manner inwhich the elasticity of air
is made to serve as a epring, and by this means to moderate the
violence of the explogion,

557. The instrament, fig, 267, may be filled with mereury by
inclining it s little on one wide, and,
the open end being immersed in the Fig. 267.
trough, the dalivery-tube from the
gasometer or apparatus evolving the
necessary gas is to be placed beneath
the eperture, or it is more genemily
oonvenient to introduce the gas by
means of a smali-lipped transfer-
tube; by this means & measured
quantity may be readily obtained in
theinstrument, The leg, a b, is gra-
duated, but before estimating the vo-
lume of gag, it is necessary to care-
fully level the mercury in both limba
by 8 pipette, or otherwise, Before
posding the spark, it must be observed that sbout 2 inches of the
open leg are free from mercury, so that when held as in fig. 268,
the portion included between the thumb and the surface of the
metal may serve aa the spring before alluded to. The end of the
thumb must touch one of the balls, while with the other the
spark is taken from the conductor or electrophorns-plate. On
allowing the spark to pase, a alight sensation is perceived as if
the finger was preesed outwards, and directly after, as soon
as the diminution of volume has oscurred, the reverse senaa-
tion is perceived, the thumb being drawn in by the pressure of
the atmosphers; it must now be removed alightly to one side, so
as to permit ingress of air, not too rapidly, and the metal will
ascond in the closed limb; mereury is now to be poured into the
other limb until it occupies exactly the same height in both legs,
when the volume may be read off and the amount of contraction
observed, When, from the reasons before detailed, a spark from
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the prime conductor of & machine, or that of 2 good electrophorus,
ie insufficient to canse the inflammation of the gas, the arrange-
ment must be modified so as to prevent the unpleasant effocts of
the ghock.

558, The method seen in fig. 268 is then to be employed. It
will now be seen that the thumb does not touch the knob nearest
to it, but that the latter is in connexion with the outer coating of
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the jar. On bringing the other wire of the eudiometer in ¢com-
munication with the interior coating of the jar, by means of the
kmob of tho latter the spark passes and inflames the mixture.
Bunsen’s Budiometer.—This is eonstructed of the form shown
in fig. 269; it is from 60 to 70 centimetres long, and 19 milli-
metres in internal diameter, and 1} in thickness of glass. The
wires, which are bent npwards and along the top, sre 3 millimetres
apart at their extremities. The graduations of the tube are arbi-
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trary, the value of them being determined by experiment after the
instrument in finighed,

559. Reading off volumes.—In ascertaining the volume which
& gaa occupies in s jar over mercury or water, it is ossential that
the veasel should be perfeetly upright. The plain surface of the
mercury is to be eondidered as the line indicating the volume.
The oye must be brought accurately to m level with this surface
before reading off, for if it be either above or below, the error of
observation becomen so great as to render the result of no value.
A very simple but accurate method of estimsting the height of
& surfaco of mercury or water in a jar is by placing a mirror
behind the jar while reading off, the eye being lowered until
cne-half of the pupil is seen by the mirror to cut the level of
the fluid; the line on the eudiometer or gas-jar which crosscs
the reflexion of the centre of the pupil is to be taken as the
true level, In reeding off volames over water, it is best to take
the centre of the dark ring of fluid, formed by the attraction of
the gides of the tube, as the trne level.

The error of the meniscus of & tube may be determined thus:—
A quantity of mereury is put into it, and the level of the convex
surfivee read off; the convexity is then destroyed by the addition
of a few drops of eolution of corrosive sublimate and the height
is again read off; the difference between the two readings is the
error sought. 'When the meroury or water stands above the
generel lovel in the trongh, the height must bs carefully meesured
with a pair of compasses end the necessary oorrection made; of
course in the case of mercury this correction has far greater in-
fluence upon: the result than where water is the fluid used to con-
fine the gas, In the former case, the height of the metal in the
jar is to be deducted from that of the barometer in making the
correction for pressure. Where differences of lovel are to be
estimated with great precigion, it is necessary to make use of a
cathetometer.

560. But thero is another source of error which must not be
loet sight of, when an accurate result is to be obtained. When
tubes are graduated by pouring equal quantities of mercury into
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them, their position is exactly the reverse of that in which the
volume of a gas is observed ; it is mecessary, therefore, when the
volume of the gas has been ascertained by reading off over the
surface of the metal by means of a mirror (§ 559), to add to the
number 6o obtained double the error of meniscus of the tube
previously ascertained.

It is & good plan to mark on each gus-jur ite own error of
meniscus with a writing diamond, in some part where it doas not
interfore with the gradusations.

561. Estimation of carbonic acid in carbonates by weight —Beveral
ingenious pieces of apparatus have been invented for this purpose ;
most of them are extremely easy to construct, and, when nsed
carefully, afford wccurate results., For the estimation of the
emonnt of available alkali in the pear] and soda ashes of commerce
they answer well, but certainly do not surpass, if they even equal
in aceuracy, the process by means of a test acid, sither by weigh-
ing or the volumetrical method.

562. The most simple arrangement is, perhaps, that of Parnell,
secn in fig, 270, and, in careful hands, it yields equally accurate
resulte with the more complex arrangement of Freseniue and Will ;
and has, moreover, the advantage of being less weighty, and
therefore better adapted for deli- Fig, 270,
cate balances. It consists of a
glass flask, fig. 270, of about two
ounces capacity, fitted with a
sound cork through which two
tubee pass, one serving to eonnect
the chloride-of-caleium-tabe, a,
whiletheother, 3, will be deseribed
presently, A mmall test-tube, e,
is eo placed in the Hask, and is
of such a size, that it cannot fall
down, but ite contents may be
made to flow ont by inclining the
apparatus to one side. To per-
form the experiment, & weighed




PARNELL’S CARBONIC ACTD APPARATUS. 345

quantity of the carbonate is placed in the flask, and weter sdded
up to the level seen in the figure; the test-tube is then filled
nearly to the top with eoncentrated sulphuric acid, and is carefully
lowered into the flask; the cork with the tubes attached is then
affixed, the aperture, 4, being closed with a emall cork, The
little cylinders which are prooured by perforating oorks with

Mohr’s borers, are well adapted for this purposs, The whole .

apparatus is now carefully weighed ; the flask is then to be inclined
80 a8 to allow gome of the acid to low out, and, when the effer-
vescence has subsided, a little more, and s on until no more car-
bonie acid is evolved ; the flask is now to be soinclined as to cause
the whole of the acid to mingle with the aqueous fluid, and thus
cause a oongiderable rise of temperature ; this expels the carbonic
acid from the liquid ; but as an atmoephere of the latter gus fills the
flask, it most be removed and replaced by air, as the difference in
density of the {wo is very considerable. For this purpose, the
cork, &, is removed and air is sucked out at &, until it no longer
tastes of carbonic acid; the flask is then allowed to become per-
foetly cold, and the littie cork being replaced, it is then reweighed :
the difference in the two weighings is the amounnt of earbonic acid in
the specimen. On drawing air for some time through the apparstus,
it begine slowly to acquire weight, arising from the moisture in the
atmosphere being absorbed by the chloride of ealeium ; and although
the error introduced by this means is too minute to affect ordinary
experiments, it must not be neglected where, from the quantity
of material in the flask being limited, or cther camses, o mmall dif-
ference has an important bearing on the reeult. In this latter
case another chbloride-of-calcium-tube is to be attached to the
aparture, 3, and the air must be drawn through by means of a
suction-tube applied at d, as will be mentiened in describing the
apperatus of Freeenius and Will,

563. The latter consista of two flasks, & and J, fig. 271: a has
a capacity of two, and b two and a half fluid cunces of water ; each
is elosed with & cork, through which pass {wo tubes; one of these,
¢, is a giphon, the short leg just pessing through the cork in 3,
and the longer reaching nearly to the bottom of a. Another

ed
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tube, d, reaches to tho bottom of b, and a third, ¢, enters a.
A small cork stopper is fitted to d at the scommencement of
the analysis. This cork is obtained in the same manner as
that used to cloee b in the Parpell's spparatus previoualy
desoribed, and is preferable to the piece of waz genorally used
for this purpose.

Fig. 271. Fig. 272.

564, The carbonate to be examined is weighed out and projected
into b, the capsule in which it has been ignited being rimsed
with distilled water into the same, the rinsinge, &e. filling the
flagk to about one-third its bulk. Enoughk strong sulphuric acid
is then poured into a (without soiling the neek) to cover the exit
of the tube, ¢, to about 2ths of an inch. The aperture of d ia
then closed with ita cork, and after weighing the apparstus, the
enction-tube, fig. 272, is applied to ¢, and a little air is drawn out,
which has the effect of creating & partial vecaum in 3, the air
eseaping in bubbles through the acid in .  On removing the lips,
the sulphuric acid recedes by the tube, ¢, into b, and a rapid
offarvescence instantly takes place, the carbonic acid escaping
through ¢; but it becomes perfoctly dried by ite paseage through
the suiphuric acid; the mixture of the acid with the water in &
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causes a rise of temperature, and when thia falls, and the air
contraets, more acid emters; and this is continued (assisted, if
required, by suction, 28 before) until the carbonate is completely
desomposed ; when this is accomplished, more acid is foreed to
enter 3, 8o as to cause sufficient rise of temperature to expel all
the carbonic acid; the cork is now removed from d, and the chlo-
ride-of-calcium-tube, fig, 278, is attached by means of the per-
forated cork ; the suction-tube being applied to e, air is drawn
through until no more taste of carbonio acid is perceived; the
two last-mentioned tubes are then removed, the cork is replaced
in the aperture of d, and as scon as the flasks have become per-
foctly ocold, they are wiped with a clean dry eloth, and weighed ;
the difference between the first and second weighings gives the
amount of carbonio acid in the specimen. For the precautions
necessary where hyposulphites, &c. are present, the student ie
reforred to works on quantitative analymia. As showing the
sccuracy of the method, the two oxamples following may be
quoted. They were made some years ago, to ascertain the purity
of a sample of carbonate of potash, to be used for making a test-
acid, and were not originally intended for publication,
66-11 carbonate of potash gave 21:01 carbonic acid.
54-26 » 1781 ”»
or, per cent,,
L IL. Mean. Theory.
31-78 2190 3184 81-88

565, A multitide of contrivances have been described for effect-
ing the same result as that described above; it is, however, quite
unnecessary o detail them, as none possesy greater accuracy, and
few are more easy to use.




SECTION XXITI.

MANTPULATIOR CONNECTED WITH ORGANIC
ANALYSIS.

566. The light which the pursuit of organic chemistry has
shed upon enimal and vegetable physmiology, and upon agrienl-
ture, is s0 great, that it becomes unnecessary to inaist upon the
advantage, nay, absolute necessity, of a practical asquaintance
with the methods of organie analysis, to all who aspire to success
in those departments of science; and it may be stated with oon-
fidence, that there is no branch of natural kmowledge which so
richly rewards its etundents with discoveries. And not merely
dincoverien ; for whether we regard them in their purely chamical,
mathematical, stichiometrical, or practical relations, their intereet
is not to be surpassed. It is also to be remembered, that so ex-
treme is the heauty of the products produced by this method of
observation, that this alone would far more than repay all the
labour and etudy required in their formation,

It is remarkable that there is no class of bodies of either ani-
mal or vegetable origin, however unpromising in their superfigial
qualities, which may not be made to yield subsiances of interest,
and in many inetances of great value.

567. Chemiste seam to have had an almost intvitive perception
of this, even from the commencoment of the science ; for we find
them always hovering near, although the key to the method of
research had not yet been found. It would be unprofitable in a
work of this character, however interesting the subject might be,
to follow them through the steps which gradually led to the
desired result. To Gay-Lussac and Thenard belongs the honour
of firet indicating & process by means of which the much-desired
Imowledge could be obtained; and the succossive discoveries of
Berzeliug, Prout, Dumas, Bansen, and above all, Liebig, have at
last raised the process to a degree of precision not to be sur-
passed, and perhaps scarcely to be equalled by any other method

L ]




NON-NTTROQENOUS SUBSTANCES ANALYAED, 349

of physical investigation, In fast, it is to the brilliant discoveries
of the last-nemed chemist that the popularity of organie chemistry
is chiefly owing ; and as the onward progress of the scienee is ad-
vaneing with & rapidity doubtless unexampled in the history of
Imowledge, this fact should in eommon justice be remembered
by all who avail themsalves of the processes mentioned in the
following pagee.

568, Itis frequently imagined by students in chemistry, that
organic analysis requires s great amonnt of knowledge and dex- .
terity on the part of the operator; but this is e fallacy. Like
most other chemical operations, it eimply requires care and atten-
tion to minute precautions, it being the latter which so greatly
inflaence the results of an experiment. It may with safety be
said, that a person possessed of 8 moderate knowledge of chemical
processes, may in a few experiments acquire suficient facility in
organic analysis to make a failare or ar abortive experiment a
rare cocurrence, the purity of the eubstance operated upon being

- of eonrse

1t will not be attempted to give all the processes, or rather mo-
difications, contrived by different individuals, such variations being
in general only advantageous under the peculiar circumstances
in which they were invented, but those will be indicated with
which the author is practically familiar, and which have always
been fonnd to yield unexceptionahle results.

Fer MEeraop,

569, Analysis of non-nitrogenous substances with chromate of
lead —All organic substences free from nitrogen and inorganie
matters, when burned in presence of a greet excess of chromate
of lead, are rescived into two produets, which oontain definite
quantities of the two ingredients songht to be eetimated, theso
two substances obtained being carbonie acid and water; and as
22 parts of the former are equivalent to 6 of carbon, and 9 of
the latter to 1 of hydrogen, the calculations reguired are simple
in the extreme.
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To perform this operation, the following apparetns is re-
quired :—

570, The potash-tube —This instrument, the invention of
Liebig, is the chief cause of the rapid advance made by organic
chemistry, from the manner in which it has removed the neces-
gity of tedious calculations, Its form is seen by referemce to
Ag. 87, § 107. It consists of five glase bulbe, blown upon pieces
of tube, and joined together in such 8 msmuner that they nay
with ease be hung upon a hook attached to the balance,

It is needless to enter upon the method of making them, as
such an exertion of dexterity would be a pure waste of time,
where the operator had anything else to do, it being entirely
unnocessary in regerd to economy, az they may be procured at
prices 8o low as to show that by practice they must be suficiently
easy to construct.

571. To render this instrument fit for use, it has to be filled
with a solution of caustic potash of about specific gravity 1-25.
This may be effected by immersing the tube attached to the
large bulb in the liquid, and after attaching the emction-tube,
fig. 272, to the other aperture, drawing with the mouth until
sufficient has been introduced to nearly fill the three lower
bulbs, It is unnecessary, and even improper, to introduce
more than this, The extarior portion of the potash apparatus
which is wetted with the caustic solution is to be wiped, and
the interior is to be dried by means of a thin roll of filtering-
paper. As the instrument ia delicate and liable to fracture if
the point of junetion of the tubes is at all roughly handled, it is
advisable 8o to connect the suspending link as t& prevent the pos-
gibility of their being withdrawn from each other, The apparatus
being mede of Germax glase, free from lead, ie extremely light,
and when containing a proper quantity of solution of potash,
should not weigh more than 800 grains at the cntside; in faet,
those I am accustomed to use, with the second tube attached, to
be alluded to further on, do not weigh more than this.

Several other forms of potash apparatus have been contrived,
one of them by Mitscherlich, but they have no advantages over
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that of Liebig; they are dlso generaily expensive, and the more
complex kinds require a greater time to fill with the potash sclution,
and also to clean out, in addition to which they are more fragile,
and, with the exesption of Mitscherlich’s, decidedly heavier.

In choosing & potash apparatus of the kind represented in
fig. 87, § 107, there are o few points which demand attention.
In the firet placs, it must be ascertained that the tubes by which
the potash solution is introduced are sufficiently large to permit
the ingress of the small rell of filtering.paper used to wipe away
the superfluous moisture. It is necessary, also, that the proper
proportion should exist between the two upper bulbs; this rela-
tive eize may be seen by reference to fig. 87. No wrinkling must
be observable where the two upper tubes cross oach other, and
they should approach within so short & distance thet they may
be bound tightly together with fine wire without fear of fracture.
The hook attached to the apparatus, and by which it is suspended
to the balance, is bound on by the same wire which fastens the
two tubes.

572. The chloride-of-caleium-tube.—The water produced in the
analysis is collected in a tube of the form eeen in fig. 86, § 107,
filled with spongy chloride of caleium, prepared as follows :-—
Ordinary alaked lime is diseclved in ocommereial hydrochlorie
acid, o little nitric acid is added, and the solution boiled and
evaporated to dryness with constant stirring; the solid is then
redissolved in plenty of cold water, a small excoss of eream of
lime added, and the solution allowed to remsin for twenty-four
hours; it is then flltered and evaporated to drymesa with eon-
stant stirring. When no more water is given off, the fragments
are to be passed through two aieves, one to remove the dust,
and the other to separate all the piecse too large to be capable of
etering with perfoct ease into the tube, and at the same time
lying tolexably elose together. 1If this operation has been properly
performed, a remarkably neat-looking product is the result, being
in the form of white grains of nearly umiform size, perfoctly
dry, and excsssively hygrometric. Fused chloride of ealeinm is
not at all adapted for the purpose. To fill the chloride-of-cal-
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cium-tube, a little looss fragment of cotton wool in made to pess
into the narrow tube by means of suction; more wool is then
added until it occupies about one-third of the bulb ; this is mueh
better than using less cotton, as, in the latter case, the tube soon
becomes nseless until refilled, owing to the solution of chloride
of caleinm crystallizing, whercas if done as directed, the same
tube will answer for a dozen or more analysea without being
refilled, The tube is then filled with the fragmentas of chloride
of caleium to within Jths of an inch of the fop, another por-
tion of cofton wool is added, and then e cork containing a tube
whose diameter corresponds to the tubes of the potash apparatas.
The cork is cut off nearly lovel with the tube, but alightly eoni-
cal, and is to have melted sealing-wax applied evenly, and in not
too large quantity, e as to ensure tightness. The whole arrange-
ment should not weigh more than 400 grains, and if possible lesa.
A wire is attached by loops in such & manner as to emable it to
be hung on the heam of the balance, as in fig, 66,

578, As most chloride of caleium is slightly alkaline, and if
prepared by the process given, almost cortain fo be eo, it ia
proper to pass a current of carbonic ecid through it for half
an hour before use, For this purpose, s vial containing a few
fragments of whits marble, and having a cork with an aperture
in it of the aize of the tube of the chloride-of-caleium appe-
ratus, may be kept in the laboratory. It will be suffcient
before using the chloride-of-caleinm-tabe for the first time, to
add a little dilute hydrochloric ecid to the marble, and attach the
apparatus to the vial. 'When the acid has become saturated,
the operation is finished; the gas remaining in the chloride-of-
calcinm-tube is then to be removed by suction, and the latter is
then to be weighed.

574, The suction-tube,—This little instrument (fig. 272, p. 346)
in used fo fill the potagh-tubes with solution of caustie potash, and
also to draw air through the whole arrangement at the conclusion
of the analysis. It i generally sold with a bulb, but the simple
form given snswers equally well ; and in fact almost any pieoos of
tube may be made to answer. It is fitted with a cork at a,
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which is perforated to admit, somewhat tightly, the end of the
potaah-tubes, and the exit of the second potash-tube to be men-
tioned further on,

576. Tube to contain substances.—Any small test-tube with &
well-fitting cork may be used, but I prefer on some cccasions &
tube closed with a glase stopper, This tube, with its eontents,
may be enclosed in the water-bath, fig. 52, until by ceasing to
lose weight it is ascertained that all the moisture has been
removed.

In the place of this tube, & far more generally convenient
arrangement may be adopted. It consiste of the two wateh-
glasses previously shown in fig. 81, but without the spring,
The most convenient method of desiccating the pure eubstance
for analysin, is to expose it in wateh-glasses in the water-bath
until nearly dry, and then to emclose it in stoppered bottles
until required.

576, When it is intended to perform the analysis, the watch-
glassee having heen weighed, a quantity, a few tenths of a grain
more than is required (where the substance is nearly dry), is
introduced into the watch-glass, and the other being put under
it, they are placed in the water-bath, The weight of the sub-
stance not quite dry, ie written in one corner of the note-book,

b.d. £46-88

} 24878
) 24061

625 |

in the manner indicated above, with b.d. sttached, indiesting
“before drying.” This is merely done to emsble the operator
to remember the weight, so a8 to save time in the subsequent
weoighings; when the eubstance has remained half an hour or more
in the bath, it is taken out, and the glass which was laid under-
most is placed as & cover to the other during the cooling and
subsequent weighing; when no more diminution ocours, even after
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congiderable exposure to 212°, the weight of the glamses and
substance is put as at (1); and when the substance has been
removed for analyeis, the weight of the watch-glasses and any
remaining particles is placed beneath it, asat (2); and the weight
of the latter being dedueted from the former, the amount of sub-
stance wsed is obtained. The method of placing the weighings
in the nots-book will be seen & little further on,

577. It saves much trouble and time if the weight of the
watch-glasses and bottles used to contain the bodies to be
analysed is marked on them with s writing diamond; for al-
though after considersble nse the number scratched on may no
longer be absolutely exact, yot it enablea the whole number of
grains and lenths to be put at once into the balance-pans, and
then only the hundredths have to be ascertained by trial.

578. Corks for scombustions.—No trouble should be spared in
selecting the very beat corks for attaching the chloride-of-calcium
apparatus to the combustion-tubes ; the latter should be tolerably
uniform in size, in order that the same corks may be frequently
* wused; they must be filed somewhat conical, so that when pressed
into the tube a alight shoulder may rise, as at a a, fig. 274, which
adds considerably to the tightness of the joint.

Fig. 274,

| 4
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Where the corks are very bed, it is better to file them in such
& manner that with considerable pressure they may be foreed
for about five-gixths of their whole length into the combustion-
tube, as in fig. 275; for, an almost all the flaws are on the sides,

Fig. 276,
Z
Z ] g
and the ends are generally free, a tight joint is almoeet cartain
be obtained in this manner.

fo
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The chief fault of this method is, that unless the cork ia well
sdapted to the combustion-tube, and, moreover, fita very tightly
to the chloride-of-caleium apparatus, it is somewhat difficult to
romove after the combustion. If the same chloride-of-caleium
apparatus is elways made use of, considerablo trouble will be
avoided, as all the corks will of course fit it. The hole for the
roception of the latter is first made with a cork- , and after-
wards finished with a rat-tail file. The tube should fit tightly
into the cork throughout its whole length, and not merely in the
middle with a gap appearing at the ends. Figs. 276 and 277
show, the former a well- and the latter an ill-fitting tube and

Fig. £76. Fig. 277.

—e

cork. It must not be eongidered that these details are umneces-
earily minute, as much trouble and annoyance will be avoided
by attending to overy source of success, however trivial it may
at a first glance appear.

679. Before piercing the corks, it is often sdvisable that they
should be softened by preesure on the onds and sidee, until they
may be reduced to two-thirds of their lemgth by the mere foree
of the finger and thumb; with the very bost corks this is easily
done. They are to be exposed in the water-bath after piercing,
becauss by this mesns they dry in very much less time, and are
therefore loss liable to become brittle. When a cork has been
used for an analysis, and therefore proved to be one which may
be depended on, it should immediately be placed in a clean and
dry wide-mouthed stoppered bottle kept for the purpose, as by
this means, exposure for & quarter of an hour to the water-bath,
when it has again come inte requisition, will be amply sufficient
to render it quite dry. In a lsboratory where orgunic analyses
are being constantly made, the conveniemce of a bottle of good
combustion-corks, free from water, will not fail to be appre-
ciated,
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580, Combustion-tubes—Although formerly muck diffienity
was experienced in procuring tubes suficiently hard to bear the
very considerable hest employed in combustions, without either
blowing out or melting between the furnace-supports, no trouble
is now found to arise from this scuree, and it is therefore scarcely
ever necessary to wmp them round with e sirip of sheet-braes
or copper. Care shonld be taken in selecting combustion-tubes
te prooure them tolerably uniform in ealibre, in order to eave
trouble in fitting the corks. Three sises must, however, be pro-
cured, two for the analysis of solida, the other of liquids. The
proper calibre and thickness of glass, are seen in figs, 278, 279,
and 280. Fig. 278 chows the thickmess and diameter of a tube

Pig. 278. Fig. 279. Fig. 280,

P

of the proper size for the combustions of fluids, Fig. 270 serves
for ordinary eolids; and fig, 280 is & emall size, adapted for the
combustion of bodies containing very little carbon, such as silver-
and platinum-salts.

It is very common with beginners to nse tabes far larger in
diameter than is necessary ; but this is improper in more ways
than one. In the firet place, it is muoh more difficult to make
corks fit tightly into large than small tubes; and in the next, the
former require an unnecessarily large quantity of oxide of copper
or chromate of lead.

581. The ordinary length of a combustion-tube for the ana-
lysis of solid bodies which are burnt with tolerable facility, is 18
inches; but with fluids a longer tube is required, varying from
20 to 30 inches, according to their volatility; the more volatile,
the longer the tube. A person accustomed to make combustions,
will burn euccessfully with a ahorter tube than an inexperienced
or careless operator,

LS
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582. Beginners often have difienlty in making good combus-
tion-tubes, but by attending to the following rulee it is hoped
that it will be found to be what it really is, the simplest and
most easy operation imegineble. It must, however, be impressed

upon the etudent, that in making well-shaped combustion-tubes

out of the hard Bohemian glass, it is absolutely essential to have
a powerful blowpipe-flame at command. Nothing answers better
for this purpose than that ailuded to et p. 44 as Herapath’s jet.
The Bussian lamp may also be used, or the table-blowpipe, or
any other suficiently powerful apparatns. A tube baing selected,
twice the length of one combustion-tube, it ia to be exposed to
the flame until so soft that it yields with perfect ease to the
most gentle motion of the fingers; it is then to be alightly drawn
out, removed from the flame, and being grasped firmly, yet not
too rigidly, with both hands, the backs of the latter being npper-
most, the left-hand is then to be drawn dovnwarde and towards
the left sids of the oparator, while the right-hand ie to be drawn
upwards and a little towards the right, and rather away from
him ; all this mast be done the instant the tube is removed from
the flame, orit will become too cool for the snoceesful performance
of the operation.

By this means two tubes are made at once, of the form and in
the position shown in fig, 281,

Fig. 281.
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The flame is then to be directed at a for a second, to enable
the tubes to be divided ; the ends are then to be thickened a littls,
and the operation is completed. If suocecsiully performed, the
resulting instrument should approach closely in appearance to
fig. 282, It is not advisable to have the tail longer than is there
reprosenited, as it rendersit liable to be broken off by the alightest
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carelosaness, and endangers the analysis. The end which is to
receive the cork is now to Fig. 282

be gradually exposed to the s

lamp-flame, until it has be-
come very hot ; it may then <

be heated at the edges with
the hlowpipe until they are sufficiently rounded to prevent them
from cutting the cork when inserted, and also to lessen the chances
of fracture. If the tube has been cleaned before making the com-
bustion-tubes, it only remains to wipe it out with a wire carrying
a piece of chamois leather ; a clean cork being then fitted into it,
it may be placed agide until wanted,

683, Reduced copper twrnings.—In all analyses of substances
containing nitrogen, iodine, chlorine, or bromine, it is neceszary to
plece & fow inches of bright metallie copperin the front part of the
combustion-tube, The metal may be obtained of the instrument-
mekers in long thin filaments eciled into ringlets, which, when
heated to rednees to remove any grease that may be on them, and
then reduced in s current of hydrogen gus, are admirahly adapted
for the purpose required. The general methoed of proceeding has
already been deaeribed at p. 187, in the section on Crucibles and
Operations at high temperatures. The coils of copper are best
obtained by pessing fine wire through a flatting-mill, and after-
wards curling the ribbon on a glass rod. The copper must be
heated to rednese and then reduced, however closn it may appear
to be, as it is otherwise impoesibls to be certain of the absence of
orgenio impurities, such as oil, dust, &e. It is also convenient to
pross the ringlets into a tube with a rammer, 50 as to make them
into plugs about an inch long, which may be introduced into the
combustion-tube with ease. The metallio surface produced by
reducing the oxidized surface of the copper is spongy and very
hygrometrie ; the quantity required for each analysis should
therefore be exposed in the water-bath for the same time as the
corks, and should be introduced as rapidly, and with as little
handling as posaible, into the combustion-tube,

584, C‘mwfkow-tuba.—The ohloride~of-calainm-tube is con-
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nected with the potash apparstus with s cacutehouc tube tied by
silk. Some worke recommend the wse of vulcanized india-rubber
tubes for this purpose, but as far as I am able o judge from my
own experimeonts, they are far more difficult to render tight by
tying with gilk than those made in the laboratory in the manner
desoribed further on. This does not arise from any imperfection
in the vuleanized tubes themselves, but from the fact that they
are leas adhesive than the others; and even if tied with consider-
-able care, the apparatns is frequently found unable to bear a
moderate pressure for a considerable time without indicating a
emall amount of leskage. The cacutchouc tube should be donble,
and fit the potash apparatus and the chloride-of-calcium-tube
with tolerable aceuracy; the exit of the latter should, as has been
maid, be of the same size as that of the former instrument.

585, The combustion-furnace.—This piece of apparatus is con-
structed of sheet-iron, and has had several improvements made
in it by different chemists, none of which are, however, of suffi-
cient magnitude to affect ita prineiple, It is meade of the form
soen in figs, 283, 284, 285, 286, 287, and 288, and should be at least
80 inchee in length, in order to enable very long combnstion-tubes
to be used when required, as happens with the analysis of very
volatile liquids, and in the esfimation of nitrogen in the gaseous
state, It is merely a long narrow sheet-iron trough, fig. 283,
& seotion of which, across the lLine ¢ b, has the form of fig, 284,

Fig. 368.
a
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from which it will also be seen that the farnace is alightly hol-
lowed ap et the bottom, in order that air may reach the fuel
through the slita (fig. 288), even when resting on & flat surface,
The posterior end, ¢ d, fig. 283, is not closed in. At intervals

e
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of about 2 inches all down the farnace are amall sheet-iron sup-
ports, the top of each of which correspends with the aperture, ¢,
in the front end. These supporis are intended for the combus-
tion-tube to lie on during the ignition, and ¢o prevent it from
being cut by them when at a high temperature ; they are slightly
curved and bent over on the upper surface, as soen in fig, 285,

Fig. 285,
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The other points connected with this apparatus will be alluded
to in the description of the method

of performing the combustion, The ¥i-286. Fig.267. Fig.268,
scroen, figs. 286 and 287, is used

to regulate the onward pessage of W W I'l]

the fire along the tube, and the

other, fig. 268, to protect the cork.

688. Oporations previous to all analyses.—It is of conres im-
perativo that the sabetance to be analysed should bein a state of
purity, and no means of atteining this end ehould be neglected.
If the body containm any inorganic constituents, either balonging
to it or merely arising from diffleulty in the purification, they
ghould be carefully estimated bhefore the organic analysis takes
place. The weight of ash, if any, left on combustion in an open
vesse], must be ascertained, and in some cases it is proper to
sabmit it to analysis,

587, The state of the substance with reference to water must
be known, and most solid bodies are to be dried at 212° Fahr,
until they coase to lose weight. Where tlrey are decomposed at
this temperature, they must be dried tn vacwo over sulphurie
scid. Bome bodies which retain water with great obstinacy, snd
bear a tolerably high temperatere without decomposition, are to
be heated in an oil-bath until they are sufficiently dry, the tem-
perature being carefully regnlated by a thermometer,

588. Analysis of subetances free from nitrogen.—The apparatus
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being prepared as directed in the previous inetructions, a certain
quantity of the substance is to be weighed ouf either into the
botile or watch-glase, and is to be kept in the water-bath until
required. The combustion-tube is cleaned and maede very hot,
ond a glass tabe (kept for the purpose) is introduced into it, and
air sucked out in such a manner as to remove every trace of
woisture. Enough previously fused and pulverized chromate of
lead to fill the tube to within an inch of the end, is then mea-
sured out and heated in & porcolain eapsule over the gas-lamp
for about half an hour ; every trace of moisture will by that time
have been expelled ; during this operation the powder becomes
darker in colonr. 'When cold, a little is introduced into the
combustion-tube, for the purpose of ringing it out; this is re-
joctod and placed among that which has been used, and is pre-
served for re-fusion, A little of the powder is then placed aside
in the poreelain capsule, for a purpose which will be presently
mentioned, This last-named portion ehould be about sufficient
to occupy 1 inch of the combustion-tube, The rest of the chro-
mate is then to bo transforred to a small clean and dry mortar,
with the exception of about an inch, which is allowed to remain
in the tube. 'Fhe substance the weight of which, and the bottle
or watch-glass, has been previously asecertained to the third or, if
gramme weights are used, the fourth place of decimals, is shalken
into the chromate of lead in the mortar, and the vessel, with any
remaining particles, is carefolly placed aside until the proper
time to reweigh it. The substance is now intimately mixed by
gentle trituration with the chromate of lead, and the combustion-
tube being taken in the right hand and the mortar in the left, by
a species of serewing motion the mixture is transferred to the
former, at cach addition the tube being slightly raised with its
open end upward, and e slight tap against the side of the mortar
being given to make the powder descend in the tube; in this
manner, by a very emall expenditure of dexterity, almost the
whole of the mixture will be traneferred in a very few minutes
to the combustion-tube; if neatly performed, the quantity re-
maining should not exceed a grain, The portion of ohromate
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which was directed to be placed aside in the porcelain cracible is
then turned into the mortar, and is triturated for a fow seconds,
in order to rinse it out; this portion is then introduced into the
combustion-tube in the same manner as the first portion ; any of
the chromate which has by this proceeding found its way into
the little tail at the closed end of the tube, is then brought into
its proper place by holding the tube horizontally, and giving its
front end a fow gentle taps against the edge of the table; it is
then leid flat upon the latter, and being held by the tips of the
fingers of both hands, one at each end, a fow taps are given to
meake the powder lie in the fube in such a manner that a amall
channel may exist from end to end, to allow of a free passage for
the evolved gnses; the tube is then closed with e dry cork and
placed in its position in the furnace. It should at this stage of
the proceedings present the appearsnce of fig. 289, where 4 re-

Fig. 289,
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presenta the portion of pure chromate first introduced, 3 the
mixtare with the organic eubstance, and ¢ the rinsings of the
mortar,

580. The previously weighed chloride-of-calcinm-tube is then
placed in its proper position and pressed firmly in with its cork,
in such a manner that there is no chance of a leak ocenrring.
The potash-tube, the weight of which is also accurately kmown,
ia then attached by means of the cacutchoue connector, which ie
tied in two places with e etrong and not too thin silk cord, having
a knot at either end. The potash-tubes rest on a pad of cotten-
wool enclosed in a flat milk beg or on a piece of folded linen, or
other convenient and soft support, the eide, 3, fig. 200, being
raised by means of & cork. The whole arrangement, which
should slightly incline from the posterior to the front extremity,
is neen by inspecting fig, 200, wheve the furnece is seen to rest
upon two bricks placed on their sides. It is an excellent plan,
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although not generally adopted, to have the bottom of the far-
nace slightly hollowed, the convexity being upwards, as seen in

Fig. 290.
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section at fig. 284, p. 359, a8 by this means it can be supported
upon & flat surface, the draught passing along the hollow formed
by the concavity, to the apertures in the furnsoe.

580, The potash-bulbs being placed as elready mentioned, an
ignited piece of charcoal is held with the tongs near the bulb, a,
80 a8 to expand the air in it, which immediately escapes in bubbles
through the solution and makea its escape. 'When a fow bubbles
have passed, the coal is to be removed, and the potash-tube placed
lovel on its ped, until the liquid which was forced by the ex-
pended air to rise in » has returned, and the fluid has risen in
the bulb, a; st this point the apparatos is egain inclined by
means of the cork as before, and left for at least ten minutes, to
see if the potash solution retaine ite position; if it does, it shows
that no leak oceurs in the apparatns, It is usual to oceupy these
fow minutes by reweighing the bettle or waich-glass whick con-
tained the substance, with & view to ascertain the amount unsed.
A charcoel fire must also bo made, 8o as to afford an nnlimited
supply of ignited coals for the combustion. If, on returning to
the apparatns, the fluid is found to retain its position, the anslywis
may be proceeded with, but if it has shown the least symptom
of receding, 8o as to have a tendency to attain the same level in
both bulbs, the leak muat be discovered and made good.

It is scarcely likely to be in the cork which affixes the sall
tube to the chloride-of-caleium apparatus, because that has pre-
vicusly been made tight by sealing-wax ; but, on the other hand,
it is not unlikely to be found to exiet in the cork which connects

n2
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the last-named apparatus with the combustion-tube; it is proper
therefore always to have two or three which fit ready, in order to
enable the operator to replace the leaky one if required. The
escape may also arise from imperfeetion in the caonichoue con-
nector, or the way in which it has been tied; and lastly, it may,
although this is very unlikely, arise from imperfoct sealing of the
point of the posterior end of the combustion-tube,

591, Bupposing the apparatus to be quite tight, and e plentifnl
supply of ignited charcoal at hand, the end, ¢, is to be covered
with a screen, like fig. 288, p. 360, which hangs on by hooks
formed by turning over the ends; this screen is intanded to nssist
in protecting the cork from the heat of the furnace. It is proper
to allow about 1 inch of the eombustion-tube to project from the
furnace, exclugive of the portion occupied by the cork, so that
1 clear inch shall bo between the ignited portion of the fube and
the commencement of the cork. If the latter is scorched, the
analyais becomes worthless, Om the other hand, the front portion
of the tube must be maintained at such a temperature that no
water can condense in it, Not the slightest difficulty will be
found in satisfying these conditions,

The sereen, fig, 287, p. 360, and d, ig. 280, being placed about
2 inches from the front of the combustion-farnace, red-hot char-
coal is to be added carefully, o as pretty rupidly to raise that
portion of the tube to redness. It ie proper to notice, that many
operators, even of much experience, are in the habit of using much
more charcoal in combustions than is really required, they even
filling the furnace nearly to the top. A dexterons analyst, how-
over, may to a certain extent be known by the neat and careful
manner in whichk the ignited charcoal is arranged, so as to
thoroughly cover the tube, and heat it to redness, without using
more than is necessary. This should be attended to, not so much
on the ground of economy, as bocanse much of the accuracy of
the result depends upon the manner in which the sombustion ia
conducted. Directly the front portion of the tube is red-het, the
screen is shiffed backwards for about half an inch, and this is, in
its turn, surrounded by the red-hot coals. As msoon as the ringings
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are reached, the evolution of carbonic acid commences; and this
may be easily kmown from the passage of the expanded air, by the
different mannper in which the bubbles affoct the potash solution.
Directly the evolution of gas slackens so much that the bubbles
only make their escape at comparatively long intervals, the screen
is to be again shifted backwards for s space equal to the first.
It is a good gemeral rule that the gas should not be driven over
too rapidly for the bubbles to be counted.

592. In this manner the posterior end is at last reached, and
then the screen is to be placed beyond the tail portion and char-
ooal added, 8o as to raise the whole tube to redness; if the mix-
ture of the substance and the chromate has been properly made,
the evolution of gas ceases vory suddenly, and the fluid in the
potash apparatus begine to recede; when this appears, the char-
coal is to be removed from the end of the tube, and the point
being broken off, a piece of dry glass tubing is to be placed over
the point, and the suction-tube, fig. 272, p. 346, being attached
to the potash-tube, a current of air is to be drawn for about half
a minute through the whole apparatus; by this means all the
carbonie acid remaining in the eombustion-fube is dvawn into the
potash solution and absorbed. It is generally directed that the
air drawn through should not possses any taste, but it is very
seldom that this is absolutely the case, especially in the anelysis
of nitrogenized bodies; it may, however, be taken as a general
rule, that the less sapidity is observed the more complete is the
combustion.

593. The apparatus is now to be taken to pieces and placed
agide to cool for a quarter of an hour or twenly minutes before
being weighed. 'When the chloride~of-calcium spparatus is re-
moved from the combustion-tube, a little water is sometimes ob-
served to have remained in the narrow pipe, not having been
drawn into the eotton-wool during the suction ; if this occurs, it
is to be drawn in byapplymg the lips to the caoutchouc con-
nector before removing the latter from the chloride-of-caleium-
tube; during this operation the latter is of course to be held
vertically, the moist portion being uppermost.
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Porhaps the neatest way of stating the result of the weighings
in the laboratory-book is in the manner seen below, which gives
the particulars of the analysis of the platinum-salt of picoline, an
organic base found in bone-oil and some naphthas. Two vertical
lines being drawn, three spaces are obiained, and as the left-
hand one is invariably appropriated to the substance, the centre
to the potash-apparatus, and the right-hand space to the chloride-
of-calcium-tube, it becomes unnecessary to write any deseription
againet them.

b.d. 246860
$468-760 B61-6565 167840
240510 B56-160 165620

6260 5400 1:520

The loft-hand column has, it will be seen, the namber #248-860"
with “b.d.” against it; thia was the weight of the watch-glass
and substance before being dried; after drying, it amounted to
246760 ; and when the substance had been removod, the glasses
and any adherent particles weighed 240°510; the difference is
the substance used, viz. 8-250 greins. The potash-tube before
the experiment weighed 658-165, and after, 661-655; the differ-
enca, 5:400, is the carbonic acid condensed. The third column
shows the weight of the chloride-of-caleium-tube before ard after
the experiment, and gives 1-520 s the water condensed in it.
The quantity of carbonic acid multiplied by 3, and the product
divided by 11, gives the amount of esrbon; and the water pro-
duced, divided by 9, gives the hydrogen in the substance analysed.
On performing this with the numbers given above, and converting
the results into per-centages, we have

Caxbon . ., .... 2308

Hydroger .... 270
a8 the result of the analysis, which agrees very olosely with the
theoretical quantities, which are

Carbon . ..... 2407

Hydrogen .. .. 267,
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A neater method of ealeulating the result of the analysie is to
multiply the subetance by 11 and the carbonic acid by 3, end
then divide the latter product by the former. It is obvious that
to multiply the substance by 11, it is merely necossary to repeat
the same number, placing it underneath, and advancing the
bottom line one figure to the left. Im making the ealoulation thus,
it occupies little space, and may therefore always be made in the
note-book underneath the results of the combustion, and is thus
preserved for the purpose of verification.

It somotimes happens, especially in warm weather, that the
film of moisture which existed on the bulbs in the firat weighing
does not deposit readily after the combustion, in consequence of
the apparatus becoming -heated. In this case the potash-tube,
corked at both ends, must be kept in a clean dry place until it
ceases {0 increase; this pometimes takes nearly an hour,

594. In good analyses the carbon is generally s little below the
real quantity, generally from -1 to -15 of a per cent., and the hy-
drogen slightly in excess to about an equal amount, In eare-
fully performed analyses upon perfectly pure substances, exceed-
ingly correct numbers may be obtained, as in the above resalt,
where the losa of carbon is only ‘11 of & per cent. and the excese
of hydrogen 03.

595. With reference to the quantity of substance to be used,
it is rather difficult to give a rule which shall hold in all cases.
It is, however, soldom that a greater quantity of a solid than 9
grains, and less than 5, is weed ; 8 grains generully form a very
convenient quantity. With fluids it is better to burn four or five
with low cerbon, and about three where a large per-centage of
that element is present. Much, however, depends upon the
volatility and combustibility of the substance, and the ahove
quantities can merely bo regarded as approximative. Perfectly
sccurate analyses of very volatile fluids may be obtained upon
25 grains if the carbon is high.

596. Analysis of substances containing nitrogen~—When sub-
stances containing nitrogen are burned with chromate of lead,
some of the higher oxides of nitregen are generally formed, which,
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being sbsorbed by the potash solution, give rise to errors im
excess in the carbon determination. Whers the amount of nitro-
gen is very small, as in platinum-salts, for example, a layer of
reduced copper turnings, placed in the anterior portien of the
combustion-tabe and kept ot & bright red heat during the analysis,
will decompose the whole of the acid gnses, the oxygen combining
with the copper, and the nifruogen being evolved in the gaseouna
etate, which passes unabsorbed through the potash apparstus.
‘When the per-cantage of nitrogen is more congiderable, it is dif-
ficult, and sometimes impoasible, to decompose the whole of the
acids formed, and then it in neceesary to use oxide of copper as
the substance to yield the oxygen necessary to ¢onvert the carbon
of the substance into carbonic acid. In faet, oxide of copper is
in many analyses equally convenient with chromate of lead, ita
chief disadvantage being ita pronenesa to absorb meisture during
the mizture with the substance in the mertar. This tendency
decreases a3 the oxide becomes denser from being repeatedly used.
It is best prepared by heating the nitrate to dull redness, being
etirred frequently with & copper or iron rod, preferably the former.
It is used both in fregments and powder. The fragmeats are
best for the combustion of liquids, as will be deseribed further on.
The used oxide may be made 83 good or even better than before
(in consequence of ita becoming more denme and less hygrometric),
by moistening it with dilute nitric acid and heating to redness.
587. To perform the analysis, a combustion-tube is selected of
the proper length ; it is then fllled as far as will be required with
the oxide: this serves as a measure of the quantity to be nsed.
The oxide is then put into a Heesian erucible, which is covered
by inverting another over it. After being heated to dull redness,
it is to be allowed to coal unmtil it will not burn the eloth with
which it is to be held in the hand. The oxide is them transferred
by a clean dry funnel of brass plate, into o large dry tube, capable
of holding more than is required ; it is then corked, and put aside
until cold. The substance ia to be weighed in a long glass tube,
and about an inch of oxide having been rapidly inserted into the
combustion-tube by means of the funnel before alluded to, a por-
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tion of the enbatance is added, and then about 2 inches more oxide.
The two are then mixed with a copper wire, bent at cne end into
two tarns of & screw; by alternately pulling the latter np and
thrusting it down through the mixture, at the same time furning
it, the thorough incorporation of the two is soon effected. About
8 inches more oxide, and another portion of eubetance is them
added, and the operation repeated. Ome more performance of this
procedure finishes the operation. The rest of the oxide is then
poured into the tube, and the metallic copper thrust in with the
assistance of a perfectly dry glass rod; and after tapping the
tube, to clear & channel for the gases, it is ready to be connectod
with the chloride-of-calcium-tube, &o,

508, By prooeeding in the manner above directed, not only is
the hydrogen obtained remarkably correct, but the whole pro-
ceoding ocouptes little time, and the arrangement is extremely
convenient, The use of the brass fannel will be found greatly
to facilitate the proceedings. It should be made with a very
large opening in comparison with funnels generally; so large, in
fact, that it will only just enter the combumstion-tube,

It in better to mix the substance and oxide by degrees as di-
rected, than to add oxide, then subetance, then oxide, &e., until
the tube is filled, and after all is inserted, to mix with the screw,
because it is not so easy in the latter case to make the wire tra-
verse the tube to tho further end throngh the long column of
oxide of copper. The combustion ehould be made very slowly.

599. Analysis of liquids.—Before proceeding to analyse liquids,
it must be carefully ascortained that they are really in the con-
dition in which they are supposed to exist, Many of them have a
great tendeney to attract moisture from the air; others become
oxidized and otherwise altered by keeping. Where this is the
case, it ie better to digest them for a suffleient time over some
subetance having s powerful tendency to absorb water, such as
chloride of calcium, solid caustic potash, quicklime, &c. The
choice of substances must of course depend upon the habitudes
of the body under examination. If the quantity st the operator’s
disposal is very limited, the zetort with a tube, by which to

xb
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insert the fluid without soiling the neck, fig. 205, will be found

invelusble. They may be made with great ease from pieces of

wasto tubing, old retort-necks, &. When the fiuid to be ana-

lysed is tolerably volatile, and does not leave a reaidue of carbon

on distillation, it may be inclosed in little glaas bulba, These

are made from quili-tubing, by drawing it out as in fig. 201.
Fig. 201

&

e

One of the tails is to be removed at , and the enlarged portion is
to be heated in the blowpipe-flame, and expanded inte a buld in
the manner represented in fig. 202. The open end is then to be

72N

(9 z _
held for 8 second in the lamp-flame, to round the edges of the
aperture, and thus lessen the danger of fracture.

The beet method of hendling these delicate instruments is by
means of 8 pair of amall pincers with long beeks, to which are
adapted pieces of cork in order to preveut the glase from being
crushed, Being thus supported et about o, fig. 202, the globe
is to be heated for a second in the lamp, and the point is imme-
diately planged under the surface of the fluid, a part of which
enters on cooling and consequent contraction of the air; the
portion which has entered is made to boil, and if the point is now
again plunged beneath the surface of the Auid, the vapour con-
denses, and the bulb becomea very nearly filled. It is now usual
to seal up the apertures and reweigh the bulbe, to ascertain the
gquantity introduced, the necks being broken off before dropping
them into the combustion-tube; but if the operations are per-
formed with moderate celerity, this sealing is quite wnnecessary,
exeept in the case of exceedingly volatile fluids. The buibs are
dropped into the tube amang the oxide. An inch and & helf of
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the latter is flrst introdnesd, then one bulb, then three or four
inches more oxide, then the other bulb, and the tube is aftar-
wards filled up with oxide, so that at least 12 or 14 inches shall
be in front of the last bulb. Two of the latter are generally used,
but in some cases three are more convenient.

600, Where the fluid cannot be distilled without lesving o
residue, a3 is the case with moet of those having a very high
boiling-point, & lose would take place if the bulbe above alluded
to were used, a film of carbon remaining in them after the com-
bustion, Under these circumstances it is necessary to weigh the
fluid in a small glass tube, supported upon the balance-pan by
a perforated cork, or, preferably, by the little instrumant repre-
sented in fig, 203, which may cesily be made by any person cut
of & piece of tin plate. It is shown supporting in Fig. 208
a vertical position the tube holding the fluid to be T
analysed. The size may also be the same. A
layer of oxide being introduced into the combua-
tion-tube, the small one containing the fluid is
dropped in, and the rest of the oxide is inserted.

The little veesel must have its opening towards the
anterior portion of the combustion-tube, in order that the oxide
of copper wher introduced may £ill it, and displace the fluid.

601. Where ihe liquid to be analysed is decomposed by heat,
8o that it is impossible to introduce it into the bulbe in the usual
manner, two rescurcos present themselves: either the use of a
tube as just directed, or drawing it by suction into a weighed
balb, with two narrow pipes, like fig. 201, and again weighing.

The analysis of fluids requires s fow precautions, which it ix
necessary to deseribe. In the first place, the advance of the
ignited chareoal must be very gradual, especially if the liquid is
particularly volatile. "When the first bulb ie nearly reached, and
the whole of the front portion of the tnbe is in a state of ignition,
a piece of red-hot charcoal may be held near the former, so 88 to
expel a portion of ita contents; this mnst be done very carefully,
the eye being directed constantly to the potash spparatus to see
if the bubbles come over too fast. It is essential, as soon as the



372 ' OHEMICAL MANTPULATION.

distillation of the fluid commences, to keep a red-hot coal dur-
ing all the remainder of the analysis close to the point of the
combustion-tube, to prevent condeneation there, as if this cecurred,
it could not be expelled afterwards without a sudden buret of
vepour which wonld endanger the result.

602. I have so far modified the process for buming volatile
finids, that they require no more time and, what is of great im-
portance, far less attention than in necessary even for an ordinary
solid, For this purpose I place all the fluid in one bulh and drive
it all out at the very commencement of the snalysis into a column
of about 30 centimetres of cold oxide of copper; this latier por-
tion ie never directly heated until the end of the analysis, the
fluid being volatilized by the heat conducted by the oxide. Of
course I pass oxygen at the last over the rednced metal to remove
any carbon combined with it. The tube in therefore arranged thus:
at a, fig. 204, I place a small plug of recently ignited asbestos
about 5 centimetres long, then & mixture of fused and powdered

Fig. 294, _
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chlorate of potash and fine oxide of sopper at b (about 15 centi-
metres), and then 5 centimetres of asbestos followed by 10 centi-
metres of coarse oxide of copper. The substance in ome bulb is
placed at ¢, then the tube to A is filled with grenclar oxide of
copper of about the coarsenesa of dust shot, and finally, at ¢, I
place a few centimetres of metallic copper. 1 commenee by heat~
ing the tube to redness at @ and between the screens ¢ and f;
when fully red, I fill with live coals the space between the screens
¢nnd d; the whole of the fluid is thus immediatoly driven amongst
the oxide of copper occupying the space between the screens
eand d. In a short time this oxide becomes sufficiently hot to
cause a slow and perfeetly steady distillation of the fluid over the
red-hot colurnn of oxide from ¢ to A, where it is bumned. No
further attention is requisite until the carbonic acid cesses to
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onter the bulbs, when the screen, ¢, is removed back, but it is
always found, if the fluid is pretty volatile, that very little re-
mains. When the tube ia red-hot from ¢ to f, the oxide of copper
and chlorats are slowly heated to redness. Combustions made in

_ this manner I have seldom found to fail in giving perfect results.
One great advantage of this method is, that if the space from e to
d is of the proper length, there ix no fear of either 8 sudden rush
of gas or of the combustion being tedicusly slow.

603, Analysie of fueible solids.—Bubstances which are quite
solid at the ordinary temperature, but which melt at a moderately
elovated one, may be weighed in little pieces, which are to be
dropped into the combustion-tube at intervals, chromats of lead
or oxide of copper being allowed to occupy the spaces between the
fragments. On warming the tube, they melt and become diffused
throaghout the fragments in a state well adapted for their combus-
tion. If care be taken to heatvery gradually, such bodies as paraffine
may be burnt without any melting for the purpose of diffusion.

604, Some viscid and therefore troublesome substances may be
weighed upon small flat pieces of glass, which are to be dropped
in in the same manner as the bulbs, taking care to diffuse the
matter to be burnt by warming the fube.

Bmall trays are more convenient and much nester for containing
viscid bodies for analysis; they are easily made by splitting smalt
glass tubes down both sides with a pastille® in the direction of
their longer axis, and then drawing them out and upwards at each
end in the blowpipe-fiame as in fig. 285 ; the points at ¢ are then

Fig. 295. Fig. 206.

to be removed, so that the tray when finished resembles fig. 296,
They are to be weighed, both empty and with the eubstance.

* The method of making them will be found in the section on Glase-
working.
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About an inch of oxide of coppar or chromate of lead is to be in-
trodneed into the posterior end of the tube, then the tray and sub-
stanee, and then tho remsainder of the chromate, &¢. Sometimes,
however, it is better to divide the substanco between two or evem
three trays, which are to be separated from each other in the
combustion-tube by a few inches of oxide or chromate.

605, Analysis of substances difficultly combustible.—There are
many ways of effecting the conversion of the earbon of refractory
bodies into carbonic acid, where oxide of copper or ever chromate
of lead are incapable of doing so completely, The last-named
substance has its oxidizing power greatly increased if a little pure
dry bichromate of potash be mixed with it.

A common method of effeeting the combustion of very refractory
organic substances, is by passing a current of oxygen gas through
the tube, either during the whole time or only at the conclusion
of the operation. The manipulation in the former case will be
ovident from the description of Hofmanrn’s gas-furnace. Some-
times the oxygen is liberated from a fow mmall fragments of
fused perchlorate of potash placed among the oxide of copper,
which ia firet introduced inte the posterior end of the com-
bustion-tube. 'When the Intter has been heatod to redness,
except the very last portion, the heat is gradually applied to the
perchlorate, in such a manner that a eteady uniform series of
bubbles may pass through the potash apparatus. It must be
remembered that this process is not applicable in the cass of
nitrogenized compounds, for the same reason that chromate of lead
is inadmissible; but, fortunately, it ia seldom that bodies contain-
ing nitrogen are difficult to burn, the greater number being parti-
cularly easy of combustion. Itis true that substances are sometimes
met with containing considerable quantities of nitrogen, and yet
very dificult to completely burn; we are then between two diff.-
cultlea; for if it be attempted to burn it in oxygen, an exoess is
obtatned, and if we do not nse the gus, a deficiency, The diffi-
oulty disappears if we resort to combustion in & current of oxy-
gen, taking care, aféer the preliminary heating of the tube for the
purpose of removing moisture, to insert a considerablo column of
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reduced copper in the anterior portion of the combustion-inbe.
In this way all the nitrogen previously oxidired will be reduced
and escape in the free state.

608, The following method of burning organic bodies in a cur-
rent of oxygen gas is due to Laurent®, and may sometimes prove
& convenient arrangement.

The posterior end of the combustion-tube has its point, a, fig. 207,
sttached by means of & caoutchoue connector with the U.-tube, 3,
one limb of which in filled with ftagments of caustic potash, and
the other with chloride of calcium. The limb furthest from the
combustion-farnace hes two tubes inserted into it; one of these
is connected in the usual manner with e hard glass vessel, ¢, con-
taining the chlorate of potash, The latter rests upon some coarse
wire trellis forming s grate, upon which the charcoal used to
heat the chlorate is supported. The tube, ¢, serves as a safoty-
tube, as, if the current should prove too rapid, it enables us by
breaking the point to arrest it at any moment; it also permits a
current of air to bo drawn throngh the entire apparatus at the
end of the analysis in ordor to displace the oxygen; the point
being broken off, the air is to be sucked out with a tube like that
shown in fig, 272,

607, Whenever oxygen is passed through the apparatus, or
the substance analysed contains nitrogen, the bubbles of dry gas
pasging through the potash-bulbe remove e considerable amount
of moisture; this error, by diminishing the weight of the last-
mentioned instrument, csuses an apparent loss of earbon. To

® Ann, de Chim. o de Phys. [8] xix. 560.
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obviate this, it is merely necessary to attach to the end a small
tube filled with fragments of ceustic potesh. If wede very
emall and light, it may be
weighed with the bulbs, and
thus its use will not involive
extra trouble. Its shape
and size will be seen by re-
ference to fig. 208. Where
great accuracy is desired,
the wse of this tube should
never be neglocted,

In the analysie of sub-
stances very diffioult of
combustion, it is sometimes
a good plan to have 3 or 4
inches of oxidized copper turnings in the front part of the com-
bustion-tabe; the large surface of oxide thus exposed to the vapour
is very effectusl in rendering the combustion perfect. It is
espocially useful in the combustion of liquids when no granular
oxide is at hand.

Srecran MonrricaTIONS,

808, Substances containing sulphur —If sulphur is present,
it is necessary to interpose s tube containing peroxide of lead
between the chloride-of-calcium apparetus end the potash-
bulbe, It is better to make the combustion with chromate of
lead in this case, when, if the quantity of sulphur is small, the
peroxide of lead may be dispensed with.

Bubstances containing chlorine, iodine, or bromine, should be
burnt with chromate of lead, a fow inches of metallic eopper
being placed in the front of the combustion-tube. The latter
precaution is particularly essential where jodine is present,

609, Where chlorinated substances are burnt with oxide of
copper in a stream of oxygen, it is also necessary to use copper
turnings, the current of oxygen being arrested immediately on
its being soen that the copper in front of the tube is becoming
oxidized.
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610. Excessively volatile liquids are very troublesome to burn
in the ordinary manner; the tenaion of their vapour lowers the
potash when the tightmesa of the junctures is being tried, and
makes it imposaible to ascertain the fact with certainty.

In addition to this, a portion of the vapour escapes combus- .
tion when the front of the tube is being heated. It is true that
this might be avoided by the method said to be adopted by some
chemists, namely, dropping the bulba containing the liquid inte
the tube in a sealed stats, and applying just sufficient heat to burst
them by the expansion of the liguid, not by the vapour; but this
is an operation of such micety, that few would care to risk the
chance of ereating vapour which might not only burst the bulb
but perhaps eject the fluid from the potash spparatus.

The analysia of such fluids may, however, be effected by intro-
ducing 8 weighed portion into s very small tubulated retort, made
in the manner described in the section on Glass-working. Itia

connected by & small casntchoue tube with the anterior portion of
_the combustion-tube, which is drawn out for the purpose. Itis
sealed at both ends when affixed to the combustion-tube, and when
the whole of the oxide of copper is heated to redness, the point, a,
fig. 299, is broken by pressing it egainet the side of the combus-
tion-tube. The fluid is made to distil with extreme elowness by
the appreach of a coal held at a considerable distance, or other con-
venient means ; and when all the fluid has volatilized, the point, 5,
of the tubelature is removed, and eir ie drawn elowly through the
whole apparatus, to remove the last traces of vapour remaining in
the retort, and the carbonic acid is at the eame time drewn into
the potash-bulbe.
811, Ultimate analysis of gases containing carbon.—Many gasca
containing carbon may very conveniently be analysed by the me-
thed of organic avalysis, To effect this, they are made to stream
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slowly over ignited oxide of copper, the producta being received
in the usnal manner. It ia obvious, that, although the abaclute
quantity of gas burnt is unknown, the relative proportions of
carbon and hydrogen may be found, and the constitution of the
gus ascertained.

M. Regnanlt describes an instrument of very simple construe-
tion, which enables given volumes of gaseous hydrocarbons to be
burnt, so thaet if the specific gravity of the gas has been pre-
vionsaly ascertained, the weight of the bulk analysed is easily
caleulated, In fig. 300, 4 b represents the tube to contain the
gas to be analysed ; it is capable of

containing between 400 and 500 Fig. 800.
cub. cents. At the top, a small Nk

tobe, ¢ r, is attached, bent at M .
right angles, and cemented at r, qj—?&'
to a small steel stopeock. At ita ’5

lower end it is again contracted, |
#o 84 to form a narrow tube, a f, ;'Tl
which is cemented into a cast-iron H A
spparatus of somewhat peculiar .‘ !
construction, which is also one of . 1
the chief features in M. Regoault’s {
gas-analyzing apparatus, the de-
peription of which s guoted at
p- 324. This cast-iron apparatus
forma a three-way cock (R in the
. engraving), having a eecond piece,
g, intended to reccive the glass
tobe, g h. This efopeock is seen
in section in fige. 301, 302 and 303,
which show the three positions it is
capable of assuming.

The first of these indicates the method of opening a commmunica-~
tion between the pipette, b 4, and the tube, ¢b, In the second,
the tube, g A, and the pipette commuricate; and, at the same
time, ¢ being open, the merenry is allowed to escape, for the pur-
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pose to be mentioned presently. The third position of the eock
is guch that the pipette, b 7, alone has communication with the
air, the mercury escaping from it, while that in ¢ A remains,

Fig. 801. Fig. 808,

612, To fill the instrament with mereury previous to admission
of the gas, the stopeock must be placed in the first position, so that
although the pipetie and the tube, g }, cormmunicate, no mercury
can escape by the inferior orifice, ¢. The metal is then to be
poured in at A, until the pipette and ¢ A are full, which is known
by the mercury escaping at ». 'When this is done, the stopeock
is brought into the third position, which enables the mercury to
encape from ¢; it is carefully eollectod in a bottle and weighed,
a8 by this means the bulk of the pipette is ascertaived, The
metal must not be permitted to fall below a, there being a mark
ot that point, To fill the instrument with the gas to bo ana-
lysed, mercury is again introdaced as before, and the vessel pro-
ducing the gas in attached, by means of a caoutchouc tube, with
the stopeock, ». As the gas enters, mercury escapos; but as soon
as it has fallen g little below the mark e, r is closed, the three-
way cock is brought to the first position, and mercury is poured.
in et A with extreme care, until it exactly reaches the mark a.
The difference in the height of the mercury in the two tubes is
then to be ascertained by measurement, and being added to the
height of the barometer, the preasure of the ges in the pipette
is found, and the temperature is taken by the thermometer, T,
fig. 300.

813. The enterior end of the combuation-tube being connected
with the stopeock, r, mercury is to be poured in at A to expel the
gas, which is thus forcad over the oxide of copper, the products
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being received in the ordinary way. It should be remembered,
that as mercury is used to drive the ges forward, it must be
edded in very amsll portions, or the combustion will be imper-
feot, from the rapidity of the passage. The latter is also to be
regulated by the very cautious opening of r, which for this pur-
pose should have a small bore.

614, Estimation of nitrogen.—-A great number of methods have
been invented for the determination of the nitrogen in organie
substances; of these there are four which are more particularly
used, as having been found to possess the important attributes of
procision and convenience in execution ; they are those of Varren-
trap and 'Will, Liebig, Bunsen, and Dumaas; the others will merely
be alluded to, as the space allotiad to organic meanipuliation will
not permit the details of all the processes to be entered into.

615, Egtimation of nitrogen by the method of Varrentrap and
Will —In this procese the organic bedy, which must not be a
nitrate, is burned with soda-lime, the ammonia which is evolved
being condensed in dilute sulphurie or hydrochlorie acid in o tube
of the form scen attached to the eombustion-tube in fig. 304,
The detsils of the prooess belong to works on analywis, but there
are points in the manipulation which it is necessary to mention.
If much nitrogen is present, it is better to add a little pure eugar
or starch to the substance to dilute the ammoniacal vapours and
prevent the absorpiion taking place with such rapidity as to cause

the fluid to enter the combustion-tube. It is advisable always to
add a little starch or sugur, becsuse if the orgunic mattor is small
in quantity the gases evolved from the starch carry the ammonia
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forward into the bulbs. 'Where hydrochloric acid is used to con-
dense the ammonia, it is wenal to convart the latter into the pla-
tinum-salt, from the weight of which the per-ceniage of nitrogen
or ammonia may be calenlated. In Peligot's modification of the
process, the amount of ammonia is calczlated by the alteration in
astrength of the acid after tho process, The neutralizing solation
used to escertain the strength efter the operation, is a solution
of lime in sugar-water, which, if carefully preserved in a well-
stoppered bottle, will last unimpaired for a considerable time.

616. The standard acid is measured out in each experiment
from a pipette made to contain a certain quantity up to a mark
upen the narrow portion. For the ordinary size of Horsford’s
ni ~tube, as seen in fig. 304, a cubic inch answers very
well,

617. In the ‘Chemical Gazetio® for April 1847, a form of
nitrogen-tube is described by Mr. Alex. Kemp, which is intended
to render the recession of the acid inte the combustion-tube im-
posaible ; its mode of action is seen by reference to fig. 305, It

Fig. 805,

is plain thet if regurgitation should take place, the acid merely
enters the bulb, a, without finding its way into the combuation-
tube. The acid for condensation is chiefly contained in the amaller
bulb, a kttle being, however, allowed to enter the other. On the
5th of the same month, Mr, Warren De Ia Rue described a similar
instrament which he had been in the habit of using for eighteen
months previously; the eame idea appears, therefore, to have
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suggested itself to both these gentlemem, If the precaution of
mixing suger with the substance be adopted, this modification
becomes unnecossary, and it is better to avoid its nse, from the
fact that it is not only more fragile, but alse more expensive than
the other; and, what is of more importance, requires more time
to thoroughly remove the acid solution of the ammonia. As the
commercial soda often containg some nitrate, it must be examined
for that salt before use, and, if it is present, the sample must be
rejected, or the amount of error may be ascertained by experimesnt
and allowed for.

618. Where nitrogen determinations are of every-day occur-
rence, a5 in laboratories where soile and manures are constantly
being analysed, the glass tnbes are frequently dispensed with,
espocially where exirems accuracy is unimportant, and gun-harrels
are substituted. The breech having been removed, it is closed
with a cork as st e, fig, 306, a tube passing throngh it to allow

Fig. 808.
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of a current of air being drawn through at the end of the opera-
tion to sweep all the ammonia into the acid. This tube i closed
by fusion previous to the combustion, and at the termination the
point is broken off. The substance and soda-lime are prevented
from passing beyond 3 by & plug of recently ignited asbestos;
the mixture extends from & to ¢; from ¢ to d is oecupied by the
rinsings of the mortar, and ¢ is another asbestos plug. The
tightness of the cork which attaches the bulb-apparatus to the
tube, and alsc that at @, must be ascertained before commencing
the combustion., To effect this, it in necessary to blowair in at f
by the mouth, a0 that when the pressure is vemoved by taking
away the lips, the air forced in, in endeavouring to escape, raises
the fluid in the bulb, ¢, in the manner shown in the engraving ;
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if after ton minutes it has not receded, the joints m.aybeeon-
gidered tight.

619. Estimation of nitrogen by the qualitative method of Lichig.—
This mode of analysis, which depends upon examining at several
stages during the combustion, the relative proportions of carbonie
acid and nitrogen gas evolved, does not require any very special
manipulation. The substance is burned with oxide of copper and
copper turnings, and the evolved gasis conveyed into several tubes
filled with mercury ; they are one affer the other placed over the
evolution-tube, which must be mads to turn up at the end, so es

to throw off the gas into the tube withont fear of its escaping in

the manner alluded to at § 528. The graduations on the tubes,
so that they are all equal, are not neceasarily of any particular
value, a8 the result merely depends upon the relative volames of
the nitrogen and carbonie acid. It is absolutely essential to pre-
vent the formation of binoxide of nitrogen during the combus-
tion; and as it may make ite appearance at any time while the
analysie is going on, it is necessary to examine the gas at several
epochs. This may be done by allowing it to half fll the tube,
and then raising the latter cut of the mercury and removing the
finger partially from the bottom, 8o as to permit the mercury to
escape ; by this means, if only s trace of the binoxide is found,
red fumes will be perceived on looking down the tube through its
whole length, as directed in some casee of fluid testing. 'When
a sufficient number of tubes have heen filled with the gas (seven
or eight are generally directed, but four or five will answer the
purpose in s well-managed analywis), they are to be inserted one
at a time into a glass vessel of the form of fig. 307, containing
mercury. The level within and without being equalized, the
volume is to be estimated. A pipette, fig. 308, is to have a little
of the combustion potash solution introduced, and having the end
inserted under the surface of mercury, is to have a little drawn in
to fill the bend up to the line, b, The curved portion being in-
troduced under the edge of the tube in the eylinder, as in fig, 807,
s little of the molution is to be injected by slight blowing at e,
while the point of the pipette is beneath the edge. The alkaline ley

4|
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sbeorbs the carbonic acid very readily, bmt the action may be
hastenod by reising and Iowering the tube in the cylinder. It
has boen previously remarked that especial care must be taken in
wanipulatiug tubes and ofher vessels filled
with mercury, as the weight of the metal Fig 307
increases their fragility. In the present
case this danger may be avoided by pressing
the lower edge of the tube against the
cylinder while raising it up and down. The
proportions of earbon and nitrogen are esti-
" mated by the difference in the volume before
and after the absorption.

It must be remembered, that where the
number of atoms of carbon in the substance
are more than eight times that of the nitro-
gen, the method ceases to afford relinble
rosulta,

620. Deermination of nitrogen by the
method of Bunsen.—This process, which is o
modification of the last, is susceptible, like
all Buneen’s methods of research, of really
extraordinary aecuracy, and can, moreover,
be worked out on very small quantities of wubstance. In fact
this minuteness is necessary from the very nature of the process.
A piece of good combustion-tubing is selected mther thicker in
the glass than that ordinarily used for organic anaiyses : it shonld
be about §ths to Jths of an inch in internal diameter, It is drawn
out like 4, fig. 309, and the part b, fig. 310, is held in the blowpipe-
flame, being constantly turned until the glass has thickened very
much. About half a grain of mubstance is then well mixed with
about 100 grains of oxide of copper, some turnings (like thoae
usually used in nitrogen analyses) are then introduced, and the
tube is drawn out again at the other end, 80 ag to allow a space
of at least 7 inches in the wider portion. The following appara-
tus is then arranged. The Woulfe’s bottle, A, contains ginc end
water for the preparation of hydrogen gas, which passes through
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sulphuric acid in the bettle, B, by which means it becomen dried.

From thence it passea by the glasa tube into
the caoutchoue commector, ¢, which contains
8 piece of glass rod, the ohject of which will
be rendered apparent directly, The tube
prepared as above is conneoted at one end
with the csoutchouc-tube, ¢, and with an
air-pump by ancther. Bulphuric acid is now
introduced by the thistle-funnel, and the tap,
P, of the air-pump is left open to permit the
escape of the gus, 'When the hydrogen has dis-
placed all the air, which will be in about five
minutes (a8 the current shonld not be too
strong), the cork of the gas-bottle is removed

Fig. 309. Pig. 810,

to prevent the passage of the gus, the tap, p, is closed, and the
caoutchouc-tube, ¢, is tied to the piece of rod contained in it, soas to

Fig. 811

of the piston, and the tap, s, is to be turned off. A strong blowpipe-
flame is now made to play upon the parts d and & which are fo be
closed, the operation being greatly facilitated by the vacuum,

The iron mould in two pieces, seen in fig. 312, is then to be
filled with o paste of plaster of Paris, great care being taken fo
-]
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disperse the air-bubbles by stirring. The tabe containing the
substance is now imbedded in the plaster, and the other half placed

Fig. 813.

over it as 80on a8 it acquires sufficient consistence to permit of being
inverted without the paste falling out. The two are then wedged
together, as in fig, 313. The mould is perforated in many placee

Fig. 818.

to permit the escape of the aqueons vapour. It is proper now to
place the whole arrangement in a very hot place, such as the top
of the table-furnace, fig. 1, until the greater part of the water is
expelled. The moulds are then placed in a furnace and heated
te dull redness for about one hour, 'When the heating is over, the
mould ehould be removed and placed upon the floor of the ash-
pit, some cinders being above and below it, and thus allowed to
cool until it may almeet be handled; it is then to be uncovered
and put in the hottest part of the sand-bath, and graduslly re-
moved into the cooler portion until it is quite cold. The tabe
being now removed, the point is to be broken under a graduated
tube filled with merenry. The gas condists of & mixture of car-
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bonic acid and nitrogen, the bulk of which is to be estimated, but
not until saturated with moisture, which may be done by allowing
a drop of water to puss up under the mercury. In measuring
the gas, it is bettor to take the height of the ¢column of mereury
ingide the tube above that in the trough by means of a pair of
compasses, instead of attempting to level the mercury by depres-
sion*. To remove the carbonic acid a ball of caustic potash in used,
which is cast on & wire by means of a bullet-mould; the potash
is moistened by breathing om it before being introduced, which
latter operation must be carefully done to prevent air gaining
admittence at the same time, Of course the indications of the
thermometer and berometer are obeerved at each epoch of the
process.  After it has been ascertained thet no further diminution
of the gas takes place by absorption of the earbonic acid, the first
ball of potash is removed and a second is substituted; but the latter
one must not be moistened, as its object is to remove the mointure
already present. The volume is again ascertained, and the ueual
eorrections being made, the proportion in equivalents is found
by caleulation,

621. The absolute method of determining nitrogen, —This
method has been divested of its complexity since the time whan
it was first introduced, o that it has become an extremely simple
process, and one that doee not require any great amount of skill
in the performance. A eombustion-tube is prepared without a
point, being ronnded at the posterior end. Tt should be from
2 foet to 2 foet 6 inches long, and be filled as in the engraving.

Tig. 814.
%ﬁ»

From a4 to bis bicarbonate of soda ; & to ¢, oxide of copper; ¢ to 4,

the mixture of the substance with oxide ; d to ¢, coarse grains of

the oxide ; and ¢ to f, metallio copper. The temperature required

in the combustion, combined with the pressure of the mercury,

® The measurcment will be far moro accurate if » cathstometer is employed.
82
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would almost infallibly blow out the tube if the precantion was
not taken of wrapping a piece of sheet braes or copper round i,
The end containing the bicarbonate need not be covered, however,
88 it will not be so intensely heated during the operation,

622. The apparatus is arranged for the combustion as seen in
fig. 315, the delivery-tube being conneeted with the combustion-

Fig. 316.

tube by a perfectly sound cork. To ascertain this soundness, a
portion of air is to be expelled by a gentle heat, and the height
to which the mercury rises a8 it cools and contracts noted ; if it
remaing constant for a short time, the junctnres are perfect. The
delivery-tube, although bencath the mercury, is not placed under
the jar at first, but some of the bicarbonate is heated, the gas
being received in e teet-tube filled with mercury; a little of the
solution of potash nsed in combustions is then introduced by
means of a bent pipette, snd if the absorption is complete, the
combustion may be proceeded with, but if not, more of the biear-
bonate is to be decomposed until the desired resalt is obtained.
The bell-jar is filled partly with mercury and partly with the .
potash selution ; equal bulke are generally used. The combus-
tion is carried on with extreme slowness, to prevent any possibility
of the formation of binoxide of nitrogen, or rather to ensure the
perfect decomposition by the metallic copper of any that may
have been formed. Great care must be taken that the quau-
tity of substance used ie not too large for the jar to contain
the gases produced by its decomposition. The potash ecln-
tion, if permitted to come in contact with the hands, will make
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the cuticle 8o alippery that it would be impossible to retain the
jar in the act of inverting it at the mercurial tvough ; every care
must therefore be taken to prevent eontast of it with the fingers.
To effect this, the proper quantity of mereury is poured into the
Jar, then eclution of potash to within } of an inch of the top,
the glass plate being placed on and held down by the two first
fingers of the right hand, while the thumb and third finger
clasp the cylinder, the left hand asaisting at the other end; the
oylinder is ateadily and rather rapidly inverted, and the two first
fingers and plate being immersed in the mercury, the plate is
removed, and the jar may then be held vertically by any of the
methods mentioned in the section on Supports.

623. Of course all the carbonic acid is absorbed by the atkaline
solution,and at the end of the combustion the portion of bicarbonate
of soda remsaining undecomposed is to bo ignited, in order to sweep
the remaining nitrogen before it into the gas-measurer, 'When
the operation is completed, the glass plate is alid under the jar,
and the latter is transferred to a cistem of water ; the plate being
removed, the mercury and potash solution sink from their supe-
rior density and are replaced by water ; the volume is then noted,
and the necessary corrections are made.

The bicarbonate of scda may be roplaced with advantage by
carbonate of manganese®,

624. Gas-furnaces for organie analyses.—Tho extreme ease
with which gas-flames may be regulated, and their cleanliness
and economy, have led several chemists to endeavour to substitute
them for charcoal in combustions. Dr. Lionel Beale was perhaps
one of the first to suggest this method. He describes hisapparatus
a8 an iron chamber, at the lower part of which is placed a long
brass tube, perforated in its whole length with small holes, from
any number of which the gas can be permitted to issne by moving
a piston, and thus the quantity of gas which esecapes into and mixes
with the eir of the chamber can be rogulated. The mixed gases

# For a new and apparently excellent method of determining nitrogen,

the reader is referred to Dr. Maxwell Simpecn’s paper in the * Quart. Journ.
Chem. Boc., vol. iv. p- 289. The datails are too long for insertion here.
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pass upwards and are ignited on the surface of iron wire-geuze,
which is stretched over the top of the chamber. A sliding parti-
tiont accurately fita this chamber, and reaches up to the wire-gsuze,
dividing it as well as the chamber into two parte, the length of
which may be varied according to the extent of combustion-tube
to be heated, The gas is only allowed to escape into one of the
two cavities into which the chamberis divided by the partition, by
moving the piston in the brass tube accordingly. By this arrange-
ment any length of tube may be heated; and by simply moving
the sliding partition and piston in a corresponding degree, the heat
can be gradually extended from one end of the combustion-tube to
the other. The general appearance of the apparatus will be eeen
from fig. 316,

Fig. 818.

625. Dr. Hofmann has constructed an excellent furnace for the
same purpose; it is a combination of an elaborate modification of
Dr. Beale’s arrangoment, with an apparatus for performing the
combustion in a current of oxygen gas; by this means the most
refractory substances, such as graphite, may be completely burned.
The following is his description of its construction. The lotters
refor to figs. 317, 318, and 319, « A is the combustion-furnace,
which is supplied with gas by the tubes a, &, ¢, d, communicating
with two peirs of stopeocks, ¢ and f'; a combustion-tube, g, open
at both extremities, and supported in the uwsual manper, com-
municates in front with the chloride-of-calcium-tube, B, a potash
bulb appexatus, C, end e potash-tube, D ; at the back, the com-
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bustion-tube communicates by means of e system of desiceators,
congisting of a potash-tube, E, a sulphuric-acid-tube, F, and a

sulphurie-acid-bettle, G, with the ges-holders, H and I, containing
respectively oxygen and stmospheric air. The bottle, G, serves,
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moroover, a3 a bubble-gauge for measuring the rapidity of the
current.

“The furnace consists of three separate compartmenta of strong
iron plate, &, ¢ and &, which are supported by & stout iron stand,
Im, The arrangement of these compartments requires a few
explanations ; their construction is evident from figs. 318 and 319:

h and ¢ are simply rectangular iron boxes, open at the bottom and
covered at the top with wire-gauze, which are supplied by a hori-
gontal perforated gas-pipe, Fig,. 819,

nn, fig. 318, Thelast com-
partment, &, fig. 318, has a
somewhat more complicated
construction, It differs from
the two others by being sub- wla

divided into four smaller j -y
chambers by the three dia-
phregms, o, p and ¢, of iron
plate, the gas being supplied
by two pipes instead of one. i

The lower pipe, r v, resembles in every respect the gas-pipe, nn,
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of the other compartments, The upper pipe, ¢4, on the
other hand, sapplies the gus to two rows of vertical fine tubes,
somewhat similar to those used in Lealie’s gas-burner, the extre-
mities of which project through the wire-gausze cover of the com-
partment, fig. 318. Both pipes are provided with air-tight
pistons, which enable the operator to manage the heat produced
by thie part of the apparatus according to the requirements of
the anelysis, Fig. 319 shows the manner in which the frame, z x,
which supports the combustion-tube, is fitted over the wire-gauze
cover of the case, Itisprovided with a eeries of holes, ¢, g, g, al-
lowing a current of air to enter, which bends the flame round the
combuetion-tube ; this figure gives, moreover, a separate view of
one of the side pieces, 4, which by means of the tongues, z z, are
fastoned upon the frame, in order to form s kind of dome, from
which the heat is reflected downwards upon the combustion-tube.

% The combustion is conducted in the following manner:—A
combustion-tube, open at both ends, and 2 or 8 inches longer
then ths combustion-furnace, is filled with a layer of oxide of
oopper, corresponding to the length of the fwo compertments,
A and 1, placed into the farnace and connected at one end with
the desiccators, E, F, &e., the other end being open at the time,
The tube is then heated by the air-flame of the three compartments,
and e slow current of dry air forced through it by means of the
gas-holder, I, for about five minutes, which removes every trace
of moisture, The current being interrupted, the front end is
corked, and the supply of gas so far diminished in compartmenta
A and 4, that a mere sheet of flame remaine upon the wire-gaure,
while it is entirely turned off from the compartment ¥, As soon
a8 the tube has sufficiently cocled, the front end is connected with
the chloride-~of-calcium-tube, B, the potash-bulbs, C, and the
potash-tube, D, and a little platinum boat containing the substance
to be analysed, introduced at the other extremity, and pushed in
about two-thirds of the division, £, All joints being well secured,
the gas is again fully supplied to compartments A and 4, and the
layer of oxide of copper corresponding to the length of these di-
vigions heated to a dull reduese, The distillation of the ¢zub-

85
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stance ' may now be commenced. For this purpose the gus is
admitted, by means of the flexible tube,d, to the ower gas-pipe, rr,
and the piston, 4, pushed so far from the inlet as to supply the
gea to the chamber, o I, only, whilst it is excluded from the other
chambers, ig. 318. In this manner an air-flame is obtained, which
keeps the posterior extremity of the combustion-tube at a dull
red heat, A small quentity of gas is next edmitted to the upper
gna-pipe, # 4, by means of the flexible tubo, ¢, the piston, v, being
drawn so far from the inlet as to confine the gas to a very fow of
the little tubes, at the extremity of which mere points of flame
are thus produced. The distillation now proceeds with per-
feet regularity, the slow air-eurrent, which must be kept up all
the while, as well as the high temperature of the posterior portion
of the tube, driving all the products of combustion towards the
red-hot oxide of copper, which effects their perfoct combustion.
The piston, v, is gradually drawn out, so as to bring all the jeta
into play, and the supply of gas to the jets increased as far as
poseible without producing too emoky a flame, As soon as the
temperature of the jets is no longer capable of expelling volatile
matter from the substance, the piston, w, of the lower tube is
gradually pushed in, and the ges enpplied to all the chambers of
compartment k until the whole of the combustion-tube is exposed
to a uniform air-flame throughout its whole length. A new quan-
tity of matter is thus expelled, but unless the subetance under ex-
amination be volatile, s large quantity of carbon is left in the boat,

626, « At this period the air-currentis repleced by a slow stream
of oxygen from the gas-holder, H, the arrival of which in the com-
bustion-tube is marked by s brilliant phenomenon of incandsscence,
After a fow minutes the boat is left clean, and the eombustion ia
terminated. The current is, however, kept up for a very short time
longer, and stopped only when pure oxygen mey be traced at the
mouth of the potash-tube, by means of an ignited splint of wood.

827, By this time the produets of combustion are perfectly
swept from the tube and lodged in their receptacles; moreover,
the copper is completely reoxidized ; the flame is now gradnally
lowered, and the gas at last entirely turned off; and if the com-
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bustion-tube, after the detachment of the chloride-of-caleium-
tube, &o., and the removel of the empty platinum bost, be care-
fully corked, the whole arrengement is ready for another com-
bustion, in which the operation of drying of course becomes
UNnecessary,

“ Liquids may be likewise burned withk the apparatus ; in fact,
on aceount of the facility with which the temperature of the
compartment, k, can be managed, this mode of proceeding is
particularly adapted to liqguids, Even very volatile liquids, such
aa ether, &¢., may be safely burned ; in this case the combustion
can be completed without any oxygen, and no fear of an eaploaion
need be entertained.

“In the case of subetances containing nitrogen, the copper
turnings, perfeotly dried in & enrrent of hydrogen, mnst be placed
in the combuetion-tube afier the preliminary desiccation, and
the current of air must be very slow; it is, moreover, advisable
to place some copper turnings behind the boat with the substance,
over the posterior compartment; the copper is thus heated to
rodness, and deprives the sir-curront of the greater part of ite
OXygen.

628, “The first putting together of this appamtus requires
considerable time, and the securing of so many jointa is attended
with some diffficulty; but once fitted up, it enables the operator
to analyse with great dispatch, scarcely more than an hour being
necessary for making a complete combustion. The arrangement
is particularly usefnl when a considerable number of analyses
have to be made. There are, moreover, several additional advan-
tages which deserve to be noticed. The determinations both of
carbon and hydrogen are very exact, especially the latter, all
sources of accidental moisture being excluded. On this account
it is posaible to reduce the emount of substence used in the
analysis to 6 minimem, not more than from 150 to 200 milligrs.
being required. The posdibility of determining the amount of
ash or the quantity of silver, platinum, or barium, &e. in & sub-
stance, together with the carbon end hydrogen, is likewiso fro-
quently a very great convenience. The number of accidents is,
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moreover, much smaller. The combustion-tubes very rarely
crack if the application of heat be sufficiently gradual. For this
purpose it has beon found eonvenient to light the gas in the
commencement, bolow the wire-gaurze, until the furnace haa
become hot, then to turn it off and to light it above the wire-
gauze. DBut if an accident actually takes place with & combus-
ticn-tube, it almost invariably occurs in the preliminary heating
of the oxide of copper, and in such cases the ¢substance’ is
perfectly safe, and has only to be shifted to another tube, The
combugtion-tubes usually stend &ix or eight combustions, but
frequently as many as ten or twelve may be made with the same
tube, 8o that there is also a coneiderable saving in expense.

“ The only inconvenience incident to the apparatus is, that it
is liable to get out of order. The wire-gauze especially has to be
often renewed, and on this sccount s construction has been
salected which renders it possible to replace the wire-gause in
the laboratory without eending the furnace to e gas-fitter,

629, < The farnsco given in the above illustrations is composed
of three distinet divisions, which may be separately fixed upen
the support, By this provision the apparatus becomes adapted to
avarioty of operations, especially to nitrogen determinations, which
require & shorter tube. This separation, however, is not absolutely
necessary, and for the special purpose of the carbon and hydrogen
determinations, a fornace in one piece auswers equally well.”

630, The U-tubes which appear in the engraving, fig. 317, are,
with their contents, much more bulky and heavy than the straight
one, fig. 66, and, moreover, they do not possesa any great ad-
vantage over the latter. Where, however, from any epecial eir-
cumatance, a U-tube is desived, it msy advantageoualy be ar-
ranged somewhat as in fig. 246, p. 314, where the tube, ¢, which
is to be inserted into the cork of the combustion-tube, enters
a little tube intended to receive the chief bulk of the water, and
thus ensble the instrument to be used much lomger without
changing the chloride of calcium than would otherwise be the
case. The inmer tube must be much shorter than is there re-
presented,
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6381. The U-tubes, as sold, are generally too heavy to be con-
veniently suspended from the balance, and tubes of large calibre are
not always easy to be had; it is sometimes convenient therefore
to make them of two pieces of light tubing, connected together at
bottom by a small tube bent twice at right angles, and fastened
by oorks and sealing-wax, It is to be strengthened by a support
of wood tied with string between the two large tnbesa, A U-tube
of this construction is also useful in many experiments with
gesos. Plugs of cotton-wool are plased et the extremities to
confine the chlorids of caleium,

632, It is sometimes preferable in ordinary carbon and hydro-
gen doterminations, to use an espirator to draw a current of air
through the apparatus after the analysis is endod ; in this case &
preliminary experiment may be made to flnd the increase in
waight which a chloride-of-caleium-tube scquires by the passage
of about 200 cub. cent. of air, The number thus found is to be
deducted from the weight of the chloride-of-caleinm-tube aftar
the analysis. The stopoock, a, of the aspirator, b, fig. 320,

being tarned on after the combustion is finished and the peint
of the tube is broken off, 200 cub. cent. of water are allowed
to flow out, when of course exactly that quentity of air is
drawn through the apparatus, The cork of the aspirator is
provided with two tubes, and one of these is bent at right angles
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and attached by @& cacutchone connector to the second potash-
tube, while the other is intended to allow of the passage of the
air which escapes through the bulbe during the combustion, but
it is closed by a small eork or a piece of wax just before the
gtopeock is opened to allow of the flow of the water,

In the analyeis of volatile fluide with high percentages of
earbon, the accurate estimation of the hydrogen is often exoeed-
ingly important ; the arrangement shown in fig, 820 is then of
great asaistance, becanse the quantity of fluid burnt is generally
very small, sometimes only 2-6 grains, in which case the hydro-
gen derived from moisture in the air may introduce serious error.

It is often advisable at the termination of the analysis to con-
nect to the tail of the combustion-tube s small tube filled with
fragmenta of caustic potash, to abeorb any carbonic acid or aqueons
vapour that might otherwise find its way into the apparatus.
This, to a certain extent, renders unnecessary the precautions
last deacribed.
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SECTION XXIV.
GLAAS-WORKING

633. Thero are fow acquirements of more use to the chemist
than a moderate proficiency in the construetion of glass apparatus :
the mere fact of being to & cortain extent independent of the in-
strument-maker is at once a great objeot gained. It frequently,
nay constantly bappens that an experiment is dependent for suc-
cess upon the use of an instrument of a shape different to that
kopt in the laboratory; the operator who can readily enpply any
deficiency of this kind is far more likely to make progress in his
researches than one who has to wait until it can be obtained
from the glass~blower.

634. Bmall retorts, tube-funnels, siphons, teet-tubes, pipeties,
&o. aro alwnys in requisition ; no paine ehould therefore be spared
to noquire fadlity in the use of the table or other blowpipes for
purposes of this kind. But it muet not be forgotten that some
persons are liable to fall into the other extreme, and spend
valuable time in the comstruction of apperatns which might
be better obiained from the instruamemt-maker; for instance,
it would be a waste of time for any one, unless singularly skil-
ful at sach pructices, to attempt the construction of Liebig’s
potash-tabes, fig. 87, § 107, while, on the other hand, it would
be very useful and highly edvantageous to be able to rapair one
if broken. The advantage of possessing & certain amount of

skill in mechanical operations should not therefore be
overlooked, for it may be said to constitute an important element
in the qualifications of a chemist. Even in so simple an affair aa
the construction of a combustion-tube, p. 357, much is gained
by doing it in & neat and proper manner, without regarding the
annoyanee which most persons cannot help feeling at the sight,
much less the use of one that is ili-made and clumay. ?

835. The most common opomhon with glasa in the laboratory
is the bending of tubes, and it is also the simplest. They ehould
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be selected for this purpese of tolerable thickness, and not too
large in diameter; very thin ones are troublesome to bend, and
are seldom usefnl when done, Supposing a tube to be required for
the washing-bottle (§ 200), or for delivering gas in emall experi-
ments, a piece should be selected about the size and thickmess
depicted in the margin. It will not be necessary to use the
blowpipe, the flame of & gas- or spirit-lamp being suf-

ficent. Aboutan inch should be heated, until it is per- Fig. 321.
ecived by 8 alight motion of the hands that it begins

to yield; it is constantly turned round on it axis, in

order that all partsa may be equally heatsd, and when found to
be eufficiently soft, removed from the flame, and being held by
the ends, they are inclined gently towards each other, care being
taken that the movement is in the same plane, i. e, so that if it
were contihued long encugh, the two portions would at last meet
throughout their whole length, without having eny tendency to
one gide. This ie accomplished by holding the tube in such &
manner that a line from the eye would pass through both por-
tions of the tube, fig. 322, where the eye being at @, any ten-

dency to one gide of either limb would .
. be readily seen and corrected. Fig. 822,
In all operations of glass-working, \e 3 = e

the etate of the glass with regard to
its temperature is judged of as much or
more by the feel than by the sight, for
glass requires & much higher tempe-
rature to ehow & red heat than metal,
It is neceseary also to learn to distinguish between the appearance
caused by the ignition of reduced lsad in the glass, or ignited
charcoal deposited from the flame, and that shown by red-hot
glasa. It is & great object in all operations at the glass-working
table to acquire that lightness of hand, combined with steadiness,
which enables a tube to be held without distortion although very
soft.
836, Very thin tubes are linble to become malformed on bend-

ing, especially if large, the outer or convex portion flattening,
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and the inner angle baving wrinkles; this may be avoided either
by closing one end and gently blowing into the tube while bend-
ing, or by filling it with sand and making the curve at the lowest
possible temperature over a charcoal fire.

This method of bending tubes by means of sand will be found
of the greatest utility in the construction of U- and V-tubes for
drying gases, condensing volatile flnids, &¢. By means of a small
quantity of ignited charcoal, supported o & pieee of wire-netting
olevated on bricks, 6o ag to allow of free combustion, I have always
found that tubee from 4 to fthe of an inch in diameter, and of the
hardest glass, may be bent with perfect ease, It is of couree im-
perative that the sand should be dry. It is necessary alss to
avoid too high a temperature, or the sand would have & tendeney
to adhere to the glasa,

637. The Herapath's jet, fig. 48 (§ 60), is »o convenient and
manageable, either with or without a blowpipe-bellows at-
tached, that where theve in a eupply of gue it will render almost
any other deseription of instrument of this class nnnecessary.
By carofully regulating the supply, any deseription of flame may
be obtained, either oxidating or reducing. It is to be remem-
bered that the gas should never be turned on too fully, aa in
that case the combustion iz less complete, and the oxidating
and redocing portions of the flame scarcely to be distinguished
from each other, and very often the former not obtained at all.
In fact, the temperature may be raised to e greater degree by
regulating the amount of gas than by ineressing the blast, In
working with soft glass oontaining lead, it is to be carefully kept
away from the reducing-flame, films of lead besoming visible which
may be difffenlt to remove by exposure to the oxidating flame,
The latter may alweys be known by its peculiat nebulous appear~
ance, and from being beyond the luminous and reducing portion,
Before introducing thick giase into the flame, it is to be cavefully
heated to prevent cracking from sudden and unequal expansion,
axd on removing it, every precaution is to be taken to prevent too
rapid cooling. It is to be held at the very extremity of the
vigible flame, being continually rotated and graduslly removod
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further and further from the jet; after thie it should be beld in the
eurrent of hot air ascending from the lamp, and finally it is to be
put in a warm place, such a3 the sand-heat, to cool gradually.
A hot piece of glass, even if so thin as to render very slow eooling
unneceseary, is never to be placed upon the bench or working-
table, as a film of carbon, difficult entiraly to remove, adheres to
it. Sometimes it is better to bend tubes in successive smail por-
tions, 50 a8 to avoid too sudden a curve,

Currireg Grass,

638. (1) By filea.—Glass tubes are cut into lengths by filing
a notch on them with a sharp three-square file, and breeking the
tube at the point marked, in the manner that a twig is snapped,
the hands being held in precisely the same poaition.

639. If the tube is thin, great care must he taken to avoid
too much pressure with the fils, as the glass would them be
crushed, If the tube is large in diameter, the file-mark must
be carried half round. The notch should be deeper on the side
furthest from the operator when being broken.

640. (2) By the dismond.—Cutting-diamonds usually have
one part that ects more readily than the others; this position
should be ascertained by trial on o piece of flat glass, and marked
on the handle in such a manner that it may be easily found when
required. When a piece of glasais to bo eut, it should bo laid upon
o perfoctly flat surface, becanse, if a hollow exista underneath the
plate, it is liable to cause fracture when pressure is applied to the
upper surface,

641. (3) By spring-coals or pastilles.—Ome of the most con-
venient methods imaginable of separating glass into various
forms, is by the use of spring-coals, The following formule
are given for their preparation, the first by Gahn, the second by
Mohr, 1. Two and a half ouncea of gum-arabic, and half an
ounce of gum-tragacanth, are dissolved in five and & half ounces
of wator. Then one quarter of an ounce of storax, and the
same quantity of gum-benzoin, are dissolved in one and e half
ounce of spirit of wine; the two mixturee are to be worked,
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with three and a half ounces of powdered charecal, into a otiff
paste. 2, Half an cunce of gum-tragacanth in powder is to be
dissolved in water to an elastic mucilage, allowing it to macerate
for about one hour, Then add one quarter of an ounce of benzoin,
dissolved in eufficient spirit. Rub the two fluids in a mortar,
with a3 much powdered chareoal aa will form e tenacions paste.
The pastes formed by either of theeo processes are to be formed
into sticks abont the size of ordinery quills, and elowly dried in
the water-bath.

The benzoin is merely for the purpose of edding a pleasing
odour during the buming, and if finely powdered charcoel is
worked up with a thick mucilage of gum-tragacanth and a little
gum-arabic, it answers equally well. I form the aticks by
faking & masa of tho mixture and rolling it on a stone elab with
a piece of amooth hard wood until the mass is about the length
and thickmess of a biack lead pencil. The sticke thus formed are
to be laid out upon a tray dusted with charcoai-powder to prevent
them adhering; the tray and contents ave then placed on a mode-
ratoly warm part of the sand-bath for half a day, todry. I have
also found that the addition of a very small quantity of linseed-
meal (that which has been prepared from expressed cake) has a
remarkable tendency to strengthen the spring-coals, and prevent
the red-hot ends from dropping about.

642, To use them, one is to be ignited, and suffered to burn
to a point, the combustion being sided during the whole time by
geatle blowing, A crack being made in the edge of the tube or -
other veseel to be cut, the ignited point is to be placed about a
tenth of an inch from it, and in the direction in which the erack
is wished to extend ; the latter will almost immediately run to
the ignited point, which is then to be removed about the tenth
of an inch further; in this manner the erack mey be led in the
desired direction, so as to enable a flask or other vassel to be cut
to any shape. If a spring-coal is not at hand, a substitute may
be found in a small etick of well-dried deal, which is to be burnt
until a charcoal point is obtained, but it soon goes out, and has
to be repeatedly ignited, A red-hot iron may also be used to
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lead a erack. It is strange, that, from some molecular pecu-
Liarity, probably caused by the heat, it is impossible, as a generel
rule, to make the erack extend entirely romnd a tube, a small
portion, about an eighth of an inch, remaining intact; this ie,
however, too small to be of importance, and after the parts are
* separsted, forms a point which may be easily removed by the file.
A flask, retort-neck, &e. is sometimes divided by tying a thresd
saturated with turpentine round, end setting fire to it, at the
same time rotating the veasel to emable the flame to extemd
equally. As soon as the apirit is consumed, the veseel ir sud-
denly dipped into cold water, when it generally separates into
two portions; the flasure corresponding to the line marked by
the thread. This method is, however, less to be relied on than
the process by the spring-ecal, The latter remark also applies
to the use of red-hot iron rings, which were much used by the
older chemists for dividing glass vessels; they were applied red-
hot to the flask, which was then dipped into wafer, when it
usually parted at the line marked by the heated ring.

Pmzecine Hozks I Grase,

643, By heat.—A hole may be very eonveniently made in tubes
and other thin glass apparatus, by directing a pointed flame from
the blowpipe upon the spot where the aperture is to be, until it
is red-hot; the mouth is then applied to one end of the tube, the
other being closed bry the finger or a cork; the glasa iz by thia
means blown into & thin bubble and bursts ; if not, it is reheated,
and on blowing a second time, the object is attained. This is,
perhaps, the best method of obtading an aperture in the side of &
tabewhere it is intended to insert another, Figs. 323,324 and 325
iliustrate the method of procceding ; the flame being direeted fora
fow seconds strongly at a, fig, 323, the tube which is closed at b
by & cork, is blown into strongly; the glass is by this meana
foroed into & thin bubble, fig. 324, 4, and on repesting the pro-
cams, bursts, On removing the thin glass, it presents the appear-
ance of o, fig, 825. The flame is directed upon the aperiare for
a few seconds, and while the edges are red-hot, the tube, b, fig.
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825, is approached, and having its edgee also made red-hot, is
applied to the aperture end prossed rather strongly to make it
adhere, and is immediately alightly puolled away to render the
glass at the juneture thinner; the end, ¢, of the tube, &, fig. 325,
is then to be closed, and the flame directed all round the juncture
of the two; the mouth being then applied to d, air is thrown in,
which, by expanding the edges of the join, will make it still

Fig. 823, Fig. 824, Fig. 826,
| \,M_\ ‘
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thinner and lesa liable to crack on cooling. When, by a fow
repotitions of this, it is seen that the joint is tight and not
wrinkled, it ia to be very alowly cooled. If it is wished to con-
struet a siphon, the tube, 5, which is much longer than could bo
conveniontly represented in the figure, and for this purpose of
smaller calibre, is to be turned up se at b, fig. 326, and bent again
at ¢. A long tube, e little smaller in calibre than the one to
which b is soldered, is then bent into a siphon, and inserted in
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the other, the lower end of its longer leg penetreting to a; a
cacutchoue-tube is provicusly alipped over the end of the longer
tube at d, and serves to enable the two to be united by tying
with eilk.

644. It will be seen that by this means a convenient and
easily-constructed siphon is formed, one of ita chief advantages

Fig. 325. Fig. 897,

being, that as the cacuichons junction allows a certain amount
of motion, the chances of fracture are muwch diminished; and,
moreover, if the instrument be broken at the bend which unites
the longer and shorter leg, another tube has merely to be bent
and inserted into the tube, d . In many cases the two limbs
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of the siphon may be connectod by a caoutchoue-tube (s at
¢), and by this means all danger of fracture is removed,

The same objoet may be attained, perhaps still more easily, by
taking the end of a broken chloride-of-calcium-tabe and inserting
8 cork af g, fig. 327, Holes are mede in this cork, through which
two tnbes are passed, one forming the siphon, and the other in-
tended to enable the air to be drawn through in the nsual manner.
1t is to be observed that in all siphons the apertnre correspond-
ing to b, fig. 327, is to be closed before applying the lips to ¢.

645. A very ecnvenient, and in many instances exiremely
useful method of piercing an aperture into tebes, bulbs, &¢., and
at the same time of forming a tube, is in the manner seen in
ig.328. A strongand pointed flame is directed at a until the glass

Fig. 325.

is perfectly meited and very soft; a piece of rether infusible glass
rod, 3, is introduced into the flame until the end is red hot; it is
then premsed rather forcibly upon the melted spot at a, and im-
mediately withdrawn ; by this means s small tube of about an
inch or en inch and a half iong will be formed. Retorts to
which this has been applied for the purposs of introduciug a finid
without aoiling their necks, are scen in §§ 382 and 653,

646. Heles may be drilled with ease through thick plates of
glasa, stoppers, &c., by means of s common brad-awl dipped in

a
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turpentine, the instrument being used precisely in the same man-
ner that it would if the holo wes being bored in wood, I have
made & neat aperiure through s glass stopper balf an inch thick
in less than ten minutes, by this means. This is a convenient
method of making the hole in a glase plate, by which to suspend
the watch-glass or eapsule over the surface of slphurie acid con-
tained in a beaker, as in fig. 60, p. 66, When & glams stoppar
has become fixed in the neck of a bottle and broken off, this is &
good method of extraction, for the glass may thus be crumbled
away, and finally removed altogether,

647, Closing of tubes.—This is an operation of constant occur-
rence in all laboretories, either for the purpose of making test-
tubes, or little bottles to contain epecimens.

Fig. 330. Fig. 831 Fig. 588,

Fig. 829. Fig. 322

»

The tube is to be strongly heated at one end, from o to b, fig,
320. Another piece being then attached, the heat is to be
directed at « 3, fig. 330, the tube being continually rotated, in
order to equalize the heat; it is then drawa out, as ai fig. 331,
and the flame being strongly directed at «, fig. 332, the super-
fluous glass is to be drawn off. The tube, after & little turning
in the flame, then appears like fig. 333. The mouth is then
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applied to o, fig. 334, and air cautionsly thrown in umtil the end
becomes rounded snd fres from the point seen in fig. 833. . It
should now resembls fig. 334, The mouth should then be heated
wntil the sharp edge is fused, or if it is desired to expand it as
at o, fig. 334, the end shonld be ignited for the tenth of an ineh,
and a piece of charcoal, previonsly filed or rasped to & proper
shape, inserfed and turned round in such & manner as to enlarge

Fig. 384, Fig.886.  Fig.336.  Tig. 8ol Fig. 898,

\os =/

the aperture; this will canse the cork to fit more complelely, and
at the same time strengthen the tube,

648, It is very frequently required to draw out tubes to a
capillary termination, either for pipettes or otherwise. It is
gonerally better to thicken them before dmwing out, by ro-
tating them for some time in the flame, and rather pressing up
than otherwise, but not snfficiently to cause a fold or wrinkle;
by this means they will take the form seen in fig. 335; and if
it is then drawn out, as in fig. 836, and cut off at a, a strong
but extremely fine aperture may be obtained. The calibwe will of
course be regulated by the degree to which the tube is pulled.

If it is wished to form o small pipette, it may be dome by
dlosing a, heating strongly et b, and thickenmg end pressing up
the glase so as to obtain sufficient to form e stout bulb. On

T
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blowing strongly but steadily, atill rotating the tube, a globe will
be formed pufficiently large for most purposes, The formation of
pipettes leads to u oonsideration of the methods of blowing balbe,
The simplest method of doing this to & beginner, will be, to take
a pioce of tube about the size and stoutness of fig. 337, and close
it at one end; it is then to be thickened by rotation in the flame,
and pressing the glass carefully vp with a piece of metal until
sufflcient bas bean accumulated at the end; by this means a
". section of the tube will resemble fig. 338. The thick portion is
then to be strongly heated, and air thrown in by blowing stesdily
a8 soon 88 the tube is removed from the flame. A bright cherry-
red is the best heat for this purpose, The tube is to be turned
not only while in the flame, but also while the bulb is being
blown. If too much pressure is exerted, a kidney-shaped bulb
of extreme thinness, and perfectly useless, will be obtained.
The oye should be steadily kept upon the expending glass the
whole time the air is being thrown in, so that the pressure may
be arrested at the proper moment. If the bulb obtained is not
sufficiently large, it may be reheated end blown into sgain,
When it is required so largs that sufficient glass cannmot be
accumnlated at the end to form it, a large piece of tube may be
joined to a smaller, For this purpose the larger piece is drawn
out at both ends until of the diameter of the smaller ome, fig.
339, The end, a, is then thickened and drawn out small, but

Fig. 339,

. :
& = ra

not clossd ; 3 is then introduced into the flame of the blowpipe,
and olosed ; it is then to be heated, and on blowing strongly at
a, the end, b, forms into & emall but excessively thin globe,
which is broken off, 80 a8 only to present an enlarged edge, as
seen In the figure: the same is dene at ¢. The aperture, g, is
then to be closed by fusion. If, now, the edges of b and ¢ are
held in the flame, and both are equally heated, they may be
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perfoctly united by pressing together; the¥ are then to be
slightly drawn in an opposite direction, tpreduce the thickness
of the join, and then reheated and blown {nto until the thickened
portion disappears and becomes equally distributed ; o little more
careful drawing out will then make the tube of the same size at
the join as elsewhere. The portion, 4, is then to be heated in
the flame, and expanded into a bulb, by carefal blowing. If
snother piece in connected at the end, @, in the same maxmer, a
large pipette is at once formed.

649. An excellent pipette for delivering small quantities of
Buids in delicate experiments may be made aa follows :—A small
but thick tube is to be thickensd at one end, and then drawn
out; by this means a tube of very small bare, but of eonaider-
able strength, is obtained, The extremity of the drawm-out
portion is to be closed, and the glass at that part where the
capillary portion joins to the rest of the tube is to be thickened
considerably, by turning it in a good flame, and pressing up the
glass, using the eapillary tube ae a handle. The heat is then
to be raised, and a bulb blown, so that the instrument has the
form of fig. 840. I am in the habit of using pipettes made in
this manner from ordinary quill-tubing, in adjusting the quantities
of fluids to be weighed for analysis,

650. The fannels so much msed in distillations on the
small scale, and in the preparation of hydrogen, hydrosulphurie
and carbonic acid gases, are readily made in the following man-
ner ;—A piece of wide and tolerably atout tube is drawn out and
cut off, of the width of the smaller one to be attached to it, as
in fig. 341, The end, a, is then to be oorked, and the two may
be joined, as previonsly directed. Or if what is termed a thistle-
fonnel is preferred, a globe of tolerable atoutneas is to be formed
at the end of 8 tube, by soldering a wide to & narrow one, and
expanding the wide portion into a bulb. The end opposite to the
narrow tube is then to be etrongly heated and blown into until
a large thin bubble ie formed, fig. 342; this is to be broken off,
the aperture made smooth by fusion, and opened with an iron
wire or piece of charcoal.

T2
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By bending the tube-funnel, fig. 841, at & a0 as to form a
right angle, and bordering the wide portion, exeellent suction-
Fig. 340, Fig. 8al. Fig. 842

id
tubes for combustions are made®. Bent tubes of this latéer kind
are also very conveniemt for connecting many pieces of appara-
tes, By much thickening & piece of rather wide tube, and them
® Boo also § 564
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drawing it ont until of the relative proportions of fig, 843, 1
make the amall csustio potash-tubes for attaching to the potash-
bulbs for organic analysis, as in fig, 208, p. 376. The aperture,
a, fita the cork of the suction-tube used to draw the carbonie acid
through the potash solution after the analysis, The mode of attach-
ing and using thees instruments is seen st §§ 562, 564, and 807

Tig. 844, Fig. 845.

6851. Where it is wished fo construet U-tubes,
but, from the largeness of the diameter and
thinness of the glass, difficulty is found in
bending without distortion, and the process with
sand is not convenient, I frequently make them
" of the form seen in fig. 344. Thin is very easily
done by thickening in two places, and then
drawing out, fig. 345, This thickening enables
us to bend the tube neatly at 4 a, fig. 345, with
‘great ease, and when done in this manner, the
bend is exceedingly strong.

852. Bafoty-tubes of the form of fig. 846
are casily comstructed out of pieces of glass
tube. Two sizes are selocted, the larger of
suficient diameter to form the funuel, @, and
the elongated bulb, b, At about 2 inches from
the end of the tube, the flame of the blow-

pipo is made to play strongly wtil the glass is very soft; it




414 CHEMICAL MANTFULATION.

is kept constantly tnrned until it has very much thickened.
and become sbout a third less than its original Fig. 346.
dismeter; it is then removed from the flame, _
and drawn out until of the ssme site as the | |,
small tube, as at a, fig. 847. It i» sgein i
drawn out about 2 inches farther down, as at
¢, and cut off at a, b, and 6. The first por-
tion is joined, by the method given at p. 411,
to about 6 inches of the smaller tube; the
other' end of the latter is then soldered to | !
the end, 5, of the bulb, fig. 347, and about 10 , '
inches more of the small tube is affixed to the \—J
L

end, ¢; the whole is then bent into the form of
fig. 346. This is the method I always adopt for
the construction of these wseful pieces of ap-
peratus; and I find that, if proper care is taken
to reduce the thickness of the welds by the
method described at p. 411, they are no more
lisble to fracture at those places than at the por-
tions of the tube where there ia no join.

653. I have sometimes had occasion to construct a retort and

ms. “7-

receiver out of one piece of tube, ua in the figare. It hes many
Fig. 348,

advantages where tho presence of cork or cacutchouc is inad-
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misgible, and is extremely easy to make, A piece of glass tube,
} or }ths of an inch in diametar, is closed at one end like a test-
tube, and at about 2 inches further up it is etrongly heated and
thickened ; it is then to be drawn ont 80 as to form the neek of the
retort,a. The tubulature, 3, is then formed by the method given
at pp. 242 and 407, and the end is broken, so as to sllow air
to entor while the other end, ¢, is closed; the tubulature, d, is
then made, and the neck bent as at 4. To introdnce the fluid to
be distilled, the end, b, is dipped into it, eontained in a small
capaule, and suction is applied at & by means of a glass tube and
oork ; when eaficient has entered, the extreme point of the tubu-
lature, 3, is held in the flame, suction being continuwed; by this
means the point may be dlosed without much of the glaes being
melted, this being cssential where the retort is to be used many
times. Theaperture at 4 is left open in some cases during the di-
stillation, but where the presenca of air is objectionable, the fluid
ia made to boil until all the latter is expelled, and the end of d
is then sealed by momentary exposure to the flame. By this
moans the distillation mey be conducted in vacwo, and conse-
quently considerably below the ordinary peint of ebullition of
the fluid. The receiver portion of the apparatus is, of course,
kept cold during the operation.
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S8ECTION XXV,
ELECTRICAL AND GALVANIC MANTPULATION.

654, The manipulation eornected with the above sabjects
having been 8o elsborataly treated of in numerous works specially
appropriated to them, it becomes unnecessary to enter upon them
bero, except so far as thoy bear directly upon chemica) research,
and therefore those operations only will be elluded to which are
required in laboratory work.

The investigation of Kolbe on the electrolysia of organic bodies,
has opened a new field of investigation which is likely to be fol-
lowed up with activity ; the researches of M. Becgquerel upon the
separation of bodiea by electrolyais, and even the application of
the electrotype to the coating of chamical vessels (§ 683, p, 430),
render it necessary for the student not only to possess the kmow-
Jedge derivable from works exclusively treating of electricity, but
also to be familiar with the means adopted for applying the eles-
trical forces in chemical processes.

655, The operations to be detailed are all of the simpleat cha-
racter, but none the less necessary and useful.

656. The methods of axploding mixtures of gases in the varions
kinds of eudiometer have already been shown (§§ 551 to 558), and
it was mentioned that in some eases a spark from the prime con-
ductor of an electrical machine was insufficient to cause exploaion,
and the means of overcoming this dificalty were pointed out.

657, It sometimes happena in laboratories that if is desired to
make eudiometric experimenta, and that an electrieal machine is
not at hand. In this case the electrophorus will answer equally
well, and from the ease with which it is oonstructed, and, if
neceasary, repaired, the emall space that it cocupies, and its
freedom from the lisbility to fracture possessed by cylinder and
plate machines, it is even more eonvenient. To eonstruct it, a
plato of tin is made into a circle of about 12 inches diameter, a
raisod border is then turned up for about } an inch, and the ex-
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treme odge is tnrned ontwards over a wire, so as to avoid a sharp
border. A mixture of equal weighta of shell-lzs, Venice turpentine
and resin is made by gently heating them together until well
fused, stirring during the time with a stick, 8o as to thoroughly
incorporate the ingredienta, The composition should, when per-
festly homogeneous, be poured into the plate with the raised edges
until it is quite full, and the composition is to be kept melted (but
not too hot) for a short time, or until the bubbles have entirely
disappeared, The portion which serves the place of a prime con-
duetor. consists of a flat circle of wood, rounded on the edges, and
neatly covered with tin-foil; it is rether less in diameter than
the lower portion of the instrament. A haendle is easily con-
structed out of a pisoe of glass rod, and is fastened with electrical
cement into the centre of the wooden plate. A brass ball may be
attached to the rim ; it is, however, scarcely necessary.

858, The tin plato with ite resinous surface being warm and
freo from moisture, ia to be excited by beating with a piece of warm
flannel. To do this effoctnally, the latter is to be folded into
& alip about 14 inches long, and being grasped by ome end, is
to be strack upon the resinons purfuce emartly aud in an oblique
direction, much in the menner of beating dust off a fiat eurface.
‘When this has been dene for about a minmte, the werm dry cover
or upper plate of the instrument in to be placed upon the
resinona cake and tonched with the finger. If the plate is
then reised & few inches and the Imuckle approached, 8 powerful
spark will pass; and if the plate be again replaced, touched, &e.,
and so on in the same order, the knob of & Lesyden jar being
substitated for the finger when tonching the upper plate after
mising it, & jar may be charged sufficiently to give a poworfol
shock, and amply suficient to cause the explosion of a gaseous
described.

859. The ordinary cylinder and plate eloctrical machines are so
familiar to all persons in eny way conversant with philosophical
spparatus, that it will be unnecessary to describe them here, and
it is almost equally unnecessary to remind the operator that

T8
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before use the instrument should be dry and even slightly warm ;
caze must, however, be taken that the machine is not placed suf-
ficiently near the fire to injure it, or fuse the cement by which
the eylinder is fastened into its bearings, or the pillare into their
socketa, The dryness of the glass rod which supports the prime
oonductor must also be especisily attended to.

660. Frictional electricity is but; little used in chemical experi-
ments, while, on the other hand, the fluid, in the state in which
it is obtained by chemiesl action, or, in other words, by the use of
galvanic batieries, is in frequeant requirition in the laboratory. The
extreme purity of the gas evolved by the aetion of the battery on
water renders it peculiarly adapted for endiometrical exxperimenta.

661, Many different forms of battery have beem oonirived, all
being perhaps more or less valusble under certain circumstances ;
there are, however, some which are especirlly so, either for con-
venience, power, or economy. With regard to the former of
these qualifieations, Smee’s battery is beyond all doubt pre-
eminent. Itis, itis true, less powerful than some other arrange-
ments, and in eonstancy is decidedly inferior to the arrangement
of Daniell; but the ease with which it ¢can be constructed and
repaired, the fact of its only requiring one exciting liquid and
no porous oells, and especially not creating any unpleasant or
corrosive vapour, make it so much superior for gemeral labo-
miory wse that ita construction will be somewhet minutely
deacribed.

662. Smee's battery.—Each cell containg three plates, two of
active and ome of inactive metal. The two active plates are of
ginc, and the inactive of platinized silver,

Zine being almost invariably used for the active element in
voltaic arrangements, it will be proper to deseribe & fow precan-
tions affecting ita application in all cases. OQrdinary gine is sus-
ceptible of both common chemical and also of a local astion,
which takes piace upon merely dipping the metal into the
dilute acid used to excite the battery, The local action arisce
from the presence of impurities, which cannot be removed
without causing the motal to lose one of its ohief advantages,
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namely, itz cheapness, But, by amalgamating it, the actions
alladed to are prevented, and the crude metal worke equally
woll with the pure. To amalgamate xine, it is merely neces-
sary to place the plates in a dish ocontaining dilute enlphurie
actd, and rab them with a reg, at the same time allowing a fow
globules of mercury to fall on them, The rubbing will cause the
mercury to spread, and it may in this manner be mede to entirely
cover the whole surface of the plates, The latter should then be
. rinsed with clear water and put aside in a vertical poeition to
allow the excess of mercury to drain off, By this means the sur-
faoes of the plates aoquire, after standing, a beautiful froeted
appearance, and loeal action is prevented. Zinc plates which
have been made from rolled metal are far better than when cast,
and generally much purer; being smooth, they aleo work more
plessantly. The plates may be of any convenient thickness, but
about jth of an inch is perhape the most convenient. They are
oanily divided, by first greasing them, and then making a deep
scratoh with any convenient tool in the direction in which the
cut is to yun, A little dilute sulphuric acid is to be allowed to
fill the groove thus made, and then & little mercery is so placed
88 to amalgamate the exposed metal at the seratch., If the plate
is then left, with suficient merenry in the groove, for a few hours,
it penetrates the part where the gresase has been removed, and
renders it eo brittle that & emart tap will enable the plate to be
divided in the required direction,

663. The platinized silver for the inastive element may be pre-
pared in two ways. By the first method, the silver in sheets a
little thicker than writing-paper is to be roughened by & mo-
mentary immersion in ordinary nitric aeid. It is then attached
to s wire connected with a plate of zinc in a porous cell. In an
outer cell is contained dilute sulphurie acid, mixed with a weak
solution of chloride of platinum. The action is set ap by wesk
sulphuric acid, in the eame manner a9 in the electrotype process.
The objeet of obtaining the platinized silver with &« rough surface,
is because the hydrogen gas is by thise means liberated more
readily, But this objeot is much more conveniently attained by
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the following method of platinizing the silver :—A sheet of the
silver is to be placed on a table between two coarse pioces of mand-
paper, and the latter being strongly rubbed with a glass stopper,
the silver is made to assume s very peculisr appearance, being
covered with minute elevations and depreesions. The silver plate
thus roughened is 1aid npon a plate of metal as hot as may be,
0 that it does not scorch paper, and a dilute solution of chioride
of platinum is to be applied by means of a reg: the silver will
thus become thoroughly platinized and of a deep black. It is
necesgary that the solution of platinum should not be too strong,
aa it creates a tendency in the platinum to peel off from the sur-
face of the silver,

The process of roughening by means of sand-paper, as abova
deseribed, by giving au irregularly corrugated surface to the
ailver, greatly increases its stiffness, and thereby renders it casiar
to insert it in the frame than when the nitric acid method is
sdopted, Moreover, the surface is much betteradapted to enable
the babbles of hydrogen to escape.

A strip of copper about Jths of an inch broed is now to be sol-
dored to the top of the silver plate, as at a b, fig. 349, A frumeis
then constructed just large Pig. 849,
enough toallow the plate to alip
between two grooves, and into « 3
another at the bottom; these
sarve to keop it stiff,and lessen
the chances of injury. An-
other piece of wood, grooved
in ita under side to receive the
copper band, 4 5, ia then made;
it has a hole i it to allow the
hinding-screw, fig. 350, to pass
through so as toenable it to be
soldered to the piece of copper.
The whole arrangement of the negative eloment is seen in fig, 851,
The binding-screw, &, is soldered at ¢ to the copper strip a5,
The dotted lines at ¢ show the manner in which it passes through

Fig. 580.
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the wooden top of the frame, and those all round indicate the
depth to which the platinized silver extends.

Fig. 352 gives a soctional view of the wooden frame in a plane
at right angles to ds, fig. 351, showing the manner in which
the zinc plates are attached by means of the second and large
binding-screw, a . The screw, ¢, is intended to emable the
stripe of copper, by which the connexions are made, to be tightly
held, At a is the serew which clampa the zino plates to the
frame. The serew, Aic, fig. 351, is not seen in this view, The
dotted lines give the direction of the plate of platinized silver,
The ginc plates are seen at d and ¢, fig, 352,

Fig, 351. Fig, 852.
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Tt is propor to varnish the wood-work of the battery and the
copper slip, a b, fige, 349 and 851, with a solution of sealing-wax
in methylsated spirit, as it greatly preserves them from deetruction
by the acid. But it is essential that none of the cement finds its
way on to the acting surfaces of the rine or platinized plates, as
any portion so covered is rendered mseless, and no longer con.
tributes its share to the working of the battery.
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The large binding-serew, a b, fig. 352, is shown separataly in
fig. 858. . : Fig. 358,

864, To excite the battery, one part by raea-
sure of eulphuric acid is cautiously added to
twelve parts, likewise by measure, of water,
and the mixture allowed to cool and deposit
the snlphate of lead which generaily precipi-
tates from the acid on dilution,

665, The presence of nitrio acid in the sulphuric asid used in
to be carefully avaided, and also metallic salta must be prevented
from finding their way into the exciting liquid.

Dilute salphuric acid is without action upon amalgamated sine,
bat a very small quantity of nitric acid, if present, will cause it
to disaolve, .

668. When it ip desired to form a series of calls, it must be
oonsidered whether the experiment to be performed requires a
quantity or intensity arrangement; if the former, all the gine
platos are connected together, and also all the platinized silver;
thia is the casa where thermal effects are desired, as, for example,
the ignition of a platinum wire; but if a deeomposing action ia
required, each zine plate is to be connected with the platinized
gilver of the next cell, and so on to the end of the series.

667. It ie extremely convenient, where a series of plates are
used, to connect them with & frame, which is slung by means of a
gtring to a emall windlass having a ratchet-whedl attached, to
enable the plates to be removed out of their cells when no longer
roquired in use,

668, Grove's battery.—This, the most powerful of all voltaie
drmngements, may be constructed in scveral ways. The ohject
being as much as possibls to avoid sarew-connexions in a battery
evolving eorrosive vapours, the method shown in fig. 354 may he
adopted with advantage. Each of the stoneware cells, 35, 55,55,
has within it an amalgamated zine cylinder, a @, to which is so}-
dered a copper alip, ¢, bent twice at right angles, Within the gine
cylinder is placed & porous cell, ¢, containing a alip of platinum
foil, d, to the upper end of which is acldered & ribhon of copper,
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f, bent twice at right angles, like thove attached to the zinos,
The flat surfaces of the turned-up copper ribbons are to be opposed
to each other and clamped by the binding-serews, as at g and g.

Fig. 884.
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Theee binding-screws ave of the simplest kind, and can, if required,
be eagily made by the operator himself. As purchased, they
aro made from castings, but if constracted in the laboratory, it
will be more convenient to make them by turning up a piece of
stout sheet-copper, as in fig. 8566, and after drillinga _

hole in one side, making a hollow screw in it and fitting Fig. 385.
a male screw with a milled head. As it would be difi-

cult to make a male screw with a milled head without

eagtings for the purpose, a straight piece of metal may

be soldered at right angles to the screw to serve as & purchass in
turning. The apparatus for making screws will be described in
the section on Miscellaneons Maxnipulation.

669, To excite this battery, strong nitrie acid is placed in con-
tact with the platinum inside the porous cell, and sulpherie acid
diluted with seven or eight times its bulk of water is placed in
the outer vessel. flome recommend only four times its bulk of
water, but I profer the strength given ebove for ordinary experi-
ments, ‘Where the platinum etrips are only 24 inches long by 1
inch broad, end the zines 4 inchee high by 2} in diameter, four
ocells decompose water rapidly, and show the phenomena of igni-
tion of platinum wire, &. One such cell is strong enough for
most electro-magnetic experiments, and I found six sufficient for
the electrolysis of butyrie acid. :

670. The eonstant battery of Daniell, soen in fig. 358, is valuable
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where it is desired to keep up & current of uniform strength for s
conaiderable time. The outer oell, a @, consists of a cylinder of
gheet-copper, containing within it a porons cell, d 3, serving to
hold the gine rod, g, which is supporied

within it by means of a wooden bar, Fig. 356.

¢ ¢, pasging through a hole pierced

3
in the zine, The copper cylinder and el o
the zine rod are provided with bind-

L

ing-screws, ¢f. The inner cell con-
taining the rod of zinc is charged with o
dilute sulphuric acid of the same
strength as that used for Smee’s bat- 811 [13
tery. The outer cell has a saturated i
solution of sulphate of copper poured IF
into it, the strength being maintained
by keeping crystals of the latter ealt upon the perforated shelf,
dd. The zine rod must be amalgamated, When this battery is
firet charged, it is more powerful than it is afterwards, but after the
firatquarter of an hour it will remain quite uniform foreeveral hours, -

671, Bunsen’s battery.—This form of battery, which is very
much used on the Continent, has its inactive elements of carbon,
They are made by heating, in proporly-shaped vessels, a strongly
comprossed mass formed from a& mixture of powdered coke and
coking coal, made somewhat plastic by strong syrup. They
are much improved, if immersed, after the firet heating, in
gyrup and placed under the air-pump; on working the latter,
myriads of air-bubbles rise through the syryp, and o readmitting
air, the fluid enters the pores formerly filled with air. On again
heating the mass to rednees in a veesel well protectod from the
atmosphere, a fresh quantity of carbon is deposited in its pores,
end the carbon becomes denser and better adapted for the required
purpose. The mass wet with syrup is to be alowly but thoroughly
dried before being reheated.

As it is not 80 easy to attach hinding-serows to the carbon
cylinders thus made as it is to the metal ones, 8 mercury-cup may
be used, as will presently be described.
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In the seetion, fig. 357, a & represents a porcelain pot, contain-

ing a cylinder of ginc, 33, to which is sttached a binding-screw,
¢, Ingide the zinc oylinder is placed the carbon-cell, ¢, which

has the mereury-cap formed Tig. 857.

initatd. The carbon-cell is

filled with strong nitric acid, /_/_

and the zine is excited either ! o f;'" | .

with the dilute sphuric || 5 B4 || T8

acid previously mentioned, a ol |
or e sclution of common salt,
The binding-screw, ¢, is re- «
presented on & larger scale
in fig. 358, It is specially
adapted for connexions where
& ribbon of copper is used e
instead of a wire. I

672. The above form of carbon-bettery is not the only one in
common use, or perhaps the moat convemient. They are often
constructod with the earbon element in the form of & solid cylin-
dor intended to be placed in a porous cell of nitric aeid, while the
zine element is in the form of a hollow cylinder surrounding the
porons cell, Sometimes the earbon is in the form of a hollow
cylinder, open at the top and battom, and enclosing  porous eell
to contain the gine and dilute sulphuric acid; this is, perhaps,
the commonest form of the Bunsen’s battery imported from the
Continent. In batteries of this lkind the carbon has a belt of
copper Tound its upper part fustened by a clamp. This belt en-
ablesthewnnenomtobemadsmthﬁarsmtereonvamaneetban
the mercury-cup,

6873. The above batteries are those in common use, and are
by far the moat convenient: for a description of the arrange-
ments of Faraday, Callan, Bturgeon, Wollaston, Hars, Young,
Children, &c., the student is reforred to works expreesly tresting
on electricity.

o
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Miscerranzous Garvanic ManTpuLaTioN.

674. Binding-serews and connexions.—Beveral forms of binding-
screws have already been described and illustrated by figures 350,
853, 855 and 358 ; there are, however, two others which demand
attention, If, as constantly happens in experiments with bat-
terios, two wires have to be connected, the simple binding-acrow,
fig. 359, may be used. It merely oonsists of & braes ball g, ggg,
perforated through ita centre to permit the wires to pasa,
end having a ecrew with a milled head to enable them to
be compressed together. If a plate of zine, or other metal, | ©
i to he attached to & serew for the purpose of enabling
it to be placed in connexion with other pieces of apparatns, as,
for example, in the single-eeil electrotype arrangement, the scrow,
fig. 360, is excoedingly well adapted for the purpose. The alit
at the lower end is slipped over the plate, and the two are p., a0,
made fast by means of tho horizontal sorew, while the
vertical one allows a wire to be oonnected with it to sup-
port the object to be copied by the electrotype process,
or it serves in other exporimenta to permit the poditive
element in one cell to be connectod with the negative
element in another,

675. It cannot be too strongly impreesed upon the siudent,
that all the connexions used in gelvanic arrangements shonld be
kept parfoctly cloan and present a bright metallie surface at the
places of contact. The host forms of battery, or other galvenic
apparatus, even when, as regards other mattars, in the most per-
foct state, will fail to give good results if the comnexions are
dirty or have become oxidired. It is generally advisable before
forming unions, to amalgamate the wires by rubbing them with
protonitrate of mercury, especially where they are intended to
dip into mercury-cups, 28 is necessary in many galvanic armnge-
ments, Faraday recommends robbing the wire st the place to
be amalgamated with tallow and mercury applied with a pisce of
chamois leather, as by this means there is less tendency to tar-
nish than when the protonitrato is employed,
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676. A very important point where substances are to be
exposed to gulvanic action is, that the wires which carry the
eloctrodes should be eufficiently large to emable the cwrrent
to pass with as Little obstruction as possible ; if, therefore, the
rigidity of these thick wires is a sonrce of inconvenience, they
ghould nevertheless be carried as far as posdible, and be continued
by short ones of sufficient flexibility. The absolate tormine-
tions or electrodes are, almost invariably, of platinum, and in
general it may be said that the larger they are, within certain
bounds, and the nearer together, so that absclute oontact is
avoided, the more intense will be the action.

677. The form of apparatus in which to expose electrolytes to
the action of the battery, depends upon the nature of the products ;
if, for example, water is to be decomposed, any of the following
arrangements may be made use of; and many other fluids mey
be submitted to the action of the current with equal facility.
Tt must not be forgotten, that water in a pure etate offers great
resistance to the passage of the electricity, and consequently is
decomposed with difficulty ; but the addition of & little sulphurie
said, by incressing the conduoting power, greatly facilitates the
sotion,

678. In eudiometrical experiments, it sometimes occurs that
the proportion of nitrogen in the mixture is eo large that it
becomes impossible to explode it; when this happens, it is ce-
gential to add not only the oxygen required for combustion, but
also & certain amount of oxygen and hydrogen in the proportion
in which they exist in water. It is perhaps more easy to do
this by elestrolysing water then by any other means, as then
the gases are at once obtained perfectly pure and in the pro-
per relative proportions. In operations like this, where bat-
tory-gas is used, it is obvious, that, beyond enabling the other-
wise uninflammable gas to be exploded, no other result ooenrs, as
it totally disappears by the combustion snd consequent formation
of wator. In expaeriments of the latter kind, the gases not being
required separate, the apparatus, fig. 361, may be employed. The
bottle, a, is fitted with & eork, through which two wires pase, cach
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having a strip of platinum foil, 5 3, attacked to it to form the elec-
trodes, These wires are conmected by means of binding-screws
of the form of Hg. 369, with the wires of the battery, which
should be stout, in ordar to afford as little redistance as poseible
to the ourrent. The cork hes a bent twbe passing through it,
which may be made to conduet the gas to the pneumatie trough.
The bottle being filled with recently boiled distillad water, and the
connexions being made, the gas evolved will be delivered into the
jor previounaly filled with water, and inverted. 'When the gasis

Fig. 861 Fig. 862.

not o be nsed in endiometrical researchos, the boiling of the water
may be omitted, and ordinary acidulated water be used insteed.
Of oourse the current must be allowed to pass until all the eir is
expelled, before collecting the gas,

679. If, on the other hsnd, it is desired to obtain the gases
separate, the arrangement, fig. 362, may be adopted. A funnel is
solected with a wide aperture st the lower end, and the chief
portion of the tube is removed, about an inch being left. A cork
mado to it accurately is comented into ite place. Two wires
with platinum electrodes soldered to them are then passed
through the cork. The funnel being nearly filled with acidulated
water, the gas-tubes also filled with the fluid are inverted over
the electrodes, and, on contact being made with the battery, the



APPARATUS FOR ELRCTROLYUIS OF FLULDG, 429

gas ascends into them. Instead of a teble with & hole in the
ocentre, a3 represonted in fig. 362, the apparatus may be supported
on & retori-stand. This is the aimplest, cheapest, and certainly
ane of the best modes of showing the decomposition of water.
680, If it is degived to obtain only one of the gases, as, for
example, the oxygen, & tube of glase having an electrode fastened
into it, fig. 863, may be filled with acidulated water, and inverted
in the liquid eontained in a glase or porcelain vessel, and on con-
necting the pogitive wire with 4, and immersing the negative one
Yig. 865.

in the fluid, the oxygen will be obtained in the tube, If the hydro-
gen is required, it will be neceesary to reverse this arrangement.
Fig. 364 shows another mode of obtaining both gases in separate
tabes.

681. A very neat and gimple method of obtaining the gas from
either electrode for examination by the mse of an instrument
on the principls of Cooper’s mereurial receiver (§ 521), has been
described by Faraday. A wire flattened out at one end is fused
into & tube curved at the lower extremity, ig. 385. This is to

LR R P SPRNIRPPIN WS W R
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be filled with the fluid to be electrolysed and supported in the
position represented in the figure; the other eloctrode is then
inserted in such & manmer that the gas from it dees not paes into
the tube, but away, as scen by the dots; that from the other
eloctrode is thus ocollocted in the tube, the water or other
liquid falling in the tube and being collected in the vessel placed
benesth. The mature of the eleotrodes comnedted at a and b of
course determines the kind of ges obtained.

682, Where the objeet is mot to oollect a gas, the apparatus
in the margin, which may be easily .
oonstructed, is useful. A glass tube, Fig. 364,

¢, haa a platinum wire, flattened at the
oxtremity, b, fused into it ; this wire
may be bent up through the little

gtand and end in & mercary-eup. The
other electrode is to be immereed in
the fluid ae near as may be to the
other, but of course without touching,

683, Electrotype,—There are se-
veral modes by which metals may be —
deposited by meens of eloetricity om properly prepared surfaces.
Almost the only application of the art which promises, at pre-
sent, to facilitate chemical manipulation, is the covering of retorts
and flasks with copper, by which means they are rendered less
fingile, and if fracture should happen during e distillation, the
contents’of the retort are preserved. Moreover, the copper by its
conducting property causes the flask to become hot in less time
than it wonld without the addition ; and in the distillation of finids
of rather high boiling-points, they are particularly convenient,
becanse the coating of copper, by keeping the upper part of the
distilling vessel at a high temperature, prevents condensation, and
consequently accolerates the progress of the distillation.

To render the glass capable of conducting the electrie swrrent,
it ig firet covered with & thin coating of fut varnigh, except in ane
or two places, where spaces are to be left uncovered, in order to
facilitate inspection of the contents when being used. Before the
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varnish has quite lost its adhesiveness, bronze powder is applied
by means of a very soft brush. This covering must be quite

Fig. 367.

perfect, for wherever the glass is uncovered the eopper will not
bo deposited. Inside a large copper pan, fig. 367, a sheet of
copper ooiled into a cylinder is attached by twisting, or by means
of the binding-sorew at o, with a wire connected with the battery.
A bar of wood, ¢, spans the vessel, and is notched to keop it in its
Place. The flask, @, is suspended from this bar by eopper wires,
and ite buoyancy is overcome by filling it with water and adding
suficient shot to gink it. It is essential that the wires, which
serve the twofold purposs of supporting the flask and connecting
it with the battery, should be in perfect contsct with the bronged
eurface.

684, The flask is attached to the binding-screw of the gine
rod of a quart Daniell’s battery by means of a copper wire, b, the
eylinder surrounding it being attached to the copper of the bat-
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tary by the wire, ¢, The cupreous solution to be decomposed,
consists of two parts of a eaturated solution of sulphate of copper
and one part of a saturated solution of sulphate of soda, to which
as much sulphate of copper has been added as it was capable of
dissolving. The coating will become of a proper thickness in
about two days.—Zedwood, For the manipulation commected
with ordinary electrotype, the reader is referred to Walker’s or
Napier's Treatises on Electro-metallurgy.

685. I have had ocoasion in some experiments to use a copper
flask for the purpose of cohobating certain fluids with caustic
potash. As it was necessary to have no join, I made them thus,
I firet modelled a flask in plaster of Paris, of the size and shape
required, and from it cast a hollow mounld in two pieces, An
aperture of shout & quartor of an inch allowed malted wax to be
poured into the monld; it was then shaken round to distribuie
the wax equally on the interior, The excees of wax was then
poured out, 'Whea perfectly cold the mould was opened, and the
wax flask removed and coated externally with fine plumbage; it
was then suspended inside a pan of eolution of sulphate of copper,
and connectod with the battery in exactly the same mauner as
the giasa fack described above. Copper was deposited for about
a week, at the end of which time the metal was found thick
enough, and it merely became necessary to melt out the wax and
boil the flask with caustic soda. To strengthen the neek, I twistod
repeated folds of copper wire round it, and again deposited copper
until the wire and flask became one piece., Retorta and flasks of
copper are easily made in this manner. On one oocoasion I con-
structed an alembio with moveable head by elactro~deposition, and
I think the method might be advantageously employed in con-
structing the copper apparetus required in various researches.
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SECTION XXVI.

MISCELLANEOUS OPERATIONS.

686. There are a great number of operations, not strictly
chemical, with which, from their being constantly performed in
the laboratory, it is proper that the student should become fami-
Liar; but as they do not come under the headings previously
given, it will be convenient to clsas them together as ¢ Miscel-
laneous Operations.” TUnder this head will also be included
variona processes which are more properly the province of the
carpenter, instrument maker, &c. than the chemist, but as it so
often happens that the latter is unable, from various circumstances,
to call in the assistance of the former, and as it is always a greater
pleasure o use an instrument eonstructed by our own hands
than when made by another, it is hoped that the following pages,
" although far from being mo complete as conld be wished, may
nevertheleas be accoptable. The reader is, however, requested to
ohserve, that although no directions will be given that have not
been frequently used snd found to answer perfectly by the author,
novertholess, as his information is confined to the remlts of
his own limited experience, where processes are described in-
volving menipulation belonging to the artisan or mechanie, the
same accuracy of deseription must not be expected s if they were
given by the persons alluded to, or even by an amatenr. Never-
theless, it will be & sufcient apalogy for inserting them, that an
exporiment of great interest frequently depends for success upon
the capability of the operator to construct an instrument invol-
ving the use of tools with which a moderate acquaintance is pre-
farable to none,

687, Thosewho have never mads the experiment, are probably
not aware of the extreme ense with which the varions supporta
mentioned in Bection XTTT. may be constructed, even by persons
unaccustomed to mechanical contrivences. If made exactly as
represcnted, then it wonld of course be necessary to use a torn-

v
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ing-lathe and other appliances with which chemists generally are
not expected to be familiar, But this is not essential, for almost
all may be constructed of syuare pieces of wood having square
sockets and bearings, and therefore not involving the use of eny
save the simplest tools. For example, the table-support figured
at page 157, and all its adjuncts, may be constructed with square
inatead of round fubes, &e,

638. A laboratory should contain drawers filled with various
tools, neatly packed away in such s manner that when opened
suddenly they may not be thrown againet each other, and thus
become blunted and otherwise injured, A cupboard has advan-
tages over a drawer as a receptacle for tools, as then the chisels,
saws, hammerns, files, &o. may rest in leathern loops against the
wall, and thus be visible at a glance,

The teals required depend upon the operator’s mode of working,
and the nature of his researches or experiments.

The following list merely includes those I constantly nee, and
which ‘it is fair therefore to snppose would be reguired by most

working chemista.

Chisels from 4th of an inch to | Bradawls, various.
1 inch. Gimlets, ditto.
Mortising ditto, various. Square.
Gouges, ditto, do. Cutting-gauge,
Two hammers. Files and rasps, various.
One jack and one hand-plane. | Pincers, various.
One brace, and one doz. centre- | One anvil,
bits, varioua, Bench-vice.
One drill stock and drills. Fine and coarse eaw,
Two instruments for cutting | Berewdrivers (two).
wooden screws. Bpring tape.
Two screw-plates for metal | Throe-foot rule.
screws, Nails and serews.
Ome pair spring compasses. Glue-pot and soldering-iron,
One pair callipers.

With the above tools, there are few repairs that may not be



WOODEN BCREWS MADE, 435

made, or ordinary supports or other wooden or metal apparatus
constructed.

It is to be understood thet there is o limit to the legitimate
province of & chemist in eonstructing apparatus. If the operator
is conducting researches, or if his time is otherwise valusble,
judgment is required to decide between making an instrurpent
and getting it done by a workman. It very often happens that
leas time is oocupied in putting together a piece of apparatus than
in finding & workman and ahowing him what is reguired,

889, Cutting wooden serews,—For this purpose an instrument
is sold by all tool makers: it consists of a block of wood, having
a round hole through it, one aperture of which is smooth, the
other a female screw. Tangentially to the amocth portion of the
hole is fixed & knife with a V-shaped termination, which is for the
purpose of forming the thread of the ecrew. Rods of beech or
hickory are to be made that will just pess the smooth aperture of
the serew-block upon applying moderats force, If, now, one of
the rods is fixed vertically in the vice, and the lzat-named aperture
* of the instrument is pressed down upon it, so that the rod may
enter, and the two handlea of the blook being grasped one in each
hand, the latter is turned alowly round, a downward pressure being
kept up, a perfoctly sharp and accurate screw will be formed, for
which it is easy to construct a head by which to turn if. With the
serew-block ie sold en iron tool to form the female serew, in
which the one last described is to work. This tool is mede in
two ways by difforent makere : in one it has a cylindrical termi-
nation, which serves to show the gize of the hole, which is, in the
firet place, to be made by a centre-bit in the piece of wood through
which it is intendsd that the hollow ascrew shall pass; in the
other kind, a screw made conical and filed 80 as to have four sides,
each of which is grooved in the direction of its length, is used to
cut the female serew. This latter is by far the more convenient
for the purposs.

The hole having been made by the ecentre-bit only large enongh
to admit the “ tap ” for a short distance, the latter, carefully pre-
served in e vertical pogition, is to be rotated, a downward pressure

v2
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being gently'applied. As scon as it has entered about §rds of its
length, it is to be rotated in the reverse direction so as to take it
out., The wooden male screw is now tried, and if too large to
enter, the tap io egain worked for a amall distance farther, and
80 on. If the tap is sent in completely to the head, it will make
too large an aperture, and the solid screw will fit loosely, but by
inserting the tap a proper distance, any desired degree of tight-
ness may be given to the screw,

690, Metallic screws.—Among the laboratory tools must be
included & couple of screw-plates, one for small and the cther for
Iarge screws, with their taps, so as to allow of the construction
of metallic screws of different sizes. Nuta towork on the screwe
are very easily made from pieces of sheat-copper, a hole being first
drilled through rather smaller then the screw, and opened in
the proceas of forming the latter by means of the tap. If the
male serew is to be of eopper, the wire should be aunealed by
heating to redness before passing it through the plate. The wire
should be perfoctly straight, and must be a little longer than the
scrow which is to be made from it, The end wpon which it is
intended to commence should be filod sufficiently tapering to
sllow its entering a short distance without difficalty into o
hole in the plate one wize larger than the screw intended
to be cut. Two pieces of lead being o adjusted between the
jaws of the vice that the latter will be prevented from injuring
the threads of the scrow, about 1 inch of the wire is allowed to
stand perfectly vertical above the surface of the vice, and being
greased with a little tallow, the hole in the screw-plate {one size
Iargor than that in which the screw is to be finished) is to be
placed over the wire, and the instrument, carefully preserved in a
perfectly horizontal position, so thet its plane may be exactly at
right angles to the axis of the wire, is to be alowly rotated so as
to cut n rough screw. It is to be cbserved, that it is essential to
the production of a perfoct screw, that the relative proportions of
the aperture in the plate and the wire are so adjusted in this
preliminary operation, that there may be scarcely any force re-
quired to make the plate revolve and cut its way downwards,
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As soon aa the plate has reached the vice, if the serew is required
longer, a little more of the wire in elevated, and so on until the
requisite length is obfained, The length of the wire exposed
above the jaws of the vice each fime is regulated by its stout-
ness and etrength,~—the more fragile, the leas must be worked
upon ai once. The imperfeet serow thus formed is to be passed
through another aperture one size emaller to finish it. More
foroe will be required this time than before, and great care is
requisite to prevent the wire from brosking off end becoming
fixsd in the plate. The plate is to be very slowly rotated, and after
having advaneed the distance of two or throe threads, must be made
to take & refrograde motion for a short distance, and is then to
proceed e little further, and so on until the end is reached, The
wire should be well greased all the time that the serew is being
formed.

691. Caoutchouc tubes,~—Vulcanized india-rubber tubes, which
can now be procured of almost any required size, are in almost
overy case preforable to those made in the laboratory from sheet-
oacutchouo; but those which are used to eonnset the chloride-
of-calcinm tabe with the potash-bulbs in organic analysis, are
much bettar of the latter kind. The reascn of this is, that the
vulcanited ones are less sdhesive, and, moreover, give way less
readily to the preasure of the silken cords; the result being, that
there is invariably more dificulty in obtaining e tight joint with
them.

692. To conetruct tubes from sheet-cacutchoue, & piece of the
proper sizo is out from the-sheet and gently warmed until it be-
comes perfectly floxible. A glass tube, whose exterior diameter
is of the gize of the interior diameter of the intended tube, is
covered with paper, and the piece of caouichouc is folded
round it, the excess being pinched together, so that it is re-
prosented by fig. 368. The axcess of caoutchouc is then re-
moved at one stroke of the scissors, which must be both ¢lean
and sharp to perform the cperation neatly. The edges are then
pressed together by the thumb-nail, and, if clean, will adhere
perfoctly, To make the tube suiiciently etrong, another should
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be made outside the first, and having its seam in the revarse

direction, The glass tube may be easily withdrawn, in conse-
quence of the piece of paper heing wrapped round it. The latter

i to be twisted up into a small space, and may then be re-
moved with ease. If the paper is mot used, it suffices, after
forming the tube, to slightly wet one end, when it will be fornd
that the tube and glass will part without dificnlty.

898, Soldering.—By the use of solution of chloride of zine, or
soldering fluid, ae it is sometimes termed, this operation is so
much facilitated, that all the operations of this clase required in
the laboratory may be easily performed, If, for exemple, it is
desired to comstruct the little instrument of tin-plate intended
to support, during weighing, the tubes sometimes nsed to sontain
fluide whose composition is to be determined by the process of
organie analysis (fig. 203, § 600), it is merely Recessary to turn
a slip of tin-plate round a stout wire of the proper size, and also
to make a disc of the same metal of the size of a fourpenny-
piece. If, now, the disc has a drop of the soldering fluid placed
on it, and also & emell serap of solder, and the whole is held on
a alip of wire-ganze, or other convenient support, over the lamp,
directly the water has been expellod, and the residue has undergone -
the dry fusion, the solder will run evenly over the metal. The
eylinder is then to be moistened with the liquid, and after being
placed on the dise, the whole is to be held over the flame, Inafow
secands the solder will run, and spread over the lower part of the
cylinder, and on cooling, the two will be found firmly connected.

604, In ordinary operationa of soldering, an instrament ocalled
n “*soldering-iron,” or “bolt,” is made use of. The ‘iron,” how-
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ever, conaists essentinlly of & piece of copper riveted between
two pieces of iron, which end in a rod of the latter metal firmly
fixed in a2 wooden handle. The use of the copper is unaveid-
able, as the melted solder will not attach itself to iron, so as to
allow of its being led along the seam to be joined. Tt is better
to have the end of the tool of considerable solidity, so as to enable
it to retain sufficient heat to fuse solder for e considerable time.
‘When the article is finished, the chloride of zine must be carefully
washed off.

895, Corks and cork-borers.—The greatest difficulty is some-
times experienced in obtaining really good corks fit for connect-
ing the chloride-of-calcium-~ and the combustion-tubes in organic
analysis. No pains must, however, be spared to obtain them.
The cork-drawer should be divided into compartments, to con-
tain the various-sized corks, Whenever a freeh quantity is
obtained of the smaller sizes, the best should be selectad and put
aside in a box by themselves, for the purpose mentioned above.
Thosa which have been once dried, and used in a combustion,
and are Imown therefore to be
sound, should be put by in &
stoppered bottle for use on future
oceasions.

696. In piercing holes in
corks generally, the borers of Dr.,
Mohr are extremely convenient,
and save & great des] of time,
They consist of brass tubes of
different eizes sharpened af one
end, and having s ring eoldered
at the other to prevent the hand
being hurt when using them.
A hole is made through the
upper end, to allow of o stout
wire with a milled head passing
through, to enable the hand to
posscse greater power over the instrument. They are sold in
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sots of all the required sizes, which fit into each other, and
the one amaller than that used, serves to push out the cylinder
of oork which is removed by the borer after piercing. The eylin-
ders thus removed are frequently very perfect, and sometimes
extremely useful, especially the longer ones. In ecutting through
large corks or bunge, it is better to alightly grease the borer, to
facilitate its passage. The ends may be sharpened, when required,
by means of & fine file.

A meceseary accompaniment to the case of eork-borers is the
rat-tail rasp and file. The former serves rapidly to alter the
formn or eize of the hole in s cork, and the latter to finisk off, and
render the aperture smooth inside.

697. Graduation of tubes.—There are two methods of gradnat-
ing tubes for the laboratory, either of which may bs adopted,
according as it is wished to have divisions made at omce of &
known value, or merely to divide the tube into equal measures of
length, and ascertain the value of them efterwards. The latter
mode, which is that of Bunsen, is unquestionably the best, and,
morvover, the method of performing the oparation is both aimple
and easy.

the first place, coated, by means of &
-~ bmahmthathmhyerosfbees- which has been previously
melted with a little turpentine, The ting apparatus con-

gista of a board, a bed, fig. 370, hnmgagrmedownltsmtro
mm‘
<l
L Jo o ! o o] [e o J o ol
l = A
2 ® d .
[ 4 — £ ¢
to steady the tubes during the process. In the groove, and kep

in its place by the brass plate, b, lies a model tube, previously .

graduated into millimetres. This tube is eapable of being moved
up or down the board to prevent the necessity of having it of
the same length as that to be graduated. It is better to move

[ .
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the former than the latter, because there is danger of injury to
the wared surface. At ¢ and 4 are two strips of metal, which
sarve the thresfold purposes of retaining the tube in its place,
enabling every fifth divieion to be made longer than the others, and
keaping the short divisions of equal length, The tube being
oovored with wax, as previoualy directed, is to be placed in the
groove, and the plates, ¢ d, and the model tube, 5o arranged with
rospect to each other, that the notches (which in the plate 4 are
apart from each other a epace equal to five divisions of the model)
thall fall in their proper places. To effect this, the wooden bar,
¢, with two steel points, f and ¢, is made wse of. One of the
points is placed on that spot of the tube where the first division
is intended to fall, and the model ia then adjusted so that the
other point drops inte the firet division, The bar is then advanced
five divigions forward on the model towards the end, ¢d, of the
arrangement, and the plate d is then so adjusted that ome of the
points being held firmly on the fifth division, on the medel, the
ofher being moved 80 s to describe an are of a cirels, the point
passes through one of the notches in & and thus makes a longer
mark on the prepared tube than when the movement is made
between the parts of the plats, d, intermediate to the notches.
The arc being so small with so comparatively large a radius, it
hes the effect of & straight line on the tube. The steel pointa
with which the graduations are made, are represented on a larger
scale at f andg’. The latter has e kmife-like odge. The instru-
ment aund tubes being thus adjusted, the bar and peints are
returned to the first position, and one point being held on the
first division of the model tube, the other is made to seratch
.through the wax on the tube to be graduated, and the bar is thus
to be advanced a divigion at e time until the tube is finished.
‘When this is done, it is ready to be exposed to the action of
gasoous hydrofluoric acid. This is accomplished by laying it on
some horizontal supports in & long leaden trough, the bottom of
which is covered with a paste of finely powdered fluor-spar and
oil of vitriol. The trough has o tightly-fitting cover of the same
material. A moderate warmth is to be applied daring the etch-
: vh
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ing, care being taken that it is not sufficient to canse the com-
position on the tube to run. Several tubes may be etched at
once by & proper arrangement of the trough. Great eare must
be taken when using the gaseous and even liquid hydrofluorie acid
that no glass veesels are at hand exoept those being etched, as
they would become dulled and entirely spoiled. The gaseous asid
produces an opague mark aporn the tube, which is at once rendered
visible on removing the wax. To effect this, the tube is to be
warmed, and the compogition is to be wiped off with a rag. To
render the divisions distinet, the last tracos of waxr must be
washed off with a little epirit.

699, It is sometimes preferred to oteh the lines by means of
the liguid acid contained in leaden or gutta-percha veasels of
convenient shape. This process eichea the lines deeper, but
they are transparent, and should therefore be rabbed with white
or red lead to render them distinet. The point, ¢/, should not
be teo sharp, or the lines become so fine as to be indiatinet
unless looked at very close,

700. Where the valus of the divisions to be made upon the
tnbe haa been determined beferehand, the method is diffcrent,
although equally eimple. The marke made by the scratching
diamond are never so neat and regular as those etched in by
hydroflyorie acid, but the former process is parhaps the simpler of
the two. If the tube is regular in the bore, it will generally be
sufficient to weigh in mercury, to form the longer divisions, and
subdivide theso afterwards into the desired number of equal
parts. It ia better, however, to weigh in and mark separately
each divigion. Suppose, for example, that it is desired to divide
a narrow tube into hundredths of s cubic inch: & number of
small measures are to be made from glass tubes of about 4th of
an inch internal capacity, and 34:2 gre. of mereury being weighed
into one of them, and any bubbles of air removed with a wire, a
scratch with a fille is made on & level with the upper surface.
This quantity of mereury is to be tranaferred to the other tubes,
which are to be likewise marked im tho same manner, These
are all to be filled to the mark with mercury, and may be sup-
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ported in a glass ready for use; as soon as they are emptied
they are to be refilled, and it will be found more economical with
regard to time to proceed in this manner than to use only one
measure, and refill it each time e division is made. A sirip of
paper, abont 4th of an inch broad, is then to be fastened with
glue down the whole length of the tnbe, Agninet any con-
venient part of the wall of the laboratory, s etrip of _

wood is to be nailed, of nearly the same thickness as 1675
the diameter of the tube to be greduated. Exactly at
the height of the eye, a piecs of stout sheet-copper or
zinc i8 to be nailed against the wood, 8o es to form a
epring to keep the tube in its plaee while the paper
scale is being marked, as at @, fig. 371. The upper
surface of this spring serves as a guide or ruler for the
pencit while making the gradnations. Ome of the
gonges full of mercury is then to be emptied into
the tonbe, and the latter is to be so adjusted to the
spring, a, that the upper surface of the latter exsetly
ooincides with the surface of the mercury. With
the assistance afforded by the edge, a straight line is
then made on the paper scale; and this is repeated
until a suficient number of gradustions have been made, In
order to avoid the sbight error cansed by the meniscus of the
mereury in the small gauge-tubee, the glass may be cut off by a
file to within a short distance of the mark, and it may then be
ground down to the latter on a plate of glase, which will then
serve o close the tube. This, however, is seldom necessary, ae
it has acarcely any influence upon the result, The graduations
on the paper may now be made on the glase by the diamond,
each fifth division being somewhat longer than the others. It is,
however, much neater to accurately copy the paper scale mo
obtained on another piece of paper, and, after removing the
former, to cover the tnbe with wax, and scratech through with a
point 80 a8 to expose the glass, and then make the etching with
hydrofluoric acid. The way I have found most convenient for
transferring the second paper scale, obtained as above, to the wax,
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is, in the first place, to have the paper upon which the first scale is
copied glned on a alip of wood of the same thicknees aa the tube.
The waxed tube and the acale are then to be placed
gide by aide in the same spring as in fig. 872, and
by a point the lines are dmwn by means of the
ruler, a, from the scale to the tube, both being brought
by means of ¢ to a lovel with the eye before trans- |
ferring the divisions. Ae msoon aa the screiches are o
mede through the wax, the tnbe is ready for frest-
ment with the gaseous or fluid hydrofluoric ecid, as
already mentioned. The error of observation in vaing
tubes graduated in this manner (esused by the fact
that the convexity of the mercury during the process
of graduation lies in a different direction to that
which exists when the valume of gas is being read off')
must not be neglected, but in all accurate experi-
ments should be corrected according to Kolbe's mle,
given at § 580,

701. There is anothar method of graduating tubes to a given
calibre which I have often adopted; it gives excellent reselts,
is very enay of execution, and takes but little time. The tube
has two long narrow alipa of paper, abont § millimetrea apart,
pasted or gummed down ite whole length, The tube ia then
fixed in a perfectly vertical poeition, mercury poured in from
the tubes aa described above, sud a8 each portion is added,
the eye ia carefully brought on & level with the upper comvex
surface of the mercury, by means of a mirror, as described in
§ 659. A pencil mark is then mads exactly on a level with
this surface. This is proceeded with until the entire tube is
filled with mercury. A diamond pencil and ruler are then wsed
to seratch the divisions. To make each fifth division longer than
the others, the paper ia to be removed with the penknife at every
fifth mark, juet sufficisntly to permit the lines o be prolonged to
the desired extent on each side,

702. Stopeocks.—In every possible ease the size of the threads
of all the stopcocks, connectors, &o, in use should be the same,
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in order that no dificulty may be found in attaching together the -
complicated systems of apparatus which are eesential in some
resoarches. It not unfreguently happens that the meck of a
glass balloon has to be cemented to & cap, in order to connect
it with an sir-pump, previons to filling it witk a gas to the
action of which some substance is to be submittad at a cer-
tain temperature, This illustration is eelected becsuse it in-
cludes nearly all the manipulation requisite in experiments in-
volving the use of stopoocks, connectors, &¢, The firet step is
perhape to obiain the gas in & bladder or gas-holder, by trans-
ferring it from the gas-jar in which it has been collected over
water: the method of performing this operation has already been
minutsly explained in § 614, p. 315, but it did not fall correctly
into that portion of the work to deseribe the method of cementing
the necks of gas-jars and balloons into bress caps. The mixture
for the purpose may consist of

Common resin . . 5 parts
Bees'-wax . . ... ... 1,
Redochre . , . . .. .. 1 ,, —(Faraday.)

The two first ingredients having been melted at as low a tem-
perature aa possible, the red ochre, previously well dried, is to be
stirred in by small portions, and the heat is to be kept up until alt
frothing has ceased; the vessel may now be removed to a cool
place, and the stirring im to be continued until the mixture has
beeome quite thick.

The balloon, the neck of which is to be cemented into the cap,
is to be graduslly heated until so hot that it wounld melt the
ooment, The latter having been brought into a fluid state on
the sand-bath or over & very small gas-flame, is to be applied
equally to the whole of the neck of the balloon, in such a manner
that when the previously warmed cap is placed over itand pressed
on, an exceas of cement ehould exude outside, so that it may, after
ocooling, be removed with a knife, The relative sizea of the neck
of the balloon and the cap ought to be so adjusted that the latter
would just slip on if a ribbon of moderately thick pasteboard were
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onco rolled tightly round the former. The apparstus, when
finished, has the appearance of fig. 233, § 494, p. 302.

703. To oonnect the balloon with the air-pump, a stopeock
with double male screw and a double female connector are re-
quired. These pieces of apparatus are represented in figs. 373
and 374. One of the ends of the etopeock is serewed into the
cap of the balloon, a leather washer, which has been previously
soaked in a mixture consisting of melted wax and a Little oil, in-
torvening between the flanges. The double female acrew, fig. 374,
enables the balloon to be attached to the exhausting syringe, a,
fig. 376. Thebladder containing the gasis closed by a * bladder-
piees,” fig. 375, aud A, fig, 376, which is tied on with twine and

Fig. 973. Fig. 374. Fig. 875.

has a double male stopeock serewed into it, the same as that given
in fig. 878, and which has been deseribed as conneoting the bal-
loon to the syringe.

A double female connector joins this stopeock to that belonging
to the exhausting apparatus. The whole arrangement is seen in
fig. 376, where a is the syrings ; b, its etopeock ; ¢, another stop-
. oock; d, the double femalo conmector before described; o, the

stopeock belonging to the balloon, . The bladder, g, is tied by
atring to the bladder-piece, & ; ita stopeock, which is seen at i,
is attached by another double femsle connector, &, to the second
atopeock, I, of the syringo. The bladder being attached, and ¢
shut, 7 is opened to ellow of the airin the connecting tubes being
removed, The cocks, b, ¢, and ¢, are then turned on, and the air-
pump is worked until the gauge (mot seen in the engraving) in-
dicates the requisite degree of exhaustien; b is then closed, and
4 is cautiously opened ; the gas will then pass from the bladder
into the balloon, when s being closed after s few minutes have
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elapsed, the connector, d, is to be unsorewed, and the balloon
full: of the required gas removed for use,

¥ig. 976.

704. It is advisable in choosing stopcocks, to salect them with
a8 emall an aperture through the plug as is sufficient for the
purpose, for by this means the chances of leakage are diminished.
When the plug of a stopeock has become fixed, the screw under-
neath is to be removed, and also the little collar, and a few blows
are to be made with a piece of wood, not metsl, on the sguare
nut which i8 at the end of the plug. Care must of course be
taken in doing thie not to injure the stopcock. If this is ineffec-
tual, the instrement may be oiled and left for some time for the
latter to penetrate. In the event of this not suceeeding, it may
bo placed in a small vessel of oil, which is to be put for a day or
two in a warm part of the sand-bath. This seldom fails to effect
the loosening of the plug.

A very useful contrivance, by which it ie ofter possible to do
without a stopecock, is made by inserting a piece of solid glass
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rod in the caoutchoue connector between the extremities of the
glass tubes used to convey a gas.

An illugtration of this has already been given in describing the
manipulation requisits in uaing the method of Bunsen for deter-
mining nitrogen. ’

708, Rnots.— In arrenging chemical apparatus, especially
where caoutchone connectors are much used, it is very frequently
required to make joints tight by means of knots. There are also
occagions on which the skilful use of string or wire to keep stop-
pers tight under conesidezable pressure, &ec. is of great valne.
In some nautical works there is mmch valuable information
on these points, but the chief portion is of course only inter-
cating to seamen, All the knots of any value to the chemist
have, however, beent inserted in the ¢Practical Pharmacy’ of
Mohr and Redwood, from which the following are taken,

708, * The end of the string is doubled and lsid on the tube as shown
in fig. 877, 4 being the short and o the long end of the etring. The tabe
being held in the left-hand, the thumb of that hand is laid over the loop,
@, 80 &3 to retain it in the position represented, while ¢ is carried round the
tube several times, and finally is paseed through the end of the loop, a, as
ahown in fig. 378

Pig. 877,
b

“The end, ¢, being held tightly in this position, the other end, d, of the
string is pulled so as to reduce the loop, or until it clasps o and securely fixes
it. The ends, ¢ and d, are now out off, leaving the ligeture & represented
in fig. 879,

’fg?.  The pyrotschnical knof.—This knot is used for the same purpose
as that last Goscribed. In making it two loope sre formed, as shown in
ﬂg.w;muemhoughtoppoduwmhoﬂwr,uinﬁg.ssl,bbdng
placed in front of a; they sre then slipped over the tube, as in fig. 383,
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and the two ends of the string pulled. When the coils are brought close
to each other and made tight by drawing the ends in opposite directions,

Fig. 980.

Fig. 879.

s pretty secure knot is produced. Rockets are tied in this way, and hence
the mame. A few coils of the string form s good ligature for an india-
rubber connector; and it has these advantages, that it mey be tightemed at

Fig. 381.

e

sny time by pulling the ends, and also, that it is essily unticd without
cutting the cord, by merely pulling each ligature away from that next to it.

708. “ TAe chompagus bnot in used for fastening down the oorks of botiles.
A loop, such as fig, 888, is first formed ; then the end, m, is turned into the
angle, 0, and carried behind or beneath the loop, a2 in Bg. 384, The part pis

Fig. 884,

drawn through the loop, aa in fig. 385, and in this state it is placed over
the neck of the botile, immedistely under the lip, p being on one side and
r2 on the other side. The two ends are then pulled, so that the kmot being
tight around the neck of the bottle, the free ends shall be opposite ench



45( CHEMICAL MANTPULATION.

other, and theee are tarmed up over the cork, twice twisted, snd finally tied
in & common knot, as shown in fig. $86."

708. 1 have found the last of these knote useful in confining
the stoppers of glass bottles in which reactions were to be effected
by exposure to 212°in the water<bath, in cases where the nse
of preesure-tubes was objectionable from the small guantity of
material which they were capable of containing without increasing
their length to an inconvenient degree.

710. The Barometer.—Theee instramenta are comstructed in
e variety of ways, and those met with in commerce are often
exceedingly defective and incorrect. The instrument used for
registering the pressure of the atmosphere in quantitative ex-
peritents on the gases should be of the beet kind, and, if pos-
gible, its indications should be compared with those of one kmown
to be accurate. That construction is generelly preferred which
has the whole scale of brass and moveable, to allow of adjust-
ment as the Javel in the cistern fuctuates, so that the numbers
marked upon the scale shall always exprese the real distances
from the level of the metal in the cistern, no matter what varia-
tions may tako place in the latter. To effect this the acale ter-
minates in an ivory point, which should, immediately before an
obeervation, be made just to touch the surface of the mercury;
that this is the cass may be known by the point and its reflestion
in the mercury exactly meeting,

When the tube of the barometer is small, the diameter must be
known, as the capillary attraction between the glass and mercury

d® v
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exerts an action euficiently great to render it necessary to meke
& correction ; a table for this purpoese will be found at the end of
the volume. A correction for temperature is also eseential, and
Table VII. is insarted for this purpose; but it must be observed
that it has boen caleulated on the supposition that the scale of the
barometer is of the form previoualy alluded to.

711. Mesars, Negrefti and Zambra construet barometers with
& scale graduated on the tube itself, and in correcting for tem-
perature a different table must be referred to; this will also be
found at the end of the volume. This latter table may also be
vsed where the bmes scale only reaches a short distance, the rest
of the instrument being of wood, and the neutral point being
adjusted by raising or deprossing the cistern. In that case the
eorrection is not perfectly accurate, becanse the valee of the com-
pound expansion cannot be accurately ascartained ;. but if the only
available instruament be of this kind, an approximative value may
be obtained by assuming the compound expansion to be the same
as that of glass, and Table VIII. is then to be nsed.

712, The barometer must be fixed in a perfectly vertical posi-
tion; if, therefore, any doubt exists as to the perpendicularity of
the wall against which it is intended the instrument shall rest,
such fact must be nscertained by the plamb-line, and the position
of the barometer altered accordingly.

713. A thermometer should also be attached to the barometer ;
and an arrangement is generslly adopted which permits the bulb
to be immersed st will in the mercury in the cistern, so as to
indicate a8 accurately as possible the true temperature of the
metal. A small serew-stopper is provided to close the aperture
in the cover of the cistern by which the thermometer enters, when
the latter is not inserted.

714. The Goniometor.—This instrument, although not sirictly
a chemical one, is, like the barometer and many others, indispen-
sable to the chemist in many of his experiments.

715. Beveral instruments have been devised for measuring the
angles at which the planes of cryatals incline to each other; there
are only two, however, which specially demand our attention, as
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being not only the most commonly used but the most convenient ;
these are the common goniometer of M. Carangeau, brought into
general use by Haiiy, and known by his name, and Wollaston’s
reflective goniometer,

The former of these is only adapted for approximative mea-
surements, and even them is of limited application, becsuse the
sngles of very minute erystals cannot be determined by it;
moreover, it is especially ill-adapted for the crystals obtained in
organio researches, because the latter are generally easily fran-
gible; and, as will bo scen presently, the common goniometer
ia lisble to ecrateh and otherwise injure the erystals to which it
may be applied, unless they are tolerably hard.

716. Haiiy’s goniometer depends upon the principle that the
opposite angles developed by two right lines, in croesing each
other,are equal. Fig.387
ghows the instrument by
which the above rule may
be applied to determine
the angle at which the
planes of a crystal meet,
As usually made, it eon-
gists of & brasa semicirels,
divided into degrees, and
having two arms, « b and
d £, usually of steel, susceptible of movement backwards and
forwards in the slits, g A, i k and d m; it ia possible, therefore,
to Jengthen or shorten the arms as we pleaso, The arm, a b, is
retained in its horizontal position, but d £ in intended to indieate
the angle of the crystal by the position of its inner face, £, on
the graduated are. If we apply the edges, a and d, to the two
facon of a crystal in such & manner that they reat on them acou-
mately in the manner indicated in the engraving, the angle con-
tained between the inner face, £, and the zero is the angle sought,

717, Previous to making s measurement, the bar, d £, is to be
made to assume ¢ more acute angle with a 5 than thet desired to
be determined. The crystal whoee dihedral angle is to be mea-
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sured, i then pressed without unnecessary violence between the
points. The inetrument should now be held between the oye and
a lamp, or window; when, if no light is to be observed between
the faces of the erystal and the surfaces a and d, they may be con-
gidered as coinciding sufficiently, and the angle is to be read off,

718. If very emall erystals are to be measured, the arms a b
and & f are to be shortened by means of the slits, otherwiss it
would be impossible to obtain euch an aceurate coincidence of
the edges of the bars and the planes of the erystala.a to allow
of good measurements being made,

719. The reflective goniometer of Wollaston® is entirely dif-
ferent in principle, and possesses numerouns sdvantages over that
used by Haily. By it erystals scarcely discernible to the naked
eye may be accurately moasured, if possessing brilliant surfaces ;
gn instance of this occurred soon after ite discovery. In the
island Jean Mayen, in the Greenland seas, there is found a
crystalline jet-black sand ; a portion of this having been obtained
by Dr. Clarke, he fixed oz the moveable plane, b, to be presently
described, & minute but brilliant cryatal, the planes of which
were inclined at an angle of 923°. Dr. Wollaston, who repeated
the measurement, obtained
exactly the same result, and Fig. 388.
recognized the sand as iden-
tical with that of Bolsenna.

720, The instrument con-
pists of & vertical metallic ,/~7%
circle, a b, fig. 388, gradu-
ated on ita edge to half
degrees, and supported on
n very massive end steady
frame, ¢. The circle is ca-
pable of rotation by means
of the large-milled head, 4. i :
A smaller milled head, ¢, is . gl

® Thip instrument was, T believe, first desoribed in the Fhil Trans. for
1809, and In Tilloch's Magasine for Fob. 1810, vol. xxxv.

D WY
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connectod with an axis passing through that which serves to
move ¢ b, and which is consequently hollow. This latter axis
enables us to move the bent arm, #, which in its turn earrice
8 rod, ¢; this rod, at its end nearest to f, is split, to enable
it to carry s amall plate of brass, A, to which the crystal is
eventually to be attached by means of wax, in suchk s manner
that the edge where the planes meet (the angle of which is to
be measared) is parellel to the axis of the instrument. It will
be seen that the rod, g, is at right angles to the axis of the dise,
and, in fact, this is the only position in which the goniometer
can be wsed; but it is a singular circumstance, that many
chemical worke, in illustrating the gomiometer, give the rod,
g, & position ooinciding with the axis of the dise: this is eal-
culated to mislead, as in that position it is almost impossible
to obtain the necessary adjustments for the two faces of the
erystal. The plate is, by means of the mechanism described,
susoceptible of 8 considersble mumber of movements, each of
which may be not only made to any desired extenf, but are,
from the etiff way in which tho parts move, not liable to be
deranged by secidental vibrations of the apparatus. A vernier, £,
is firmly attached to a bar, which in its turn is securely screwed
to the massive support, ¢.

721. Before using the goniometer, it must be placed upon a
block of wood, standing st such a height on a massive table, that,
the elbows reeting on the latior, the fingers reach easily to the
crystal and the milled heads which move the graduated circle
and arms. Tho circle mnet have its edge towards the window,
which latter, to enable the observation to be made conveniently,
should have horizontal bars, The most proper distance for the
goniometer to be placed from the window is about 7 or 8 foef,
‘We now proceod to ascertain, by means of a spirit-level attached
to the stand of the instrument, whether the graduated circle is
in a perfeetly vertical position, and if not, it is to be carefully
adjusted by means of the levelling sorews, k k k.

722, By this time the crystal may be attached to the
wax as described above., It has been said that the window
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should have horizontal bars; this is necessary to ensble the two
facen of the crystal to be alternately placed in exactly the eame
position ; and it is also necesssry to have another line at an in-
ferior level ; the latter may be made for the purpose, by etretching
o black ribbon in a position perfootly parallel to the bars of the
window, but at only a slight elevation above the ground; or any
digtinet line naturally exieting may be used, euch, for inatance,
as the line of junetion between the floor and the wall beneath
the window, If, now, the crystal haes brillient planes, and the
oye be brought close fo it, it will be found easy to obtsin a re-
flexion of the bar of the window on the plane which is first to
be adjusted; if the bar is not immediately seen on placing the
eye nearly close to the crystal, it may be readily brought into
view by a alight elovation or depression of the bar,g. It will
now be found, by continuing to raise or depress g, according to
the poaition of the crystal, that the refleciod bar may be made to
gradually approach and finafly merge into or coincide with the
inferior line mentioned above. But it generally happens that,
in the first trinls, the two lines when approximated to each
other are seen not to be parallel; if then the milled head, g, be
alightly rotated to the left or right, as may be roquired, it will
be easy to make the two lines perfoetly eoincide thronghout their
whole length.

It now ouly remains to adjust the second face of the crystal,
that it may reflect the two guiding lines an accurately as the first
one did. 1If the operator will now refer to fig. 388, he will see
the position of the erystal during the adjustment of the first

plane. It is necessary now fo make the plane, marked 2, falfll -

exactly the eame conditions as regards the reflected images of the
upper and lower bars.

To effect this, the smaller of the two vertical milled heads, ¢,
ia to bo rotated in o direction away from the operutor, the eye
being kept in a position as nearly as possible the same as when
observiug the faco marked 1 in the engraving. The bar of the
window will now be found to be reflected from the second face
in the same mannez as from the first, and is equally to be made,
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by continuing the meotion, to approach gradually to and at last
to merge into the lower line, But, as in the firet case, it will
probably be found that the two Lines are not parallel on the flet
trial; we must not, however, effect tho paralleliam in the same
manner a8 wag done with the first plane, namely by rotating g,
becanse euch a proceeding would destroy the first adjustment;
it suffiess, however, for the purpose required to move g to the
left or right until the lines coineide, this movement being pro-
vided for by a pin which joins % to f.

- The two planes are now to be observed agnin, in order to as-
certain whether the adjustments are perfect, and if found to be
80, the larger of the two vertical milled heads, 2, is to be rotated
until the zero of the vernier coincides with 180° of the graduationa
on a b In consequence of the mode of construstion of the in-
strument, it is easy now to rotate the entire system of parts
which carry the erystal, without disturbing the position of the
graduations with reference to the vernier. In order, therefore, to
measure the angle desired, ¢ is to be rotated until the reflocted
bar coincides with the inferior Line, the greduated circle being
undisturbed ; it is now merely neceseary to rotate 4 until the
reflocted bar, as seen from the face marked 2, exactly covers the
lower line, when by inspecting the position of the eircle and ver-
nier, the angle may at onee be read off to minutes of a degree.

728. It often happena that the erystal the value of the
angles of which it is desired to kmow, ia too small to be mes-
sured with the common goniometer, and yet that the planes are
not sufficiently brilliant to permit of the use of the instrament
last described ; it is sometimes posaible to overcome this dificnlty
by attaching thin laminse of mica to the faces,

724. Under certain eirenmstances angles may be meesured by
the aid of artificial light, the bar of the window being replaced
by a small but bright lamp- or candle-flame placed in an elevated
position and at a considerable distance, the inferior line being
black on & white ground and well illuminated by snother lamp, the
flame of which is prevented from being reflected by the erystal.

725. The Air-pump.—This instrument is in constant use in
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the laboratory ; it is employed in elmost every brauch of the
science, One of the most common applications of it is for the
purpose of drying in veeno preparations which deecompose on
heating. Numerous instancos of this occur both in inorganicend -
organie rescarch. For this purpose, we place on the plate of the
air-pump a ehallow cylindrical disk containing concentrated sul-
phurie acid. A brass dise, pieroced with several holes of different
sizes, supports the eubstances to be dried, which may very con-
veniently be contained in watch-glasses, These latter should be
ground on their edges, and have their weight marked on them
with & writing-diemond. Ome of the chief advantages of watch-
glassas for this purpose arises from their shallowness permitting
the substance under examination to be epread in a very thin
layer, which, from the large surface exposed, is well adapted for
facilitating the rapid removal of the water (§ 320).

726, Another application of the air-pump is i taking the
densities of porous bodies, for the latter, when immersed in water,
appear much Lighter than they really are, in consequence of the
pores being filled with air, If, for example, & piece of ecke, the
density of which taken in the ordinary manner is 1-223, be placed
in & vessel of water and the whole be introdueed under the receiver
of the air-pump, the first stroke of the piston causes the evolu-
tion of inmumerable bubbles of air, and, as the exhanstion pro-
coods, the water appears to boil. . Presently the coke rines to the
surface, buoyed up by the adhering bubbles of rarefied air, and
the pumping is to be continued until the bubbles no longer appear.
If, now, the secrew-tap of the pump be gently opened, the coke
- which had risen to the surface sinks like iead to the bottom, and
on taking anew its density, it is found to be raised to 1:540.
Even greator differences than this are sometimes observed.

727, It is very questionable whether in this instance the true
density in obtained by removing the air; in the first place, there
may occur cavitiea in the soke which do not communicate with the
surface, and oonsequently de not allow the air or gae to be removed
from them by the pump, In the next place, it remains to be
docided a8 to what is to be regurded as the condition under which

x
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the densities of cokes should be taken and eompared with esch
other, Probably the normal state is the proper cme. Possibly
if the coke was reduced to a fine powder, ita denxityin that state
would be the most proper for eomparison with other specimens.
It must not be forgotten, in circumstances of this kind, that the
densities of bodies taken in the pulvernlent state oftan come out
higher thar when solid, and that even metals in the densest state
procurable by hammering, yield lower specifie gravities than whem
in the fine state of division obtainahle by precipitation and other
methods. This appears somewhat anomalous, but the fact has
been placed beyond doubt by the researches of (. Bose, who
found some platinum-black to possess the very high density of
22-89, although that of other specimens was as low s 14-89, And
he found gold powder, precipitated by green vitriol, to vary from
19-56 to 2072, whereas hammered gold is seldom denser than
19-4. .

728. The air-pump is, as hes been eaid, § 620, used in the
determination of nitrogen by the method of Bunsen ; the employ-
ment of it in Dumas’ method hes been superseded by the process
described in § 621. Itis also seldom resorted to now in making
the combustions of organic hodies, It is, howevar, indispensahle in
numerous operations of a physical nature that constantly become
necessary in the course of orgamio investigations, The mode of
employing it has been described in treating of the operations
themselves in the previous sections of this work,

728. An excoedingly convenient and economical form of pump
consists of a good exhausting syringe, capabls of being fastenod
to abench in a horizontal position, and having adaptad to it several
conneotors and taps, in order that it may be employed for different
kinda of operations. A small stool supporting a ground plate and
glasa receiver should be provided. The stool is to have beneath it
a tap attached to s flexible tube, to enable it to be connectad with
the syringe for the purpose of exhaunation, and, when dedired, re-
moved without destroying the vacuum. This is effected by tarning
off the tap beneath the stool before separating the apparatus from
the syzinge, The latter can then be used for other operations,
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while substances are still retained +n vacwo, The flexible tube
connecting the recaiver with the pump, must have a ¢cil of wire
in it, to prevent it from ocollapsing during exhaustion. I have
had an apparatus of this kind in use for a long time, and have
found it moet convenient in numerous operations counected with
organie chemistry, such asin drying the fiaaks for vapour-densities
(§ 120), and at the same time retaining substances in vacuo over
a surface of sulphuric acid, to remove water, &o. It ehould have
& barometer-geuge capsble of being attached by a screw and
washer when required.

730, Inusing air-pumps generully, there are a fow precantions
which demand attention, Many instruments, espesially if their
plates are of glass, have & small hollow milled head in the centre
of the plate, serving to keep it in its place, and also to prevent
fluids spilled on the surface from finding their way into the
valves; their use is, however, attended with the great incon-
venience of preventing flat dishes from being placed on the ground
diso without the intervention of e triangle or other support, If
the milled head is absent, care mmst be taken not to place a flat
dish over the aperture leading to the valves, unloss there is
gpace enough to allow the air to be pumped out easily; a small
piece of paper placed betwoeen the dish and the plate st ome
side is sufficient to prevent any inconvenionce arising from this
canse.

781, Especial care must be taken {o prevent fluids from being
spilled on the plate lest they correds it, or, if of glass, and con-
sequently not liable to corrodion, lest the fluid finds its way into
the tubes or valves. A little gresse should be applied to the
edgoe of the glass receiver before pumping, in order to inercase the
tightnees of the apparatus. If the plate is of metal, great care
must be teken as to the nature of the gresse used, some kinds
corrofing it rapidly, and rendering it useless until re-ground.

782. X it is found that the plate and receiver do not fit with
sufficient accurscy o enable a vacuum {o be sustained for some
time, the epot where the leak oecare may be casily discovered by
letting a litils water run round the outaide of the plate and against

x2
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the onter edgo of the receiver; on working the pump and leaving
it for somge time, the water will find its way inside, and thus
show the defective spot. The leak may sometimes be stopped
temporarily by applying to the place a little wax softaned by
melting with a very small quantity of oil.

The air-pump is employed for many operationa which do not
fall properly within the limited scope of this work, but there are
a few other appliances and precantions which it would be im-
proper to omit. If a siphon-~gange is attached to the inetrument,
care must be taken not to admit air too rapidly info the vacuam,
for the gauge might be deranged or even broken by it.

733. Dr. Andrews has deseribed a method of obtaining a per-
fect vacuum with the pump; the details are too long for insertion,
the student is therefore refarred to the original paper®.

If solutions containing axcese of volatile acids are exposed over
sulphuric acid in vacuo, the water is soon absorbed, end the acids
which were previously held in solution by the water vaparize into
the receiver and do much injury. This is particularly the case
with solutions of platinam-ealte containing exocass of hydrochlorie
acid. The evil may be remedisd by the presence of a emall cap-
sule of lime. If a considerable mumbar of preparations are re-
quired fo be exposed to a surface of sulphuric acid in vacwo, &
piece of apparatus on the principle of what is termed a “ dumb
waiter,” may be employed. -It ccneists of a series of discs,
preferably of brass, perforated with mmall apertures; these are
wupported on & rod passing through their centre, the rod ending in
. brass cover fitting on to the vessel of sulphurie acid, but of course
having numerous apertures, so as to allow the acid to exert its
abeorbent influence without restraint, The brass discs permit
& considerable number of watch-glasses or capsules to be placed
under the receiver at once. Great care must be taken that the
pump is firmly clamped to a solid heavy bench or table, so as to
prevent vibration when being worked, as the capeules, &c. might
be upset, and cause great delay and loss of valuable material
The arrangement of the exhausting syringe and receiver or atool

® Quarterly Journal of the Chemioal Society, vol v. p. 189,
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is convenient in this respeet, inasmuch aa the stool may be placed
on one table while the syringe is worked at another, and con-
sequently all danger from the vibration is aveided. Even if the
receiver and syringe stand on the same table, there ia less danger
in this respect than with the ordinary air-pump, because the
former having the pumping part and the receiver only connected
by e flexible tube, the vibration is not communicated if the table
bo steady, whoreas with the latter it is impossible to work the
double-barreled pistons without communicating a little motion
to the entire apparatus, unless extreme care is taken in fastening
the clamps to a very strong table or bench.

734. An air-pump, to be kept in good order, ahould not be
allowed to enter, or at least remain for any length of time in the
laboratory, aa it would inevitably be injured by the acid fumes
floating about. The plate should be cleaned at frequent intervals
with a littlo cotton scaked in neat’s-foot oil, and the grease
should be removed from the receiver and replaced by freah when
required.

735, Bometimes it is found that a new pump is incapable of
sustaining & vacuum, although the surface of the plate and the
ground edges of the receiver fit perfeetly; if the screws and
washers are not defective, the taps must be examined and re-
ground. Even after all the joints have been prepared with the
greatest care, still the pump is at times imperfect. Generally it
is the workman’s place to set this right, but there are eircum-
stances which render it desirable for the operator te know how
to ascortain the mature of the defect. The only resource now
remaining is, to connect the various parts of the pump, one by
one, with a powerful condensing eyringe, such as those used for
air-guns, and, after plunging the suspected piece of metal under
water, vigorously working the instrumemt. It is, of course,
epeential that ell the apertures, excopt that in communication
with the eyringe, be closed. If then the metal is porous (as
often ocours, owing to defoctive casting or the use of bad metal),
air-bubbles escape through the water and indicate the leak,
Bometimes the error may be remedied by dipping the piece into
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chloride of rine, and after making it very hot, mnning solder over
the part; the latter then runa into the fine apertures, and the
excess may be rernoved by the file or lathe,

7368. Every pump should be carefully ascertadned to be perfoct
before use, To effoet this, o vacuum is to be mads an far as pos-
gible; the barometer or siphon-gange is then to be examined ;
no alteration in the height of the mereury should be obearved
oven after soveral hours. A first-class pump will retain the
mercury in the barometer-gauge, within s amall fiaction of an
inch of the height of the barometer at the time, for days or even
weeks, but with ordinary instraments this must not be expected ;
and if it in degired to retain a pretty good vacunm for a considerabls
period, the instrument should have s fow atrokes given to the
pistons every fow houre,

737. When silver-salta are to be dried in vacuo, s dark eloth
should be thrown over the receiver to prevent access of light,
88 its presence often causes decomposition, and oconsequently
erroneous results on analysia,
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SECTION XXVIL

REMARES ON A FEW OF THEE PROCESSES ARD RE-
ACTIONS EXMPLOYED IN SOME RESEARCHES.

738. The matter contained in this section is intended to call
the attention of the atudent to some of the hroad principles upon
which the examination of bodies is founded. In alluding to
inorgenic substances, I have seldom entered much into detail,
beconse the chief part of the processes and reactions employed
in this branch of the science are dwelt upon with more or less
minuteness in most elementary works; but such matters have
been mentioned as were considered likely to be imstruetive, and
with which it is absclutely necessary every one ehould be fami-
liar, if intending to make original experiments.

739. It will, of course, be presupposed that the student would
not commence pursuing original experiments unfil acquainted
with the methods of performing gqualitative eud quantitative ana-
lysea; and also that he has perused aitentively some of the ele-
mentary treatises which exist in our language either as originals
or translations. .

740, It will also be unnecessary te point out the nature of the
very simple calculations required, except in special instances, as
they are io bo found iv all works on quantitative analysis.

741. Before entering further into the subject, it will be proper
that we should endeavour to define the term ‘‘Chemical research.”
It must not be supposed that making analyses constitutes re-
earch ; analysis is only one of the implements, if we may use
the expression, employed in making researches. Strictly speak-
ing, the term ought to be restricted to experiments having a
distinet object in view; such, for example, as the production
of a hitherto unknown body, the possible formation of which has
been determined by mere reasoning, But the term has been so
long used in & more extended sense, that it may also be made to
include experiments undertaken to ascertain the nature and pro-
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perties of unlmown sabatances and eompounds existing as natarel
or artificial products, But, even then, wo must not forget that
mere analysis does not comstitute research; it is not sufficient
alone to determine the composition: it is essential also to fix the
constitution of new bodies, and their position among chemieal
substances generally, to entitle the experiments {o this appella-
tien,

742. It is more difficult to draw the distinctive line between
the directions belonging to this work, and those appertaining to
works on general analysiq in inorganie than in organie chemistry,
bocanse with the former the true constitution of a substance is
more quickly ascertained than with the latter; for, as soon as an
inorganic substancs has been accurately analysed, it is generally
eanvy to determine its real nature; but with organic substances it
is seldom that the determination of the constituent elements
serves at once to establish beyond doubt ita chemieal relations,
The numercus instances of iscmerism which are o be met
with among organic substances, at once show the insecurity of
founding any ideas of comstitution upon the mere results of
analysis,

748. It bocomes neoossary, in consaquence of what has been
said, to determine the nature of the products of decomposition
of organic eubstanees, and also, if posaible, the result of their
combinations with many other bodies, before pronouncing deei-
gively upon their true character.

744, We shall therefore divide the subject into two branches,
admitting each in its turn of subdivieion, namely, inorganic and
organic. Inorganiec research, as distinguished from mere ana-~
lysis, in perhaps somewhat more limited than the organie depart-
ment of the science, in the variety of compounds of & novel kind
which are capable of being educed or formed.

745, The mere anslysis of en inorganic subatance gives at
onco a clue to its position among chemieal substances; and we
are consequently enabled to pronounce with some confidence as
to the particular elass of compounds which it will form with
other bodies, and even in many instences their properties and
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appearence, This is much less the case with organic substances,
not merely for the reasone previously given, but also heeauss
their comparative instability canees a much greater tendency to
decomposition and transformation.

740. Inorgenic bodies may be divided imto two classes, non-
metallic and metallic. It is {rue that the line of demarcation is
difficult to draw in its etrictly ecientific sense, but for the pur-
poses of this work we shall understand by a metal, a body pos-
seoxing the metallic lustre, nud agreeing in gemeral characters
with the known metals.

747. Non-metallic bodies—It the existence of a new mon-
metallic substance was anncunced, there are a few guestions
which would immediately be asked concerning it, namely, is it
solid, liquid, or gaseous, at ordinary temperatures? and what
clags of bodies does it most resemble? Now whatever its phy-
gical condition may be, we can soon acquire s tolerable idea of
its chemical relationa.

748. One of the first and most important facts to wscortain
with rogard to all bodies, is its atomic weight, In order to
acoomplish this, we must carefuily analyse some compound or
eompounds which it forms with substances the atomic weight
of which is well known, '

749, It has been said thet the careful analysis of the sub-
stance or compound from which the new bedy was educed, will
enable the student to form a tolerably good ides of the class of
bodies with which the non-metallic element is to be aseociated ;
but it is not always easy to determine this point with accuraey,
or, at all events, until the nature of & considerable number of its
compounds has been established.

‘What, then, are the principal compounds which non.-metallic
substances yield, and how are they procured? Our space will
not permit us to follow out all the compounds formed by non-
metallic bodies; but, with a view to show the methods of pur-
suing this kind of subject, we shall glance at a fow of the moet
prominent and instractive.

750. Al non-metallic bodics vombine with oxygen.—The follow-

b
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ing are the principal methods by which these compounds mre
procured :—

1. By direet combustion in air or oxygen.

I1. By passage of electric sparks in presence of oxygen.

IIl. By oxidation with nitrie acid,

IV, By distillation with a peroxide.

VY. By contact of elemonts and oxides, under certain circum-
stancea.

751. Bach of theso methods of producing oxides requires
cortain precantions, and demands therefore s fow remarks,

752, 1. By diret combustion.—In this manner some of the
non-metallic eloments pass at once to their higheet stats of
oxidation, others to one of the lower states; and, with some,
the nature of the oxide depends wpon the tempersture at which
the combustion ocours.

763, Bulphur and seleninm burn in oxygen, and produce
sulphurous and selenicus acids; they therefore behave alike
by this method of oxidation; we shall see presently that this
gimilarity of deportmentis not invarisble. Sulphur and seleninm
do not by this method pass at ance to their highest state of oxi-
dation.

754. Hydrogen, a8 overy one is aware, does not pass to its
highest atate of oxidation, but forms water only.

Nitrogen does not unite with oxygen by combustion in the
ordinary manner.

Carbon passea at onoe fo the highest kmown state of oxidation,

Phosphorus, at the temperatare of actual ignition, passes into
its highest state of oxidation, namely, phosphoric acid; but by slow
combustion at ordinary temperatures, it forms phosphorous acid

755. I1. By pamage of electric sparks in presence of sxygen.—
Nitrogen by this proceas is converted into nitric mcid; the re-
action is facilitated by the presence of bases,

Hydrogen, carbon, and other bodies inflame and behave as
at I

766. III. By oxidation with nitric acid.—It is singular that,
while selenfum and sulphur by combustion in oxygen yield the
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sgme acid, with nitric acid the reaction is different; and while

- seleninm passes into the same acid aa by the firet mode of oxida-
tion, sulphur, an the other hand, combines at once with the maxi-
mum amomnt of oxygen, forming sulphuric aeid. This fact is in-
structive, and shows that, however closely two elements may re-
semble one another and run parallel for a considerable distance,
they are liable suddenly to diverge from each other at a point
loast anticipated,

757. Phosphorus forma phosphorie, and iodine iodic aeid when
treated with nitric acid, Carbon, on the other hand, forms a
moet curicus snbstance, or series of substances, of unkhown com-
Pposition, and called by their discoverer® artificial tannin,

758, If the student attentively considers the facts above de-
tailed, he will find that the products of oxidation of non-metallic
bodies with mitrie seid vary with the nature of the clament, and
in no case is an oxide formed containing one atom of each con-
stituent.

759, IV, By distillation with a peroxide. —Thia method, avail-
able ander certain circumstances, results, with sulphur and per-
oxide of manganese, in the formation of sulphurous aeid; it is
not a method by which the atomic weight of an unknown non-
metallie body could with case and certainty be ascortained,

760. V., By contact of slements and oxides, under certain circum-
stances,—This is & method by which some of the oxides of such
bodies as chiorine and iodine are to be obtained.

761. Non-metallic elements combine among esch other to
form & great variely of compounds, but fow of them are of a
class to emable the atomic weight of the resulting body to be
determined with ease and certainty. To sascertain the com-
bining proportions of a substance of this class, we should be
guided by the nature of the eloment itself. If a gas, its density,
—or if vaporizable at temparatures not too elevated, the density
of its vapour,—should be carefully determined. It must not be
forgotten, that with bodies not easily vaporized, the demsity of

#* Harcunrr.—Ik is greatly to be desired that this subject should be re-
tnvestigated by modarn methods.
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the vapour should be taken at temperatures considerably above
their boiling-point, if results are to be obtained from which the -
atomie weight is to be easily and precisely settled.

762, The vapour-density not only enables us, with mon-me-
tallic elements, to pronounce upon the atomic weight, but also,
teken in conjunction with the analysis of & compound with silver,
upon the class of bodies among which it is to be grouped.

768, For the purpose of determining the atomie weight of a
subgtance, it is very desirable to obtain at least one compound
that consists of one atom of each of its constituents, Now it is
poseible to obtain silver-salts of most of the non-metallie ele-
ments in which we are sure of the constitution being of the
kind roquired. If, therefore, we analyse & salt of this deserip-
tion, wo at{ once posscss the data for determining its atomie
weight. Let us suppose that a silver sslt has yielded

£4-04 non-metallic element
4598 silvar

100-00

we say
4596 : 65404 :: 108 : 12698

Té4. Now, on determining the density of its vapour, the non-
metallic element gave 8-716: how are we to know to what class
of bodies it belongs? A very little reflection will show, that as
hydrogen is received as unity for atomic weights, if we received
it aleo as unity for gaseous and vapour densities, the atomic
weights of bodies of the same vapour-volume would be expressed
by their vapour-density, It is obvious, then, that if a snbetance
poasosses the same vapour-volume as hydrogen, its atomic weight
will be obtained by dividing its vapour-density by the density of
hydrogen. If, therefore, the nomber obtained by dividing the
vapour-density of a non-metallic eloment by the density of hydro-
gon is identical with the number obtained by analysis of the
gilver-salt, it will be certain thet the substanc¢s under examina-
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tion possesess the same yvapour-volume as hydrogen, nitrogen,
chlorine, &c. Let us try this in the present instance. The
vapour-density was, as we have said, 8716, and if we divide
this by (0692, we obiain 12595 as the result, which, although
differing somewhat from 12698 obtained ss the atomic weight
by analysing the ailver-salt, is still quite a sufflcient approxima-
tion to indieate that the hody we have examined has a vapour-
volume the same ae hydrogen. The body we have selected as an
illustration is, as the student has probably perceived, iodine. If,
on the other hand, it was necessary te divide the vapour-density
by twico the density of hydrogen to obtain the atomic weight,
weo may infer with eafety that the vapour-volume is that pos-
sessed by oxygen and elements of the same alass.

The mode of obtaining the vapour-density of an organic body,
- by multiplying ite atomic weight by half the density of hydro-
gen, has been pointed ont in a former seotion (§ 127).

765, There are numercus points connected with the non-
‘metallic elements which demand investigation,

Bulphur replacee the oxygen in carbonie acid, bisulphide of
earbon resulting; but no sulphide analogous to oxalic acid has
yot been formed.

766. It is eaid that sulphide of carbon heated under preseure
in presence of water is decomposed, a gas heing formed ; if, now,
- the decomposition proceeds thus, CB8*+HO=C080+ HS, we have
an interesting substance, being carbonic acid, in which one of the
equivalents of oxygen is replaced by sulphur, The experiment
should be iried. Sulphur, selenium, and tellorium have many
points in common ; only the first, however, has hed its com-
pound with carbon investigated.

767. The action of czone on various inorganic and orgamic
bodies requires to be tried, and now that it can be prepared from
the peroxide of barium, the.chief barrier to its use is removed.

768. On processes and reactions commected with metals.—The
examination of metals, or of minerals, or other substances con-
taining them, is & matter of such every-day occurrence in almost
all laboratories, that it is essential for the student to thoroughly
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familiarise himself with their properties and peculiarities. The
study of metallic substances has greatly advanced within the last
fow years; so much o, that metals which, until recently, have
been ¢ongidered rare, and obtained with difficulty, and were chiefly
to be found on the shelves of museums, and, even them, in speci-
mens of a fow grains in weight, are now articlos of commerve,
and likely ere long to become valwable in the arta.

769. Moreover, our ideas of the rarer metals, as they were
once called, are rapidly passing through a fransition state, pre-
vious to underguing a complete modification. The rarity of a
metal depends upon two circumstances, either of which may
cense to exist, and thus cause a metal rare to-day to be almost
common to-morrow, These two circumstances are, difieulty of
procuring the ore, or the expense of extraction. Now the ore of
aluminium, or clay, is one of the most abundant of subsatances;
end yot, until lately, alumininm was one of the rarest of che-
mical products. Again, vanadium has alweys beem regarded
as a metal of such extreme scarcity as to make it difficalt
to comeeive ita use in the economy of nature; but, guite
recently, it has been found easy to obtain it in tolerably
large quantities by an inexpensive process, from a waste produet
obtained in the preparation of uranium-yellow from the Joachims-
thal ores®.

Now vanadium is a metal the reactions of which are sc marked,
that nndoubtedly if obtainable in guantity at a reasonable price,
it might be made available in the artst.

770. No substance is to be regarded as useless because we are
1ot aware of its value; the reproach appliea not to the snbatance,
but to onr imperfect knowledge. There are instances on resord
of bodies which for years were not kmown to be of the elightest
value or interest save to the scientifie or theoretical chemist, and
yot the same qubstances have at last heen proved to possces

* Parxra, Owterreich.—Zeitsohrift fir Berg- und Hittenwesan, 1856,
No. 81; and Chemical Gasette, March 1867,

+ Tho tannate of vanadiom is said to be the most indestruotible, and
therefore the most valuable of inks.



STROMRYHEER’S DISCOVERY OF CADMIUM. 471

powers that can only be properly appreciated by those whose
sufferings have been relioved by their medicinal virtnes.

771. The chemical history of the metals is full of interest.
The very dificulty with which some of them are procurable in a
state of purity, givee zest to the study of their properties, The
extreordinary resemblance which some of them present to each
other, and the fact that these assimilating metals are almoet
always found assoviated in nature, by countenancing the ideas
which have of late been promulgated relative to their being com-
pound, makes ns feel that we are on the eve of discoveries which
will poseibly entirely modify our ideas of elomentary bodies, and
open new and most interesting tracks for the chemist to pursue.

772, In studying the chemical history of metals, nothing is
to be regarded as unimportant which can throw any light upon
their natare, It has often happemed that the careful following
out of a peculiarity in the reactions of a metal has led to bril-
liant discoveries, If, in examining a well-known metallic sub-
gtance, any of ita nsual reactions should appear to bo modified, it
is most deairable to clearly ascertain the cause, as, by so doing,
not only is some useful information certain to be gained, but it is
posgible that the result may be of greater valne thean could at
firat be anticipated. Iun 1817, while Stromeyer was examining
. the drugs of an apothecary at Hildesheim, he feund that instead
of the oxide of rine ordered by the Pharmacopaia, the carbon-
ate hed been suhstituted. On inguiry, it tramspired that the
manufacturer bed replaced the oxide by the carbonate, in conse-
quence of his being unable to prepare the former in the usual
white state, owing to some unkmown impurity, A carefol exa-
mination of this oxide resulted in the discovery of s new and
moet interesting metel, eadminm. On a subsequent ocoasion, the
samo chemist found that several apothecaries at Magdeburg had
in their poseession a preparation of ginc which kad been confis-
catod on the supposition of its containing areenie, because, when
dissolved in an acid, the solution gave a yellow precipitate with
sulphuretted hydrogen; his previous experiments on cadmium
had shown him thet that metal gave & yellow precipitate with
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the same resgent; he was in consequence induced to examine
the snspected article, and found, as he hed anticipated, that the
new metal kad aguin led to difficulties between the apothecaries
and their inspectors.

773, Lt is also neceasary that extreme care shonld be taken to
investigate with scrupulons minutenees the properties of any sab-
stance that may appear to differ from known metals, 'The history
of Chemistry shows numerous instances of substances being taken
for now metallic oxides which were in fact wall-known bodies,
the reactions of which were disguised by the presence of some
impurity, or from the fact of their beingin a state of combina-~
tion, with the properties of which the operator was unfamniliar.
Among the most prominent instances of this kind, may be men-
tioned the substance in the form of & white powder, which Berg-
man obtained by tresting cold short-irom with dilute sulphuric
acid, in his endeavour to determine the cauwse of the brittleness
of that variety of the metal. By fusing this powder with a flux
and charcoal, he obtained what at the time he believed to be a
new metal, but Klaproth showed that it was only a phoaphuret
of iron formed by reduction of the phosphate of iron which con-
stitated the white powder. More recently, even Berzelius was
led to confer the name of Thorina upon the sabphosphate of
yttria, under the impression that it was e new metallic oxide
(§ 174): fortunately for him the error was rectified by himself,
and, not long after, he discovered what really turned out to be a
new metallic oxide, and aa its reactions had some analogies with
the subetance formerly called thorina, he tranaferred the latter
neme to it. Thorina haa also, within the last fow years, been
described 28 a new metal, under the name of donarium. An-
other recent instance of & well-kmown substance being mistaken
for a new metallic oxide, is in the case of the suppossd new
earth Thalia, which wea shown® t¢ be nothing but magnesin
mixed with a little ime, The error arose from the fact, that strong
solutions of magnesia are, contrary to what is generslly supposed,

® J. Laweznox Burra.—‘Chem. Gagotte,’ September 15, 1653, and *8il-
Liman’s Journal,' July 1853.
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precipitated mmder certain circumstances by oxalate of ammonia.
In short, it would be easy to mention many other mistakes of
the same kind which chemiste have committed through too hastity
pronouncing upon the natore of substances the reactions of
which were either not very decided, or closely resembled those of
others,

T74. Physical propertics of metals—In studying metals and
their combinations, we must consider not only their chemical, but
&lso some of their physical propertics. It is essential to deter-
mine their density, and that under various circumstances; first,
after fugion, then the button may be well hammered ont or
rolled by a flatting-mill, and the density again determined. We
have elready alluded to the fact, that metals in the state of fine
powder have sometimes a higher density than when hammered.
The hardness and malleability should be determined, and also
the ductility. The immense difference in the properties of metals
is atrikingly iltustrated in their degroes of hardness ; for example,
sodium can be easily cut with the nail, while chromium in its
bardness actually rivals the diamond, and if it were less brittle,
might even be used for dividing glass, as it not marely scratches
but actually cuts it esunder. To determine the colomr of a
metal is generully easy by inspestion, but it must not be for-
gotten, that as the apparent colour of a metal depends npon the
nature of thoee simple rays which are most reflected by it, so
the tint will not be exactly the same when the reflected rays
are observed at varying angles of incidencs; becaunse, as the
angle differs, so the proportion of the different rays reflected
will vary.

775. The greater or less power of the metsl for conducting
olectricity, as compared with other metals, ahould be ascertained,
as aleo its conduetibility for heat. It fusibility and tendency .
to erystallize in passing slowly from the fluid to the solid state
ghould be observed.

776. In determining the crystalline form of a metal, much
will depend upon the nature of the metal itself. SBometimes it
is easy to obtain crystals by fusing a considerable quantity in &
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erucible and allowing the whole to cool very alowly, by sar-
rounding the arucible with red-hot sand, Ax soon as the upper
portion has eolidified, an iron rod is to be forced throngh the
crost, and the crucible being held by a pair of ring-tongs, the
fluid is to be poured out. When oold, the solidified erust is
generally found to indicate, more or less, traces of erystalliration.
‘When bismuth is treated in this manner, if the quantity be snf-
ficiently large, vory beantiful crystala are obtained, belonging to
the cubie system. In consequence of excessively thin layers of
oxide being formed, most brilliant shades of colour are generally
obearved on them. It is poesible also to obtain orystals of lead,
tin, and entimony by the same procoss, but they are very infarior
in appearance, Crystals may also be obtained by electro-depo-
sition, under certain circumstances.

777, At timee it is poadible to develope figures corresponding
to the planes of cleavage of metals, by treating metallic surfaces
by acids. Thus, if a plate of tinned iron be gegtly warmed, and
o rag dipped in hydrochloric acid be passed over it, s beautifal
erystalline sppearance bocomes manifest, commonly known as
motrs miallique. The Widmanstadt figares formed on meteorie
iron by the action of acids, many beautiful specimens of which
are to be seen in the Britiah Muasum, are instances of the same
kind,

778. Duniell showed, in his ¢ Introdustion to Chemical Philo-
sophy,’ that the crystelline texture of & metal might sometimes
be developed by dissection with mereury, as in the case of tin.

An ides of the tendency to crystallise possessed by & metal
may often be obtained, especially if it be e brittle one, by breaking
& mans of it acrogs. The larger the piece of metal the better is
the nature of the crystallization obwerved, but even with a wire
the lens often reveals a highly erystalline struoture.

776, The tenacity of metals is also an important festure in
their history. It would sppear that this property is subject to
great variation, aseording to the temperature at which it has heen
fusod, or alse that extremely mmall admixtures of foreign hodies
affect the power of sustaining weighte to & remarksble degree.
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Thus the tenacity of the malleable metals, as measured by the
weight that wires of the same diameter (2 millimetrea) were
capable of bearing withont rupture, is given in the following
Table®:—

Iron. . . . 250 kilogrammes. Zine . . 50 Kilogrammes,

Copper . . 187 ” Nickel . 48 "
Platinum . 125 » Tin ... 16 »»
Bilver. .. B5 » Lead . . 12 .

Gold ... 68 »

780. But, quite recently, M. Wertheim, in the laboratory of
M, H. Baints-Claire Devillet, has determined the temacity of
nickel snd cobalt prepared from the oxalaie, and fused in the
latter chemist’s blast-fornace, to be described further on, and has
found that wires of equal size of iren, nickel, and cobalt supported
the following weights :—

Iron, ........ 60 "

The diameter of the wiree is not etated. The necessity of deter-
mining the tenacity and other physical propertics of metals undar
varying circumstances ae regards mode of preparation, &e., could
not be more strikingly illustrated than by the shove example,
where, instead of nickel having only one-fifth the tenacity of iron,
as indicated in the first Table, it appears to be able to support e
strain one-half greater.

781, Chemical properties of metals—In studying the processes
and reactions ueed in researches sonmected with metals, we are

immediately led to consider the tendency possessed by them to

combine with oxygen. Their attmction for oxygen varies greatly
with the different metsls. While some cannof endure expo-
sure to the air for an instant without becoming ocovered with e

¢ Baewavvr.—* Oours Elementaire do Chimis,' tome deuridme, p. 418,
% Dxvouas.—* Ann. de Chimie et do Phys. [8] xlvi. 201.
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film of oxide, others oan only be made to yield oxides by circuitouns
methods.

782. It is not easy to determine the exact conditions under
which some metals combine with oxygen, as it has been found
that those which have only been prepared of late years in quan-
tities sufflcient for acenrate experiment, combine with that element
with greater or less avidity according to the method by which
they have been prepared ; that is to say, small variations in their
physical states, and the presence of minuate traces of certain im-
puritice, greatly influence their tendeney to oxidize. This fact
introduces some difficulty into the method of classifying metals
nocording to their oxidizability, As an instance of this it may
be mentioned, that manganeee, magnesium, and aluminiom have
until Iately been considered to almost resemble the metals of the
alkaline earths in their power of decompoeing water, and aven
of absorbing oxygen from the air; but the researchee of Deville
and others have shown that magnesium is not much more liable
to oxidize than rine, and eluminium ranke in that respect next
to dilver, gold, and platinum, It is, in the present state of che-
mistry, exceedingly difficult to classify metals into natural families
in e satisfuctory manner, those which closely coincide in pro-
pertiee through a long series of reactions suddenly diverging off,
and becoming in other respects so unlike as to render their being
grouped under the same head impossible, This has been well
thown with regard to aluminium®, and it would not be a diffi-
cult task to find other illustrations drawn from the history of
many other metals,

783, It is most important for the student to study carefully
the various compounds of metals with oxygen; they are so nn-
merous thatit is often many years before all the oxides of & metat
become known. Some metals in combining with oxygen form
powerful bases in the lower, and equally or still more powerful
acids in the higher state of oxidation, It is an extremely for-
tunate circumstance for chemista that they ere generally able,

® Trsgree,—* Comptes Rendus,’ Feb. 16, 1857, p. 850 ; and * Chem. Ga-
zotte,’ March 18, 1887,
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withont mueh dificulty, to effect at will the conversion of s metal
into its oxides, and of the oxides back into the metallis state ; for
if it were not 8o, it would constantly,happen that different oxides
of the same metal would be taken for derivatives of several metals,
This arisee from the faet that various oxides of the same metal
differ more in many instances than the same oxides of different
metals. Thus the seequioxide and teroxide of chromium are far
more unlike each other in gemeral properties than the sesqui-
oxides of chromium and iron. The sesquioxide of chromiam re-
sembles the sesquioxide of iron in many respects, such as being
soluble in acids, precipitable by ammonia, capability of replacing
alomina in alums without altering the crystalline form of the
salts, &0, But sesquioxide of chromium has no resemblance
whatever to the teroxide; the former being a gresn powder in-
solnble in water, with the properties just mentioned, while the
teroxide is a powerful acid of a ruby colour, capable of inflaming
gome organic bodies by mere contact, excessively soluble in water,
forming eplendid erystalline salts with the alkalica, &e., and pre-
cipitating metallic solutions with formation of varied and brilliant
colours.

784. In some instancea it has happened, with metals procurable
only in small quantities and with great labour, that mixtures of
two or more oxides of the same metal have been mistaken for the
oxide of a new metal; thua a compound of sesquioxide and bin-
oxide of niobium was thought to be derived from a new metal, to
which was given the name of ilmenium, and the mixture was
called ilmenic aeid, A mixture of tamtalic acid with niobate of
niobous acid was also regarded as the acid oxide of & new metal,
which was called pelopium,

785. The atudent will see how mnch care is requisite jn exa-
mining metallic oxides with which he ia unfamiliar, The gde-
scription of the modes of separation of them from each other is
the provinee of works on analysis, and will not therefore be dwelt
on here, .

786, Another point in the chemical history of metals which
demands special atiention, is their solubilityin acida. Itisgene-
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rully found, in studying the properties of a metal, that there is one
acid which dissolves it with pecnliar facility compared with the
others, and this acid is always one with which it forms & very
solnble salt. It is also true, however, that a metal may be vio-
lently attacked by an acid and yet not be dissolved by it, but then
tho resuliing product will generally be found to have an acid
character, as with the peroxids of tin.

787. The solubility of metals in acide is 6o intimately connected
with the nature of the oxides which they tend to form, that the
two subjects cannot be studied separstely. It eometimes happens
that the same metal with the same acid yields two distinet salts,
according to the temperature and state of concentration of the
acid, Thus, es has already been mentioned (§ 145), iron in ex-
cosa forms with cold dilute nitric acid s protonitrate, and with
the ordinary acid and heat the pernitrate. The methods by which
metala are obtained in solution in any required state of oxidation
depend upon the peculiar charaoters of the substaneo iteelf, If,
for instanece, it is desired to obtain a protosalt of & metal which
has great tendency to form persslts, we may proceed in two or
three ways., In the first place, an acid is to be selected which
has not a strong tendency to impart oxygen. The sulphurie and
hydrochloric acids generslly fulfil these conditions if the solutions
are not made too conoentrated, and the temperature is kept euf-
ficiently low. The presence of an excess of metal is aleo advan-
tageows. If it ie feared that the stmospheric oxygen might take
part in the reaction and cause the formation of a portion of per~
salt, a current of nitrogen, or, more conveniently, carbonic acid,
may be made to pass through the fluid during the solution of the
metal. The fluid for this purpose must be contained in a flask,
the cork of which has two apertures, one to admit the tube con-
voying tho carbonic acid, and the other to allow of its exit, The
latter may be beut twice at right angles, and be made to dip a
short distance inte water or mereury.

788. If, on the other hand, it is desired to convert s per- into
a protosalt, we may sometimes do sc by & process more convenient
than the last, For this purpose the metal is to be dissolved in
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the acid most available under the circumstances (avoiding the
nitric), and the peroxide formed is to be reduced to the state of
protosalt by means of some reagent having & etrong affinity for
oxygen, Two of the most convenient of thess are sulphuretied
hydrogen and sulphurons ecid. The first aets by means of the
tendency of the hydrogen of the gas to form watar, aud the second
in consequence of the readiness with which selphurons acid takes
up en equivalent of oxygen to beoome converted into sulphurie
acid; thus, if we take in the most simple manner the way in
which eulphuretied hydrogen and sulphurons acid reduce per-
oxide of iron to the state of protoxide, we find that-—

Fe? 0%, 8804 HS=2(Fe0, 50*)+80* HO4-8
Fe* 0%, 880% 4 80*=2(Fe0, 50%)4 280",

The first equation shows the reeson why, when we pass sul-
phuretted hydrogen through a persalt of irom, a white or pale
yellow precipitate is always obtained. If the iron exista as per-
ckloride instead of peroxide, the equation becomes

Fe* C* + HB=e2FeCl 4+ HC14-8,

789. Beduction of oxides may also be effected in many
other wayn, all of which are advantagecns under certain ¢ireum-
gtances. Chromie acid, for instance, may be converted into sce-
quioxide of chromium by numercus processes; thus, if we heat
bichromate of potash with chloride of ammonium and earbonate
of potash, we find that

KO, 20r0°+EO, 00% 4 ANE* C1)= 2KC14-Cr* 0° 4+ 4HO 4 N
+NH0, CO™.

Aguin, by fusion of bichromate of potash with sulphur, we have—
KO, 20r0°4- 8+ Cr* 0*+ KO, 80%.

By sulphurous acid we may reduce chromie acid to sesquioxide of
¢hromium thus:—

KO, 2Cr0*+ 850 Cr* 0%+ K0 280 4+ 507,
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Charcoal will also reduce the acid, for
2(E0, 2Cr0*)+4 80=2(K0, CO%)+4- 007420 O°,

790. We havo said that sulphur ia capable of reducing chromie
acid; it is also eapable of reducing binoxide of manganese and
other oxides to & lower state of oxidation. In the cuse of the
peroxide of manganess, wo have

MnO?4 25=MnS4 803,

791, In selocting reducing agents, we are guided by the pecn-
lisxr properties of the substance which is to be converted into a
lower atate of oxidation. If it be desired to remove oxygen from
8 compound gas, it is easy to pasa it over a metal having a power-
ful tendeney to absorb oxygem et high temperatures. Let us
suppose it is deaired to eonvert carbonic acid into carbonic oxide :
it might be passed over potassium at & red heat, but we sehould
defeat our intention through selecting too energetic a reducing
agent; in effect, we should have all the oxygen removed and ob-
tain only charcoal and potssh. But if we select a metal like
zine, with & moderate power of absorption of oxygen, our purpose
will be effected withont difioulty. The ordinary process for pre-~
paring carbonic oxide sufficiently illnstrates this. Chalk is heated
to redness with zine- or iron-filings; the gas, at the moment of
its liberation, is decomposed thus :—

Ca0,C0* 4 Zn = a0 + CO 4 ZnO0.

792. The reduction of a metallic oxide from a higher to a lower
state of oxidation is ween therefore tc be a procees of constant
occurrence in the laboratory. Another instance is afforded in the
mode of estimating sugar, by ascertaining the quantity of oxide
of copper which it ia capable of reducing to the state of suboxids,
after having been converted into grape-sugar by the action of an
acid,

793. The reduction of oxides to the metallic state is also an
operation neccssary in numerous researches. The methods avail-
able are very many, the one to be selacted depending not only on
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the habitudes of the metal, but also on the fast of the operation
heing qualitative or quantitative. For the quantitative reduc-
tion of metals, no methed is more convenient or exact than that
by hydrogen ges; the details have alresdy been described
(§§ 207 and 477). .

794, If the oxide is only reduced with great diffcalty, it is
generally necessary to convert it into some compound more easy
of redmotion, such ag the chloride or fluoride. The former salt is
frequently preferable. For the purposs of reduction, recourse is
had to some substance the afflnity of which for chlorine at high
temperatures is very great. Potassium and sodium fulfil these
conditions, but the latter is much cheaper and more convenient to
uea, The details of the operation depend upon the properties of
the metal it is wished to isclate. 1If it is only moderately fusible
and not very volatile, we may use M. Deville’s method of pre-
paring aluminiam from the chioride; & description of which will
be found in the seientific journals, and most of the recently pub-
lished elementary works,

795. We may ales produce the readily oxidizable metals by
electrolynis of their chlorides in a state of fusion, s5 in the pro-
oesses described by MM. Bunsen and Matthiessen *.

798, We have said that the solubility of metals in acids is an
important feature in their general history, and it not unfrequently
happens with metals which until recently have been prepared
only in small guantities, that very erroneons views are prevalent
on what appears so simple & matter, and it is quite evident
that no conclusion ¢an safely be drawn as to their habitudes
with solvents, unless the experimenta are made upon pure sab-
gtances, Moreover, the state of concentration of the acid modifies
the nature of the result in a remarkable manner.

It is extremely difficult to devide beforehand npon the manner
in which a metal will behave towards a eolvent. It would be
sapposed that silver would not dissolve in hydriodic acid, because
we should imagine that, as iodide of silver is an insoluble salt
like the chloride, the hydrochlorie and the hydriedic acids would

# MarTHIESEN,—Licbig'y ¢ Annalsn,’ xofii, p. 277.
X
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behave in the game manner. But, in fact, an aqueons solution of
hydriodic acid acts violently on silver with formation of a peenliar
compound, which appears to be a hydriodate of iodide of silver,
It is merely necessary, to effect the solution, that the acid shonld
be of the proper degree of concentration.

797. Prom what have always, until recently, been our ideas of
the nature of aluminium, we should suppose that it would be
readily oxidized by an acid so prone to yield oxygen as the
nitric, but, in reality, that acid scarcely acts upon aluminiom even
at a boiling-heat,

T98. It is necessary therefore, in determining the sclability of
a motal in acids, to study with care the variations produeced by
dilution, and also the effect which different temperatures may
have on the result, Some metals are dissolved by alkaline scla-
tions with evelution of hydrogen, but this generally happens when
the oxide which the metal most strongly tends to form, either has
acid properties, or at least is easily soluble in alkalies.

799. The same metal may behave in a totally difforent manner
towards the same acid, according to the conditions under which
they are presented to each other; thus iron may be kept for
almost any length of time in concentrated nitric acid without
any sction ensuing, while a dilute acid will aet upon it with
violence.

800, The various oxides of the ssme metal behave quite dif-
ferently in the presence of acide, and the manner in which the
two react often affords a clue to the nature of the oxide. The
protoxide of lead is readily acluble i acids, while the binoxide ia
not only quite insoluble in them, but appears to posseas the cha~
racters of a foeble acid, The intermediate oxide, mininm, or red
lead, is acted on by acids, but the result indicates that it is e
compound of the two other oxides, as protoxide of lead dissolves,
while binoxide remains behind, Many metals yield oxides the
properties of which differ still more than those of lead; for in-
stance, manganese yiclds s basio protoxide, while its higher oxides
are powerful acids. In fact, the latter metal hos & certain amount
of analogy with chlorine, inagmuch as permanganate of potash,
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KO, Mn* (%, is isomorphous with the perchlorate of the same base,
KO, Ci(¥, a fact which has not escaped the notice of Laurent®.

801, Bome oxides are rather anomalous in their reactions,
inssmuch as with acids they combine to form salts, while with
bases they behave as if possesaing acid characters; alumina is an
oxample of this kind, We have said that minium is acted on by
acids with formation of a salt of the protoxide, while the binoxide
is left behind as an insoluble residue. Minium is therefore a
eompound of two oxides of lead, and is an instance of a pecnliar
clasa of bodies formed from the union of a basic with a more or
less acid oxide of the same metal; in the same manner, the
protoxide of iron takes the part of a base towards the seequioxide,
which reaets like an acid in combining with the former to producs
an intermediate oxide having the constitution of 8 salt, Many other
instances of the same kind are afforded by other metals, particu-
larly antimony, chrominum end manganese. This kind of combi-
nation is still more common emong the sulphides, which are par-
ficolarly prone to unite with each other, the resulting com-
pounds being called sulphur-salts.

The tendemey of metals to unite with oxygen is sometimes
singularly variable aceording to the temperature; thus mercury,
which preserves ite metallic state perfectly at ordinary tempera-
turce, combinee slowly with oxygen at 700° or 800°, and the
oxide is again decomposed into metal and the gas at & rather more
elovated temperature, such as that of dull redness., A somewhat
dimilar pecnliarity is observed in some oxides which combine with
oxygen at one temperature, and again yield it ata higher, Baryta
oxposéd in & current of air or oxygen {o & temperature about the
same a8 that at which mercury combines with oxygen, has, Like
the latter metal, a tendency to absorb the gas, but the reaction
ocoure far more resdily, and as the peroxide formed again yiclds ita
oxygen at bright redness, mayeven be used to extract that element
from the air by a continuous process. It is interesting to observe
that other oxidea than that of barium absorb oxygen at abont 750°,
and again yield it np when heated to a still higher temperature,

® LavzEwr.—* Chemioal Method,’ &c., p. 10,
T2
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The protoxide of lead in this manner becomes converted into red
lead, which in its turn is converted into the protoxide nt & greater
heat, It hes recently been found® that the presence of a base,
such as lime, has the effect of inducing the conversion of oxide
of lead into red lead at the ordinary temperature in moist air.
This curious fact might in all probability be made the point of
departure of some interesting experimenta.

802, Action of the non-metallic clements on maallic oxides,—
Having thus briefly glanced at some of the more promirent fea-
tures connected with the combinations of the metals with oxygen,
we turn our attention to some of the phenomena which present
themselves by acting on the oxides with non-metailic elements
and their eompounda.

803. In the first place, we will consider the action which snl-
phur hea on metallio oxides. 'With the oxidos of the metals of the
alkalies and alkeline earths, sulphur acts in a manner which is
partly due to the presence of oxygen ; we have therefore both sul-
phides and sulphates formed. It is easy to prevent the formation
of sulphates by the addition of & substance having & tendency ta
combine with oxygen at high temperaturcs; if, therefore, we re-
act upon the oxidea mentioned with a mixture of sulphur and char-
coal, the sulphide formed is not accompanied by sulphate,

804, Some other metallic oxides yield sulphides by the action
of sulphur at high temperatures, but it is generally preforable to
mix charcoal with the oxide and pass the gaseous sulphur over
the oxide contained in a fube which should be heated intensely ;
few metallic oxides resst thiv method of treatment,

805. The action of hydrogen and of carbon on metallic oxides
at high temperatures, is dependent on their powerfal tendency
to combine with oxygen. Most oxides are therefore reduced to
the metallic state by them if the temperature is sufficiently high,
and the circumstances under which they react are properly
managed. Thus carbon at a full white heat decomposes even the
fixed alkalies, potash and soda. Hydrogen is also used in nume-
rous cases for the purpose of procuring many of the metals in a

® Lxvor—* Ann, do Chim. et do Phys.’ [3] xlii p. 196.
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state of purity from their oxides. There are, nevertheless, many
instances in which hydrogen fails to decompose oxides at all ; in
others it merely reducee them from a higher to 4 lower state of
oxidation,

808, Chlorine acts on metallic oxides in various ways, dependent
on the precige ecircumstances under which they are presented to
each other, The action is not only modified by temperature, but
also by the fact of more than one substance being present.
There are numerous examples which might be cited; it will be
sufficient to allude to one or two, If chlorine be passed into a
solution of the oxides of eobalt and nickel in hydrochlorie acid,
the cobalt is converted into peroxide, but not the nickel ; and the
former may bo precipitated by carbonate of baryta, the nickel re-
maining in solution, An instance of the effect of the presence
of a second substance in modifying the action of chlorine on &
metallic oxide, is afforded by alumina. If chlorine be passad over
alemina at a white heat, no action is perceptible; but if charcoal
be present to combine with the oxygen of the alumina, the
ohlorine unites with the aluminium to form the volatile sesqui-
chloride. The method found. to answer best of obtaining the
alumina mized with carben in & state fit for conversion into ses-
quichloride, is by calcining alumina with coal-tar,

807. The action of chlorine upon solutions of the oxidea of the
metals of the alkalies varies with the temperature, the strength
of the solution, and the presence of other substances. If it be
dosired to obtain oxidation as much as posaible, that is to say, to
procurs the maximum amount of chlorate of potnsh, the preceu-
tions firat suggested by Mr. Crace Calvert should be adhered to*,

808, If, on the other hand, it in desired to avoid the formation
of chlorate, and it is wished to procure hypochlorite of potash,
the solution is to be made weak, and also to be kept ¢cold. The
formation of the hypochlorite is accompanied by that of chloride
of potassium, thus :—

201 4-2R0=E0, C10,+EC1.

| S
Hypoochlorite of potash,
* Cavyxst,—* Quart. Journ. of the Chern. Soc, of London,’ vel. iii, p. 106.
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809, A very interesting claes of reactions taking place between
metallic oxides and chlorides and non-metallic substances, are
thoss which result in the formation of alkaloids by the substitu-
tion of metals for the hydrogen in amimonia or ammonium. The
subject i8 one of considerable intricacy, arising from the great
variety of compounds and the numerous methods by which they
are obtained. With platinum alone, an immense number of
bases are formed, which have been examined by Gros, Reiset,
Peyrone, Gerhardt, Magnue and others. It is singular that the
metals found associated with platinum have & special tendeney
to form bodies of this class. Thus palladium, rhodinm and iri-
dizm are known to form alkeloids. An interesting clase of bases
also exists containing cobalt. It would be exceedingly dexirahle
to know what metals do, and what do not, possess the power of
performing this function, as such & knowledge wonld perhapalead
{0 a retional classification,

810, 'We have thus gone through a very faw of the more promi-
nent foatures which present themsalves to our notice on reacting
with non-metallic zpon metallic bodies. They have been selected
with the view of calling the student’s attention to some important
reactions, which, when studied more in detail, will lead to the asen-
mulation of a mass of information having important bearings npon
almost every train of experiments ocourring in the laboratory,

811, On the determination of the atomic weights of metals—In
determining the equivalent or atomio weight of s substance, it
is necessary to form e compound of it with some other body, the
general charaetor of which compound has been well established,
that is to say, wo must be aware of the number of atoms existing
init. It is also desirable that the compound should be of & cha-
racter which will permit the estimation of ita constituents with
as fow operations as posaible, It is mot merely necessary that
the general formula of the compound be known, but it is also
imperative that the atomic weight of the combining body be
perfectly well established. There are a few procosses especially
well adapted for ascertaining the atomic weights of metals; for
examplo,—
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1. The conversion of a metal into an oxide the formula of which
is known,
II1. The formation of a chloride.
IT1, The analysis of a carbonate decomposable by heat.
IV. The reduction of an oxide to the metalli¢ state by hydrogen.

‘Woe will illustrate each of these by an example,

812. T, There is every reason to believe that the compound
formed by treating tin with nitric acid is a binoxide; if, therefore,
the amount yielded by a given weight of tin were accurately known,
it would be easy to ascertain the atomic weight of that metal.
Now it has been found that 100 parts of tin yield 127-2 of peroxide,
and as we take the atomic weight of oxygen as the point of de-
parture of our calculation, we say that if 27-2 parts of oxygen
unite to 100 parts of tin, what will two equivalents of oxygen
unite with; we have, therefore,—

272 : 100 :: 16 : 5882
e e
2eq. At wt. of tin.

813, II. The socond case is equally mimple. Chemists are
agreed that chloride of silver is a compound of one equivalent of
gilver and one of chlorine ; they are also agreed that the atomic
weight of chlorine is 355. Now as 100 parts of silver yield
132:856 of chloride, we obtain the atomic weight of silver, as
follows :—

32856 : 100 :: 3586 : 10804
1 oq, chlorine. At. wt, of silver.

814. It will bo evident that we may assume 108 as the atomic
weight of silver, and it appears to be one of those metals the’
equivalents of which are multiples by 8 whole number of that
of hydrogen.

815, III. It is well established thet the atomic weight of ecar-
bon is 6 and of oxygen 8 ; if, therefore, the carbonate of a metallic
oxide be ignited so as to obtain the pure oxide, we possess all
the necessary data for determining the equivelent of thet oxide,
snd to obtain that of the metal, it is merely necessary to deduct
the atomic weight of oxygen. It has beem found that 100 parts
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of pure crystallized carbonate of lime yield, on powerful ignition,
56 parta of lime ; the composition of carbonate of lime is,—

Lime . . . . . . . 5600
Carbonicacid ., . . . 4400
100-00

Therefore
44 : b8 28,

oot At of

carb. scid, lime,
snd 28—8=20, the atomic weight of calcinm,

816, IV, It is universally admitied that the peroxide of iron
belongs to the clasa of sesquioxides, its formula being Fe' O%. To
obtain the atomic weight of iron, it is merely neceseary to sub-
mit this oxide to accurate analysis. By passing hydrogen gas at
a red heat over pure sesquioxide of iron, it has been found that
35783 yield 25:059 of metal, It is plain from this, that 35783
of the oxide consists of—

Irn . . . ... 25059
Oxygen . . . . . 10724
35783

Admitting the formula of the oxide to be as above stated, we
obtain the atomic weight of iron, thus:

16:724 : 25069 :: 24 : 5608,
8oq.0f 0. 2oq Fe.
5608

and —5—m=28:04. The latter number represents the atomic

weight of iron, for which we may substitute 28-00, as the differ-
ence doubtless is due to error of experiment. Allowing the latter
to correctly repreeent the atomic weight of irom, it follows that,
like so many others, it is a multiple by a whole number of
that of hydrogen.

817. The equivalenta of many metsls are determined by much
more complex processes than those given as examples; but
whenever such is the cese less confldence is felt in the result;
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the nearer, therefore, & process for determining an atomic weight
approaches simplicity, the nearer it approaches perfection.

818. General considerations on the elements,.—It is extremely
interesting to study the properties of elementary bodies conai-
derod as peries. It often happens that chemical slements fall
naturally into groups of fhrees, the properties considered most
charaoteristic of them edvancing in a distinet and evident
manner, M, Dumaa has ehown that if, in these txinds, we take
half the sums of the equivalents of the extremes of the saries, we
shall obtain as & mean, & number clossly approximating the
equivalent of the middle body, thus;—

Atomis weight,
Chlorme . . . . . . 858
Bromine . . . . . . 800
Iodine. . . . . . . 1270
Let ue add togoether the atomic weight of iodine and chlorine,

and we obtain 1625 and E"’22.—5-=81'2. Again, sulphur, selenium

and tellurinm fall into a natural triad, the properties of which
sdvance in an evideut manner, as do also their atomic weighta.

Atomie weight.
Buphur . . . 16
Beleninm , . . 395
Tellwium . . , 645

Cn repeating the process before given, we find that
645 4 16==805 and 8¥=40‘2,

being a number closely approximating to the equivalent of the
middle body, seleniom ; and if the atomic weighta of the last two
members of this gronp were better known, perhaps the coincidence
might be etill closer.

As it would be improper to make sseertions of this kind unless
corroborated by a greater amount of evidence than that afforded
by two examples, lot us take others, for instance,—

rbh
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Atomic weight
Lithigm, . . . . 643
Sodium . . . . . 2300
Potaggiom ., . . . 3900
4543

And 6:43+39-00=4543 and —5— =22-71,  mumber closely

approaching that of sodium. 'We will take ome mare example
from the metals of the alkaline earths :—

Atomio weight,
Caleivmm ., . . ., . 2000
Btrontiom . . . . 4400

B19, Applying the rule before given, we have
2000+ 68-64=6664 and e mt4:32,

or almost exactly the equivalent of strontium. It is also to be
observed, that with the three triads given, the chemical and phy-
gical propertica frequently advance in & mauner quite in accord-
ance with the arithmetical ratio of the equivalents ; thus, with the
first group given, the chemical energy of the elements is inversely
as the atomic weight; moreover, while chlorine is & permanent
ges, bromine s & volatile fluid end iodine & volatile solid.

$20. Aguin, this gradation of properties is well defined in the
seoond, and also in the third tried, where we have compared the
properties of the three metals. But in the fourth it is atill bettar
marked. The sulphate of lime is more soluble than the sulphate
of etrontia, and the latter than the sulphate of baryta, and other
properties present the same progrossive tendency, 'We will not
discuse at any length the comclusion which M., Dumss drew
from thess facts, which wes, that the elements were com-
pounds, and that bromine resulted from the union of half an atom
of chlorine with half an atom of iodine, and so on of the rest,
bocause such an srgument can only be decided by experiments,
and these must be of & nature quite different from those at present
known to chemists, and involving methods of research to which
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at present we have no clue; but the consideration of the arithme-
tical relations of the equivalents of bodies may lead us to equally
intoresting, and perhaps more profitable trains of rescarch. We
do not find any triad into which fluorine will enter with the same
chemical and arithmetical relations as are observed with chlorine,
bromine, and icdine ; and on looking through the lists of atomic
weights, wo do not observe the metals generally falling into
natural triads. However, from the very complete manner in
which the examples given fulfil the desired conditions, it may
be safely inferred that numerous other instances of the same kind
wounld be found if we were better acquainted with the substances
existing in natore, Great steps are every day being made in
this direction, and the results lead us to group togsther, by very
strong analogies, bodies which until lately were not congidered to
possess any resaemblance, Thus it is now ascertained that boroen,
when properly crystallized, is exceedingly like the diamond, to
whieh also it is only second in hardness, The refractive power
is also equal to the last-named substance, so that if procurable
in crystals of sufficient size and purity, it wonld be equally beau-
tiful, Moreover, it appears to be more unalterable than the dia-
mond, for it is not affected by nitre at a red heat,

821. Another singuler ciroumsatance is, that bodies having great
gimilarity in » chemical point of view are generally found as-
sodiated in nature. Thus chlorine, bromine and iodine are all
found in sea-water. The arithmetical relations of these three
haloids kave already been noticed. Silver and lead are so often
found together that it is difficult to proeure lead free from silver,
unless it has been carefully purified. Commeon sheet-lead eub-
mitted to cupellation will almost invariably yield a minute button
of silver. Now silver and lead have both high atomic weighta, and
they do not very greatly differ. Thus lead is 103'7 and silver
1080, Again, iron, manganese, cobalt and nickel are almost
always found associated in minerals, In many respects, also,
they have chemical resemblances, such as their power of forming
sesquioxides, &s, Their atomic weighta are also very close, iron
being 28, manganese 27+6, cobalt 29-5, and nickel 20+6, Chromium,
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which also forms & sesquioxide, has an atomic weight of 26-7.
Again, aluminivm is always found in neture associated with iron;
they both form seaquioxides, which, like that of chromium, are
capable of forming alums; but the equivalent of aluminium is
low, and appears to remove it from the group with which we
have associated it, If, however, we multiply the equivalent of
aluminium by 2, we have 27-34, a number intermediate between
chromiwm and iron, Aguin, we find certain minerals occurring in
nature containing metals of such great similiarity, that sometimes
the mineral is known for many years before it is suspected to comn-
tain more than one oxide, Thus cerite contains cerium, lanthaninm,
didymium, and perhaps others. There is no doubt that chemists
have more than once allowed the discovery of a now metal to
escape them from its reactions not having been examined with
sufficient minuteness,

822, The ores of platinum also contain several metals, the pro-
perties of which show many pointa of resemblance ; and moreover
the atomicweights of nearly all the metals associated with platinem
bave equivalents the same, nearly spproximating, or elsa more or
lesa approaching s multiple of the equivalent of rhodium, thus :—

Atomio weight,
Rhodium , , ., ., . &21
Ruthenium . .. 821
Palladiom ., ., . . 533
Platinum ., . ., . . 99
Ogmiom . ., . . , 99
Slver . ... . . . 108
Gold . . . . . . 187

823, It ie difficult to see 80 marked a tendency in substanoces
o associate together, their atomic weights having an equal tend-
ency to oscillate between certain numbers or multiples of numbers,
without thinking that there must be aomething more than chanee
in it; in fact, chance it cannot be, and it remains for us to learn
the cause,




PEOCESSES AND REACTIORS USED IN ORGANIC RESEARCHEs, 403

824, A somewhat similar peculiarity is ohservable in the metals
tungsten snd molybdenum. These metals have numerous pointa
of resemblance, and their atomic weighta bear a very simple rela.
tion to each other, thus:—

Atomio weight. Bpecifio gravity.
Molybdenum . . . 46 88
Tungaten . . . . 82 178

It ip singular, that while the atomic weight of tungsten is
exactly double that of molybdenum, its specific gravity is also
sbout double,

PROCESYBS AND REACTIONS THED IN GRUANIC RESEARCHES.

825. The separation of organic bodies from complex mixturce
with the view of examination or analyeis, is in many laboratories &
problem of everyday occurrence, but it would be diffienlt to direct
the student to a source of information as to the method to be pur-
euned, It is true, that, by the study of such works as the < Traité
de Chimie Organique’ of M. Gerhardt, any student may ascertain
the modes which chemista have adopted in individual ceses, but
few works treat especially of the steps by which the chemist is
to proceed to separate and examine organic substances generally.
The design of this book ie too limited to permit of entering into
the subject at any length, but it is intended to give a sketch of
the processes for isolating and determining the nature of 8 fow of
the most important.

826, In ordet to simplify the study of this subject, we shall
divide organic bodies into three classes, which in their turn admit
of several subdivisions; these are—

Acids,
Bases,
Neutral bodies,

827. In going through organic bodies arranged in series, we
are startled to find, in spite of the immense amount of labour that
has been oxpended on them of late years, that at almost every
step there is ample material for investigation ; where such cases

_oceur directly in our path, they will be noticed.
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828, The mode of treating the subjects will be as follows :—
fources from whence obtained.
Method of separating from other bodies.
Mode of determining nature and compoeition,
Goneral remarks.

829. The number of substances of organic origin already known
to chemists is 80 immense, that it is quite impossible in n book of
limited extent like the present, to attempt to deseribe more than e
fow of the methods of obtaining and estimating the substances
discussed, and even then only those of most general application.
‘When we remind the student thet in the single department of
organic acids 800 are already Imown, it will bo evident that a
very restricted plan must be adopted.

We shall consider them under the following heads: acide de-
rived from— '

1. The vegetable kingdom.
II, Animal products,

II. Treatment of organic bodies by oxidizing agenta.

IV. Fermentation.

V. Treatment of organic bodies by acids to form conjugated
acida,

VI. Action of heat on acid salts of ammonia yielding acid

amides,

VII. Destructive distillation of organie matters, &,

Great numbers of derived ecids are also known in which the
hydrogen of an acid is replaced by one or more atoms of chlorine,
bromine, iodine, hypenitric acid, &e.

830, We shall study the modea of obtaining and determining
the conetitution and properties of & few acids from one or two of
thess pources,

1. Acids derived from the Vegetable Kingdom,—It will be
proper to consider these acids under two heads, namely, volatile
and fixed.

831, Polatile acids.—I1t is to be observed that these acids are
equally produced from animal and vegetable sourees; but as the
most important of them, namely, the scetic, has been langest
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known as a vegetable asid, we shall study them under this
head.

832. The manipnlation connected with the investigation of the
volatile acids of the series C> H* (¥, is generally of a very simple
character. It has been found that they seldom occcur singly.
If, therefore, any procees or experiment has indicated the pre-
sence of o volatile acid, great care must be taken to mscertain
whather more than one be present. This may be donein several
ways. We will suppose that on adding & mineral acid, preferably
the suiphuric, to some organic product, tho peculiar odour of &
volatile adid is perceivod, the whole is to be adidified with dilute
sulphuric acid, and the fluid submitted to distillation. As the
distillate is often exceedingly weak, it is to be neutralived with
carbonate of mods and eveporated over the naked fire until the
solution has been concentrated {o a considerable extent, when it
may be finiehed over a sand-bath. Itis to be obeerved that the
soda-galts of the principal volatile acids are perfectly stable, and
no fear of docomposition need be entertained even if the mass
should become dry; and, in fact, it is often sdventageons to fuse
it, of course at 88 low a temperature as possible, in order to drive
off cmpyreumatic impurities, The resulting ealt, or o portion of
it, is to be dissclved in distilled water, and, if necessary, filtered.
To the clear solution nitrate of eilver is to be added in small
quantities, and the precipitate filtered off. Although in experi-
ments of this kind the greatest care must be taken to avoid im-
purities in the reagents, yet as iraces of chlorine might exist in
the carbonate of sods, it is proper to reject the first precipitate,
which should not, therefore, be large in amount. A small quantity
of nitrate of ailver is them to be added to the filirate from the
first precipitate, the resulting salt flltered off, and the operation
again repested on the filtrate from the last. Inthis manner three
or four precipitatos are to be obtained one after the other, and
by determining the silver in each, it will be ascertained whether
more than one volatile acid exists in the fluid under examination.
The precipitates are to be well washed before being dried. To
dry the silver-salta in the water~-bath would scarcely bo advisable,
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until it had been ascertained whether they would endure a tem-
persture of 212° without decomposition.

It must not be forgotten that silver-salts must, if dried in vacue
over sulphuric acid, be kept in the dark, or they are liable to
blacken and decompose. If a variation in the amount of silver
ia found in the precipitates, the course next to be adopted will
depend upon the amount of material in the operator's possession.
It is probable that the eilver in one or more of the precipitates
will coincide with the theoretical quantity for some of the vola-
tile acids, in which case a ¢combustion may be mede, and the
result, if succossful, combined with the gilver determination, will
be aufficient proof of the existence of the acid,

8338, If the volatile acid has been obtained by acting with nitrie
acid on organic matters, some difficulty may at firet be found in
determining the silver, owing to the explosive nature of the salta
formed by the nitro-acids; in such a difficulty the salt may be
mixed with a little carbonate of soda and ignited, and the soda
be afterwards washed out, or it may be moistened with hydro-
chloric acid, and the silver be eastimated as chloride. If a suffi-
cient quantity of acid is to be procured, it is very desireble that
ita boiling-point shouid be ascertained, to corroborate the result of
the snalysia of the silver-salt. Ifof the C* H® (M series, and it be
required to determine the vapour demsity, it mnst not be forgotten
that the determination must be made far above the boiling-point,
in order to obtain a correct result®,

834. If a enfllcient quantity is to be procured, and it in desired
to obtain them separate, Liebig’s method by partial saturation
(§ 357) may he adopted.

835. Fixed vegetable acids.—The methods of separating and
determining the fixed vegetable acids depend to a great extent
upon the nature of those preeent. Tables of the modes of testing
for the most common ones are to be found in the manuals of
qualitative analysis, If im the course of experiments on vege-
tables, acids are encountered, the nature of which it is desired
to asoartain, the first atep is for the student to refer to some

® o0 also § 186 on this subject.
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extensive work on organic chemistry, in order to ascertain whether
the vegetable or plant has been previously examined.

836, Some acids, such se the citric and tartarie, are obtained
by taking advantage of the insolubility of their }ime-salts, which
are obtained by nentralizing the vegetable juice with chalk, fil-
toring off the precipitats, and decomposing it with dilute sulphurie
acid; the sclution contains the acid, while the comparatively in-
soluble sulphate of lime is removed by the filter, The liquid, on
carefal evaporation, yields eryetals of the acid,

£37. In eeparating organic acids for the purpose of determining
their nature and constitution, no opportunity must he neglected
of ascertaining any peculiarities in their properties or specialtiea
in their salts, for it often happens that by this means we are
enabled to remove other bodiea with which they may be associated
in plants, and which may so much resemble them in their ha-
bitudes a8 to mask their reactions and lead to confusion. If, for
instance, it wea intended fo separate malic acid from the juice of
any of the numerous plants which contain it, by adding acetate
of lead, we should ineur the danger of precipitating tartrate of
lead slong with the malate; but, by availing ourselves of the
peculiar properties of the malate of lime, we are enabled to obtain
& pure salt, from which we may procure the acid with ease in &
state fit for examination. If we nearly saturate with chalk, or
hydrate of Yime in fine powder, the juice containing the malie asid,
and, after filtration, boil the liquid, malate of lime is precipitated
in o etate of considerable purity. By decomposing the last-
named salt with acetate of lead, we obtain a pulvernlent or curdy
precipitate, which has the peculiar property of spontaneously
changing, if loft in the liquid, into fine eilky cryetals,

838, Lead salts of organic acids, such for inetance as that last
described, ars oftan decomposed by eulphuric acid or sulphuretted
hydrogen, for the purpose of obtaining the acid in a free state.
The gas has the advantage of yielding euiphide of lead, which
acts as ¢ powerful decolorizer, and frequently provents the neces-
sity of usxing animal charcoal.

$39. In separating acids from the juices of plants by salts of

o -
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lead, we must be on our guard againet the poasibility of precipi-
tating sulphates and phosphates at the same {ime,

840, In some instances it is convenient to remove inorganic
acide like those named, by first saturating the juice by carbonate
of soda, and then cantionsly adding acetate of baryta until they
are removed. If, then, the acid to be isolated is precipitable
" by acetate of lead, that reagent may be added, and the rest of the
process performed a8 deseribed above,

841, In exsmining thenature of organic acids, great care must
be taken to ascertain their degree of besicity. If they have any
tendency to form acid salts, the question is at once determined
aa to their not heing monobasie, for acids of this class never form
acid salta,

II. Acide derived from the Animal Kingdom.—Acids derived
from the animal kingdom are, as a rule, lass easily obtained in a
finaly erystallized condition than those from plants, ‘While nume-
rous acids of great beauty and theoretical interest have for many
yeoars bean known to chemists as products of the vegetable world,
it ia of comparatively recent date that distinet and certain know-
ledge has heen obtained of the constitation of those derived from
enimals, In fact, the very high atomio weighta of many of the
snimal acids render it exceedingly difficult in many cases to con-
struet formules that leave no doubt upon the mind as to their
correcinees, because, in most instances, the analytical results will
bear more than one interpretation, and it is this fact which, per-
haps more than any other, renders it desirable that, where it is pos-
aible, the products of their decomposition should be examined with
the view of corroborating the formula derived from the analysia.

842, Animal acide are cbtainable by a variely of processes
from the crude substances which ocontain them; we shall there-
fore glance briefly at one or two of the most important, with the
view of obtaining an idea of the mode of proceeding,

843, Solid fatty acids.—These acids exist both in animal and
vegetable products, and sometimes the same acid is derivable from
both sources, The dificulties experienced in determining the truc
constitution of some of the solid fatty asids of high stomic weights
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are so great, that even with stearic acid, one of the most fully
investigated of them, it can searcely be said that the formuls ia
established in a perfoctly satisfactory menner,

B44. Acids of this clzas are generally obtained by saponifying
the fatty matters comtaining them, by boiling with potash snd
decomposing the scaps by means of hydrochloric acid, The acids
thus sct free are crystallized ropeatedly until their melting-point
is no longer raised by the process.

845. Bometimes the alecholic solutions of the fatty acide or
their soaps are precipitated with the acetafes of lead, baryta or
magnenin, and the resulting precipitates are decomposed by boil-
ing with dilute hydroehloric acid. The methods of forming the
salts of orgenic acide will be given in the genaral remarks on
organic acids,

846, Some organic acids may be isolated from fluide in which
they are contained, by adding, after evaporation, a metallio salf,
the base of which forms an insoluble or comparatively insoluble
salt with the acid present: hippurie acid, for example, may be
separated from the urine of the horse by this means; the me-
tallio ealt is afterwards to be decomposed by & mineral acid, in
order {o set the acid free, .

B47. Acids of sparing solubility are sometimes separated from
oomplex organic mixtures by treating the latter with cautic pot-
ash, filtering the alkelineand somowhat dilute solution to remove
the ingoluble impurities, and precipitating the eubstance sought
by the addition of & minersl acid. If it be desired to separate
uric acid from guano®, the alkaline solution is {0 have carbonie
acid ges passed into it, in order to separate the sparingly soluble
acid urate of potash. The latter may be washed with water until
quite white, and after being dissolved in beiling-water, precipi-
tated by hydrochloric acid,

848, Lactic acid will be treated of in deseribing the preparation
of acids by mesns of the fermeutation of neutral organic bodies.

® The preperstion of urio acid from gusno promises to becoms of grest

importance in the arts, in conseqnence of the valuable dyeing properties
which have been recently discovared in murexide.
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849, A very useful process for extmmeting not only acids but
many other bodies from complex organic eubstances, is by ex-
hausting the mass with alcohol and adding ether ; this frequently
causes the separstion of the embstances which it ie desired to
isolate, owing to their being lesa soluble in a mixture of alechol
ond ether than in slechol alone, This methed may he adopted
in soparating cholic acid from dry bile,

850. I, Aads produced by treating organic bodies with oxi-
dizing agents.—The number of acide produced by this method is
very great, so that only a fow can he noticed, and those of moet
general interest. It is to be observed that organic bodies are
oxidired in the laboratory by a variety of methods, among which
msay be mentioned the following i—

Fusion with alkalies.
Treatment with nitric acid.
Treatment with peroxides.

851, Formation of acids by fusion of organic substances with
alkalies—By this process a feebly oxidizing action is obtained ;
the products are of course liable to variatior, according to the
toraperatare employed and the mature of the materials, Some-
times an acid appears to be formed at one step of the process, but
is decomposed on continuing the heat with evolution of other sub-
stances, produeta of its metamorphosis, Thus in distilling indige
with potash for the purpose of obtaining aniline, anthranilic acid
appears to be formed at cne stage of the process and mbsequently
destroyed, as in the following equation :—

C“ HY NO'=200"4-C* H' N
—— R
Anthranilio adid. =

The oxidiring action of hydrate of potash at elovated tempers-
ture is manifested in the eonversion of camphor into campholats
of potash, thus:—

C*H" 0*4- KO, HO=C* H7 KO*
—_—

——
Oampbor. Campholate of potash.

Other acids are often formed in this methed of operstion, as

oxalates and acetates, but they generally underge a sscondary



R T S I N S T

TRRATMENRT OF OEGANIC SUBSTANCRS WITH NITRIC AcIp. 501

dscomposition, resulting in the formation of other products, such
88 carbonic acid, hydrogen, hydruret of methyl, &e.

B52. Formation of acids by treatment of organic mubstunces with
nitrie acid.—The action which nitric acid exerts on organio sub-
stances varies greatly, according to the nature of the body, end
the greater or less state of concentration of the acid itself, Thus,
blue indigo, which contains C'* H* NO*, when submitted to the
action of weak nitrie acid for a moderate time, yields isatine,
C*H*NO*, the effeet of the acid being only to fix the element of
oxygen on to the indigo; butif the action be maintained longer, a
forther change is developed, the carbon is attacked, and a more
conaiderable oxidation is effected, resulting in the production of
indigotic acid, C* H* NO™. And if this indigotic, nitrosalicylie,
or anilic acid as it is also called, is treated with strong nitric
acid, we obtain pieric acid, C'* H® N® 0", still more of the earbon
and some of the hydrogen being removed, while the proportion of
oxygen and nitrogen is inereased. The last-named acid is a very
common product of the metamorphosis of organie substances
under the influence of nitrie acid.

853, In treating organic matters with this seid, care must be
taken to avoid too violent a reaction, which would result in the
expulsion of the substance from the veesel, and perhaps still more
unpleasant consequences., Bometimes it is proper to cool the
organic substance and the acid separately, and drop the former,
if a fuid, into the latter, still retained in & freezing mixture,
The fluid is then to be diluted with water and neutralized by an
alkaline carbonate, with the intention of procuring a salt. Thia
process is required in obtaining trinitrocreeylic mcid from the
hydrate of eresyl existing in coal-tar®,

# 1 have ascertained thei aloohols of scid properties higher up than the
cresylic axist in ooal-tar; in fact, by selecting coal-oils of very high boiling-
point, volatile scids, appavently bomologues of phenol, may be obtained up to
and beyond the range of the mercurisl thermometer, and yet readily soluble
in potash. 'When the less volatile tarry acids remaining in the retort are
dissolved in solution of potash, » fluid is obtained of singulsr properties.
i a pisce of calico be planged inte it, and removed in the hand #o as not to
meet the air, it is almost colourless ; but on opening the hand, and allowing
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854, It has been said that nitric acid sometimes asts merely by
the fixation of oxygen without removing the carbon, ss with isa-
tine from indigo ; that this is not an isolated case, is evident firom
the fact that by oxidation camphor bacomes converted into cam-
phorie acid without alteration of its carbon.

O H" 0f - 0F = (™ ™ 0°
—_ -
Camphor. Camphorio aeid

Bometimes, on the other hand, not only both earbon and hy-
drogen are greatly diminished and the oxygen is inereased, but
there is also & considerable formation of oxalic acid at the same
time, as in the formation of Warren De la Rue’s nitrocoocussie
acid from carminic acid. In acting on organic matters, animal
or vegetable, with nitrie acid, we must always be prepared to
find oxalic acid as one of the products. The salt of nitro-acids
are gonerally explosive, and with some, as for instance the last
alluded to, the detonation is so violent as to be dangerons. Im
acids of this class we recognize a fixation of hyponitrie acid which
replaces hydrogen ; thus picric acid is hydrate of phenyl, carbolie
acid, phenic acid, or whatever we choose to designate phenal, in
which three atoms of hydrogen are removed and replaced by
hyponitrio acid.

855, It is ourions that in theee reactions the resulting acid
has sometimes no perceptible relation to the original matter, and
even at times appears to be derived from an unisclated body ; thus
nitrocoecusaio acid is isomerie, but not identical, with trinitro-
anigio acid ; it is therefore derived from an acid isomeric with
anisic acid.

‘When such problems as these arise, they are very diffeult to
solve, and, at the time, perhaps imposaible, but donbtless in the
above case the isomer of anigic acid, of the formula C% H® 08, will
one day be discovered, and then the true relation of nitrocoocussic
acid will be better understood. It is the more to be desired in

the cloth to beoome exposed, it rapidly beaomes bicod-red. FProbably it is
here wo should search for Bunge's rosolic and brunolic acids.
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the above case, becanss the products of the decomposition of amisie
acid in presencs of the alkaline earths are of great interest, and
it would be exceedingly interesting to compare the products of the
destractive distillatior of the unknown acid with them,

856. Treatment with peroxides——When we boil those organic
bodiee which contain much oxygen with peroxide of lead, formic
and carbonic acid are produced. In gereral, when peroxides arve
used, there ig a very oomplete decomposition, but the resulting
products are thoss which have ne decided relation to the original
matters, beeause the action goes too far. This is particularly
the case if acids are used simultaneously with the peroxide.

B57. Some suhstances treated with peroxide of lead yield pro-
ducts of great interest, but not being acids they will not be
deecribed here.

858, IV. Produstion of acids by fermentation.—Fermentation
which acts by reduction, nevertheless often results in the forma-
tion of acids, by removal of oxygen from other acids, Evem an
amide, or a substance resombling an amide, may, by fermentation,
be made to produce acids, as will be seen below, Sugsr formented
with decomposing cheess, yields lactic acid, which, if allowed to
ferment still forther, generally produces butyric acid, but some-
times propionic acid instead.

859. The transformation of lastic acid into butyric acid may
be represonted thos ;:—

CBH® 0"=C H* 0*4-4C0"+ 4H.
e A
Yaotio acid. Butyrio acid,

880. Buccinio acid may be produced by fermentation from
gsparagine, and also from melio acid, thus:—

CH N 04 2HO4-2H==(* H* 0*4. 2NH*
—_—— e

Asparagine or Malamide®, Buocinio axid.

SO H' 0¥ =20 H* 0. C' H* 01 4C0* - 2HO ;
— ) e

® Apcording to the recent resesrches of Demondéair, malamide is only

isomerio with dry sspamgine, from whioh he states it to diffr in form,
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or more simply, and disregarding secondary products,
CHO*—20=C*H*0".
—— (U

861, We have eaid that lactic acid by fermentation yiclds
butyric acid, and that malic acid yields saccinic acid by the same
process; now malic acid also yields butyric acid under certain
circumstances ; the decompositior may be rendered thos:—

20 H* 0"=(* H* 0* 4 8CO"+ H*.
et e
Malic acid, Botyric acid,

862. V. Treatment of organic bodies with acids to form conju-
gated acids —In conformity with the rule generally adopted among
chemista, we have considered some acids derived by sabetitution
of hyponitric acid for hydrogen apart and among acide formed
by oxidizing agents ; but thisis, perhapa, not the moat proper way
of looking wpon these bodies in a chemical point of view.

883, Pierie acid should undoubtedly be regarded as a eonju-
goted acid, a8 much as sulphobenzoic acid. Even their mode
of formation is similar, namely, by bringing the two eubstances
together in the free state; for instance, sulphacetic acid,
CtH' Q¢ 2 B0% isprepared by canticusly mixing monohy-
drated acetic acid with anhydrous sulphuric ecid, carefully cool-
ing after each addition. After keeping the mixiure at a tem-
perature not exeeeding 140° F. for some hours, the whole ia to
be poured into a large quantity of cold water, and is then to be
saturated by carbonate of lead or baryta; the excess of carbonate
being removed by filtration, the sulphacetate is left to crystallize
out, SBulphuretted hydroger may be used to remove the lead
from the sulphacetats of that base, and the acid is obtained in
deliquescent needles by evaporation in vacws over sulphurie acid,

864, Moat of the sulpho-acids are made by more or less analo-
gous processes, euch as sulphovinie acid, &. They are decom-

and chemical propertics. Morcover, its rotating power is maid to be dif-
ferent,
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posed when heated, with production of sulphurous acid. The
salts formed by neutrulizing conjugated sulphuric acids, such as
the sulphovinio acid, with lime, potash, &c. are valuable as the
raw material for the production of many substancos.

865. Bulphuric acid forms conjugated acids with a great num-
ber of substances; for example,—

‘With aleohols as Sulphovinic acid.
With sacids as Sulphobenzoic acid,
With hydrocarbons as Sulphonaphthalic acid, &o.

VL On acid amides.—While neutral salts of ammonia by losa
of water form amides, 80 acid salts of aremonia form acids by the
same proccss, thus: —

C'H' (NHY) O°-—2HO = H” NO*
Bimalste of ammonia.  Malamidje or separtic acid.
C® H* (NHY) 0°—2HO ¢® H” NO*
Bioamphorste of ammonis.  Camphamic asid.
C'H' NO*—2HO=C'H* NQ®,
Binozalate of ammonis. Oxamio acid

Although, as represented in the last equation, the formation of
an amidic acid appears exccedingly simple, yet, in fact, if it be
attempted to prepare oxamic acid by heating binoxalate of ammo-
nig, it is found that many other products are formed, including
ammonia, oxamide, hydrocyanic acid, carbonic acid, and carbonate
of ammonia, The amidic acids are, in fact, sometimes prepared
by somewhat cirenitous methods.

866. VII. Production of acids by destructive distillation.—The
study of organic acids produced by destructive distillation natu-
rally dividee itsslf into two branches: in one we are able to trace
the relation of the producta farmed, to the original substanee ; in
the other we are not. Many organic acids, when exposed to heat
with proper care, yield 2 new acid differing from the original by

z
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two equivalents of carbomic acid, as, for exampls, gallic acid,
which under the influence of heat is converted into pyrogallie
acid, thos ;:—

CHH O -_200°=CP H' O
et e

867, Bometimes, by carefully regulating the temperature, two
acids are formed, one after the other, two equivalents of car-
bonio acid being removed to form one acid, and two more snbse-
quently to convert the firet pyro-acid into the second. Thim is
well illustrated in the ease of meconic acid, which, by heating,
yields comenie acid in the first place, and by continning the heat,
pyromeconie acid, aceording to the following equations :—

CHHA 0"~ 2000 CH H* O,
| S——

e, e
CY H* 0= 200'=C* H* O,
e [———

868, Bome acids of considerable interest are formed wnder cir-
cumatances which do not permit of our tracing the relation be-
tweeon the parent matter and the resulting substances, and yet
these same products may be obtained by definite processes also.
Ap an instance of this, the substance known under the synenyms
of carbolic acid, phenic acid, phemol, hydrate of phenyl, and
phenie aloohol, is prodnced abundantly during the distillation of
coal, it being obtained in considersble quantity from gas-tar, in
which it ocenrs associated with numeroua other acid, alkaline and
neutral substances, It is also to be obtained in e perfectly intel-
ligible manner by heating salicylie acid with lime or barytas, thus:

CYH*(*—20(=CH* 0,
Sloeid  Camballead

889, Acids of this kind heing volatile and not readily obtained
in the form of well-defined salts, are best studied by the careful
analysis of the acids themselves, and the determination of their
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vapour density, The products of their decomposition should also
be carefully ascertained, as the derived acids are often more casily
investigated than the original one.

870. Many acids, on distillation with an alkaline earth, yield
kydrocarbons the composition of which stands in such aimple re-
lation to the original acid, that their study is capable of yialding
important eorroborative evidence of the constitution of the acid ee
deduced from its analyeis and that of ita salts, These hydrocar-
bons will be deecribed presently.

871. General remarks on organic acide.~—It ia to be observed
with acids, as also with other organic bodies, that the number of
oquivalents of carbon, hydrogen and oxygen must be divisible by
two. In salts, however, the metal replaces hydrogen, and there-
fore the number of equivalents of hydrogen and metal added
togother must make an oven number, If nitrogen be present, the
hydrogen and nitrogen added together must make an even num-
ber; and in the ealts, the hydrogen, nitrogen and metal must be
divisible by two.

872, If the aeid be one in which hydrogen is replaced by hy-
ponitric acid, chlorine, iodine or bromine, &c., the number of
afoms of the replacing element must be equal to the number of
atoms of hydrogen removed ; and in the salta, the atoms of hydro-
gen, replacing elemont, and metal mmst together be divisible by
two.
Aps instances of what has been said, let us trace the formule of
acotic acid undsr the circemstances detailed :—

CH'O* ¢CH') . OH
| Ag}o 01}04.
Acotic acid, Acetste of  Chloracetio

C“H’} C“H}O‘ 0‘&%}0.

Cli o cp
. :
of silver. sqid, of silvar.
19
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Take also the formula of an acid containing nitrogen, and see how
the law holds :——
CrHONO" C"]I }NO"
| S— \._w,___J
Cholic acid,  Cholate of soda.
Even in more complex instances we still find the same regularity
of arrangement, thus:—
CyH*(* C”]I‘} o C°H? }O’
(NOY) (NOY
Phenio acid. Nl.tmphemc Trinitrophenic
or pierio ecid.
ceH? Cul*
Ag > @ (NHY) }0’
(NO‘)*} (N0
Trinitrophenats of silver, Trinitrophenate of ammonia.

873. In the last illustration the metal ammonium is seen fo
stand exactly in the same position, and therefors fulfil the same
fanetion es the ailver in the trinitrophenate of eilver. This law
of even atoms is of the highest value in research as a means of
controlling formulee, We shsll, under other heads, notice the
nature of the formule of other bodies of different comsti-
tution.

874. A new and most interesting series of bodies have recently
been describod by the late deeply lamented saad illustrious che-
mist M, Gerhardt ; they are regarded as being what were, until
lately, conceived to be merely hypothetical bodies, namely, anhy-
drous monobasic acids, It is singular that, in one respect, they
resemble the curicus hydrocarbons discovered by MM. Frankland
and Eolbe, and by them regarded as the aleohol radicala®, vis
that their formuls for four volumes of vapour is domble that

® In submitiing the substances produced by destructive distillation
of the Torbane-hill mineral to careful examination, I have mooveded in
iaclating four distinet hydrocarbons, remarkable for having sbsolutely the
same composition, boiling-point and denaity, both in the state of fluid snd
slso of vapour, ss the organic radicals.
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which they possese in their componnds ; in this reepeot, the ethers,
the radicals and the anhydrons acida resemble each other.

* The method of preparation of these anhydrons acids is sufiiciently

mimple ; it is thus :—

c*n'o',cl+c'm}0.=xm+cimo'}

K CtH* O
Chloride of acetyl. Aocctate of Anhydrons acetic
potash. acid.
875, These anhydrides easily pass into the ordinary acid in

presence of water,

‘When anhydrous acetic acid is treated with metals, acetates
are formed, and, at the same time, a volatile, somewhat oily fluid
is produced of agreeable odour, but of which the nature is at
present unknown *,

876. We have already alluded to the necessity for ascertaining
the degree of basicity of acide (§ 841). It ia alao to be noticed,
that if the acid is bibasic, two amides may be formed from it, one
having the properties of an acid, and the other being a true
amide; the former being derived from the acid, and the lstter
from the neutral ammonia ealt. Instancos of these are to be
found in malamidic acid and malamide, or, as it is genersally
called, asparagine. The former is obtained from acid malate of
ammonia by the loss of two equivalents of water, and the latter
from newtral malate of ammonia by the same process,

877. The most useful salte for determining the atomie weight
of acids are those of silvor, lime and baryta, But acids, a8 they
differ in properties, differ also ir the way in which they form
salts, Sometimes one metallic oxide may be used with greater
advantage than any other with one, and yet be entirely nseless
with another acid.

878. The remarkable researches of Pastour have opened a wide
fiald of investigation s to the action of hest on the salte of orgunic
acids; it is necessary, therefore, to be familiar with the erystal-
lographic and optical charactars of orgunic salts, and particularly
their relations towards polarized light. )

® T have undertaken the examination of this subject.
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879. The salts of organic acids, on distillation, frequently yield
what are termed ketones, or bodies unalogous to acetone. Un-
loss, however, the atomic weight of the acid is very low, the
ketone is almost always accompanied by other bodies.

880. On organic alkaloids.—These substances ere now beeo-
ming more numerous every day ; and, in fact, before long, it ianot
impossible they may even rival in number organic acids, They
are found to exist in the animal and vegetable kingdoms, and are
also prodnced by a great variety of reactions ; we shall glance at
some of the principal ones under the following heeds: alka-
loids derived from :—

1. The vegetable kingdom,

IL. The animal kingdom.

1. The action of potash on the cyenio and cyanuric ethers.

IV, The action of ammonia on the hydriodic ethers, &e.

V. The action of reducing agents on the nitre-oompounds of
oertain hydrocarbons,

V1. The action of reducing agents on nitro-compounds of oxi-

dized bodics,
VII. Deatructive distillation.

881, Alkaloids obtained from the vegetable kingdom.—Plants
remarkable for their powerful action on the system, are generally
founq to contain organio alkaloids, most of them being highly valu-
ablo as modicaments. Fow alkaloids can be taken internally, except
in very emall quantities, without occasioning violent symptoms,
many being deadly poiscns. It would be occupying far too much
space were we to do more than select a few of the most instruc-
tive cases for study; we shall endeavour therefore to select one
or two of the moat well-marked bases, to examine their proper-
ties, and the modes by which they ere obtained,

882. In the very first rank stand thoss obtained from the
¢inehona barks, and from opium. Holid bases capsble of forming
cryatalline salts like those from the former source, are extracted
by rather dilute acids. The solntion is precipitated by milk
of lime, and the deposit, after powerful pressure, ia treated




VEGETABLE ALZATOIDS, 511

with alechol, to dissolve the alkaloids which are separated by
fractional ecrystallization, taking advantage of their differemt
degreea of solubility, Bometimes the ocolouring matter of the
bark is removed by canstic alkalien before extracting the bases
with acid, thue rendering the subsequent bleaching of the alkaloids
by animal charcoal unneceseary. The extraction of the alkaloids
of the cinchona barks has hecome so important a process in eon~
sequence of their extreme valie as remedial agents, that greet
akill has been expended by various manufacturers in perfecting
the varions operations, so a# to avoid the production of unerystal-
lizable and dark-colonred bases,

883, With the opinm alkaloids, a different mode of proceeding
is adopted, in consequence of the sabstanees songht existing in o
state which permits their extraction by means of water instead
of acids. Morphia, the most valuable eonstituent of opium, appears
to exist partially as sulphate and partislly es meconate; if,
therefore, to the aqueons solution of opium a solntion of chloride
of calsium be added, a precipitate of sulphate and meconate of
lime is obtained ; and, on carefully evaporating the mother-liquid,
the morphia erystallizes out, and is powerfully expressed to remove
the adherent fivid, The base is then recrystallized from water,
snd bleached by enimal charcoal antil sufficiently white. The
first black mother-liquid contsins a great variety of alkaloide,
many of them of great interest; they are capable of being sepa-
rated by tolerably easy but somewhat circuitous provesses, and
yield numerous products of decomposition; the details, however,
eannot be entered into here,

884. In examining alkaloids extraeted by processes of the kind
alluded to above, it is absolutely necessary to make combustions
of them after different numbers of crystallizations, in order to
sacertain if repetitions of the process alter the composition of the
alkaloid by removing other substances. It often happens that
two or more bascs may be extracted by acids from various parts
or products of plants, and on being crystallired they are obtained
together, and unless the operation is repeated a great many times,
an impare product would be analysed. Tt is therefore of great
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importance to try the action of various solvents upon them, in
order to ascertain whether the substance supposed to be homoge~-
neous, may not in reality be a mixture capable of separation
into two or more distinct alkaloids, This is one of the eircum-
stances which make it fortnnate that orgsnic bases form so many
compounds, becanse each new combination becomee a process of
purification.

885, The well-marked salts which snch bases form are very nu-
merous, and comprisesulphates, hydrochlorates,nitrates®, chlorates,
perchlorates, hydricdates, periodates, hyposulphates, hypoeulphites,
ersenites, formintes, oxalates, ferrocyanates, muiphocyanides, ace-
tates, tartrates, citrates, velerianates, picrates, and many others,
They also form double salts with many metals; this is especially
the case with their hydrochlorates, which combine with many
metallic chlorides, including, probably, sll those which form
double salts with the hydrochlorates of the volatile crganie bases,
to be deseribed presently.

886. Theso nolid crystalline oxidized vegetable alkaloids almost
invariably yield volatile bases by distillation with potash ; quinine,
cinchonine and strychnine, for ingtance, yield chinoline+t.

887. It is exiremely curious that the greater part of these
bases act with the aloohol radicals as if they were nitriles, that
is to eay, as if one malecule of them contained three compound
rodicals, And it is no less etrangs, that all the volatile bases
produeed by their metamorphosis under the action of heat are
nitriles also,

888, Piperine, the formula and constitution of which are by no
means well established, yields by ita destructive distillation two
volatile bases, only one of which, namely piperidine, has as yet
been examined, This, the more volatile, the formula of which

& Where the base is one that would be decomposed by the contact of
free nitrio ecid, it is generally easy to procure s nitrate by douhle decompo-
sition of the sulphats with nitrate of baryta.

4 I have found that cinchonine, instead of only affording chinoline, as had
been supposed, yialds pyrrol, pyridine, picoline, lutidine, collidine, chinoline,
aud lepidine ; sud it is most probable that quinine and strycknine undergo
an equally complex decowposition.

[
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was firet determined by Dr. Anderson, has been fully studied by
M. Cahoure®; it in au exception to the usual rule of bases pro-
duced in this manner, inasmuch as it is capable of taking up
two oquivalents of a radical to form an ammonium base; piperidine
has therefore the comstitntion of an imide, or perhaps it con-
tains e bibasio radical, It wounld be of interest to ascertain
whether piperine itself is similarly constituted to piperidine, as
regerds the number of radicals it is capable of assimilating,

889, The vegetable kingdom also yields volatile bases, which
sometimes exist ready formed in the plant, and at others appear
to be produced by the action of alkalies on either acid or basic
enbetances, An instance of the production of an alkali from an
acid by the action of heat and alkalies has already been given in
§ 851, in describing the production of aniline from anthranilic
acid. Apophyllie acid aleo, by destructive distillation, yields an
alkaloid of which the nature is at present unknown, and in eon-
sequence of the great diffoulty of preparing the material by the
action of nitrie acid on cotarnine, is likely to remain so, or at least
until o new mode of obtaining apophyllic acid is diseovered, which
is greatly to be desired, as it possesses high theoretical interest.
Tta preparation by the decomposition of platino-chloride of cotar-
nine i8 not likely to be a very economical mode of procuring it.

890, Bases from the animal kingdom.—It is not always easy
to assign alkaloids & place among either animal or vegetable pro-
ducts, as they may sometimes be derived from both sources.
‘When such bases as methylamine, or, in faet, eny volatile ones,
are obtained from animal matters, it is generelly, if not always,
to be inferred that they are produced by the metamorphosis of
bodies of more complex constitution, either under the influence
of putrefaction, heat, or some other disruptive ageney.

801. The juice of flesh yields crestinet, which, as it has never
been fonnd in vegetables or plants, may with propriety be called
an animal alkaloid, But creatine on distillation with soda-lime
yields methylamine, an alkaloid also obtainable from vegetahle

. ® Canoums.—~*Ann, de Ch. et de Phye.’ [8] xxxviii. p. 76,
t Limsto.—* Ann. de Chim. et do Phys.’ [3] zxiii, 129.
zd
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sources, Sarcosing, a derivative of ereatine, also yields methyl-
amine on distillation, The volatile bases of the aleoholic series
are equally produced by the decomposition of either animal or
vegotable matters.

892, The only base derived exclusivaly from the animal king-
dom, which we shall study as to the mode of isolation, is crea-
tine; and this has been selected because its preparation is
exceedingly instructive as a guide in such trains of reeearch as
are likely to be undertaken by the student on basic sabstances of

803. Creatine exists ready formed in the juice of the flesh of
almoet all enimals ; at least it has been found in that of the Horse,
Oz, Bheep, Pig, Deer, Hare, Fox, Marten, Fowl, Pigeon, Torkey,
Bkate, Haddock, Balmon, Herring, Turbot, Cod, Dog-fish, Pike,
‘Whale, and Alligator, If, to the chopped flesh of the animal,
water to the extent of the weight of the flesh be added, and the
whole be well pressed, a fluid is obtained which containg the
creatine, but little is obtained on evaporation, because it is de-
composed by the free acid. But if, after beating the juice to
ooagulate the albumen, it be filtered, and neuntralized by baryta-
water, and then evapornted at about 130° Fahr., a thin jelly ia
obtained, from which the ereatine crystallizes out in hard brilliant
prismatic crystals®, having the formula C"H’N*O'4-2HO. By
weak acid or alkaline liquids it is not altered, but strong acide
convert it into ereatinine, another allealoid, thus :—

CENO'=CH N0+ 2HO.
e — ——
Creatine, Crestinine,

804. Wo sce, therefore, that one alkeloid may, by mere loss
of water, be converted into another. A parallel case is found in
Wertheim’s conhydrine, an alkaloid recently extracted from
Conium maculatum. The reaction is precisely analogous, except
that the resulting base contains no oxygen :-—

* Fluids of i ? for yield:
- s golatinons consistency are peculinrly adapted for yielding
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\C“H“NO’ = C*H"N 4+ 2HO.
Conhydrine.  Coniine.

Creatine forms well-defined salts, including hydrochlorate,
sulphate, and nitrate, Crestinine yields ealts, and also combines
with chloride of zine. The hydrochlorate gives a double ealt
with bichloride of platinum,

896. Production of bases by the action of alkalics on the oyanic
and oyanuric ethers®. —This method of obtaining volatile organie
bases, discovered by M. Wurtz, has had the most important con-
sequences, in entirely modifying our ideas of basic combinations,
and, by leading M. Hofimann fo an examination of the action of
ammonia on the hydriodie ethers, caused the discovery of a gene-
ral method by which we are enabled to determine the constitution
of all the other natural and artificial alkaloids,

896, Previous to deseribing the reactions by which the bases
are produced, it is necessary to remind the student that the
aloohol radiesls, regarded as two volume-formulm, are precisely
analogous to hydrogen ; they fulfil the smme functione, and are
capable of replacing it without destroying the original type of
the compound, If, therefore, we could replace one of the three
equivalenta of hydrogen in ammonia by methyl, or, in fact, by
any aleohol radical, we might anticipate that the resulting com-
pound would, to a oartain extent, resemble the original base.
Now, let ua soe the reaction which takes place between the caustic
alkalicse and the above-mentioned ethers, In the first place,
eyanic acid is decomposed by potash in the following manner :—

¢ NO, HO + 2KO + 2HO = KO, C0%) + NP,
A —

Cyunio acid.
In methyleyanic ether, an equivalent of hydrogen in the eyanic
acid is replaced by methyl; if, then, the ether is acted on in the
same manpar a8 the acid, we have,—

® Wostz, 1840, And, in exéenso, Mémoire sur les smmoniaques com-
poséee. Extrait du tome xi, des mémoires présentée par divers savants &
P Académie des Beienoes.
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C'NO,CC B0 + 2K0 + 2HO = 2(K0,C0% 4- C*H*N.
Methyloyanic ether. Methylamine,

897. If, now, we merely multiply the last equation by three,
we obtain the reaction of the alkali on the ¢yanurie ethers, boeause
the Iatter are polymeric with the cyanic ethers. The bases are
aleo formed by the action of potash on the compound ureas; but
we shall only notice the first method at length.

898, If the formule given for ammonis and methylamine in
the last equation be examined, it is plain that they might be

written thus :—
H GH?
H})N H:N.
IS
Ammonis.  Methylamine.
Where wo see at once that one of the equivalents of hydrogen in
smmonia is replaced by methyl, the type remaining intact,

899. If we now consider whet the most obvicus properties of
smmonia are, and also what are the charscteristics of methyl-
amine, we ahall see at onee the extraordinary reeemblances between
them, They are both gases, soluble in water, affording solutions
of extreme pungency, which fume on approach of a rod dipped
in hydroehloric geid; the solution precipitates metallic oxides
like ammonia, and affords well-crystaflized salts. In fact, me-
thylamine so greatly resembles ammonin in its properties, that it
has repeatedly been mistaken for that alkali. Omne of the best
means of distinguishing, end even of separsting them when
mixed, is by treating the dry hydrochlorate with strong aleohol,
which readily dissolves hydrochlorate of methylamine, but scarcely
disaolves sal-ammoniae.

900, The idea immediately strikes us, on viewing the formula
of methylamine, whether it would not be poasible to replace
more than one equivalent of hydrogen in ammonia by aleohol
radicals; end in the next paregraph we ghall study the very
gimple method by which M. Hofmann has determined this ques-
tion.
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901, Production of basee by the action of ammonia -on the
hydriodic ethers® —If we consider for a moment what it is that
we desire to effect, we ghall find that the resgent required, is
en aloohol radical in combination with an element having a
powerful affinity for hydrogen, The reason for this is very
simple; it is because we wish to remove an equivalent of hydro-
gen from ammonia, and sobstitute the radical in ifs place. We
shall still use methy! as our illustration, If, then, we place an
alocholio solution of ammonia in contact with excess of iodide of
methyl, and after sealing up the mixture in a preesure-tube
(§ 308), exposa the apparatus for some time to a temperatnre of
212° Fahr,, we shall find that the ammonia disappears, and the
solution contains the hydriodate of a new base. We shall diare-~
gard secondary reactions, and suppose that the reaction is simply
confined to the production of one subetance, hecanse the others
that are, under certain cireuzmstances, formed simultaneconsly wilt
be more conveniontly studied afterwards, If, now, the exoces
of iodide of methyl be distilled off, we find, on evaporation of the
fluid, that a cryetalline salt is deposited having the formula
C* B* N, HI, or the hydriodate of methylamine. The salt is
formed in accordance with the following equation ;—

H o
H: N+CH,I= H } N, HI,

H H
Ammonis.  Iodideof  Hydriodste of
methyl methylamine,

If is plain that there is no reason why the above reaction
should not take place equally well with the new base instead of
ammonia, and accordingly we find that on distilling the hydri-
odato of methylamine with an alksli, s0 as to obtain the free
base, and then submitting the latter fo the action of iodide of
methyl, we obtain the result expreseed in the annexed equa-
tion :—

® Hormans.—Phil. Trans. 1850,
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G’I['} cm

HIN4+OH I=CH/| N, HIL
H H

LN \ RN J

v b
Mothylamine. Todideof  Hydriodate of &i-
mnthyL mathylsmire,

And, again, by proceeding exactly as before :—

(i it
CE}N+CH,I=CH N HL
E K2 o

\ i\

v—" b A
Dimethyl-  Todideof  Hydriodate of
amine. methyl.  wimethylamine.

J

902. AL the basee thus formed are powerful alkalies, and it is
to be observed that they become less volatile and more oily as the
greator number of equivalents of hydrogen in ammonia become

The question next presents itself, whether, regerding ammo-
nium as the type of basic organie bodies, the fourth equivalent of
hydrogen may not be replaced by methyl to form a compound
ammonium ; and if we repest the treatment of the base as before,
we have—

o

com

c’n'} N+ CHI=SD MN L

C B CH

— — —

Trimethyl- Todids of tetre-
smine, methylammoninm.

803. The last base is therefore constituted exactly in the same
manner a9 the iodide of ammoninm, To obtain the free base, it
is necossary to adopt a different method to that which was em-
ployed with the first, second, and third bases, because the last is
no longer volatile, Baut if, to the aqueons solution of the iodide
of tetramethylammonium, obteined by the last process, wo add
oxide of silver, a new base is obtained, not volatile without de-
oompogition, The following equation explains the resetion :—
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o
{ E}I+AEO+HO-N oo >0, HO 4 AgL.

C'H*
—_—
Iod:de of tetramethyl- Hydrated oxide of tetrs-
ammonium. mﬂhylao:monium.

The hydrated oxides thus obtained by the reactions given, and
with the iodides of methyl, ethyl, &¢., are most powerful alkalies,
the sclutions of which resemble solutions of caustic potesh so
perfectly that they might be easily mistaken for that suhstance
by mere qualitative testing,

'We have entered thus minutely into the reactions which pro-
duce these bodies, because it is essential for the student to com-
prehend them, in order to follow out the methods of examining
alkaloids—to be prosently described,

904. Action of reducing agents on the nitro-compounds of
certain hydrocarbons.—Many hydrocarbons when treated with
fuming nitric acid in the manner to be described further on, yield

- gubstances retaining the type of the original body, but having
one of the equivalents of hydrogen replaced by hyponitrio acid.
These nitro-compounds, by treatment with reducing sgents,
yield alkaloids which always belong fo the first clase, that is to
eay, they are ammonias in which one equivalent of hydrogen is
replaced by aradical. The following represents the nature of the
decomposition which takes place when an aleoholic solution of
nitrobensole is treatod with sulphuretted hydrogen :—

CPHNO* + 6H8 = CUH'N + 4HO 4+ 68,

\"'""‘V_"’
Nitrobensole,

905, This procese does not yield the base nearly so eadily, or

in 80 pure o state, o8 the following, given by M. Béchamp ®,

is founded on the strong tendency of the proto-salts of irem to
become oxidized at the expense of the oxygen of any subetances
with which it may be in contact. An acetate of iron is pre-

¢ Bfcmine,—*Chem, Gas.' March 1868 ; and ‘Ann. de Chim. et do Phyn.'
[8] xlii. p. 188
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pared, containing three parta of iron to one of the nitro-com-
pound, and the two being mixed, are heated on the water-beth,
in a capacious flask, provided with a tube leading to a well-
oooled recipient. If 100 grammes of nitro-compound are used,
the heating on the water-bath requires sbout an hour. When
cooled, the mass in the flask has water added to it, and the whole
is filtered ; the masa on the filter is to be washed with hot water,
and the united fluids are distilled until nine-tenths have paseed
over. The ncetate of aniline end scetic acid both distil over. It
is necossary to ensure officient{ oondensation, as, in presence of
steam, acetate of aniline is 8o volatile that much would be lost
if this precantion were nof taken. The distillate is to have 40
grammes of concentrated oil of vitriol added for every 100 grammes
of nitrobenrole used. On distillation the sulphuric acid displaces
the acetie acid, which accordingly distils over, and when the
greater part has been obtained, the sulphate of aniline is to be
distilled with excose of a strong solution of caunstic potash. The
aniline is thus obtaired in a very pure condition.

908. A still more convenient process is to mix in a spacious
retort 1 part of nitrobenzole with 12 of bright iron-filings and
1 part of commercial acetic acid. In a fow minutes a violent
reaction takes place, and unless the receiver he wall cooled, all
might be lost. When the action has ceased, and the retart
oooled, the fluida which have distilled over are to be returned to
the retort, and the whole is distilled to dryness. The distillate
merely requires to have oxcess of potash added to it to separate
the base, which may be removed from the alkaline flaid, and be
digested with sticks of caustic potash to remove moisture. The
following equation explaine the reaction which takes place ;-

CYHNO* 4 2HO 4 4Fe = 2Fe'0' + C"H’N.
Nitrobenzole, Aniline.

Almost all ordinary nitro-compounds msy be decomposed in
the same manner as nitrobengole, with formation of oily or
erystalline alkaloids, For example, nitronaphthaline yields
naphthalamine, nitrocymol eymidine, &e. To form the last-named
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nitro-compound, it is necessary to cool the hydrocarbon ard the
nitrio acid by means of a freezing mixture, before allowing them
to react on each other.

B07. Action of reducing agents on the nitro-compounds of ovidized
bodies,—Bome oxidized bodies by reduction yield alkaloids. The
only example which we ghall adduce is ecumaramine®. In the
case of this substance, neither sulphuretted hydrogen nor nascent
hydrogen yield any satisfactory resulta; but if a mixture of iron
filings and dilute acetio acid be used, and the mixture, with the
nitrocoumarine, be heated on the water-bath, action soon eom-
mences, sesquioxide of iron separates, and on cooling, yellow
needles of eoumaramine are deposited. This substance is & true
alkaloid, forming a crystalline hydrochlorate and a douvble com-
pound with bichloride of platinum. There are many oxidized
natural and artificial alkaloids and proximate prineiples the
nitro-ecompounds of which have not been studied, and which,
under the influence of acetate of irom, would dombtless yield
facts of interest. This is more especially the case now that we
kmow the precautions neceseary in forming nitro-compounds with
substances which decompose with nitric axid if the temperature
be allowed to rise. 'We have previoualy alluded to this in de-
scribing the method of forming trinitrocresylic acid from the
hydrate of cresyl, § 858.

908. Formation of alkaloids by destructive distillation.—The
number of bases formed in this manner is very considerable, and
it is probable that ne nitrogenized animal or vegetable matters
ean be submitted to distillation without their appearing in the
distillate. The subjeet has been very fully investigated during
the last few years. The firet person who took up the subject
was, it is belioved, Unverdorben, who ascertained the presence in
Dippel’s oil, or as it is commonly called, bone-oil, of & very
pecaliar class of substances of decidedly alkaline properties. Me
mately deseribed their reactions. Runge afterwards followed in
the same track, and'found that eoal-naphtha also eontained organic

® Frapout end Omrozza—*Chem. Gas,,’ Oct. 15, 1856; and Lishig's
¢ Annalen,’ ov. p. 262.
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bases and acids, but he also depended emtirely on reactions.
Hofmann made an examination of the bases in coal-naphtha, and
separated aniline and lenkol or chinoline. Anderson subse-
quenily found picoline in coal-naphtha; and etill later, he
discovered in bone-cil the whole series of which picoline is a
membeor, as well as many of the bases of the aloohol series, I
have glso bean occupied for some years with the subject, and
have ascertained sevaral facts, and added s fow new basea to the
list of thoee previously known.

909, Beveral fixed alkaloids found in nature yield oily bases
by distillation with alkalies; thus cinchonine yields chino-
line, &. Narcotine yields trimethylamine, and probably other
basges®,

910. Nitrogenized non-alkaline hodica alse yield bascs; indige
for instance affords aniline in & state of purity by careful di-
stillation with hydrate of potash ; and it is worthy of remark,
that, contrary to what happens generally under similar circum-
stances, no other base appears to be formed. Becent researches
appear to indicate that pure amylamine may be obtained by do-
structive distillation from horn and elso from leueine; my own
experiments upon feathers, made aome years ago, lead me to be-
lisve, however, that the reaction is not so simple,

911, The general mode of extraction of bases from the oils
produced by destructive distillation of nitrogenized organic mat-
ter, is to agitate the oil with dilate sulphuric acid, and, after
allowing the fluids to rest some time, in order to promote the
separation of the oil and acid, to siphon off the latter, which
containg the bases in solution. The acid solution of the basee
is to be boiled in a large opan copper vessel for a long time, untit
no reaction of pyrrol is obtained by exposing to the escaping
steam 8 alip of deal wood moistened with conoentrated hydro-
chloric acid, §§873,445. This procedure also resinifies meny tarry
matters, which would otherwise cause much trouble in the after
proceeses, The cake of resin which nsually appears on the surfsce

® The products of the distillation of narcotine with potash require

irats
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of the acid is then to be removed, and the whole fluid filtered
through coarsely powdered charcoal, The liquid should now
have an excess of alaked lime added, and the whole is to be
distilled.

012, The distillation requires care, in order that the more
volatile products may not be lost, For this purpose, the end of
the condenger should fit into an adapter which is connected with
alarge tubnlated roceiver. The tabulature of the receiver should
have a tube paseing from it into some meoderately strong hydro-
chloric acid, in order to condense any exceedingly volatile bases,
such as methylamine, &e.

813. The fluid collected in the receiver should be again eub-
mitted to distillation on the water-bath, to separate any very
volatile bases; the latter may then be saturated with hydro-
chloric acid, and the solution is to be evaporated to dryness on
the water-bath, The dry mass is to be exiracted with very
gtrong aleohol, which will dissolve the velatile bases as hydro-
chlorates, leaving the sal-ammoniae bohind, The aleoholic solu-
tion is to be again evaporated to dryness, and the treatment with
alcohol is to be repeated. The purified hydrochlorates, freed
from eny trace of alcohol by exposure for ecme time to 212° F.,,
are then to be dissclved in water, and treated with hichleride
of platinum ; the precipitate, if any, being analysed, and the
mother-liquid being evaporated over sulphuric acid, the sucoeed-
ing orops are to be examined to see whether more than one base
is present,

914, The flnid containing the lees volatile bases is now to have
potash in excess added, to separate them. When they have risen
to the eurface, the alkaline fluid may be removed by & siphon.
The bases, as thus procured, retain about & third of their bulk of
water, which is to be removed by repeated digestion with sticks
of fresh potash,

915, The varions bases existing in & mixture obtained in the
manner indicated from products of destructive distillation, are to
be separated from each other by fractional distillation, § 353,

918, General remarks on organic alkaloide.—In order to de-
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termine the eonstitution of organic bases, there are ssveral pro-
cossea which are more especially neosssary. These are,—
Analysis of salts.
Action of aleohol iodides,
Formation of bodies analogous to urea,
Vapour density.

917, The metamorphoses which organic alkaloids may be
made to undergo are excessively numerous, and cannot be de-
seribed here; they may be studied in the various papers scat-
tered through the chemical journals,

918, Some processes and reactions connested with newtral bodies,
—The namber of existing organio bodies possessing neither acid
nor alkaline propertiea is so immense, and the proceases by which
they are soparated from others so various, that we shall only touch
upon a few of the most important, and even then in & very cursory
manner, Those which we ahall consider are,—

Aleohols.
Ethers.
Aldehydes.
Hydrocarbons,

919, By the term alcohol is understood a substance derived
from the type water by the substitution of cme stom of an
eleotro-poditive radical for an equivalent of hydrogen. But we
must remember, if we use the eqnivalents ordinarily employed in
this country, that the al¢coholic group is formed on the type of
two equivalents of wator; on theother hand, by considering with
Gorhardt the atomic weight of oxygen to be 16 and that of car-
. bon 12, wo have the alcohols derived from one equivalent of water.
The following represonts the formuls escording to these views:—

B ol e o -
H}o' H}O’ 11}0 H}o.

Ordinary equivalenta, Gerhard's equivalenta,
920. Vinie aleohol (common alcohol) is the seeond member of
that great series of hodies of which such an immense number of
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derivatives are known, commencing with wood-spirit and ascend-
ing to the wax alcohols,

921, Beveral of theso bodies may be obtained by fractional di-
stillation of fusel oil, especially that obtained from the grape-mare,

922.Theconstitution of en aleohol cannot be satisfactorily demon-
strated with the same readiness as that of an acid or a base. Its
formuls muet be subetantinted by the study of several of its deri~
vatives. In the first place, the substance when obtained pure
must be analysed, and its vapour density be determined. The
vapour densities of alcohols do not generally require to be taken
at temperatures much above the boiling-point. At 36° above the
bol.lmg-pmnt of common aleohol the density comes out 1+65, theory
requiring 1-59 ; at somewhat higher temperatures the experimen-
tal value is almost exastly the same as that required by theory.
An aleohol should have its conjugate eulphurie acid compound
examined ; also the acid bearing the same relation to it that the
acetic does to common alechol, It is easy to obtain the volatile
acid corresponding to an aleohol, by varions processes of oxidation ;
the following equation represents the nature of the reaction :—

C*H* 0+ 40=(CH* 0* 4 2HO.

Nt | S——

Alcobol. Acetic scid,
If of the vinio class, it should also have the iodide or bromide of
its radical obtained; also the alkaloid derived from ammonis by
the substitution of its radical for an atom of hydrogen in ammo-
nia. The simple ether should also be obtained. It will be essen-
tial also to determine (if belonging to kmown series) whether it
obeys Eopp's law of boiling-points. Alcchols possess one pro-
perty which assimilates them to momobesic acids, that is to eay,
when treated with potassium or sodium they are decomposed with
formation of a eompound poseessing en equivalent of the metal in
the place of an equivalent of hydrogen.

923, The aldehyde corresponding to the alcohol should also be
studied ; it may be procured by a procees of oxidation loas emergetio
thaxn that required to form the acid of the series. The annexed equa-
tion illustcates the conversion of common aloohol into aldehyde :—
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CH* 04 20m CH 0°'4-2HO.
N N
Alsohol. Aldshyda.

924, Alechols vary greatly in their physical eonditions, even
when belonging to the same homologous series; for while me-
thylic alechol, C* H* 0%, is & colourleas mobile fluid, boiling at
66°5 Cont., the melissic aleohol, C* H™ 0%, is a erystalline solid,
having a fosing-point as high ea 85° Cent.

‘When heated with caustic potash, the alochols of the vinie
class are decomposed, with formation of an acid corresponding to
it, hydrogen being disengaged, thus :—

_ C'H'0* 4 KO, HO = "HO*EO + 4H.

Wood-spirit. Pormiate of potash.
Even when so bigh op in the series as the melissic aloohal, the
reaction is precisely similar, for

C*H® 0* + KO, HO = C"H* 0", KO 4 4H.

\_.V—.J '\_._._..Y_.__)
Melissio aloohol. Melissste of potaah.

925. Aleohols are obtainable from soveral sources, and are
produced by more than one intereeting reaction. The greater
number are products of farmentation, euch as the ethylie, pro-
pylic, amylio, &. The methylie alcohol, the first of this series,
ia obtained by the distillation of wooed, while the caprylic is &
product of metamorphosis of ricinoleic acid at a high tempera-
ture, under the influence of hydrate of potash.

C* H* 0* + 2(KO0 HO) = C*H"0* + 2H + C*H*0", 2KO.
e — et ;

k-.—_—...-.v..__._._l
Ririnoleio Caprylio Bebate of
soid. aloohol potash,

926, One of the most interesting reactions connected with
alecholio gronps, ia thet by which we are emabled to pass from
ocertain kinds of aldehydes to alechols of the sewe class, This
happens when bitter-almond oil, otherwise known as bensoie
aldehyde, is treated with aleoholic potash.
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2C"H*0* 4+ KO, HO = O“H*0* 4+ (B O, EO.
k_.v__._/' A\ ;N J

Bitter- Bensoio Banzoste of
almond oil aloobol. potash,

927. It has already been mentioned that the phenylic and
cresylic aleohols are products of the destructive distillation of
wood and coal (§§ 373, 853, 868). It must not be forgotten that
the bensoie is isomerie, not idemtical, with the eresylic alechol,
the lattar heing homologous with earbolic acid,

928, The above eketch of the more prominent features in the
reactions connected with alecholic groups, is sufficient to show
the extremes interest belonging to the subject; it cannot, how-
ever, be pursued further here, as wo must now turn our attention
to one of the most important derivatives of the alechols.

929, Ethers—These bodies are either simple or compound.
The simple ethers come first in the order of etndy.

‘We have soen (§ 919) that an alcohol may be defined as two
equivelents of water in which one equivalent of hydrogen is
roplaced by enelectro~positive radical. Iun mimple ethers, on the
other hand, we have two equivalents of water in which both
equivalents of hydrogen are replaced by an electro-positive ra-
dical. But numerous ethers exist which contain two different
rodicals, . ¢, derived from two equivalents of water, in whick
both atoms of hydrogen are replaced, but by two different radi-
cals. Novertheless, if both the replacing redicals belong to
aleoholis groups, the ether is atill said to be simple. The fol-
lowing are examples of simple ethers placed by the side of their
type for the sake of comparison :—

o SEle SElo ZE)o

Weier.  Common ether, Methylethylic  Phemylio ether.

930. The sitple ethers may generally be obtained by distillation
of the corresponding aleohols with sulphurie sacid, or by the action
of the alcoholic iodides on the sedium or potassium aleohols, The
annexed equation represents the latter reaction ;—
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CR } oo mI=SE } 0*+IX.
vl il Vg
ﬂhym?f oy '
potash.

If it be desired to produce an ether containing two different
aleoholie radicals, we proceed in the manner indicated by the an-
nexed equation : —

- }0'+011',1=gg}0'+m.

Potassiom: Iodide of  Methyl-
alcohol  methyl ethylicether.

It is plain that by varying the nature of the alechol eontaining
the potassium, or the ulcobolic iodide, we may obtain & great
variety of these mixed ethers.

931, Compound cthers,—These differ from the mived ethers
mentioned above, inasmuch as the two atoms of hydrogen in the
water are replaced, the one by the radical of an acid, and the
other by the radieal of an aleohol. They are formed by a very
considerable number of reactions, among which may be mentioned,
the distillation with strong sulphuric acid of a malt of the acid
which it is desired shall enter into the ether with the alcohol,
the radical of which shall alse enter into the ether. Another
method very often employed i fo pass a current of hydrochlorie
acid gas into a mixture of the organic ecid and aleohal. The
reaction of the aleohol iodides on silver palts may ho made use
of to propare compound ethers, thus:—

c‘f‘s}o‘+c'n'1-g§:}o*+ul,
Toioof Tollleof Ao
silver, ethyl ethar.

The formula of acetic ether ia perhaps more correctly written—

¢ B O
C B }0"
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hocanse it is generally eonsidered that the oxidized radicsl
C*H* 0%, kmown as acetyl or othyl, exists in it.

932. The snbject of the compound ethers is one of considerable
interest in a theoretical point of view, but it canmot be entered
upon here, and for farther information the student is referred to
‘works spocially devoted to organic chemistry,

983, Aldehydes.—The aldehydes are rapidly becoming better
known, mﬂmsmedywbomedmthemtemhngnmn
of their reactions,

984, The aldehydes, in the present state of onx knowledge, may
be regarded frommeeveral points of view, each of which has certain
advantages ; the most convenient ie perhape to consider them as
derived from the hydrogen type, In this way we look upon ordi-
nary aldehyde as

H

H,
in which one of the atoms of hydrogen is replaced by the mdical
of acotic aeid. The duplex charaster of the free redicals will be
made more apparent in treating of the hydroearbons. The formula
of aldehyde is therefore C* H* 0%, H, or hydruret of acetyle.

835. Aldehydes are derived from numercus sources. We have
already considered their produetion by the action of oxidizing
agents on the alechols in § 923.

9368, One of the most interesting reactions resulting in the
formation of an aldehyde, is that by which the benzoic aldehyde,
hydruret of benzoyl or ofl of bitter almonds, ie produced from
emygdaline. The substance which causes the metamorphosis
of the last-named body does not, strange to say, enter into the
requlting compound. It meraly acts as a ferment; it is known
a9 emulsine or synaptase, and exists in the bitter almond together
with the amygdaline. The following equation explains the nature
of the reaction :-—

0’H”NO”+4HO-=C“H‘ O+ CHN42C2 HY 09,
— e

N
Amygd-lmo. Hydruretof Hydro- Grape-sugar.
L cyanio scid.

937, The above equation is ometimes written 8o as to include
24
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the production of formic acid, but its formation in generally con-
gidered to be due to » secondary decomposition of the hydroeyanie
acid.

938, The aldehydes are also oblained by destructive distilla-~
tion; ewnanthylic aldehyde ia by this means obtained from eastor oil,
They are alao found in nature in plants, such as cinnamie aldehyde
in oil of casaia, enminie aldehyde in oil of cumin, &o. The oil of
rus, according to Gerhardt, consists of capric aldehyds mixed with
a small quantity of an unknown hydrocarbon®*. The firmation
of an aldehyde by fermentation has been menmtioned above.,

939, The aldehydes are often capable of assuming isomerie
conditions, The lime-salts of several acide, moreover, yield
isomers of the aldehydes by destructive distillation. Ome of the
most important peculiarities of the aldehydee is their remarkable
tendenoy to combine with the alkaline bisulphites, especially those
of soda and ammonia. These compounds are not limited to the
aldehydes of the aloohols of the vinic type, for einnamic aldehyde
end its congeners equally possess the property of comhining with
the alkalie bisalphites,

940, The ammoniacal compounds of this clase yield bases by di-
stillation with lime, In this manner triphenylamine is said to be
produced from thebisulphite of the ammoniacal cinnamiealdebiyde+.

941, The aldehydes combine with ammonia to form erystallime
salta; ordinary aldehyds for inetanco yields the following com-
pound,—

C*H'O', NH*.
The above, when ected on by sulphuretted hydrogen, gives thi-
aldine in accordance with the annexed equation: —
3(C'H* 0%, NH*) +4H8=(" H'* N8* 4+ 2NH*+ 6HO.
| —
Thialdine is said to yield chincline when distilled with hydrate
of lime; this is, however, most improbable in a theoretic point
of view, and some experiments made by myself, although on too

& Some rescarches of tmy cwn now in progress indiosts the ccmposition
of oil of rue to be more complax than has bem hitherto supposed.

+ Glssmaxy.—Licbig's * Aunalen,’ o. p. 67.
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small & ecale to work out the true nature of the decomposition,
decidedly indicate the entire absence of chineline from the pm-
ducts of the reastion,

942, In separating aldehydes from complex mixtures, we must
endeavonr to obtain a compound with an alkaline bisulphite, and
after prossing the latter between folds of bibulous paper until
nothing more is extracted, or reorystallizing it from aleohol, dietil
with water, when the aldehyde will be obtained in & state that
merely requires washing and drying previons to analysis,

943. The tendency of the aldehydes to acidify by contast of
the air must not be lost aight of in determining their vapour
dengity (§ 479).

944, Hydrocarbons.—The number of bediea known to chemists
consisting solely of carbon and hydrogen ia so great, that a volume
would be required to give anything like a complets account of
the processes and reactions employed in mveshgahngthencon—
stitution.

The methods by which hydrocarbons are obtained are very
numerous, but prominent among them stands destruotive distil-
lation. Out of the numerous families of thern we shall select thres,
the properties of which are so varied, that & short deseription of
their principal habitudes will illustrate, as fully as falls within the
province of thie work, the metheds adopted for the examination of
hydrocazbons; they are the bengole series, the redicals of the al-
cohols, and the homologuea of olefiant gas. We ahall also glance
alightly at some of the derivatives of naphthaline.

945. The benzole series —This very important group has been
a8 thoroughly investigated as perhaps any other bodies kmown to
chemists, but such is their tendency to form compounds, which
in their turn ave linble to numerous metamorphoses, that much
yot remains to complete their bistory.

946, The most important member of them is of course the firat
term benzole, and as the other homologuee yield almost exactly
analogons derivatives, we shall confine ourselves to it in our for-
mules, it being understood by the student that the same reactions
in almost all cases apply to the other homologues.

242
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It is to be observed that benzole is regarded with the other
hydrocarbons as formed on the hydrogen type, being HH, in which
one of the equivalents of H is replaced by phenyl; or, in other
words, it is the hydraret of that radical.

947, The hydrocarbons of this class are obtainsble in the
largest quantity, and with the greatest ease and econcmy, from
coal-naphtha, of which they form the chief bulk. They are sops-
rated by fractional distillation (§ 353), the first member also being
capablo.of further purifieation by erysialiication (§ 419). The
volatility of benzole enables us to obtain it in a folerably pure
state (withont the neccesity for a great number of fractianations),
by meens of the double-headed stills represented in § 380, After
two distillations performed in that apparstus, the purification of
the benzole may be completed by freezing end dreining away the
unerystallisable hydrocarbons, Although henzole and its homo-
logues combine with sulphurie acid, they do so leas readily than
the C H* class which coexist with them in coal-naphtha; muek
advantage is therofore found by treating tolmol and ita less volatile
congeners with sulphuris acid two or three times before proceed-
ing to form new compounda.

948, It has been eaid that coel-naphths is the most economi-
cal source of benrolo; it can, however, be obtained in meveral
ways, and it appears to be almost universally formed during the
destructive distillation of highly somplex orgenio matters. Ben-
2zole is produced from benzoie acid by the removal of two, and
from phthalic acid by the removal of four equivalents of carbonie
acid. To obtain it from these sonrces, the acid to be decomposed
is mixed with an excess of lime or baryta and distilled,

949. The derivatives of benzole are highly interesting, but their
history is a8 yet by no means complete. Poured into excess of
ahlorine, & crystalline compound is obtained, in which six equi-
valents of the gas have combined with the hydrocarbon without
removal of hydrogen, This new substance, by treatment with
aleoholic potash, loees three equivalents of hydrochloric acid with
the production of trichlorobenzole. The reaction may be expressed
thus :—
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G'H'Gl‘-}-a]m-:c"g:} +3ECl+3HO.

950. The last produet is in the form of an oil, and fistils
without alteratioh, It would be very interesting to treat it with
sodium, with a view to the produstion of new hydrocarbons.

951. Benzole and its homologues combine directly with sulphu-
ric acid when treated with the latter in a fuming state, forming well
defined eonjugate acids which yield crystalline salts with bases,

852, The derivatives of benzole with mitrie acid are also most
interesting. Treated with precaution with faming nitric acid, it
disaolves, and on pouring the solution into water an oil precipitates;
this js nitrebenzole, or benzole in which an equivalent of hydro-
gen is replaced by hyponitric acid. By mixing the nitric with
sulphuris agd previous to the addition of the benzole and employ-
ing heat, the reaction proceeds further, two equivalents of hydro-
gen baing removed and replaced by hyponitric scid, in acoordance
with the snnexed equations :—

o CuH*
O H'+ NO*H= x50 } +2HO,
v ,
Bensole. Nitrobenzole.

and
G“]I‘-!-BNO']I-%%:)} +4HO,

Bensola, Binitrobenzole,

953, The two compounds last described yield new derivatives -
when treated with reducing agents. The equation expressing
the conversion of nitrobenzole into the highly interesting alkaloid
aniline, has been given in §§ 469, 906. Binitrobenzole in its
turn yields nitraniline, when treated with reducing egents,

Nitrobenzole yields ancther interesting body, azobemzide
(C*H¥N¥), when distilled with alcoholie potash; ezobenside, by
the action of reducing agunts, gives the aingular alkaloid benzidine
(C*H" NY).

854. Weo are unable to dovots more epace to the derivatives of
benzole; it is true they can hardly be surpassed for interest,
whether we regard their beauty or the peculiar resctions by which




534 CHEMICAL MANTPULATION.

they are formed ; but wo must proceed to the study of hydrocar-
bons belonging to & different series of organic groups.

056, The aleokol radicals—This very important group has
hitherto been obtained by three methods, namely,—

Decomposition of the hydriodic ethare by certain metala.

Electrolysis of the fatty acide.

Destructive distillation of certain kinds of bitnminous coal.

958, They are all formed on the hydrogen type, and are re-
gorded by most chemists as H H, in which both equivalents of
hydrogen are replaced by alecholic (electro-positive) radicals.

957, The redicals are all very light, mobile, highly refractive,
fragrant hydrocarbons, acted on with some dificulty by acids.

958. To determine the nature of an organio radical, it is neces-
sory to make & most acourate analysis of it, to determine its
boiling-point, density in the states of liguid and vapour, and also
to try the action of concentrated nitric and sulphuric acide an it.

969, Tt is more than probable that the organic radicals have,
in addition to the marsh-gas series, numerous isomers; but in
the present state of onr knowledge, it would be difficult to prove
by strietly chemical evidance, that a bedy possessing the same
composition, boiling-point, density in the fluid and gaseous states,
and acted on with difficulty by acids, was not a radical. We
want & general method, like that used by chemists to determine
the nature of organic bases, by which we can determine the true
constitution of s hydrocarbon. It is certain that this is merely
& question of time,

960. Hydrocarbons komologous with vlefiant gas.—Theee bodies,
of course formed on the hydrogen type (HH), are regarded aa the
hydrurets of the aldehyde radicals, They are pre-eminently
distinguiched by their tendency to combine with iodine, bromine,
and chlorine. The iodine and bromine eompounds of hydro-
carbons of this class have beoome of congiderable interest lately,
in consequence of the highly important products which have been
obtained.from them.

961, When hydrocarbons of the formuls C* H® are treated with
chlorine or bremine, it is usual for {wo equivalents of the latter
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to tnite to the former, propylene hecoming therefore C'H!CH,
By treatment with alcoholic potash, HCl is removed, giving rise
to the new derivative, C*H*Cl, To remove the last equivalent of
the halogen, it is necossary to employ potassium or sodium. The
formula represented above corresponds to 4 volumes of vapour;
and if the chlorine be removed, we have the same phenomenon
a8 with the hydriodic ethers, namely, the carbon and hydrogen
becomes doubled for the same vapour-volume. For example,
iodide of allyle, when treated with sodium, acts as represented in
the annexed equation :—
2C°H'] 4 2Na = C"H" 4 2Nal.

Sermy— —
Todida of allyl, Allyl,

962. The boiling-point of derived hyﬁ.rocarbons obtained by a
reaction of this kind is always greatly above that of the original
hydrocarbon from which the halogen compotund was procnred.
‘Where, however, the number of equivalents of carbon is high,
there is a tendency to split up into simpler combinations®, and
this tendency is the greater the higher the {temperature e which

® As an illustration of this, T may mention that I have found when the
naphths from the Torbene-hill mineral, boiling between 180° and 190° F.,
is trestod with bromine in presemes of water, the lattar is decolorized in
the same manner as happons with tarpantine (§ 486). If, to ensure »
dofinite product, s alight excess of bromine be added, which cxcess is after-
wards removed by agitation with mercury, ¢ yery dense colourless aromatic
oil is obtained. Thia oil, on keeping for some time, separsies into two
layers. The upper layer is decomposed by alooholio potssh with great
development of heat, bromide of potsssium being dopovited in large quan-
tity, The whole, on baing distilled to dryness, gave s distillste from which,
on tresiment with water, s heavy 0il separated ; which, when cohobated
repentedly over eodium, yielded & hydrocerbon, evidently » CoH*, for it

ocontained,— )
Experimont. Calcul., O~ He.
f'_k-_"\
Carbon . 854 857 867
Hydrogen 148 142 143
997 99 1000

Tts vapour-density was 3-01, which points to the formuls C'¥ HY, requiring
2-91. The boiling-point was 165° F, During the oohobstion the metal
acquired s brilliant biue colour.
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the sodium acts on the compound, As an illustration of this,
Jet us see what happens when chlorids of capryl is freated in the

cold with sodium,—
. 2C*HY €l + 2Na = C*H™ + 2NaCl
Chloride of capryl, Copryl.
Bat if heat is employed, we have
2C¥HE7Cl 4+ 2Na = 2Na Cl 4 20" H" 4 2H.
Chloride of eapryL, Caprylene,

963, Naphthaline.—Feow substances have beon so much studied
as this, Laurent, whose researches npon mnaphthaline alone
fill » large volume, has discovared an immense number of hodies,
chiefly derived from it, by substitution of chlorine, bromine, or
hyponitric acid for hydrogen. By the aetion of chlorine, & num-
ber of most carious bodies are procured, several of which are
snseeptible of isomerie modifications.

964. The so-called bichloride of mephthaline, C*H™CI', is a
most beantiful substance; crystellited from benzole, it forms
rhombs indistinguishable by the eye from Iceland spar, I find,
moreover, that it distinetly possessea the property of double
refraction (§ 419).

965. Naphthaline yields numerous acid and basie derivatives;
the acids produced from naphthaline are especially interesting,
from the fact that oxynaphthalic acid is, perhaps, identical with
alizarine, one of the oolouring matters of madder.

866. In epite of the immense mass of work which hes been
done on naphthaline, there are many inferesting points in ita
history which remain to be examined ; not the least of theee is
the as yet untouched field of the action of sodium upon its nu-
merous solid and fluid chlorinated derivatives,
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APPENDIX,

987. Production of high temperatures.—M. H. Sainte-Claire Deville®
baving been occupied for & considerable time with researches which
involve the use of excessively high temperaturea, has conatructed two
sota of apparatua for the purpose of enabling chemista to produce ex-
treme heat with considerable economy of time and material. The
firat is & peculisr kind of lamp without s wick; the fuel is oil of
turpentine; and, in order to effect complete combustion of the very
lazge quantity of carbon contained in it, he sends a blast of air through
the burner by means of bellows. The heat obtained is so intense, that
& platinum wire of half & millimetret in dimmeter may be fused in the
fisme. Felspar becomes perfectly fluid, and even the emerald shows
signs of fuzion when heated in a emall platinum crucible. The en-

graving, fig. $80, reprosents the apparstua on a acale of ome-fifth the
real aige.
Fig. 880.

®_Ann, de Chim, et de Phy . [9] xlvi 188,
+ A table for the convarsion of millimetres into inches will be found t
the end of the volume,
246
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$68. The flack, I, is so arrenged that by the aid of the tube, ED,
the turpentine is retained at & constant level. The section, fig. 390,
represents the burner end the contrivance by
which the air is shut in; it consista of a reeer- Fig. 390.
voir, K K, of atout copper, which communicates
with the turpentine bottle, I, by means of the
tube, H. The annular space, KK, ia closed at
the bettom by & circular copper tray, 1L, which
i intended to hold water for the purpose to be
described precently. The burner, KK, has on
the side next the air-tuba, P, s row of holes,
sight in number, at S 3; they may be from
8 to 4 millimetres in dismeter. The lamp
is murmounted by e loose copper dome, R,
which is supported by s depression or groove
on the top of the bumer. At ita upper part
it is pierced with an aperture to allow of the
egress of the flame. A chimney, 76 millimetres
high, and somewhat conical, is cut away at its
lower part, so a3 to form tho large apertures
seen at 0 0. These apertures permit a large quantity of air to pase.
On the top of the chimmney is to be placed the trisngle of platinmm,
which supports the crucible to be hested.

969, The upper extremity of the pipe, P p, has a jet attached, pierced
with an aperture two and a quarter millimetres in diameter. This jet
may be replaced by othern, according to the size of the crucible to be
heated. The aperture of the jet is placed 5 millimetres below the
holes, S8. The tubes, Q¢ and Q'¢ (which carry the air over the
surface of the turpentine in the lamp), are united at their lower axtre-
mity into one tube, which ia attached to the stopeock, U. The upper
extremitios of the tubes, Q¢ and Q'g, are seen to pass through the
tray, II, asconding in the interior of the bumer nearly to the top
The reservoir, Z, communicates with & pair of bellows of sufficient
power to force air into the lamp with & pressure equal to that exerted
by & column of mercury 7 or 8 centimetres in height.

970. The first operation, preparatory to using the lamp, is to esta-
blish the level of the turpentine by means of the tube, D, fig. 580,
Tt is necossary that the lower extremity of D ahould be exactly b milli-
metres below the level of the apertures, S8, in order to prevent the
turpentine in the bumner from overflowing and becoming inflamed,
which, although not presenting any danger, would cause soms tronble.

To set the apparatus at work, water ia to be poured into the trey or




APPENDIX. 53¢

cup, IL, which latter is to heated with a lamp untll it has boiled for
some time, 80 a8 to heat the turpentine; the stopcock, U, may then
be partly opened and eir sent in; st the same time a lamp-flame is
brought nesr the holes, O O, to ignite the inflammable vapowr, When
the lighted vapour burns steadily, the stopcock, U, may be further
opened, and the bellows are to be worked to their full power. In a
few moments after the ignition of the vapour the stopeock, G, fig. 389.
ia to be opened. A few triala must be made to ascertain the conditions
necessary for obtaining the maximum tempersture. It is unneceseary
to apply 8 lamp-flame to the water in the tray, I I, during the whole of
the operation, as the heat of the combustion is more than sufficient for
the purpoee.

:'oeuhngmnh' ish the lamp, it is sufficient to close the stopeocks U
and G*,

97L. Forge for high temperatures—M. Doville has also described an
spparstus by means of which he has obtained very rexaarkable results,
owing not ouly to the excessively high temperatures reached, but
perhaps till more to the power of resistance to heat possessed by his
vomels, The firusce described by him is, in principle, not very unlike
that described by Faraday in his ¢Chemical Manipulation’ It i
proper to mention that the isst-named philosopher distinctly mentions
that it was want of sufficiently refractory veasels that prevented the
full powers of his furnace from being employed. Pure platinum was
melted many yoars ego by the blast-furnace belonging to the Royal
- Institution. Thet used by M, Deville, however, not only melted but
evon volatilised platinum in such quantity that, sccording to him, it
must have entered into ebullition,

The farnace consists of s baked clay cylinder, E E, fig. $91, 18 centi-
metres in dismeter, placed upon an iron plate, FF, pierced with holes
st 000, fig. 302, This plate rests upon a hemispherical cavity, B,
which is placed in communication with the bellows by meens of the
tube seen in the engraving, M. Deville uses mmall pioces of cinder,
free from clinkers, as fuel. To use the fumace, the crucible is placed
on the centre of the iron plate, and is ¢overed with ignited charcoal
to the height of about 5 or 6 contimeotres; the rest of the furnace is
then filled up with pieces of coke or cinders of the size of nuts, As
the heat rises on working the bellows, the descent of the fuel is as-
sistod by means of an iron rod, and more fael is to be added to keep
the funace full. During the whole time of the experiment the coals
an the upper part of the furnace remain cold. The highest tem-

4 These lampe may be obtained of M, Wiasnegg of Paris, who has made
seversl for the Normal School.
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perature commences about 3 or 3 centimetres ahove the plste F, and
extends upwards about 7 or 8 centimetres. Above this sone of elevated

Fig. 591,

temperature the heat decreases with exceesive rapidity, the ocooling
being due to the transformation of carbonic acid into carbonic oxide,
which gas, in M. Deville’s apparatus, burns with & flame 2 metres long.

872, Crucidles for Mgh temperaiures.—M. Dovillo uses three kinds
of crucibles for his blast-furnace, namely, lime, carbon, or alumina
The lime-crueibles are simply pieces of well-bumed slightly hydraulic
lime, A, fig. 391, shaped with & saw or kmife into a priem 8 or 10
centimetres wide, and 12 or 15 contimetres high. If the utmost de-
gree of heat ia not required, the crucible containivg the sasay may
be placed within another, D, fig. 391. Botk the concentric crucibles
heve covers also made of lime. The bottom of the inner crucible
ghould be & or 8 centimetres above that of the outer one. They are
placed at once on the plate of the farnace, without the intervention
of a piece of baked earth or tile as is usually recommended.

978, I the utmost degreo of heat is required, only one crucible is to
be used, the aperture made in it not exceeding 2 or 38 centimetres in
diameter, and & or & deep.

974. In some experimente M. Deville usee crucibles made by moans
of the lathe from the graphite of gus-retorts. They must not exceed
1 decimetre in height, because the gone of maximurn ternpersture docs
not reach above 8 contimetres.

When it becomes necessary to remove the sulphur, iron, silics, and.
alumine from these crucibles, they are to be placed in one made of
clay, through the bottom of which & porcelsin tube passes, and is well
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Inted with fire-clay softened with water and mixed with cow-hair.
The crucible being heated to redness, e streaw of chlorine ia passed
through to remove the impurities.

These carbon crucibles, B, fig. 303, are not Fig. 999.
heated directly, but are to be encloeed inside
one of lime, A A, the epace, UC, between
the two being tightly packed with alumina
which has previously been heated to white-
ness. The lime crocible has & cover, D,
fitted to it.

975. M. Deville also usee crucibles made of
alumina. Tomake them, he takes some am-
monis-alum, and, after exposing it to a tem-
perature only just sufficient to expel the volatile matters, meads the
alumina so prepared with water and some alumina which has been
heated to whitenees for & long time. The pasty mase is to be moulded
into & shape, dried and burnt.

978. It is somewhat curious that platinum which has been melted
by means of the furnace described, when hammered into foil doea not
effect the combination of hydrogen with oxygen,

If red oxide of manganese is mized with charcoal from sugar, but
in quantity insufficient for complete reduction, and the whole be heated
in a lime-crucible, the metal is obtained in a single brittle button of &
reddish colour like bismuth. The pulvernlent metal, when heated
little above the ordinary atmospheric temperature, decomposed water,
s has also been cbaerved by M. Regnault. The button of metal wae
sccompanied by crystale apparently of the formula Mn? 0%, CaD,

977. Oxide of chromium, hested with & quantity of carbon insuffl.
cient for complete reduction to e temaperature sufficiently high to vola-
tilize platinum, gave e melted mass, but not a button. The chromium
thus prepared is eo hard that it cut glass like a diamond, and if it
ware less brittle might be wsed for that purpose. Hydrochloric secid
attacks chromium with facility, dilute sulphuaric scid but alightly, and
nitric scid, either etrong or diluted, does not act upon it at all

978. Nickel, when obtained in a pure button, was found to poesess
extraordinary ductility, and o tenacity greater than that of iron.

An iron snd a nickel wire of the same diameter were tried with
weights, end it was found that while 60 kilogrammes ruptured the
firat, it took 90 to break the second. See also § 780.

©79. Cobalt prepared from the oxalate snd well fused was examined
wa to ita physical properties, and it was aacertained thet & wire of the
aarge diameter a9 the iron and nickel ones mentioned above, required
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115 kilogrammes to break it, consequently it is nearly twice as tena-
cious e iron,

Silica was partially, but not perfoctly, fused in the  Pig- 394
furnace.

980, Determination of capour-densitiss ot varying
prossires.—In andeavouring to ascertain the conatitu-
tion of certain hydrocarbons, I was led to determine .
the emount of influence cxerted by prossure on the 3
volumes of vopours, M. Regnault has oocupied him- 3| €.F |1
self with the same subject, but the ouly aotice I bave f
soen of his experimenta is in the extended memoir of
M. Wurts, “Sur Jes Ammonisques composées.” In
that paper he gives tables of the vapour-densities of '
methylamine and ethylamine at varying temperstures |4
and preesures. The experiments were wmade by M.
Itarmn, in Regnault's labomtory, with an apparstus not
yot, deacribed, but made on the model of the eudic-
meter deacribed at p, 325,

88L. The instrument used by me is of the simplest
charscter, and, when once constructed, is even casier
to use than the ordinary apparstus of M. Gay-Lusac.
A determination of s vapour-density at the pressure
of the atmosphere can be made in half an hour, and at
thres preasures in one hour.

983, For this purposs the gus-jar, a b, fig, 394, is
sccnrately gradusted, and cemented at its lower cx-
tremity into s steel cap ending in & screw. The jar
in only half the diameter ot the lower ond that it is %
at the upper; this is in order to make the effect of A
small pressures on the bulk of the gws more evident, ﬁ
The jer in to be filled with hot mercury, the air.
bubblea rermoved with & wire, and then inverfed in the mercarial
trough. Themdlghuglobulemhhingtheﬂuidhthenpnaed
mdsmaththeedsndthojn,mdﬁmtolbotopofﬂtemmury.
The steel foot, cd, fig. 304, must now be held under the surface of
thometalinthetrough,whﬂotholowerendoftheju,sb,ismwod
into its place. The pressure-tube, ¢f, is now inserted, and then the
md,ik,whiehismomlyinmdedtoemblethemngemonttobe
plunged into the water in the cylinder. A jet of ateam from a emall
boiler is to be sent to the hottom of the water in the cylinder, wntil
thodes.imdumpmmeisatbined. The exact degree can essily be
maintunodbymmorluopeningthsupofthem-pipe. The
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temperature in oheerved by two thermometers at gand L  As acon as
the hoat has risen a little, the bulb containing the fluid (the density of
the vapour of which is to be dstermined) bursts, and the mercury
slowly falls in ab, and of course rises in the preesurs-tube, ef. By
means of 8 rod carrying & deep notch at one end, the tap, A, is now to
be opened, so us to allow the mercury to run out of the pressure-tube
until it standa at or nearly the same level in both limba. The dif-
farence of level is to be read off with s cathetometer. By a very simple
calculation the vapour-density may now be found at, or very nearly,
the atmospheric pressure. If it be desired to take the vapour-density
at a preasure lese than that of the aimosphere, it is merely necessary
to use only sufficient subetance to partly fill ab with vapour,

083, If, on the other hand, Fig. 595
it be desired to make the ex- 85
periment at a pressure greator
than that of the stmosphere, it
eflices to pour mercury into fe
to the desired extent.

984. The steel foot into
which the tubes, a b, af, and
the rod, <X, are inserted, is
shown on & larger scale in fig.
896 ; the lottering is the same
in both engravings.

. 985, The results of the ex- - .|
periments made with this in- M
strument belong to my paper
which is not yet published, but I may quote the following values
obtained with a specimen of propyl extracted from the products of
the destructive distillation of the Torbane-hill mineral.

——— ™.

VAPOUB-DENSITY 0F PROPYL AT VARYING PRESSURES.

Theory 2976 =4 volutmes,
'{mama.. ni-l‘.limm Deaaity.
1009 7721 2903
97 8706 3006
T 8448 3022
o87 10130 3082
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988, From the above Table, it is plain that the density augmenta
with the pressure, although I am of opinion that the difference between
the first two determinationa is too great. It will be necessary to re-
peat tho experiments several times before considering the amount of
increase of density established ; I merely therefore give the above as an
illnatration of the method of

087, Lmudwwdedmtoepwtpm—lteonsunﬂyhuppensmhbmv
tories where gas analysea are made, that it becomes necessary to ac—
curstely and repidly divide s line into 8 given number of equal parta.
Among the moethods which may be adopted, there are two which more
eapocially possees the requisites of simplicity and accuracy, The first
is g2 follows :—From one end, A, of the given lire, A B, drasw the kine
A C, making eny angle with AB. From the other end, B, draw the

Fig. 896. e

live BD, meking A BD the same angle a8 ABC. The length to
which the lines A € and BD are drawn i imumaterial. Then point
off on the lire A C a4 many equal spaces {commencing from A) as
the line A B is to be divided into. In the same manner point off an
oqual number of spacea on the line BD. Then draw parallel linee
joining the spaces merked off, taking care to connect the last point on
A C with the first point on BD. In this manner the line A B will
be accuretely divided into the desired number of oqual

988. Another method is that used by Bunsen. On a plate of glase
is drawn with a writing-diamond & line A B divided into a greater
number of equel parts than is likely to be required in practice. From
the diviaions on this line other lines are drawn, all converging to a
point, as in fig. 397.

069, Then supposing it be required to divide an inch into 17 equal
parts, find that portion of the eystem of lines where seventeen are re-
guired to make up an inch ; in the case cited thiswillbe atCD. Inthe
same mannar it is always possible to find some portion of the scale where
the desired number of parts will be found to occupy the required space.




000. Stidls for destructive distillation and other purposes.——One of the
moat convenient pieces of distillatory apparatus for operations requi-
ring either high or Jow temperatures, raay be made from a common
glue-pot. The contrivance is, moreover, especially useful in distilling
organic matters at high temperaturee with csustic potash, as, for ex-
smple, the preparation of amiline from indigo, chinoline and its aseo-
ciated bases from cinchonine, &c.

In fig. 396, @ represents a copper Fig. 998.
head made to elip tightly inte the -
aperturs of the glue-pot, b. A amall
tubulature, ¢, permits the passage
of a thermometer, or the addition
of any substance during the pro-
greas of the dietfllation. The seams
in the head are all brazed. The
juncture of the head with the pot is :
luted with almond and linseed-meal. :

001. 1f it be desired to distil with ]5 :
8 glasa tube to carry the products
into the condenser, or, on the other :
hand, to cohobate in the manner shown in fig, 208, I have the copper
cover, fig. 309, attached to the pot. Itiatobe luted in the same manper

th 308,
as the head, fig. -

———
j-—r J

902, Bupposing it be mqni:edtodisﬁlataveryﬁﬂe heat, such
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aa that of boiling water, I attach anether hoad, somewhat smaller than 1
that shown in fig. 898, to the water-bath of the glus-pot. The ar-
rangement with this mode of distilling, is seen in section in fig. 400

It is very desirable to observe the precantions mentioned in §§ 361,
978, regarding the proper angle of % dip ” for the beak of the stilL.

993. Supports for U-tubes—In supporting theee useful pieces of
apperatus I use the arrangement eecn in fg. 401. A amall wooden
screw (made with the instrument deacribed in § 680) presscs against
» piece of wood, a, which in its turn clampa the U-tube to the upright
board, b, which is mortised into & wooden foot, ¢ d

904, Dr. Andersonadopts a plan for supporting U-tubes, when required
for lecture illustration, which hes a very nest appearance; it is not,
however, so well adapted for experiments of research as the last, owing
to itabeing lees steady, Two stout brass wires, a b and ¢ 4, fig. 402, are

Fig. 401. Fig. 403,

fived at their lower oxtremitios into a foot. On their upper ends they
carry emall semicircular brass pieces, ad, which hold the U-tube.
The wirea are somewhat nearer together than the width of the tube,
2o that & little force is required to insert it in its place, thuas giving
greater firmnesa to the apparatua,

805. Compression pipetter—Some of my experiments rendering it
frequently neceesary to separnte small quantities of hydrocarbons from
fuming nitric aeid, with which they had been treated, I found it very
inconvenient to draw them off with a pipette in the usual meaner,
owing to the unpleasant effect of inbaling the fumes of the acid. I
then adopted the plan, common in Continental laboratories, of using
o pipette having & vuleanized india-rubber ball attached to its upper
extromity. If the orifice of the pipette is sufficiently emall, no diffi-

e
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culty will be found in adjusting the emallest quantities with the
greatest accuracy.

006, Simple decanting opporatvs—In making researches, it con-
stantly happons that crope of crystals are obtained in the bottoms of
boakers, and it is equally often required to drain the mother-liquid off
without disturbing the deposit. The methods ususlly adopted in the
Iaboratory to mect this end are most imperfect. It is a common pro-
ceeding to place the beaker (containing the crystals) in a sloping
poeition on the top of another beaker; but it not unfrequently hap-
pens that & vibration of the table causes it to elip, and much delay
snd snnoyauce wre thuscansed. Toavoid this, I made the little appa-
ratus represented in figs. 408, 404, and 405. The beaker, 4, fig. 403, is

—

fastened by » atrong waleanized indis-rubber ring to & deeply-grooved
table, 5. The circular groove in 5 is made of long redius, so as to
hold stesdily variously-sized beakers. The table is supported by a
square 10d, d, having its lower end jointed to another rod, ¢, in such
s manper that it permits of & cireular motion, which can be arrested
in any position by the screw, & This joint is precisely on the same
principle as that in the arm of the support for vapour-densities shown
in fig. 141, § 247. The figurea 403 and 404 ehow the beaker in the
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two principal positions, while fig. 406 gives a front viow, illusirsting
the position of the two piecos of which the joint is composed. The
perow is only cut on half the rod attached to the handle, e, the othar
part passing smootkly through one of the pieces of wood, like fig. 141,
§ 247. Tho entire apparstus can easily be made by any person with
the tools deecribed in §§ 658 and 680,

007. Small press for spusesing fuids owl of preparations.—In argenic
chomistry, the substances produced doring experiments ere oftem
contaminated with oily or other kinds of fluid impuritios which are
uwsually removed by pressure betweon folds of filtering-papar. A
mnall scvew preas can easily be made, which, by permitting greater

to be applied than eould be given by the handa, will greatly
facilitate the purification of eubstances. It frequently happens, that a
steady preesure for & long time ia the hest way of removing the im-
purities, as, if sufficient paper be used, it becomes gradually but per-
fectly absorbed ; and by this mode of opersting-thers is leas danger
of introducing organic matter from the paper than when repeated
pressure with the fingers is employed, especiaily as in the latter mode
of procoeding the papers require more frequent renewal,

098, Cement for glam and malal for temperatures wp lo 212°.—For
cementing glasa tubes, necks of balloons, &c. into metal momntingn,
where the apparatus is to be exposed to heat, s mixture of squal parts
of red- and white-lead is preferable to white-lead alone. If the
cemented pieces, after the junctures are made, be placed for s fow
days on the sand-beth, the mirture becomes extremely hard. If
possible, the glsss should be roughened, and s lLitle tow wrapped
round the part where it is to be applied.

000, Apparatus for obtaining the eleciric spark in damp rooms.—The
procautions necessary for obtaining an electric spark of sufficient powar
to inflame gaseoun mixtures, have been alluded to in §§ 581 and 565,
The electrophorus, which posscascs certain advantages over the elec-
trical machine, has beon deecribed in § 657. If, however, the room
in which the experiments are made ia both cold and damp (and such
rooms are best adapted for rescarches on gasee), we must adopt a
different method of obtaining the spark®. For this purpose, & large
porcelsin tube, 3 feet long and 1j inch thick, is need s the substi-
tute for an electrical machine. It is to be excited by rubbing with
a piece of the beat milk covered with amalgam. Only half of that
portion of the silk in contact with the tube has amalgam on it.

1009, The Leyder jar is made from s emall cylinder about 8 inches
high and 1 inch in dinmeter; the inside is covered with tinfoil in the

¢ Buswmx.—Gusometry, p. 46, -
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usual manner, but the outer costing is made of platinum-foil to pre-
vent amalgamation, To charge the jar, it is merely necessary to hold
the porcelain tube in front of the iron wire with which it is mounted,
and employ brisk friction with- the silk and amalgam. Only s fow
soconds are required to obtain & sufficient charge. The amalgam is
mads by heating two parte of mercury with one part of thin rine-foil,
to which one part of zine is added while stirring. It ia to be melted,
and stirred several times before heing applied to the eill

1001, Beplanation of fige. 408 and 407.—Fig. 408 represents o plan

Fig. 406.
=
=1 =1 =]
m
ety
[
o
d
r
oo
{ ] |8
s s Al A B AR

—l ll.f_l Sl g g b plet
of »emall laboratory, where only one room is available. It correeponds




- —————

550 CHENICAL MANTPULATION.

in most points with the deecription given in § 1. One or two dif-
forences will be found, but these arise from the fact of the

in the plan baving been found more practically convenient. The
three balances, @ @ o, are protected in the manner deecribed in § &
The deek, 3, is placed close beside them, as that has been secertained
to be & more advantsgeous position than that alluded to in § 7. A laxge
and beavy table, ¢, occupies 8 central position, while another, &, has a
beading round it, to adapt it for experiments with the mercurial
trough. The stonevwaro barrel, ¢, serves to hold distilled water (§ B).
Two gas-lights, £#, are attached by means of vuleanized india~rubber
tubing with the gas-pipe. A porcelain basin, g, is sunk in the bench,
and has s tap over it to supply common water. The basin has & plog

Fiak -~ ORGP i X A X X

at the bottom, to enable the water to run awny. The position of the
watar-bath (§ 12) is seen at A A etrong vice, %, is screwed to the
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bench elosa to the blowpipe-table, & A vapour or sulphuretted
hydrogen closet is placed at L

1002. A large hood, mm, covera a alightly raised brick flooring
(§ 11), on which is placed a table-furnace s n ; pp showns the direction
of the flue beneath the sand-bath, The fircplace, and its rings (§ £0),
are poen st 0. 'The arrangement of the tablo-furnace is somewhat
different from that seen in fig. 1, becanse the latter is intended to be
adapted to & common fireplace. The entrance is seen at g. The
windows are represonted at rrrr.

‘Wkere the laboratory is attached to a University Bchool of Medi-
cine, or other place where the science is taught, » very difforent
arrangement must be adopted. The room must be much larger; there
must be a special chamber appropriated to the balances, and the
working-benches ahould be fitted up in an entirely different manner.
It will be proper to have the working places for the students at
right angles to the windows, instead of parallel to them: each place
should have a gas-light and a basin, with its tap for supplying water,
It is convenient to have the tap rise a distance of sbout a foot from
the table, and then bend down sgain in the manner seen in fig. 407,
such an arrengement affording great facility for the filling of beakers,
tall cylinders, &c, with water, The disposition of shelves, &c. in a
student’s working-bench, may be gathered from an inspection of
fig. 407.
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TanLe L—For the Conversion of Iﬁs&s on the Centigrade Thermo-
meter into Degroees ‘shrenbeit’s Scale.

Coot. Fube. Ceut. Fabr, Cept. Pahr. Cent. Fahr.
- -sdo | -8 ofa | 88 1004 | 83 1796
—490 562 | =5 230 [ 3@ 1022 | 83 1814
—48  =b4d | —4 48 | 0 1040 | 8¢ 1332
—47 526 | -3 %6 | 41 1068 | &5 1850
—48 508 | -2 204 | 42 1076 | 88 868
-4  —490 | -1 s02 | 48 1094 | 87 1888
—44 472 | 0 820 | 4 1112 ( 8 1904
—43 454 | 41 838 [ 45 1130 | a9 1929
—43 —498 | 2 856 | 48 1148 | 90 1940
- 41 -418 | 38 $74 | 47 1166 | 91 1858
—40 400 | 4 392 | 48 1184 | 93 1976
—3% 382 | 5 40 | 49 1202 [ 85 1994
—38 34 | @ 428 | 50 120 | 4 202
—-371 =348 | 7 446 | B1 1238 | &5 2030
-3 =328 | 8 04 | 62 1266 | 98 2048
-85 =300} 9 482 | 53 1214 | 97 2068
~34 202 |10 500 | 54 1202 | 98 2084
-8 =274 | 1 51 | 66 1310 | 99 2102
-89 =26 | 12 536 { 56 1328 100 2120
~ 81 -238 | 13 564 [ 57 1346 |101 2138
~3% —-20 | 14 512 | 58 1384 |12 2156
-2 <22 | 15 5900 | 59 1382 |16 2174
~28 =184 | 18 608 | 60 1400 | 104 2102
-7 —168 | 17 626 | 81 1418 |106 2210
—9 =148 | 18 644 | 62 1436 [108 228
—25 —I80 | 19 662 | 63 1464 |07 . 2248
~-24 =112 680 | 64 1472 |108 2364
-8 -84 | 2 698 | 66 1490 | 100 2282
-2 =782 7118 | 6 1508 [LI0 200
-21 -58 | 23 734 | 67 1526 |11 2318
—-2 -40 | 24 752 | 88 1544 |112 2336
-1 ~22 | 2 770 | 60 1562 |113 2354
~18 —04 | 28 788 | % 1580 |114 272
17 +14 |27 806 | 71 1598 [115 290
—18 82 [ 28 824 | 72 1814 [118 2408
-1 50 { 20 842 | 73 1834 {117 2498
-4 68 | 30 860 | 74 1063 |118 2444
-13 a8 | 3 878 | 16 1870 |119 2462
~12 104 | 82 896 | 76 1688 |120 2480
-1 122 | 33 914 | 77 1706 [121 2408
~10 140 | 34 932 | 78 1724 |12 2518
-9 168 | 36 950 | 79 1742 |128 2584
- 8 78 | 36 958 | 80 17640 1124 2559
-7 194 | 57 966 | 81 1778 |125 270




APPENDIX,
TABLE L. (continued.)

Cent. Fuhr. Cent. Fahr, Cent, Fahr. | Cent. Pabr.
128 o688 | 175 340 |01  asf2 (298 mod4
127 2606 176 3488 | 225 4370 |o74 6252
128 2634 [ 177 3506 [ 228 4288 1276 6270
129 2642 | 178 3624 | 297 4406 | 276 5288
130 © 2660 | 179 8542 | 298 4424 |977 5308
131 2678 180 3560 |22 4142 |27  pig4
132 2896 (181 3578 [230 4460 |2 6319
138 2714 (182 3586 [231 4478 | 280  £380
184 2732 1183 8614 |233 4496 |281 5318
136 2750 | 184 3032 [293 4514 | 282

135 2768 | 185 8060 |234 4532 |288 5414
137 2796 | 188 3668 | 235 4550 |284 5433
138 2004 | 187 5686 [238 4568 | 285 5450
159 2822 | 188 3704 [297 4566 | 288 548
140 2040 [ 189 8722 [288 4804 [287  B5ase
141 2858 190 8740 {23 4622 | 288 5504
142 2876 1191 3758 |20 4840 [ 289 5522
143 2804 | 102 3776 | 241 4658 [ 200 5540
144 2012 | 198 3794 |22 4678 | 291 5558
145 2030 |19¢ 8819 |248 4604 | 202 B576
146 2048 (196 2830 |24 4712 | 293 5594
147 2066 (196 3348 ! 245 4730 |24 5612
148 2084 [197 3864 248 4748 | 205 5630
149 8002 | 198 3884 | 247 4768 [ 208 5048
150 8020 |199 8002 (248 4784 |2097 5684
151 3038 (200 3920 |249 4802 (208  pes4
162 3056 (201 3038 | 250 4820 209 5702
153 3074 (202 8056 |250 4838 [300 5720
154 2002 |20 8074 (262 4856 |301 5738
155 3110 (204 3992 | 258 4874 [302  £758
156 8128 (205 4010 | 254 4892 (308 8774
157 3146 (208 4028 | 255 4910 [304 E7ea3
158 3164 (207 4046 | 256 4928 [ 305 2810
159 8182 (208 4064 |257 4046 [308 se2e
160 200 4082 | 256 4964 | 307 6846
181 8218 | 210 4100 [2% 4982 | 308  £864
162 5238 (211 4187[280 5000 | 309 bes2
163 3254 (212 4136 |21 5018 810 5600
164 8272 (213 4154 [282 5086 | 811 6918
165 3290 (214 4172 {283 5054 1312 5p3s
168 3308 1216 4190 (264 5072 1813 5954
167 2324 (216 4208 [265 5090 |81 go7e
168 3344 1217 4228 |268 5108 815 5990
169 3362 1218 4244 287 5126 |318 6008
170 3380 1219 4262 [288 5144 |317  eoze
17 3098 |220 4280 289 5162 |318 6014
172 3416 | 221 4298 (290 5180 |319 606
173 8434 | 292 4318 [on1 5198 | 820 6RO
174 3462 | 223 4834 272 216




564 CBEMICAL MANIPULATION.
TanLe I1.-—Flastic Forca of Aqueous Vapour in inches of Mercury
FahmheA?t’s Thermometer.
Yares. Force. Fores, . Faroe.
Tep. | i of [| TP | (nchasef | TP | nchawof || TEOF | [nches
Fahr. Marcury. Pabr. Mercury. Mereary. Fabr. Hueu:
6 Joost || af |owse || & | osr0 pi | 1562
1 0053 33 103 64 0690 95 1610
2 | 0058 54 0200 ) 0811 98 1660
s | 0058 b0 0208 68 0832 o7 1712
4 | 0080 36 0216 a7 i a3 1764
5 | 0003 57 0224 68 0676 o 1-819
6 | 0068 38 0233 69 0609 100 1874
7 0069 30 242 0 o723 101 14931
8 0071 40 0251 71 0748 02 1990
9 | 004 41 0260 72 0773 103 2050
10 | 0078 42 0270 78 | o799 104 2112
11 0081 9 0280 74 828 106 2118
12 | 0084 4 0201 76 854 108 2241
13 | 00a8 45 0302 70 088z 107 2307
14 | 0002 46 313 hri 0911 108 2376
15 | 0005 47 324 74 0842 109 2447
16 | 0009 48 0330 To 0973 110 2519
17 | 0103 49 0340 80 1008 111 2563
18 | 0107 50 0381 81 1058 112 2689
19 | 0112 5l 0375 a2 1072 113 2747
2 | o118 52 0389 83 1-108 114 2800
21 121 53 0402 84 1142 115 008
22 | o128 & o417 85 1-179 116 2902
23 | 0181 56 0432 686 1217 17 3078
2 0rl36 50 Ord47 87 1266 118 166
25 r142 57 0463 89 14208 119 3257
2 | 0147 68 0480 89 1337 120 3349
27 r158 59 o497 80 1-380 121 3444
28 | o150 680 514 81 1423 129 3642
20 | 0185 61 0532 ] 1-468 123 3641
30 | 0172 02 0551 93 1-514 124 3743
31 o1
TapLE V.—According to Magnus.
Ecu:“‘!h the Mr-d :cuh'lh. the l.ilhd
Thermometss. | thermometer. || Thormometer. | thermometer.
100 10000 260 24539
150 14874 300 204-51
200 199-49 330 $2092

7

I
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Tabre II.—Elastic Force of Aqueous Vapour in Millimetres of
Mercury for Centigrade Thermometer.
Force of the Tempe- Foroe of the 1_ Forve of the Foroe of the}
Tempe-|  Aqueous Agocous” | Tempe.|” & Tompe-| A
o | mbD || e | M || Ve | i Cent. u."‘m
mtnts. BT, ‘metres. mitres.
0 4:525 1i 9751 22 19675 33 37473
1 4887 12 | 10421 23 20000 4 39630
2 5231 18 11130 24 22211 35 41898
3 5619 14 11842 26 28-5682 36 442408
4 15 12677 24 25020 a7 48758
b 4471 ig 13-519 7 28647 38 49-388
i 4939 17 14409 28 28-148 3 52103
7 7436 18 16:361 20 20832 40 54060
8 7964 19 16:345 30 31602
g 8535 20 17-366 31 33-464
10 9128 21 18-505 32 35419
TasLe IV.—Comparison of the of the Mercurial with those
of the Air-thermometer.—. ing to Regnanlt.
At-th | Mercurial || Atr-thermo- | Maceurial
vter. Thermomater, mitar. Thermomater,
0 0 250 2500
50 50:2 300 3012
100 1000 325 3269
150 150 350 3538
200 200-0

[Tante V.—See opposite page.]
TanLe V1.—According to Dulong sud Petit,

Dot s Mer | Daprom of e A | Dogrem oo Mer | Doges of e
105 1048 220 2162
110 1096 230 2259
120 1196 240 2364
130 1292 250 2450
140 1390 260 2544
160 148-7 270 2040
160 1584 280 2735
170 1880 200 232
180 1777 300 2027
190 1874 320 3114
200 1970 40 390-5
210 087 850 3400
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IaBLE VII,—Correction to be
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Tanrg VIL {continued.)

CHEMICAL MANTPULATIOR,
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Tarrn VII. (continued.)

CHENICAL MANTPULATION.
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Tasrs VIIL.—Correction to be
which are engraved on glass, to

CHEMICAL MANTFULATION,

ied to Barometers, the scales of
uce the observations to 32° Fahr.

. | Indre. | Tnchws. | Tnehes.
we.

gl

Lmckurn.,
ne | se

J3ssgssenen| |
I
8
I
g
|
8

4017 [4+-017 [4+-017
+% +006 | 4005

~108 [=-105 | —-106

=101 |—
—116 |—

+019 |4-019
+-005 |- 005
—008 [— 006

=02l {023
=085 — 036G
—~M8 |—019
—08] |~=-062
=075 [—0%
086 | — 088 | —OBY

TanLe IX.—Correction to be added to Barometers for Capillary

Action.
Carrection for
Diasaster of Tobe,
Untolled Tabes. Beilad Tube,

inch. ineh. inch,

8o 0004 002

o50 o007 o003

045 o010 0005

040 0014 o007

o35 0020 10

930 0028 0014

o025 0040 0020

o 0060 0020

o5 0088 0044

o0 0142 o070

TapLe X, TasLe X1,

Dedi- [ tens- Ml ]
Gz, | Grains. putiig Graina. grammee. Gruins, grammes. Gruins.
1 154346 1 16434 1 1543 1 01564
2 | 308602) 2 30889 2 3086 2 0308
3 14830331 3 | 46304 3 4630 3 0463
¢ 61473841 £ | 61738 4 €173 4 0817
B 71780 5 | 7711 5 71T 5 o7l
8 8 | 92607 6 9260 6 0926
7 [108-0422) T |108042 7 106804 7 1080
8 (12347881 8 (12:3476 8 12347 8 1234
9 [1eso114) 9 198911 0 1-3891 0 1389
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AFPENDIX,
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CHEMICAYL MANIPULATION.

XVL
TasLEs showing the Specific Gravity of Liquids at the temperature

of 56°F., correaponding to the degrees

of

For Laquids lighter than water.

&'a Hydrometer.

Deg.  8p. Gr.

Deg.  8p. Gr.

Deg.

9p. Gr.

21 o922
0015

23 = 0909
0903
o897
0892
0886
0880

REREE

29 = 0874
30 oeey
31 086l
0856
0852
o847

£88

BBRRRR

= {642
0837
0832
0827
0522
0817

For Liquide heavier than watar.

Deg. Bp.Or.

Deg. Bp.0Or.

Deg. 8p.Gr.

9
12

2

15 = 1114
18 1140
21 1170
24 1200
1-230

= 1281
1-2856
1-333
1-378
1414

30
3
36
39
42

45 = 1455
48  1-500
51 1647
5 1594
57 1469

N

TabLe XVII.—Weight of one cubic centimetre of atmoapl;orie Air ot
different temperstures from 07 to $300° C. (grammen

M- eGP0

10

22ERR RRREE

BERYYE KpBLR

001201
0001197
0001198
0001189
(001185

0001181
0001177
0001173
0001169
001166

SBHLE SRRBE

SEZIE EXBHE=

0001124
0001121
C-001118
0001114
001111

0001108
(001105
0001102
0001088
0001005

0001091
0001088
0001084
0001081
001077

0001074
0001070
0001067
0001063
0001060

dd2 28852 a8

- e



ZERC S28%% SR88T SBRRE 2EBRE,

105

000815
0000813

BRERE BYEED BEERY ERERE EUEER BRSNS BUBRE BRSE

b




566 CHEMTCAL MANIPGLATION.

Tanie XVIL (continued.)

i
mimmimmimimfm
282 | 0000659 || 272 | 0000647 || 282 [ 0000635 | 292 | 0000624
263 | 0000658 || 273 | 0000648 | 283 | 0000834 || 293 | 0-000623
264 | 0000857 | 274 | 0000645 || 284 | 0000633 || 294 | 0-00OG22
msom&smmmomllmoml
266 | 0-000854 [| 276 2068 | 0000830 [ 206 | 0000820
267 | 0000653 || 277 | c000841 | 287 | 0000620 | 297 [ 0000819
268 | 0000652 || 278 | c-0006840 | 238 | 0-000623 | 298 [ 0000618
260 | 0000851 || 279 [ 0000839 (| 280 [ 0000627 | 209 | 0000617
270 | 0-000850 || 280 | 0000838 {| 200 [ 0000626 [' 300 | 0000616

TasLE XVIII.—8pecific Gravity and Absolute Waight of

several
One litre (1606 enbic |
comtimetrm) of gus |
e s | et bas. preare
ar '
=100, weight.
Grummes.
Atmospherio mir . . . 10000 1-20983
Oxygen . . . . - - 110563 1-43028
?&w . .. . 008910 008939
ater, mapourof . . . . 042192 80453
Carbon, vapour of . . . 082922 107270
Carbonic seid . . . . . 1-52024 196863
Carbonic oxide - . 2-96743 125150
vapour of . 33452
Sulphur, vapour of . . 8-58165
urie woid . 1-17475 151969
Iodine, vapour of . . 876760 11-34203
Bromine, vapour of . 552605 714886
itrogen C 0496778 Vo1

Tasre XIX.—Showing the Quantity of Absolute Alechol in Spirits
of different S&ﬁc QGravities, according to Lowits.

10¢ Parta. Specific Gruvity. 104 Parts. pacifie Gravity.
Aloobol. | Weter. | At 007, ArS0R, || Aleolol | Water, | At88*. | At ”,
100 0 r791 o708 95 3 0805 (809
99 1 o794 0708 B4 6 0808 0812
8 2 [ rd 0801 53 T 0811 0815
97 3 0800 0804 92 8 0813 o817
99 4 0303 0807 91 ] 0816 0820
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100 Parts. Bpecific Grevity 100 Parts, Bpacific Gravity.
cobol, | Water. | At 84%, | At 00° || Adeohol. | Water.| At Bav. At 0P,
90 10 0-818 0-822 + 56 0927 0930
80 11 0-821 0-825 43 b7 0930 0933
88 12 0823 0827 42 b8 0932 0935
87 13 0-826 0-830 41 59 0934 0937
86 14 | 0828 | 0832 40 60 | 0036 | 0039
85 15 0831 0835 39 61 0938 0941
84 16 0-834 0838 38 62 0940 0943
83 17 0-836 0840 37 63 0942 0945
82 18 0839 0843 36 64 0944 0947
81 19 0842 0-846 35 65 0946 0949
80 20 0844 0848 34 66 0948 0951
i) 21 0847 0851 33 67 0950 0953
78 22 0-849 0853 32 68 0952 0955
77 23 0851 0855 31 69 0954 0957
76 24 0853 0857 30 70 0956 0-958
Vi) 25 | 0856 | 0860 29 71 0957 | 0960
T4 26 0-859 0-863 28 72 0959 0962
73 27 0861 0865 27 73 0961 0963
2 28 0863 0-867 26 74 0963 0965
71 29 0866 0-870 25 75 0965 0967
70 30 0-868 0872 24 76 0966 0968
69 31 0-870 0874 23 77 0968 0970
68 32 | 0872 | 0875 22 78 | 0970 | 0972
67 33 0-875 0879 21 79 0971 0973
66 4 0877 0881 20 80 0973 0974
65 35 0-830 (-883 19 81 0974 0975
64 36 0-882 0-886 18 82 0976 0977
63 37 0-885 (889 17 83 0977 0978
62 38 0-887 0-891 16 84 0978 0979
61 39 0-889 0-893 15 856 0-980 0981
60 40 0892 0-896 14 86 0-981 0982
59 41 0-804 0-898 13 87 0983 0984
i) 42 0-896 0900 12 88 0985 0-986
o7 43 0-899 0902 11 89 0986 0-987
56 -+ 0901 0904 10 90 0987 0988
bd 45 0903 0-906 9 91 0988 0989
o4 46 0905 0908 8 02 0-989 0990
53 47 0907 0910 7 93 0991 0991
b2 48 0-909 0912 6 04 0992 0992
5l 49 0912 0915 b 95 0994
50 50 0914 0917 4 96 0995
49 5l 0917 0920 3 97 0997
48 b2 0919 0922 2 98 0-998
47 b3 0921 0924 1 99 0999
46 b4 0923 0926 0 100 1-000
45 56 | 0925 | 0928




568 APPENDIX,

TasLr XX.—Showing the Quantity of Abeolute Alcohol by Weight
in Mixtures of Alecohol and Water of different Specific Gravities,
according to Mr. Drinkwater.

8p. Gr. Lﬂmhol Bp. Gr. | Alechol ! Bp. Gr. | Aleohol |: Bp. Gr, | Aloohel
at per cent, L] per ceot. at o
80° Pubr. (byweight.|| 8¢° Fabr.[byweight.|'S0° Fahe. |byweight. [150° Pake.

10000 | 000 | 0060 | 222 | 0918 | 464 | 9877 [ 7
9000 ¢ 005 )| 6958 | 228 || POITi 470 | 9876 | T
0098 | 011 || 9067 | 234 || 9016} 476 || 9875 T
4007 | 016 || 9068 | 237 || 9915 | 482 || 9874 | T~
0000 | 021 || 09556 | 245 || 9014 488 [ w873 [ THT
9905 | 026 || 9954 | 251 || 9913 [ 494 || 9872 | T64
9994 | 032 || 9963 | 257 Y 9912 ( 501 || 9871 | 771
2083 | 097 || 9962 | 242 j 0911 | 507 || 9870 [ V6B
G002 | 042 || 9951 | 268 (| 9910 | 513 || 9860 | TB5
9001 | 047 | 9950 | 274 || ‘9909 | 520 || D668 | T92
9000 | 053 || 9949 | 279 || 9008 | 528 || 9867 | T09
0080 | 058 || 9948 | 285 | 9907 | 532

D072 | 145 || 9082 ( 378 )| 9691 | 685 || 9850 | ©20
9072 | 161 || 9031 | 384 | 9890 | 642 )| 8B40 | 027
0971 | 156 || 8530 . 300 || 9880 | 640 || BA48 | 934
9970 | 161 || 9920 ] 396 || A3 [ 6556 || 9847 | D4l
9980 1 167 [ 0928 402 || 9687 ( 642 || 9646 | 949
0088 ( 173 || 9027 | 408 [ -0a368 [ 660 || 9845 | 906
DO6T | 178 || 0026 | 414 || 0885 | 675 || 9844 | 963
D066 | 143 || 9025 | 420 || pedd | 682 | G843 | 70
0006 | 189 | 9924 | 427 || BRA3 | 689D (| D42 078
0064 | 104 || 9923 | 433 || 8882 | 605 (| D541 | 985
D063 | 109 || 9023 | 439 || 8881 | TO02 [ 9840 | 992
9962 | 206 || 0921 | 446 || 9880 | 700 [ -0839 | 999
9061 | 211 || 9920 | 451 || 9879 | 716 || -0838 { 1007




spoph: l.lw. 513,

hrnnolvw. 501 (note).
eampholie, 500,

oamp! 502.

earbolic, 5068 ; tested for, 275,

Woﬁ 284 .
o0 i rent,

hyd.rochlono. s sol 113;
pmpnntlon of, g} (gu)

hymwonmsﬁnfw

hydrofluorio, :’nf'ogmhent, 113;
ilmemic, true natare of, 477.
lactie, 499; w&,
mlobutync

malic, 407 ; conversion of, into
succinio and  ecebio aads.
503,

meconie, 506.

muriatio {gns), 298.

mtnu.unolvent,ls
h'oeommo,

nil:mu.gpnmd,m

prusic, stoneware still for di-
stillation of, 234,

of,
au.lphurom. removed from for-
mie acid, 233 ; prepared, 203.

Adhuian pltatmtoplwm

by wirring  rod,
.:\gn&emm'hrlﬁﬁ emamined, 169,

asesigts precipitation, 128,
Alr, cmrrent of, snblimaton in,
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247; reaidual, ic balloon da-
terminad, 100,

Air- 457,

‘Air hermaometer, 60,

Aleohol, bensoio, 527.
caprylie, 526.

melissic, 526,
pmﬂgfhhon by, 128; sseolvent,

Alkaline solutions es solvent, 115.
Alkaloide, suimal, 513.
e 5%&-1 of, 512
Orgamc, ; mlts H
neral remarks on, 523. s
of opium, 511.
Yegetable, 510.
fotmeds’l‘? destrnotive distilla-
tion, 521,
Alumina, alkaline solutions as wol-
vent for, 115.
Alunﬁui&gz.wﬁmofni&icoddm.
Ammo%ia&wbydisphmt.
Ammm;i;dl.:.ehhddeof, pulverisad,
Anﬁl,;ofcryshbmmm.
Abtiraeny, peecipitetion of,
ony, of, “hr,
lgl;lg{ lulphmvﬂghydro-
Appunie: to contain substances
while being weighed, 71.

for obtaining slectrio spark in
damyp rooms, 548.

397,
Amay balanoces, 78.
Athancr, 10.
Atomic weight of non-metallic bodies
mdemed,' 468; of metals,
Asobenzols, 533.
738, ostre of gravity of.
amay, 78; omu
7-{; nﬂityofargn‘oﬂw’l‘ﬂ.
fordmztimofgan. 10&5; fal-
mmn of, 74; index, position of,

Oertling's, T7.
of Imife-edges of, T+
s of instrament, 73.
“ridera" tor, 76.

ith hook-and-eye ends, 75, 76.
Bdmﬁnd;of.%.e

[ T |



aleohol, 527.
Beanzole, as solvent, 115,%0, s 90)-

mtfwthe%rpam ory-

ton of, 259.
saries, obtained from conltar, 531.
Berselins' ntube for continuous wash-

d?-?:t of ﬁu.lda for waponr

Boiling-poi utfhmmdwlnhom
salta,
Bottls, compression, for filling bu-
rettes, 267,

571

Bromide of silver (fumed) removed
_from 130.

Cadmium predipitated by sino, 130;

471.
B‘hvmcfw' disovery of,
Calomel mnverﬁedmbohimod:de of

pm 170.
e
Capryl,
wl::e. 1?2.&

for sol 117

Gnrbomcmdu premgrnt, 183;

%’.&www

Cement for glam and metal for tem-
peratures up to 2127, 548,

Cenmofﬁuey of balance, 74.

Ceri

um,
Cham; Imot, 449,
Charopal crucitles, 179.
Chauffer, 21,
Chinoline, 512.
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Chioride-of-calcium bath for stone-
ware still, 235,
-of-calcium-tabe, 351.
Chloride of eilver (fussd) removed

Chloroform aa solvent, 115.
Chmmgzgof combustion with,
ermllimd, 260,

oftu

veduhllnhonof,m
Go-lml.mbdanoeaupunuiﬁom,

Oobnlt &ommukd,lﬂ.
Cahob-honovenodmm,&c. 244,

Condenser, Lishig's, 217.
Condensern, gf;pwl used as, 219,

428,
Oonhnuou:’g:uauon.of thela
0 . itation
Copper, : procip

piari grnmuofor—

INDEX.

Counterpoises for crucibles, 72,
Crestine, 513,
Creatinine, 514. "
Cronstadt's i
Cnu'hlajmm
operations, 20; general remarks
on, 178,
and perat hg:zt'an
ions 8t bi
e s
Cornish, 171
Hewsian, 173.
binck-lesd, 173,
in, 173
plnin{lm, 175.
silur. 178.
irom, L78.
charcoal, 170; hesied, 181
lllatbad, 182; reductions in,
Crystallization as means of purifics-
tion, 260, by, 222,
of platinum and silver slte, 252.
uzsnzc'w, over wulphuric asd,
doubls decomposition by, 253,
water of, 253,
from nnxw.nu of aloohol snd
m aall lnbh
80
BT B
vi X
of substanoes oonhmmnud by
resinous matters, 255,
of bodies be iy to bowo-
logounm ,
gpeﬂnlindmof. 257. .
impeded resinous
mainea’bygamu f foreign
o
at high temperatures, 268.
ofhmuﬂ:,%&




INDEX,

Crystallization of becsole, 259; of
substances from eolutions in
benzole, 260,

Dmﬁngsqgnn&u,
Decoetion, 119, 183
D itaci ided \

i 11 me:i‘::a(mponﬁonm),

573
Distillation in alembis, 202.
in retorts, 203,
receivers for, 205,
in tube 7.
in common stil), 212; premau-
Mm?ll?i'ghhﬂhng
" ing-point,
%g: of very volatile 53'&..

vith &oul;mnle-he-ded still, 242;
with ¥ retorts, 242,
Dooble ﬂlte‘:?l‘!'?.

Dol]mll 1 etill, distillakion Wit
ing in vacuo, 457,
o.pm'pihhea,of 068.

evaporsiion, 197.

Eballition (concumive), 214.
EKlectric sparkmobhined in damp

during

Electrolysis, a; for, 427,
B ey o 42
Electrotype, 430.

Equality of arms of balance, 89,
Error of meniscus determined, 343.
Exher, acetic, 528.

methyl-d.l;él.ie. b27.
phanfl.ic. g

as solvent, 115,

521,
0Om' A

Rthyl, iodide of, 525,

Ethylate of 528.
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Evaporation,
over naked £
on farnace-rings,
basins for, 195.
:inﬂlah. qu

ust prevented from entering
vossels during, 197,
over dmhng medis, wa
Experimentsl Laboratory, 1 to 8

me unds wpauSecL 136.
Filtu- doublo. b'{’l
drier
nbbed, 140.
. stand, 4,
il'ilﬂu\-uh. eotmnl% "7,& 139
B eatimaod, 199,
Filters, calico, 148,
flannel, 149,
folded, 139, 148.
glase, sand, and sebestos, 140.
mpporhod, 141 ; weighod, 141.
F;lh-uta. bﬂghtnﬂ of, ascertainad,
i L hih smpestrn 5.
itates,
through various eglln,
continuous, 144.

of small qmﬁhesof ﬂmd. 151;
of volatile fluids, 15

for, 156,
1.
184

TNDEX,

Formula for weight of known vo-
lume of sir st any tempe-
rature and pressure, 104.

Fractional precipitation, 135.

distillation, 221;

for, m .
il soparation by,
Frankland and Ward's gss-snalyring

rings,
12, 19; bars mapported, 12
mbmgl:ian.li,m

Luhme's, 15,
Befstrim's blast, 16
wind, 19.
lamp, 25.
Fused mas removed from platinom
erucible, 177.
Fuaible metal baths for vapour den-
sity, 101,
solids, combastion of, 373.

Ghalvanic manipulation, 416.
Gas pipes, 3.

25,
u‘a‘."‘;;‘

;ppuatus.mp%hfor, 161.
Mmmm

s ’.ES':;‘“'s&. (R

fmggm for organic snalysis,
fnnnd:mndo.&ll

mmm&i:gml

t's
sud Holbe's 110.
131

316; pdtuform
%mﬁ

b
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Grascs containing carbom anaiysed by
::1 method of ultimate organie
Gmmeter.m.
Groy-Lumac's baette, 26?.4‘1
washing apparatos, 144,
General is on arucible opern-
tions, 178

filters, 1433.99
working, 399.
Globes é:;hauwed) flled with gas,

Hyh%dilﬁﬂlﬁminmd.
pn?aé-ﬁm'ogmzes;m-
netions by, 257; use of,
238,
% vt s
uses of, In TApour -
‘! mf‘“ﬂ! po

Hyaromerer, Webeisort 5.
phite of sods prepared, 294.

ition of pitates, €7 ; of plati-
s num mlis, 71; of oxide of cop-

Iridium, 403,
Iron mortar, 169,
Mﬁ@rm‘wﬁ-ﬂm .
-
anl -
mngnnabofpotuh.i&&w

Jacket, crucible, 32.

p——
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Lamp farnace, 28, Mortars, various, 164; testad, 168;
g]oijg,%. - preserved, 166; cleaned, 187,
blast, agate, 168; examined, 169,
Russian blast, 42 ircn, 169,

. . tindi
subetences in current of oxy Murmdo,ﬂﬂ(uohe).
gen, 375. Muristio acid gas 205.
o ° In powder, Nophthaline, 596; sabliron
aj ; imation o
iodideoéplksl Nontral bodiel. processss and :
. and re-

Lmdpﬁ:.‘l% aokions counected with, 524
idine, 512. Neutralization of solutions belore

Liebig’s condenser, 217 precipitstion, 129.

Lime salte, 129. Nlckelnputtodﬁwmeohlt, 132
upm;ehnt. 153 Nitrate of baryta ﬁmpmlaed by
syrup, \ nitric agd, |

Lines divided into 844 | Nitric scid precipitstes nitrsts of

Liquids, speci ?gnnbyof,s'?. 1

Litmus 4, Nitrite of 20,

Iﬂgm i

troughs, 317-19.
“‘&‘“'i. e
biniodids of, 131.
Metalliy srooee 401
¢ .
G2y -
determination  of ntomu;
weights of, 486.
obtamedm wder 170.

nolulnhty of, in mdl. 481
tenacity of, 475.

Methylamine, B16.

Mmm{:,n action of acids 01;:33‘83

Miscellanecua o%?hom.

Moht’s burette,

Molybdenum, stomic h i and

specific gravity of
Mortar, steel, fosm diamonds, &c.. 170.
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INDEX, 877

Osmium, 492,
Ondnhon(proemuof)in inor-

Onde of lguimd. 182.
hu of variouns, 483.

mt oroparod, 202
Paliadium, 492,
%mﬁm 119.
Phohone o ety

Poroalain d:gm‘ 174,
crocibles, 173; sublimstion in,

245,
FPotash appmllu. 360, 376; eup-
of.unpnrmum,m
oelnteofb
bensoaie

Pohmnm-do:ﬁ’ol, 528,

Precipitation in general, 124.
of titanic acid by heat, 124.
modified by temperature, 124,

127.
of nitrste of baryis nitrie
acid, 123, K4
“lm% of separating bodies,
of more than one substance in
the game portion of fhuid,

exact, 120.
coloured.obnrved,lﬂ‘?

asgisted b -gaﬂm,
ulooho{ 'byllhba, 128;
hgg by olrbomc ! 33;
by l.l.me, 133.
Precipitation, electro-chemical, 130.
of gold au]sghnbe of iron, 134,

135.
P o for, 135. )
‘ressuro-tube operstions,
Pressure-tubes  hoated, 189, 101,
made,_IQO; 190; en-

H , 170; of
gl'd,go; of lead, 170; of

Punnlhnminhuhn 125.
Pymgnlho acld. mnd-bath f:.r. 4
subliration of, 246.
) Woodwuds.aa'w
Pyrol, 12; mror.mm.

mver, n&%wnal {Cooper’s), 320.

(tube), 208

Mnmngagmb. ugulm of, on nitro-
ﬂnm

Bedudaon ofcmduto lower states of
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INDEX.
Roduction-tube 167. Bods, sulphite of, prepared, 204.
lhgmu]t'n gus-analysing spparetus, 4 438,
f . Sohdn. fusible (m% of), 171.
M‘M or speu.lic
'a g?:bmu, 27. Soluhd.ltyofmhh?:mmodlﬂed. 122,
term defined, 463. Solution, 112; objecta of, 112; ap-
Rexidual air in balloon determined, pnratunfor.ll&
100. test-tubes for, 117.
Resinous mmm. crydnlh.ne sub- faaks for, 117.
stances g\mﬂsd capaulea for, 117.
Retort and recciver fornoluhon, 117 refort and reciver for, 117
;nh‘mm with, 203. a4 'Ixfnkau ftgisll&
receiver in one puoa. of guees, 505.
for fraction iona neutralired before being
Re‘borl«—lhnda,‘l’ 159, ipitated, 129,
Betorts. substitutes for, Bolvents applied, 113.
(tube), 207. Bpecial cams duullm 226.
Rhodium, 492, Bpecile “%’.Iin geoeral, 83,
Rider for balance, 78. of w0 of solidain na,
Ringn for furnecs, 11, 19. B4; of soluble 'ol‘d"gl
Russian blast-furnsoes, 42. salids lighter than water, 87
Rathenium, 402, of liquids, 87:othuidnat
Safaty tube, 305; made, 413, be o, 35, -
tube apparatus,
Wﬁwlnﬂmoﬂﬂ boitle, 83; Regnault's, 89;
Sond-but.h. % 15; large, 24; dried, 93; for minute quan-
ges-furnace for heating 20. titios, 93; with
pots, 13. stopper, 88, 93,
Scimors, 3. bottle with thermometer, 03,
Screws, metallic, mado, 436. of vapours and pusee, 84 ; de-
made, 435, termined by Dumas’ method,
Belf-ldmg“ e m 15741 of 05; determined b
Belf-registeri " , 58, ult’s mothod, 105; bal-
Bhears, 3. lmm for, 105; balsnos for.
Shalves, b
Bieves, 7. Mklmd and Eolbe's method
Bilicates fased in plativum vessels, 177,

Bilver, 482; dstermined volumetri-

racipitatad by aopper, 130.
Pprecy 00 s
residues worked nm 3

anlts, 129; 252,
Bhﬁl: daanhng apparsius, 547,
m-lllfhi-. 5.

for fluids out
B prepacations 536

Bmee's b-mry 418,

ggtwulphtoofpmpued.

o wick, 31;
pontanecusly inflarameble fluids
distilled, 231,
g -mh, ;‘1:.;33 by, 402
pring cut by,
ingoha.l
Stemrn-bath, Ure's, 47
8tll, common, 2132,
for destructive distillation,
Btoneware etill, 234 ; chloride-of-oul-
clum for, 234,
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in.
mdﬂ

mmwy%?of

Bubulnnou d.vﬁcu.llly oombustible,
burnt, 374.

tetors, v
Suction-tabes, 346, 352; made, 412.
Bulphate of lime, solubility of, in-

et et

of, 280 ; uses of,

Su.lphgnc acid, s e of, 226

Sulphurous acid, prepared, 293 ; m-
thowdfromfmnc,?&l

Suppoﬂforluimhontube.lﬁ?
vertical, 160.

for thermometer and wapour-
flank, 163.
Supports for substances before blow-
farp:?pourm Baske, 97, 08, 163.
for 159.
for 153.
for pulverisation, 156.

Bl.llphureﬂnd s};ydmgm, m.u%f
5?9""‘“"‘

sup

Tuhrir].vi acid, influence ol(‘é {Jn metal-
c precipitation,
Tost-glasses, gg

bnEholdsr. 150.

tabes, 116,
Thalia, true nature of, 472.
Thermo-electric

Turmeric papore, 274.
Turpentino as solvent, 116,
Uﬂﬁu%g determined volumetrically,
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U-tubes mada, 413.
Vanadiate of lead, nitric solution of,

mining, 108.
Vapour-ﬂnk, luppm-h for, 97, 08,

Vnpuxr wlume determined, 460,
Varrantrap and Will's modaof deter-

TNDEX.

uhngboﬂ‘le,&mnlm 142.
Bergelius's, 1 >

hotveudatobesmdul,sz
&;wwlmtwuponr

Weights for o TB.

T

Wire, plnﬁnum,%' halder for, 39 ;
triangle, 156.

‘Wooden acrews 435.
vice, 158,
Wood zi'rituoolvm 115.
‘Worm for distillations, 215.
oleanod, 215,
sonewwre, 234; protection of
spout of,

Yttria, subphoephats of, 128, £72.
Zing,
et o propared whits, 138,
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