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SODIUM, Sym. Na. At.wt, 23-00.

Octwrrence,  Bodium is one of the commonest
-nd most widely disseminated eloments, con-
stitating about 2§ p.o. of the solid crust of the
esrth. It occoure in nature in large quantities
a3 chlorids, conatituting the minersl rock-sqlt
or halite, of which very large deposits axist at
Siamfurt in Germany, Northwioch in Cheshire,
Sabtburg in Austris, and many other localities,
A9 sodium nitrate or Chile saltpeire it forme
deposita several feet thiok in the rainless districts
of northern Pera, and a double fluoride of alumi-
njum and sodiom (Na,AlF,) called cryofsie,
occrs in considerable quantity in Greenland,
It is also found in nature, althmﬁh in smaller
quentity, aa the sulphate glauberite Na S0, TH, 0
a8 the sesquicarbonate frona

Na ,OO.,N&HOO‘&H,O,

and aa borax or bincal Na,B,0,]10H,0, as &
dloposit in the beds of cortain dried-up lakes.
Many rock-forming minersls contsin sodium,

the most im t boing albile, soda-felspar
ot Imporant, bong sl o
Na (AIC1AL(Bi0,),,
and sepheline K Na, Al 8i,0,,, whilst it is an
essential constituent of many geolites, such as
analcime NaAlSi 04, H,0, and natrolite
Na,Al,8i{,0,0,2H,0.
Ses water contains about 2:6 p.o, of sodiam
chioride, and many minersl springs and certain
lakrs alio hold s considersbie amount of this
subatance in solution.

Preparation of melallic sodium., A short
account of the history and esrlier methods for
the preparastion of metallic sodium has been
given under PoTasSTUM.

The first impuise to the preparation of
wdiom on a manufacturing acale was given by
Ko o Bge. 800, i J46,415; Dingl poly’
2 m. R s [1id.] 48, 415 ; . poly.
J. 134,360 ; 14{83031. employed it to mS"m

h;l::::ed in ;l;e manufacture of Bilnm]lncm

obtained it by exposing a previously calei
mixture of scdium carbombg,mooal, tynd chalk
or lime to & white heat in wmnﬁlht-iron retorts
&t in a furnsce. Sodium distilled over, and
wu owllected in flat receivers of nuﬁn shepe,
designed so we to offer & large condensing surface
and by rapid cooling of the vapour prevent the
formation of explosive compounds of the metal
VoL, V.--T,

ond carbon monoxide, although the liability to
the formation of these bodics is muoh less

in the case of potassium, The method, howover,
wag very costly and uneconomicsl, me only
about one-third of the theoreticsl yield of sodium
could be obtained.

A material improvement on this process was
effected by Castner (D), R P. 40415, 1386} in
1886, who replaced the podiom carbonate by
caustio soda, and heated this with powdered
carbide of iron {prepared by adding finely-
divided iron to melted pitch, and ocoking t!
mixture in oylinders}. Thia provess waa success-
fully worked on the large scale for some time
&N eﬁ}wt;id . oon;iderable mducﬁﬁn in the
prioe o iom, t wma avent super-
seded by another process, also tntmguoedpe by
Castner, consisting in the electrolyeis of fused
caustio soda. i# obvisted many of the
difficulties met with in the older purely chemical

and enabled sodium to be produced
in large qusantities at s relatively small coat.
At the present time the whole of the sodium of
commerco is manufsctured electrolytically.

by Caatner {J. Soc.
Chem. Ind. 1891, 777) isahown in the accompany-
ing diagram (Fig. 1). Tt consists of an iron
vessel &, mounted in brickwork, K, in) which
B

The apparatus emplo



2 SODIUM.

the caustic soda is melted by means of the
gas burners 6. The vessel o 13 provided with
one or more extension :i)ipos B, throngh which
the metallic negative eolectrode E passes, the
intervening space K being filled with moltan
caustic which becomes set, and seals B in posi-

tion. Immediately above thizs elecirode is
fixed a tubular iron receptacle o, fitted with a
lid, ®, and having a cylindrical piece of wire
gauze, M, attached to ite lower end, This gauze
surrounds w1, and resta between it and the
]mﬁi1l\'l' electrode ¥. ) i8 an 0 'ng for the
escape of gas and for the ineertion of a ther-

mometer, and 8 is an ingulating medinm ench aa
asbestos, The current is supphed thmngh the
conductors 1 and L. On i g the current the
fused cauvstic soda is decomposed, and the
liberated sodium D, being sgciﬁcall‘y ighter
than the electrolyte, rises to the surface of the
caustio in o, whence it is removed from time
to time by a orated iron sg:)(m whioh
allown the molten caustic to drain through while
retaining the metal. Fresh caustio sods is
added to the hath from time to time, thus
rendering the process continuoua, The size of
the electrodes and their distance apart must be
in proportion to the strength of the curremt
emplo If they are too larpe, & quautity of
the liberated sodium will diseolve in the hath
and be loet through recombination, and if too
small the resistance will be so increased that the
bath becomes unduly heated. Any incresse of
temperature is followed by s proportionsate loss
of produot and waste of energy ; but it is possible
80 to sdjust the eleotrical current and the
qhmtity of alkali forming the elestrolyte that
the proper tomperature will be maintained in
previously melted bath without applying ex-
ternal heat, or even by an increase of current to
melt the bath, sehesquently reducing the
current until the proper working te: fure is
obtained. The spparatus ia also frequently
water-jacketod to aseint in maintaining an even
temperature. In order to securs a fair yield
of the metal for the current applied it is ne

that the temperature of the eleotrolyte should
not rise more than 20° above the me ting?oint
of the alkali, i.e. should not exceed 330°. A
current of 1000-1200 ampires with an EM.F,
of 4~b volts is ususally employed. Theoretically
only oxygon should be liberated at the snode
and sodium at the cathode; but in practice a
certain quantity of hydrogen is alwsys evolved
st the cathode as welf, owing to the electrolysia
of the water formed in the process, -

20H=H,0+0
H,0=H,+0,

Slight but harmless exploaions of the hydrogen
and oxygen formed sometimes take place. gze&s
one equivalent of water is produced for every
two cquivalents of sodium hydroxide decom-
posed, it is not possible to obtain more than 50

.¢. of the theorctical yield of sodium, the yield
in actusl working being usually nearer 40 p.c.

The Castner process is worked jn England
at Wallsend-on-Tyne by the Castner Kellner Co.,
and in Germany by the Farbwerke von Meister,
Lucius & Briining at Hichst am Main, and by
the Elektrochemiachen Werke Natrium at Rhein-
felden. It is also operated by the Compagnic
d’Electrochimie at Gavet in France, and E;' the
Electrochemical Co. at Niagara Falls, U.S. 4,

Another appamtus for the m::tion of
sodium by the electrolysis of caustio
sods is that of Rathensu and Buter, which ia
used by the Electrochemischen Werke, Bitter-
fold, Germany. The negative electrodes are
alfowed eénst to (ip into the molten electrolyte
contsined in the iron vessel (Fig. 2). The
surface tension causea the electrolyte to rise up
slightly, so that the electrodes are not actuall

ow the surface of the molten caustic. Metallic
sodium in li»mduced at the ends of the electrodea
and pertislly solidifies; it is thon removed by
meana of perforated ladles as jn the Castner
process. The .current density in this process
must not excced 10 ampédrea per sq. cm.
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A slightly different process is that of Becker,
worked by the Usines de Rioupéroux in France,
a mixture of sodium oarbonate and caustio
soda being electrol in the decomposition
cell ahown in the following di m (Fig. 3).

The cathode B is oo::ﬁapzﬁ? and the sodinm
a8 it is produced rises to the collecting hood d,
made oF jron or ferronickel, and connected to

Fia. 3.
the noiative cloctrode through a resistance, so

that when the metallic sodium comes into con.
tact with the sidea of the hood it js in electyical
connection with the cathode, and ismot further
acted on by the molten' dlectrolyte. The



BODIUM. 3

sodium being sposifically lighter than the electro-
!ﬂ:rim in the hood and flows out thmugh{.
bood d is cooled either by water or simply
“by & turrent of air cirenlating round it, 5o as to
prevent the metal distilling over in vapour
through the tube f, should the temperature rise
too ligh, The temperature of the bath (550°)
is much higher than in the Casiner process,
owing to the aodium carbonate raising the melt.
ing-point of the electrolyte. Each cell requires
s corrent of 1250 ampires, and produces 40
kiloe. of podium in 24 hours,

The of Derling, worked at Phila-
delphis, 17.8.A., diffara from the preceding ones
in that the electrolyte consiste of fueed sodium
nitrate, Aa the Iiberated sodium wonld react
with the nitrate to form eodium nitrite, »
divided cell is umed, the ancdio compartment
containing fused sodium nitrate, -while the
electrolyte in the cathode cell comaists of fused
austio sods. The Na cations sre libemsted
at the imthode, and the NO, aniona eplit np at
the anods into NO, and O, which are passed inta
water to form nitrie acid. The apparatus
employed in the process is dapictedpin the
scoompanying disgrame ( 4 and 5).

It consista of an inner {(17) of perforated
eheet iron, whioh is placed in an ocuter cell also

Fro. 4.
of perforated iron, the intervening space bein
filled with a mixture of P cement an

magnesis. This cell is used as the cathode
compartment, and iz fillod with fused caustio
wods, It is within & closed iron vessel
{7), which contains molten eodiam niteste. The
cathode :::gart-ment iz surrounded by the iron
anode fo by the cell (7), the bottom of this
Iatter being covered to » depth of & ins. with
Portland cement, upon which the inner cell
resta.  The iron outer oell (7) is connected with
the positive source of current, the cathods
being the 4-in, jron tube (£2), About 5 p.c. of
the tolal current is allowed to paes through the
meta] dis {17) by meana of a regulating
resistance (31), and althongh this causes a waste
of energy it tly prolonge the life of the cell.
Any gases which are genersted escape by the
pipe (27}, At the commencement of the
eloctrolyus the oharge must be melted by apply-
mg exiernal heat. Fresh charges of sodium
nitrate are introduced into the ancdic con-

partment from time to time, and the procesa
thereby rendered continuous. In actual practice
twelve such cells are worked together, each one
taking 400 smpéres at 15 volte,

Many at.te:cﬁts have been made to employ
the cheaper sodium chloride as an electrolyte
in the production of metallic sodium, but with
only partia] success. The chicf drawback lies
in the high temperature necessary to maintain
the bath properly fused. At this temperature
the liberated sodium unites with the exceas of
sodium chloride to form the so-called sodium
subchloride, which either undergoes oxidation
at the surface of the mass, or unites with
the chlorine set free at the anode to reform
theforiginal NaCl. The intense activity of the
liberated chlorine is 8 further objection to the

proceas, Various attempts have been mado to
lower the fusing-point of the electrolyte by the
addition of various salts, the moset successful
boing that of Grabau, whose process wes formerly
worked commercially. It consisted of tho
electrolysis of » mixture of sodium chloride with
either ypotassium chloride or alkaline carth
chlorides, The addition of sodium fluoride has
algo been tried (Konsort, fiir Elektrochemio
Niimberg, I, R, P. 160540, 1804},

A list of patents relating to the manufacture
of metallic sodium, together with an indication
of the improvements claimed, is given below :—

J. Dickson, Eng. Pat. 2268, 1862 {electrolysis
of the fused chloride); E. Sonstadt, Eng. Pat.
1763, 1863 {replacement of tho chalk or Jime in
the ordinary process by gypsum) ; J. Anderson,
Eng. Pate. 2801, 1867; 2134, 2216, 3493, 1871 ;
513, 1089, 1872 (hoating the elag obtained by
the action of hot air or steam on strongly-
heated minerals containing silicates of sodium

or potassium with carbon in & current, of highly
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heated earbon monoxide}: H. Larkin and W.
White, Eng. Pats, 1990 and 3505, 1869; 23,
1871 (modification of the distillation procesa);
W. Clark. Eng. Pst. 473, 1875 (electrolysis by
& specially arranged current); W. Anderson
Smith, Eng. Pat. 363, 1876 (use of a mixture of
sods or potash with pitch, also & modified retort
and condenser); W. P. Thompson, Eng. Pat.
2101, 1879 (decomposition of the hydroxide by
fluid iron in a mer converter); (. A,
Faure, Eng. Pat. 8058, 1882, and 5489, 1883
{heating the alkaline vompound in h or
ni n by sn eleotric current): L. Noli,
Eng. Pat. 4349, 1882 (leleotmlysis of & atrong
solution of sodium chloride with & me:

oathode); F. P, Hamed, D. R, P, 26061, 1883
(modification of the mixzture uaedf; E. A
Héitner, D. R. P. 30377, 1884 (electrolysis of the
fused chloride with & copper er ailver anode)
8. G. Thomas, Eng. Pat. 6267, 1884 ( ge of
heated watcr-gas through the usual mixture
without applying external heat) ; Max Sprenger,
D. R. P. 38554, 1886 (electrolysis of the ohloride
¢n vacud) ; E. C. Kleiner.Fiertz, Eng. Pat. 8531,
1886 (electrolysis of oryolite) ; J. B. Thompseon
snd W. White, Eng. Pat. 8426, 1887 (heating &
coked mixture of alkaline earbonate and tar);
0. M. Thowleas, Eng. Pat. 12486, 1887 (use of 8
mixture of ¥ heated alkaline carbonate

and coke}

17412,1887/(¢f. Eng. & Min. Journsl, 45, 449)
(passing sods in & thin etream through
] ly heated charcoal or coks); L. Grabau,
Eng. Pat. 9904, 1887 (comprises the cooling of
the eathode in electrolytic proceases ; the metal
risee to the surface and ia drawn off by & pipe) ;
H. C. Bull, Eng. Pat. 10198, 1887 (electrolytic) ;
A B. Conningham, Eng. Pat. 3601, 1888 (heating
charooal with osustio sods); Q. A. Jarvis,
Eng, Pat. 4842, 1888 (modification of the process
for reduction by coke); W. (. Forster, Eng.
Pata, 9391, 10785, and 14394, 1888 (reduction
of fused alkali with cosl.gas); H. M. Wallis,
Eng. Pat. 12026, 1888 (modification of the
mixture oommon]!f used); W. White, Eng. Pat.
13125, 1888; H. 8. Blackmore,

15156, 1888 ; (. M. Weetman, Eng. Pat. 17736,
1888: W, White, Eng. Pat. 0784,
relating to modificationa of the mixture or
distillation spparstus); T, Parker and A. E.
Robinscn, En% Pat. 11707, 1889 (electrolyuis
of a mixture of the hydroxide or carbonate and
carbon); L. Grabeu, Eng. Pat. 16060, 1890
(previously described); or, En%‘ Pat.
13358, 1890 (previously deseribed); H, C. Bull,
Eng. Pat, 10735, 1892 (electrolysis of the fused
chloride in s divided esll); . J. T. Vautin,
Eng. Pat. 10197, 1884 (production of a lead-
sod‘fum alloy by the electrolysis of fused sodium
chloride wi& a cathodo of molten lead, the m
being run off and distilled in a retort lined wi
magnesia or carbon}: J. A. Kendall, Eng. Pat.
23046h y 1395‘5:l (mdtcllction bg; Y i;nihxt.um of car ) (t;»e
or xide snd car! ; G,
Wolfram, Eng. Pat. 18604, lmm of
& mixturs of esustio soda and caleium carbide) ;
T. Ewan, Eng, Pat. 14739, 1902 {use of a divided
cell in the electrolysis of f caustic soda);
Cassel Gold Fxtraction Co., Fr. Pat. 330887,
1903 (modified spparatus for electrolvsis); T.
Parker, Eng. Pat. 10196, 1903 (calcination of a
mixture of sodium aluminate and carbon in an

Nelto, Png, Pats. 14802 and | sodi

electric furmace, sodium volstiliaing): J. Raschen,
G. Clayton, and the United Alkali Co., Eng. Pst.
2162, 1904 (smployment of sodium-] alloy
a8 anode in electrolysis of caustic soda; P. L.
Hulin, Eng. Pats. 22824, 1008; 6063, 1910
(modified apparatus for the electrolysia of fused
caustic soda); A. C. Vournasos, Eng. Pat.
23689, 1908 (preparation of sodium by heatin
s mixture of salt and lead shot in a speci
fumace) ; Chemische Fabrik Griesheim Elektron,
Eni. Pat. 29795, 1909 (heating sodium sulphide
with calcjnm carbide); P. A. Emanuel, U.S,
Pata. 967764-957756 and 957848, 1910 (produc-
tion of sodiam from various sodium salts by
heating with earbon); R. J. McNitt, Eng. Pat.
20519, 1910 {electrolysis of fusod salt in presence
of lead); E A Ashcroft, Eng. Pata. 12377,
1903 ; 5013, 1910 (clectrolyzis of & mixture of
sodamide and caustic sods with & fused lead
anode); The Nitrogen Co., Eng. Pat. 20386,
1910 (formation of an slloy of sodium with a
heavy metal bf electrolysis, and utilisation of
this as anode for electrolysing a bath of fused
alkali eyanide); P. L. Hulin {J. Ind. Eng. Chem.
1911, 130) {modified apparatus for the electrolysia
of caustic soda),

In the laboratory sodium can be made by a
process desoribadriy Bamberger (Ber. 1808,
451), which oconsista in hesting a mixture of
jum xide and charcoal or caleinm
carbide in s covered crucible to 300°—400°,
Metallic sodium {8 produced, and condenses on
the gover of the crueible.

3Na.0‘+20=2N8'CO’+N3’0
TN,04-+ 5080, =200 1 ANa,C0, 1 INay.

Properties—Freshly.cut sodinm exhibita »
gilvery metallic lustre, which rapidly disappesrs
on e ro to air owing to the formation of &
thin film of oxide, the production of which ia
sccompanied by s ish phosphoreecence
{(Linnemann, J. pr. Chem. 1858, [i.] 75, 128}
Aooording to Long (Chem. Soc. Trans. 1861,
123) sodsmm er; ises in soute octahedra
which belong to the quadratic aystem,

At s tempersture of --20° podinm ia hard,
st 0° it becomes ductile, and st the ordinary
temperature it is of & oonmbenogz On
heating it softens at 50° and meite at {Holt
and Sims, fhid, 1894, 85, 432), 97° (Earmskow
and Puschin, Zeitsoh. anorg. Chem. 1902, 30,
109), Sodium boils st 8775° (Ruff and Johann-
sen, Ber. 1905, 38, 3601), giving & vapour which
in thin layers appears colourless, but has s purple
colour when viewed in quantity by tranamitted
lig.l::, and exhibita a green fluoreacenca. Tis
abeorption epectrum has been examined by
Roscoe and Schuster (Proc., Roy. Boe, 22,
362), and by Weod snd Moore (Phil. Mag.
1803, 6, 362), and the ultra-violet portion
by Wood (ihid. 1909, 18, 630}, The B'?.‘.f’ of
sodium has been determined by Basumhauer
{Ber. 1873, 8, 685), who obtained the valuem
0-9735 at 13:6°/13:5° and O-0043 st 10°/10°,
Later determinations by Dewar (Chem. News,
1902, 85, 289) and Richards and Brink {J. Amer,
Chero. Soc. 1907, 29, 117) have afforded the
values (-9724 at 0°/0° and 09712 at 20°/20°
respeotively. Rameay (Ber. 1880, 13, 2148)
found the sp.gr, of fused podium nesr its hoiling-
point to be 0-T414. No satisf determinm~
tion of tho vapour densjty of ium hes ag
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present been carried out, owing to the difficulty
of ﬁnc}.::ge a snitable mlamlbl f1:or the eonstmc’;
fion o apparstus capable of resisting attac|
by the sodium vapour {¢f. however Ruff and
Johannaen, Ber, 1905, 38, 3802). The molecniar
weight of sodiuom was determined by Ramsa:
(Chem. Boc. Trans. 1880, 65, 521) by Raoult's
method. He found the moleculsr weight to
vary between 151 and 216 according to the
ratio of the metal to the solvent (mervury};
bat the method is open % objection on ascount
of the existenoe of numerons well-defined com-
pounds of sodium and m A

Bodium has been obtained in the colloidal
state, forming an unstable violet sclution in
et.ba',h:ly passing an electric current of high
potentisl by means of aluminium poles through
the granulsr metal contained in @ porcelain
dish and covered with ether (Svedborg, Ber.
1905, 38, 3616).

Bodium oxidises rapidly when exposed to
moist air, but can be distitled unc in air
or even oxygen provided that all trecea of
moistore be excluded. It is far less readily
acted on by halogens than potassinm.
s e ey i 1

ting-point of | ter yn, Chem.
News, 20, 271; Cowper, Chom., Soc. ‘Trans,
1883, 155); neither bas bromine at tempera-
turea up to 150° whilst sodium and iodine
can be heated together to 350°-360* without
combination (Merv snd Holrmann, Ber. 22,
872). on chloride can also be
left in contact with podinm for many weeks
without appreciable action resulting. Tho
preseace, however, of mere traces of water is
aufficient t0 cause immediate and violent com-
bination in all theeo cases. Heated in the air
sodium tekes fire and bums with & yellow
fintme, forming a mixture of oxides. Thrown on
to cold water 1t swims on the aurface, disengaging
b and dissolving, but not evolving
sufficient heat to ignite the gas. If water at
90° be used, or the free motion of the metal be
hindered b{ increasing the viscoeity of the
liquid by the addition of gum or starch, the

evolved hydrogen ignites, buming with a
charscteristic yellow flame, ¢
With the exception of gold, silver, and oopper,

sodinm conducts heat and electricity beiter
than sny other metal,

Metallic sodium is lergely used in the manu.
facture of cyanides, sodamide {used in the
artificial indigo industry), end sodium Xide,
and aleo finds spplication in the laboratory,
being employed in many organic syntheses, in
the preparstion of pure caustic sods and in
conjunction with aloohol ae & powerful reducing
agent. The most characteriatio snalytical re.
action furnished by sodium is the intense yellow
eolonr imparted to the non-lnminona flame of &
Bunsen burner by all compounds of the metal,
Viewed through s spectroscope two characteristic

w bands of wave length 5896 snd 5880,

wn 83 Fraunhofer’s I lines, are seen, and so
delicate is thic test that so emall a quantity as
3 1014 of sodium can be detected by it,
All the alts of sodium are soluble in water, a0
that no mtisfactory mﬁ itation reactions for
its deteclion exist. oast soluble salts of
sdivm arme the pyroantimoniate Na,H,5b,0,,
which requires 350 parts of cold water for solu.
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tion, and the dihydroxytartrate. According to
Ball {Chem, Boo. Trans. 1900, 2126) s solution
of bismuth potassium nitrite containing cesium
nitrite forms & t eapable of deteoting as
little as 0-0]1 mg. sodium even in the presence of
conzidersble amount of potassium, s yellow pre-

apitate beil:ﬁ.fomed.

Sodlum A large number of alloys of
sodium with different metals have been prepared,
the most important being those with potas-
sium. Theee are liquid at the ordinary tempera-
ture and resemble mercury in appearance. cy
are produced either by melting the oonstituent
metals together under rook.oil, or by fusing
sodium with ceustio potash {Jaubert, Ber. 1008,
41, 4116; Bull. Soc, chim, 1908, [iv.] 3, 1126).
The alloy NaK, is now made commerci bﬁ
fusing sodinm with snhydrous caustic potaal
at & tempersture of 350°. It oxidises rapidly
on exposure to air, igniting spontaneously and
yielding s mixture of tho peroxides of sodinm
and potsssium, whioh is used for tho regenera.
tion of deoxygenated air in life-saving apparatus.

Sodiam and ammonls, Sodium dissolves in
liquid lnm:l:;l)n.i& hm;]tll:l the hgmduction of an
intensel ue liquid; this on evaporation

ields .y oopper-rea solid which, acoording to

oannis (Compt, rend. 109, 900), has the compo
sition NaNH,. The solid residue easily loses
smmonis, finslly leaving a crystalline mase of
metallic sodiom. Ruff and Geisel have, how-
ever, shown (Ber. 1906, 39, 528) that no definito
chemiocal compound exists, and the liquid must
be regarded merely as a solution of sodium in
ammonis. The solution elowly decomposes on
standing, with formation of mide—

Na.+2NH‘=2NaNH‘+H,.

This reaction can be considerably aoceleratod

by the sddition of platinised asbestos, which

acte a8 & catalyst,
Sodiocm amalgam is best p:;:rned by adding
jum to gently

successive amall piscea of

warmed mercury ; 88 each pieceo dissolves it pro-
duces & flagh of light and emits a hiseing noise.
With 1 pert of sodium 1o 100 of mercury the
amalgam formed has an oily consistency, but
with 80 parts of mercury to one of sodium &
pasty msss reeults, and with smaller ratios of
mercury to sodium herd crystalline amalgams
ere obtained. The fluid amalgama are only
very slowly decomposed by water, but thoso
containing & larger proportion of sodium react
vigorouely, evolving ta . The rate of
decomposition is y accelerated by the
addition of & small amount of zinc sulphate or
lead acetate, which acta catalytically. By
sllowing an amalgam containing 3 p.c. of sodium
to stan;'l under water crystals of a compound
NaHg, csn bo obtained (Kreut and Popp,
Afnm . 1871, 158, 18%], Hhit;l;(at a wﬁugutm
of 40°—42° change into NaHg, (Kerp and Bétiger,
Zeitsch, anorg, Chem. 190‘{ 25, 1). Kumatgw
(ihid. 1900, 23, 439) and Schiller (sbid. 1904,
40, 385) have prepared and examined a number
of sodium amalgams, many of which are definita
chemical compounds. According to Schiiller

the compound of maximum m.p. (360°) posscsses
the formolsa NaHg, Ii sodium a am be
treated with eolutions of the other alkelia or

alkaline earths, partisl replaccment occurs,
an amalgam of the metal employed being pro-
duced (ﬁyers, J. Amer. Chem. ‘Soc. 1008, 30
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1584 ; Bittger, J. pr. Chem. 3, 283). Sodium
smslgam is employed in the laboratory as a
reducing agent, and an amalgam containing
2-3 p.c. of podium is used to some oxtent in
gold ext.r:wf thtion ptwessesb to provent :lhe ¢ sigken;

* of the m y reducing the oxide o
:llllge baso met.alserv‘:'mhich oollact on lgt and interfere
with the proper working of the process.

SopirvM CoMPOUNRDS,

Ouly two well-defined oxides of sodium are
known, i.e. the monoxide Na,0 and the dioxide
Na,Q,, although ing to Johannis {Ann,
Chim. Phys. 1808, [viii.] 7, 756) & sesquioxide
Na,0, can be obtained by the action of oxygen
on sodammonium.

Sodium monoxide is produced, together with
the dioxide, by tho combustion of sodium in air
or oxygen. I{the supply of oxygen be limited
and tho sodium bo not heated above 180°, only
the monoxide in formed (Holt and Sims, Cheom.
Soo, Trans. 1804, 442). It csn be obtained
perfectly pure by partially oxidising the metal
and soparsting the uachanged sodium by dis.
tillation in vocusd { s, Compt. read. 19086,
143, 1152). The monoxide is also formed when
metallic sodium is heated with the nitrite or
nitrate, nitrogen being libarated.

Sodiam monoxide is s white, hygroscopic
substance of sp.gr. 2:27, and melts at » red heat,
Hydrogen reduces it to metal at 170°-180°
{ e, Ann, Chim, Phys, 1907, [viii.} 11, 424).
It combines with fluorine, iodine, and sulphur
with incandegoance, and reacts viclently with
water, forming sodium hydroxide,

Sodlum dioxide or peroxide is obtained when
the metal is burned in an excess of air or oxygen.
It is now made on the large poale acwrdinﬁlto
Caatner’s process {Eng. Pat. 20003, 1891}, which
consiste in placing sodium on aluminium trays
loaded on to small waggons, which are then run
through an iron tube, provided at each end with
tightly-closing iron door, set in a furnsce and
heated to 300°. A current of dry air, free from
mbon di?ixi(};,od isoedpaswdbmgthmughdl:‘ the tube,

peroxide n ing withdrawn at one
cnd and fresh ch of sodium introduced at
the other. Tho technieal product thus obtained
contains about 03 p.. of sodium peroxide.
Pure sodinm peroxide is yellow and, unlike the
monoXitle, ie not deliquescent (Jaubert, Compt.
rend, 1901, 132, 35), It abeorbe carbon dioxide
with formation of sodium carbonate and libers.
tion of oxygen, and » mixture of this oxide with
potassium peroxide ie used in life-saving appara-
tus to regenerate air contaminated by respira-
tion. With €O it yields sodium carbonste, and
with N,O and Ng sodium nitrite.  Charcoal
and the alkalino carth carbidee reduce it to
metallic sodium st » temperature of 300°—400°
(Bamberger, Ber. 1808, 31, 461). Although
sodium peroxide is not decomposed when heated
alone it readily gives up oxygen to other sub.
stances mixed with it, and hence is largely used
in the analysis of many refractory minerals,
such as pyritc and chromite. As fused sodium
peroxide acls must energetically on platinum,
iron, &c., it is noveasary to use crucibles of
nickel, as this is less attacked than other metals.
In the presence of moisture the peroxide acts
powerfully on organic subataaces such s paper,
~xidation frequently taking place with explosive

violence. Sodium peroxide diseclvee readily
in water with formation of caustic sods and
hydrogen peroxide, s portion of the latter simul-
taneously undergoing desomposition into water
and oxygen owing to the hoat evolved during
solution,” By exposing tho peroxide to moist
air free from carbon dioxide, or by the cautious
evaporation of its solution in cold water, tabular
heneom.l crystels of & hydrate Na,0,,8H,0 can
be obtained, which on standing over sulphurio
acid lose water, forming the dibydrate
NG.O,,2H=0.

The octahydrate is also produced by adding
132 timee itz volume of alcohol to a solution
of eaustic soda and hy
Annalen, 1878, 193, 241),
in cold

on peroxide (Schéne,
o hydrate disso] ves
water without decomposition, but on
heating the solution oxygen begins to be evolved
ot 30°40°, the decomposition of the ealt beiug
complote at 100°,
dium peroxido is employed as an oxidising
agont, a8 & pouroe of oxygen in the laboratory,
and in the proparation of bleaching solutjons
containing hydrogen peroxide,
Sodium hydroxide, ece Caustic Soda, IP 45,
Sodyl hydroxide, Acoording to J. Tafel (Ber.
1894, 27, 816, 2207), » substance of the formuls
0 : Na-OH :)srodueed by the action of absolute
aloohol on sodium peroxide at 0°, sccording to
the oquation
Na,044C,H,OH=NaOC,H,40:Na'OH.
It is & white powder, soluble in cold water, the
solution decompoeing on heating into caustic
soda and oxygen, the same decomposition taking
lwt:d with explosion when the dry substance is

eated.

Sodlum MfAuoride NaF occurs native in
small quantitice in nepheline syenite in the Lona
Islands, and in oonsiderable amount as the
double fluoride of slumipjum end sodium,
cryolite (3NaF'A]F,}, found in Greenland. It
may be obtaimed from this latter source by
treating the powdered mineral with an exoces
of strong eaustio sods solution in iron

whereby the alumina is dissolved and spatingly
soluble sodium fluoride remsins behind. e
pure salt is best made by neutralising =

solution of hydrofluoric acid with aodium
hydroxido or carbonate.

Bodium fluoride cryatallises in colourless
cubes of s}:.gr. 2-766 (Bchridder), which om
heating melt at about 900°, but volstiliso
ali?htly at & lowor temperature. The salt is
only sparingly aoluble in cold water {100 parts
of water at 15° dissolve 4 NaF} and
the solubility incremses only slightly with the
temperature.  For tho electrical conductivities
of solutions of sodium fluoride of varying
strengths, see Kohlrausch and Bteinwehr (Sitz.
der Beorl. Akad, 1902, 581).

Sodium fluoride unitee with hydrefluorie
acid to form an acid salt, NeF-HF, which can
be obtained in rhombohedral erystals from a
solution containing an excess of hydrofluorio
acid. Tho crystals decomposo on heating,
evolving HF and leaving sodium fluoride. A
number of double fluorides of sodium with
other metals have slso been prepared, for
which seo Wagaer, Bor. 19, 896,

Uses, Bodium fluoride is cocesionally
omployed e an antiscptio, jand) bhas been
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recommended for use in lotions in ocertain

affections of the akin,
- Sodlum echloride. Chiorure de sodium,
?dmchkmle de soude, 82l marin, Fr.; Steinsalz,
ochealz, Salz, Solzawres Nairium, Chlornatrium,
Gex. ; sal, Lat. ; “Axs, Greek,

Sodium chloride, or common salt, ie found in
nature es the min;::lhawc!ormkwhtﬁ
crystallioen in cu oceasionally  agsocis
with other forms derived from theyreguhr Bye-
tem. Hardness, 2; ep.gr. 22, It is colourless
and trans| t when pure, but is usually tinged
yellow, red, brown, or .

Owing to its wide distribution on the earth
mlt hes been kmown from the very earlieat
times. It is frequently mentioned in the Biblo.
The Jewish law commanded the people to season
the meat offering with salt (Lev. ii. 13), The
Jews used & very impure argi s kind of
rock salt, from which they cxiracted the salt
_Il:{nmns of water, leaving the clay ss mud.

e waoc dircctly Ior agrieultural parposcs, oF
eit irectly for agricultural purposes, or
was allowed to lic on ti%n manure heapa before
being used, where, after prolonged exposure in
presence of nil us matter, the salt was
partially con into sodium nitrate. Hence
we find thee: jons (Matt. v. 13), * Ye are the
salt of the earth : but if the salt have lost his
savour, wherewith ehall it be salted ! it ia
thenceforth for nothing, but to be cast
oat and ¢ en under foot of men'; and
{Loke xiv. 341) * Salt therefore is good: but
if even the salt have lost his savour, whore-
with shall it be seasgoned t It is fit neither
for the lsnd nor for the dunghill: wmon cast
it out.”

Occurrence of soll, Balt is very widely dia-
tributed. Immense doposite of it, in the form of
rock salt, are found in many of the world.
It is the principal solid conatituent of sea.water
and of many salt lakes, and is found in brine
springs snd most mineral waters, There are fow
conntries in which it does not occur, as also there
sre but few geological formations from which it
is abeent. America rock salt is met with in
very old strata, some of the recent discoveries of
it being in the Silurian rocks.

In gu'ew York State, Michigan, and in Ontario
it is found in the U Silurian formation, and
usually lies at & depth of ever 1000 ft. from the
surface. South of Rochester (New York), in
what is known as the Warsaw district, the
rock salt is found in three superposed beda.
The top hﬁx;ie 00 ft. thick; then follows 10 {t.
of shale. second bed is 20 ft. thick, and is
Enled from the third by 30 ft. of shale,

Omntiario deposits are found in the counties
of Easex, Lambton, Mid: Huron, and
Bruce lying slong the shores of lake Huron.
The bc'j:nnm struck at depths varying from
970 to 1850 ft., and in some places they reach a
thickness of 260 ft.,

Rock salt is also kmown in Manitoba and
Athabasos (ace Geology snd Economio Mincrsls
of Canads, De . ol Mines, Ottaws, 1009).

The rock salt found in Michigan ia princiBn]lv
at Saginsw, Detroit, and Bay City. In Utsh
there are extensive deposits embedded in red
clay, Salt is also found in Virginis, Ohio,

Louisisnia, and Kansse. The deposite which‘ Kala

occnr in Louisiana lio in the post Tertisry forma-
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tion, while those of Kansas are found in the
Permian, The latter have been proved to be
most oXtensive, reaching into Oklahoma,

Rock salt is known in Mexico, Colombis,
Venozuola, and the Argentine. There are
immense deposits in Chile and Peru, It ia found
at Knlpi in Armenia, at Nachitachevan, and in
msny places in the Caucasua., It js claimed
that the rook salt deposit near the town of
Hetz Zasohtchiti in the provinee of Orenburg,
8.E. Russia, is the richest in tho world {Chemioal
Trade Journal, Feb. 1910, 179,

The district of Ferglham Turkestan is rich in
salt deposite. Rock ealt is widely found through.
out the basin of the river Donetz in southern
Russin, and st Veolje where it occurs in Qolitic
limestone. It is also known-at Balachna on tho
Yolga snd in the Crimea.

both sidos of the Carpathiane rock salt
abounds, most of it in Tertiary formations.
In Galicis the principal mines are at Wiecliczka
{where tho deposit is said to be 1200 ft, thick),
st Btobnick (where three beds have been found),
and at Bochnia, Transylvenia and Wallachis
possese many mines, the Tyrvlean Al
r:ek palt occurs lItlh Oolitio ll:;rregetme. In the
ustrian portion, the prinei posita are at
Salrburg, Ausseo, Ischl, Hallatadt, and Hallein ;
while in Bavaris, sslt is foundat Borchteagadon
and Reichenthal, and in Hungary at Marmores.
At Volterrs, in Italy, there are seversl deposits
at 150-308 ft. from the surface.

In Spain rock salt is plentiful ; but the moat
romarkable deposit is that of Cardena (Barce-
lona), where there arc two hills of very pure
white salt, each about a mile in cireuinference,

Gormany is rich in salt. The principal
formations are those of Stasafurt which lie in
the Bunter sandstone, and are firet reached at
about 832 ft. from the eurface. The salt js
here accompanied by beds of potassium and

esium salta (sce PoTASSIUM).
mﬁltis also found at Heilbronn in Wiirtenberg,
Wimpffen in Hesse, and Rappensu in Baden,
at Langenberg and Késtritz in Central Germany,
at Gera in Reusa, at Buffleben in Coburg Goths,
and at Artern in Prusaia,

Deposits are found in the Voagea distriot at
Dicuze and Vie in Lormsine, and near to Nancy
in France in Keuper marls, Switzerland pos-
sessco salt at Box in the Rhone valley found in
the Lias,

Tho nees are rich in brine springs and
rock salt deposite. The beds of Dax and Ville.
tranche are probably Tertiary. AtJebel Usdum,
south of tho Dead é;a, there is a hill which con-
sista throughout of » single meas of rock salt,
covered with a thin layer of calearecus merl.
8alt is found in Algeris in cretaceous rocks, and
in Abyssinia. In the interior of Libya it is
found sasociated with limestone in eliffsa. Hero-
dotus mentions five mountains which lic about
equal distances from one another, scross & tract
of country 10 days’ journey in extent (sce H. B.
Tristeam, The Great Sahara, 72).

Rock salt is found in India in the red marls
and sandsiones of the Devonian group, The salt
mange of the Punjeb containe hills of very puro
salt and runs serose the districts of Jhelum and
Shakpur from tho bank of the Jhelum river to
h in Bannu district. Bimilar deposits
are found in Kohat and Mandi.



In China the salt bed is & trisngular tract
having the Min river from Ching-ting-fu to its
junction with the Yangtze at Sui-fu for its beae,
and ite apex near Teelintsing an area of some

1500 square milvs.

The first discovery of rock salt in the British
Isles was made at bury near Northwich in
Cheshire in the year 1670,

In 1778 it wes found at Lawton in Cheshire,
and decper borings av Marsion in 1781 revealed
the existence of a second or lower bed of aalt.
These Cheshire beds lie in the Saliferous marls
of the Upper Trias formation above the New Red
Bandstone, probably identicsl with the Keuper
marle and tersandstone of Germany, At
Northwich the top bed is about 76 ft. thick,
and lies 135150 ft. below the surface. It is
covered by boulder sands, clays, and red or blue
marl. Below the top rock salt thero is » bed of
hard marl 30 ft, thick, which containe here and
there veins of ealt and masses of gypsum. Under
this & second bed of rock salt iz found about
106 ft, thick. Deeper borings reveal the

resence of succeseive thin bogz of salt. At
Khrxwu near Northwich the Salt Union drilled
a borehole 2610 ft, deep, starting at 77 ft. above
ondnance datum, and found a bed of ealt 90 ft,
thick at 124 ft., then 28 ft. of marl, succeeded
by rock ealt 92 ft. thick. Below this they
found marl snd thin beds of salt for 066 ft.,
and then through sandetone and marl or
pure sndatone for 1310 ft.

A borehole over 2000 ft. deeﬁ is l:'forted 0
have been drilled recently st Holord (3 miles
eaat of Marston) that has shown the existence
of beds of rook salt 1027 ft. from surisce,
aggregating 503 ft. thiok.

At Wingford in Cheshire the beds are similar
to thoee at Northwich, the top rook bein
about 70 ft, thick and the bottom 120 ft. Roc
salt is slso found in Cheehire at Sandbach and
Lawton. At Droitwich and Stoke Prior in
Worcestershire the salt beds lie in the same
formation as in Cheshire. At Shirley Brook,
in the esme county, rock salt is found 273 ft,
below the surface, It is met with at the viliage
of Preesal, noar Fleetwood in Lanoashire, at a
dopth of 278 ft. (s Thompson, Trans. Man-
chester Geol, & Mining Sov. 30, 105), and is
also found near o Barrow-in-Furmess and in
the Isle of Man at tho Point of Ayre at 617 ft.
below the surfave (se¢ Dawkine, Quart. Jour.
Gool, Soc, 88, 1902). At Stafford Common in
Stafordshire it is 263 ft. deep. In the neigh-
bourhood of Middlesbrough, in tho county of
Durham, rock salt has been proved to exist

over an ares of 20 square miles, The most
northerly borcshole ie at Greatham, where
valt was found at a depth of 889 ft, below ses |
lovel. To the south, at North Ormesby, in |
Yorkshire, the bed is 1340 ft. from the surface, |
whilo the most casicrly bore-hole at Lackenby

sirikcs the salt at 10856 ft. (119 ft. thick), and

the most westerly one at Haverton Hill reaches |
it at 797 ft. The average thickness of the main |
bed of salt is 84 ft. It liew in marle below a
thick bed of red sandstone {see Lurham Salt
District by E. Wilson, Quari. Jour, {icol, Soe, !
Nov, 1888 ; alse John Marley on the Cleveland *
and South Durbam Salt Industry, N. of England .
Inet. of Mining Enginecrs, 1892, 27).  Rock salt '
is found at Duncrue and Eden near Carrick. |

SODIUM.

fergus, and at Magheramome near Lame in
Im&(;; of k-salt de Th t
in of roc > postls, ©  gICe
variability in the position of the salt depoaits
renders it impossiblo to oonsider them as con-
stituting a definite geological formation, but
inte to the pmbal?ii.;?ty that their origin is
ne either to voleanic action or to the evapors-
tion of water which held the salt in solution.
The grest argument in favour of an ignoous
otigin reste upon the fact that sodium chloride
and hydrochloric acid are emitted by voleanoes ;
but the occurrence of layers of bitumen and
certain organic remains, together with the fact
that cavities containing liquids are found in the
rock sslt, renders this theory untenable,

The genersl character of the beds, too, favours
tue agsumption that they are of aqucous origin.
They are rarely found filling cavitics or dykes
after the manncr of voleanic rocks, but aro in
layersof very considerableares, These immense
beds of rock salt most probably owe their origin
to the evaporation of inland sess, and & carcful
examination of their constitwtion affords ovi-
dence which goes far to prove this theory. Tho
manner in which the deposits were formed
appears to be as follows. en, by slow up.
heaval of the land or by the secumulation of a
bar or sand bank, & portion of the sea became
partially shut off, the heat of the sun wea suffi-
cient Lo evaporate es much water as was supplied
by the sea or by rivem.

Then the volume of water in the part ao
peparated became ually richer in dissolved
salts. The upper layers when concentrated bi
the sun became specifically heavier and san
to the bottom, the more dilute rising to take
their plsce. As the quantity of ealt in solution
rose, all those living orgsnisms which were
endowed with the means of locomotion left
their homes and returncd to the opoen sea,
while those which were lacking in this icular
died off. Their remains (suck es did not dis-
solve) are found as insignificant impuritice in
the gypsum which formed arcund them. For
by ﬁegneea the lower portion of the water
became s0 rich in mineral constituenta that it
could no longer retain them in solution, and
they began to separate out. The least soluble
salt was, of couree, tho first to deposit, and
this was followed by the others in the inverso
order of their solubility. The calcium carbonate
and ferrous carbonate, if present, would pre-
cipitate first, and then the caleium sulphato
would follow in the form of gypsum. As the
degree of concentration still continued to rise
the sodium chloride began to separste out,
depositing on tho bottom of the basin ip & hard
com mass., In cases whero the conpectivn
with the sea wus still maintained, or where
rivers continued to send in water, thess various
pheses would be to s cortain oxtent contem
rancous ; for the incoming water would bring
with it froeh quantities of caleium carbonate
snd oalcivin sulphate, and these salte would
precipitate alung with the sodium chloride. Nor
would this separation of the salts in the inverso
ratio of their solubilitics with absolute
oxactitude, for the lesa soluble might carry down
with them minute quantities of the more soluble
onee, Forinstanee, it is by no weans uncommon
to find magnesium suiphste mixed; with rock
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salt, copecially whers there has been sluminous
mod washed in to serve tocarry itdown. Again,
certain combinations of the same salt ovour, such
a3 simonnte, and bischojite is found in solution
in cavitien in rock salt in Cheshire, whero also
Aydrophilite is not infrequently found, As
the sodium chloride continued to deposit, the
mother liquo;lgndua.lly grew richer in the
more soluble salts until the point was reached
when they too began to crystellise. Potassium
chloride and magnesium chiloride separsted
from the solution in combination as the mineral
carnallite.  Potassiumn  sulphste, magnesium
sulphate, and magneaium ohloride became asgo-
ciated as kainite, while some of the magnesinm
sulphate crystallised in the form of kveserite.

It ia obvioue that when the mply of fresh
water from tho ocean was continued at all there
would be a deﬁsit of salt accompanying the
more scluble substances. The caloium sulphste,
however, which pmcipitated from this sea water
would, in i pasa through tho layers of
mother liquor which had reached s high
degree of concentration; hence it erystallised
as anbydrite, The whole of this process of
crystallisation was, of course, subjeet to an im-
mense variety of disturbing influences. The
mte of deposition would vary greatly with the
season of the yesr, not only on sccount of the
hoat of the sun and the height of the tides, but
alen on socount of the amount of water due to
the mniaclt There d?m probably actual
changes in climatic conditions giving at one time
a tropieal heat and rapid dgwm‘%ion of =alt,
and at another copious rainfall which errested
crywtallisation and caused the rivers to bring
down };lenti.l"nl supplies of mud. In examining
beds of rook salt we find evidences of such dis-
turbances in the frequent occurrence of layers
of clay, sandetone, or marl, which show that
during certein periods there waa little or no
deposit of galt. In many cases the disturbance
was sufficient to remove the whole of the mother
liquors, and there we find little or no trace of
the potagium and magneeium ealta,

gch is the fenenlly scoepted theory of
the formation of the great deposite of rook
galt, The ocean has for been receiving the
waters of rivers and springs charged with matter
dissolved during the passage of the water
through or over the various rock formatione.
Such substances as were required to build up
the structure of marine animals and plants wore
bz them extracted from the water ; tho rest would
obriously, iu course of time, accumulsie,
because the volume of sca water was kept nearly
constant by continual evaporstion.

Such formation of ealt deposite may be geen
proceeding at the present time, two of the best
examples are afforded bytheKauBoEg:zor
Black Gulf on the eastern shore of the Caspian
S and the Runn of Cutch in Indis (see
Thoe. Ward, Trans. Manchester Geo. Soc. 18,
306; Riemann, ien tiber Chemisch-
techniache Fabrikationa-Methoden Band, xviii, ;
Hslle, 1908, B),

Roek mit. Rock salt is elways found in
England wssociated with s coloured marl, snd
through having undulating lines of this impurity
mnning through its mass, it generally presents
the appesrance of stratification,

The lings of colour varies with the colour

ComrposiTion o Rocx Bavr.
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of the marl and marlstone with which it in
intersteatified, It varies from, dark red or
brown to light amber or white. The yellow
rock salt js preferred, on account of jts greater
purity. The table on p. & shows the compo.
sition of the salt obtained from deposite in
various perts of tho world,

The Cheshire sslt mines which are now
being worked are all in the lower bed. The
rock obtained is purer than that from the upper
one, and there is lesa trouble required to keep
out surface weter and brine. The modorn mine
is provided with two shafte placed from 10 to
16 apart, with generally (unless the
winding shaft be tubed) another permanent
shaft for pumping the surface watoer, sunk only
w8 deep a8 the water penctratoe. In sinking the
shaft it is especially requisite to protect the
rock ealt at the sidea from beinngl dissolved by
water. All such shafts aro roofod over to keop
ont rain and snow, and are carefully cased down
to & solid foundation below where surface water
penctrates in the ground. Tho casing wae
orig'imll]v. made of wood; but lately this has
been re byiron, The method of procedure
in Cheshire is as follows :—

A solid foundation, such as is erally
to be found st & certsin bod of marlstone be.
tween the top and bottom beds of rook ealt, is
obtained, and then s lodge 12 ins, wide all
round is cut in it, caro being taken to remove
any small concretions of rock salt which may be
in the marl A bed of conercte ia cast upon this
ledge and carefully dressed on the surface to
receive a cast-iron ring. Tho bottom length of
tubing {(oslled the bell mouth) ia generally about
6 ft. long, and is in three scgments which, when
united, taper from s diametor of about 4 or 8 ft.
at the bottom to 3} ft. st the t.os), and on this
beﬁin the iron oylinders or tubes 3} ft. diameter
sud 8 ft. long. The space behind the bell-
mouth s csrefully filled with cement rammed
well down to the concrete foundation,

In the bottom bed workjk.:f the height of the
rock salt that is being worked varies from 15 to
18 ft. in Cheshire, and from 30 to 40 ft. at
Carrickfergus. Tho mode of working the mines
in both distriete ia to drive out in the upl|lm' pert
about 5 ft. 9 ins. high, which s called the
* roofing,” and to follow up with what is called
the *benching,’ leaving pillars of rock salt to
support the roof. In cﬁ'ivi.ng the roofing & little
holing and cuiting has to be done with a pick,
and aa much as possible is blown out with gun.
powder, after which the roof is dreased off with
a lpic].:. The benching in Cheshiro varies from
9 It. 3 ina. to 12 ft. § ina. in thickness, and in
Ireland from 24 ft. 3 ine. to 34 ft. 3 ins. Thie
is blown off by a succession of shots, arrsnged
in s slanting direction from the top to the
bottom. In some of the mines machines are
used. In charging tho rhot the fine rock ealt
made in drilling the hole ie put next to the
powder and coarse-grained rock salt upon that.
The stemmers and prickers are all made of
iron, a8 rock sall dues not strike a light with
iron or ateel,

. Flat hemp ropes are generally used for wind-
ing. In somo cascs iron.wire rope is used, but it
has to be kept wemliglmed to prevent it rusting.
Tram roacds are below ground. It is found
by experienco that the pillars which are left to
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support. the roof should be in proporiion 1o the
depth of the mine., At s depth of 330 ft. it
is found neccesary to leave 1 Hhrforewry 11}
timea its area of rock worl The pillars are
left 10 yards square, and stand 25 yards apart.
There ia & crushing and grinding mill at the
bank of nearly every rock-salt lpit., and in this
the rock is ground to more or lees fine powder
when s0 required for sh.i]i‘ment (see V. Busch.
man, Das Salr dessen Vorkommen und Verwer-
tung, Willhelm, Imann, Leipzig ; also F. A.
Fiirer, Salzberghau und Salinenkunde, Vieweg
und Sohn, Brunswick),

The rock salt which is found in the neigh-
bou:;l’:dooll;l (:If Stassfurt, in Pruesis, is fmhm—
pani y deposita of a t variety of other
minorals, eapecially thosegrl::?l in potassium and
magocsium, After boring through the Bunier
sandstone, 8 bed of red cley and gypsum is en-
countered, under which liee the upper layer of
rock salt, varying in thickness from 150 to 300
ft. For particu.fnrn of Stassfurt deposite v.
PoTassion, vol. iv. p. 337,

The ealt deposits in the districts of Tara.
paca and Atacama, in Chile and Peru, io great
measure resemble those of Stassfurt, There is,
however, one remarkable point of difference—
the Peruvisn beds contain large quentities of
sodium nitrste or Chile salt . Tho source

of this ni n has long been s matier for
discussion ; but recent rescarches afford most
probable cxplanations of its origin, It is notice-

able that all thess ‘ calichales * or ‘ ealitrales,’ as
the spots are ocalled where the *caliche* or im-
puro scda ssltpetre is found, lie near to the
coast, just inside the low.lying comst Cor-
dillerns. The coast im this part of Chile is
studded with emall islands containing deposits
of guano rich in ammonis, and this {in the form
of very fine duet) is carticd by the prevaili
weat wind far inland, snd would doubtless fi
into the saline lakes when in process of evapo.
ration. The oxidation of this nitrogenous matter
would doubtleas readily taks place under such
climatio conditions as obtained when the eait
depoaita were formed,

The greater prominence of the more soluble
maium snd magnesium salts in the nitre.

'ng Chilean deposits furthem the suppoaition

that they were formed from mother-liquore de.
canted from salt lakes further inland by volcanic
upheaval. The theory that those mother-liquoss,
ranning down to the sea, were interce| by the
const mountains is borne out by the fact that
where there are no hille along the shore there
are no nitre beds,

Manufacture of salt from brine.

The manufacture of ealt has been carried on
in England since the time of the Romans, who,
there is little doubt, made it from brine. Brine
is formed by fresh water reaching the surfaco
of the rock ealt, cither at the outerop of the
strata or through & fissure in the overlying marl.
In Cheshire it 1 pretty certain that the water
guins admission at a higher lovel than the rock
salt, for when the brine is first struck it rises up
the shaft to & considerable height, in some cascs
nearly to the surface. The natural brine is, as
would be sup: , only found on the top of
the upper of rock salt. It is b
sinking & hugo well or shaft, sometimes aa muc
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as 10 ft. in diameter. For the of
keeping water out, the shaft is lined with cast-
irom eyli mrah;liy jointed together (see
description of rook-salt mine ehaft), or with
timber backed with paddle, This ghaft is carried
down until the marl is reached, and then s
bore-hole is driven until the brine is tapped.
Thv.;::r bed of rock ealt in Cheshire is usually
o with a bed of marlstone, locally oalled
‘the fiag," whioh i» herd and impervious
to water. For a few feet below the flag the marl
in. which the rock hesd brine runs is of & granular
structure, locslly known a8 ‘horse beans” or
‘shaggy metal,’ and i3 probably the remains of
marl or other impnrity originally combined with
the rock aalt, but loft behind as the rock salt is
dimolved into brine, On piercing the the
brine rises into the shaft with great force.
Common lift pumpe sre employed to raise the
brino to the surface. They are suspended by a
chain of roda d ing from a ing shaft or
R bob at the top of the well. One engine,
placed near the top of the shaft, generally works
a pair of pumgs. Tho brine i delivered into
reserveirs which are lined with puddle-clay and
brickwork.

The clay suffices to make them watertight,

tl.t.l:e briek‘a, :;hich are ﬂ withguot. mortar
on top of the puddie, keep it from being
washed away. Very frequently, lsrge wooden
tanks are nsed as brine reservoirs. Theee are
constructed of stout planke held together by
wooden plugs {nails cannot be used on acoonnt
of corrosion) and carcfully caulked with osium.
The brine is distributed to the ealt pans through
pipes. In many it ia common to employ
pipes made out of the trunk of & tree out
in the core and tapered at one end. The taper
end fits into the core of the next pipe,

Bonch ranges are found to stand changee of
temperature better than iron ones. In Austria
alao there are many miles of such ranges of
pipes. The strength of brine varies very
greatly. It is, of ocourse, dependent upon
the voloms of water which passes over the rock
mht, the ares of the surface over whioh it runs,

sod the of time it ie in contact with it.
The table on this shows the compogition of
brine in varjious and oountrics,

In some countries where the brine is found
too wesk to make the ordinary method of
evsporstion a profiteble one, recourso ia had to
s device to strengthen the brine by enﬁg:ation
st the ordinary tempersture, This is done by
mosns of po-called gradustion towers or houses
{German, (radirhduser). They oonsist of soai-

ing which incloses bun
or thorns, built up in regular walls, The weak
Irina ti‘:dl:mnped up to the top, and carefully dis-
tributed by means of perforated troughs ell over
the summit of the pile. It then falls from twig
to twig, and is divided into a fine shower on ita
way to the ground, thus exposing sn immenes
mrisoce to the action of the air or wind. At the
bottom it fslls into & collecting trough, whence
it is retumned to the top of the same or another
tower vatil it becomes sufficiently concentrated.
In time, the thorna become coated with a scale
of ealoium carbonato and sulphate, and then
they havo 10 be renewed. This incrustation is
Ieeﬂ:.lmll' ¥y known as thom-stone {(iorman,
Dornensicin), The graduation bouses should

COMFPOSITION OF BRINES.
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bo built lengthwise in the direotion of tho pre.
8, i The rapidity of evaporation
upon the hygrometric stato of the
atmosphere. On rainiodays mation cannot
go on. oo showe that from May to
Auguet is tho best sesson. It has been calcu-
lated that in ordinary good weather 60 kilos,
{13 gallons) of water are cvaporsted in the
course of 24 hours for overy square foot of
surface of the thorns. This method of ovapors-
tion ja employed among other places st Moutiers
in France, and et Nauheim, Dirrenberg,
Rodenberg, and 8chénbeck in Germany.

In some districte where rock salt ie found
the water does not naturally percolate to the
strats, and therefore no brine is struck when
boringa are made, An artifivisl brinc is readily
reparcd by turning a etream of fresh water
own on to the bed of salt, and then pumping it
up sgain a3 it becomes satumted with salt. The
strong brine, being much heavier than water,
collects at the bottom of the shaft, eo the pu:;fs
aro made to draw from the bottom, and are only
rua so a8 the brine delivered keeps np to
strength. e yield of such a brine shafi, of
course, depends ugon the area of the surface of
the rock salt which the water can act upon, and
this it will be seon is always increasing, The
whole of the brine evaporafed in the Middles-
brough district is made in this way, Water from
the sandstone strate ia allowed to flow down the
woll outaide the pump barrels, and thus solution
of the salt takea place at the top of the bed, by
which » cavity is formed, the brine is
pumped from the bottom of the cavity more
water flows down, and thus the cavity becomes
largor and ite productive powor is increased. As
the specific gravity of brine is about 1-2, the
ocolumn inside the suction pipe rises to § of the
height of the water column outaide,

The removal of theee subterranean beds of
rock salt by thesgenoy of water ocoasions in some
districts very serious consequances, In carefully
worked mines the pillars which are left are
ample to support the superincumbent strata so
long ss tho mine is kept dry. But if, by any

chance, water finds jts way in uantitics
into a salt mine the pillare are rapi g.i.molved,
area of roof is left without any sup-

and a

port. n & pubsidenoce of the land, ocowrring
more of less rapidly, is sure to take place, The
water which finda ite way down to the rock-salt
beds may run for miles along its surface, and sc
gradually remove an ever-increasing layer of the
salt. If there is no natural outlet the solution
of salt coases when the water becomes satumted;
but if the brino is pumped out for manafscturing
purposes an equivalent volume of fresh water is
induced to flow in, and so the deatruction of the
salt bed is greatly intensified. This constant
removel of the sup caluscs 88 constant s sub-

sidence of the outlying lands, and it is by no |1

Means tneommon in the brine.-pumping districts
for pieces of land to sink at]the mic of a foot a
vear (se¢ Subsidences in the Salt Districls of
Cheshire ; their History and Cause, Thos, Ward,

Trans. Manchester Geol, Soc. vol. xix., part vii.
1886-7). [
The msnufscture of ealt from brine i
essentiafly s very simple process. 1t is merely
neccagsary to ovaporate 5 certain amount of
waler end collect the salt which deposite. This |
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is offected either by artificial heat or by the heat
of the sun. When the former is employed, it is
obvious that the best procces is that which
seourea the greatest svaporation for the smallest
expenditure of fuol. Until recently, the method
unjversally adopted waa to use an open shallow
and {mt it by & fire placed undorneath.
Romans in Cheehire used leaden pans
which contained only a fow gailons of brine ; but
the modern :hm def’x:é wn'l; t.ldimn
tes riveted together an uently hold ne
ﬁ:ch ss 50 cubic metres. Apart from this
variation in the construction snd size of pana,
the process has been little affocted by the various
and nuinerous patents taken out for improve-
ments until about 1892,

The following is & liat of some of the most
important of the patents :—

In 1764 John Baker patentod s sslt-pan
covered over from end to end with & brickwork
arch, and so erranged thet the hot gases which
had already passed under thoe pan should be
drawn over the surface of the brine,

In 1772 Daniel Scott and John Macksy pro-
posed to arrange pena three high, and conducs
the stesm from the bottom boiling pan through
false bottoma under tho other two,

In 180{, Jsmu];hnly paunttzdhs pmqoe:éor
purifyi tine. He proposed eat, in er
to mim(;\ge of the ?::pm-ity, and then to add
sodivm carbonate to it.

In 1806 Richard Tomkinson degigned s salt-
pan which contained s hollow iron cylinder
running right down the centre and out at the
other end, The middle of the pan waa deepor
than the sides, and the cylinder was !lilfpoﬂed
s0 that the brine surrounded it at all times,
The fire was placed in the cylinder st one end
of the pan.

In 1808 William Steel patented a t con-
sisting of three separate vessels. Tho boiling
vensef waa provided with an air-tight cover,
and the steam from it waa conductod under
& second veesel. The hot sir and flame from
the ﬂluo of the first was taken under s third
veasel,

In 1824 W. A. Jump and W. Court proposed
to heat the first brine in metallic pipes, placed
in the flues nnder tho

In 1831 W. A. Jump patented a pan provided
with mechanical rakes to draw the salt to the
YA posed to blow b

In . Newton pro to blow hot air
through the evaporati.nﬁ brine,

In 1838 Joseph Hall patentod a circular re-
volving pan. The salt, as it formed, was sorsped
by meana of a fixed rako into & pocket at the
circumference of the He also describodd a
pomicireular with & reciprocating motion,
He claimed that in such pans tho heat was more
evenly distributed and the wear consequently

CAS,

In 1339 Edward Law patenied a machine
for evaporating brine by expesing an extenaive
suriace to the aciion of a brisk currcnt of
air. The apparatus consisted of em upright
shaft or axiz carrying ten frames co with
canvas. Theso were conatantly moistened with
brine while the machine was turncd mpidly on
pivots,

In the samo year {July 16, 1838, No. 8155)
&u important etep was taken by John Reynolds,
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who invented a prooeas for improving the mana-
factare of salt by * eansing thgmsteai produced
by beiling brine or sslt water in a cloaed veasel
to tranafer its heat to and thereby boil brine or
salt water in a second closed veasel, so that the
steam from such second closed veesel may in
lil» manner transfer it hest to brine in & thi

vasel, and &0 on, by maintaining in each of a
sories of closed veesels in which brine is eub.
jocied to evaporation such relative .3
will causo the reepective boiling-points of the
brine contained in each to be lower from the
first to the Jast of the series, so that the steam
or vapour produced from the brine in each vessel
may be condensed in & vessel of thin metal
immersed in the brine of the next suceeeding
vewel. The graduations of pressure may be
obtained either by diminishing & preesure
rupersdded to that of the atmosphere, or by
diminishing the pressure of the atmosphere

In 1855 L. J. F. Margueritte proposed to
cipitate salt from a solution by pessing hyg
gen chloride into it.

In 1364 D. Hall and A. L. Roosen patented
the application of surface heating for the ova
mtion of brine. The pan was coversd with a
brick arch, and the heat from the furnace was
sllowed {0 paas over the surface of the brine, and
then sfterwards, together with the steam evolved,
undee an ordinary open salt-pan.

In 1889 Alberger, Williams and Aiberger | fro

ted a oombination of fubulsr steam
bgu?ndsoimu.luopenpanurmeda

gTainer,
In 1803 C. Hirze lar:gomdbo&eembnne'
sk —20° and separate ydrate.

In 1898 Vis patented the use of oalojum

ide to prevent the calcium sulphate in
brine scaling & pan.

In 1899 Vis patented an arrangement for
pnm{sngmﬂmg in vacuum apparatus.

in Duff patented » spoocial arrangement
of multiple effect veesels,

In 1900 Vis proposed the parification of
brine by electrolyring it until canstio sods was
formed in sufficient quantity to precipitate the
altum and megnesinm salts when treated
mbsequently with carbon dioxide.

st Tor booping sho tubes of & vacaum
spmrstas for i ® of a vacunm
emsporator olear by causing & weighted chain to
bump over the top tube plate.

in 1903 Trump took ont & patent for vacuum
spparatus containing a c)mu.lnm:g pump which,
by auin%ethe oryetale and mother liquor con-
suntly to be returned to the evaporator, allowoed

the to and at the same time
to prevent the formation of scale by scour-
ing setion.
In 1903

Tee patented a procees for makin,
white ralt ‘l:y u:e%ng d:?caljtlru' blowing lwaué
air uuvni iqui wing impuritics
sitle and then drawing off the clear salt into
vessels to cool.

In 19?8 Maloolm and Munton patented a
process  for ventin, i in  vacuum
evsporators b}n;urifyinsg the hrgm. The -
nesium salta are removed by adding pariieily
electrolysed brine (i.e. brine conteining some
csustic mo<ds) to the raw brine and then the
caleium salts aye precipiteted by the addition of
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more electrolysed brine and treatment with flue
guses (f.e, 00,).

Of late years the test improvements

whioh have been made in the manufacture of
sslt have been in the direction of the triple
effeot apparatus deecribed by Reynolds in 1839,

The cost of fuel is so an itom in the
cost of produoction of salt that any economy
effeotod i.in i:is mﬁ ilna}tlmall increases tho
margin of profit, ith the ordi open pans,
1 t(l;lg't of fuel (slack with 16-20 p.eo. ofpa:lh} will
make from 2 to 286 tone of salt; but & well
constracted triple effect plant will yield 6-8 tons
of galt per ton of fusl. In addition to giving
greater eoonomy in consumption of fuel, theso
vacoum have a muoh larger production

capacity than the ordinery
pan of large size,

e, with & direot-
it ig considered good to get 15 tons of salt per
24 hours, it is not tneommon for a set of multiple
effect vacuum evaporstors to yield 500 tone
per day, and some are now being built to
produce 720 tone per set of three veasels. The
evaporetors are constructed with & central heat -
ing portion, s dome-covered upper part and &
conical lower portion sommunisating with a salt
rooei ver,
Heat is spplied to the vessels through tubes
which prevent the brine from commyg into
actual contect with the heating medivm., Eteam
or any hot suohb:a ﬂuﬁ) g:; for ?hn}mt

m gas enginea, can be empl or hea

the ﬁ:gat veesel in the scriee. The steam wl?i:ﬁ
is evolved from the builing brine in the first
vesgel is employed for hesting the second of
the meries, and that from the second serves to
heat the third, Where a fourth veasel is em-
ployed, the heating is effectod by steam from
the th.i:?.theThe steam evolved from the Inst
veasel sories passes tO & VAoRGm engine
cither direct or after 8 condenser, With this

ment, evaporation takes place in each
veagel at & lower pressure, and therefore at a
lower temperature, than in the veasel,
80, while the in the firat msy be little
below & erie, that in the last in a high
vasuum,
To fsoilitnftehthe mmonfl of malt with:ut
interruption of the procees of evaporation, jt is
usual to make & lopnieg to the el::rl:ontors 80
a9 to maintain a column of brine equal to the
vacuum and allow the orystals to fall into a
receptacle which lotes the bottom of the leg.
It is common to provide this with an elevator
and 80 remove the salt as it forma to a storage
hopper, )

Fig. 8 shows the arrangement of a mml
multiple effect plant. In this plan {copied from
a rooent patent) four vessels are shown, marked
Al, A2, A3, and A4, The heating chambers are
marked Bl, B2, B3, snd B4, Thatof B2iashown
in part ssotion to illustrate the arrengement of
tubes through which the brine sirculates, The
long logs C of each peir of vessels meef in one
boot at an elevator bottom, and the salt js
maised by the elevatora E to the receptacle F.
@ is & condenser for producing vacuum by the
condensation of ateam.

Fig. 7 shows an end view of the same plant.
Each vessel has s separate brine-feod pipe from
8 cOMMON main,

Fig. 8 (p. 15)illustrates another form of plant
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where the veasels are placed at different heighte, | vacuum in the vessel, Hore each evaporator haa
80 a8 to give & length of leg in proportion to the | its own elevator.

£
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This process has rendered the manufacturs
of salt remunerative in places where heat was
in some form or other being wasted, One of ite
first applications was in utilising the exhaust
steam from the lumber mills of Michigan, and
latterly it is heing found suitable for making
use of the steamnf:om turbines and for
rating electricity. The groat source of trouble
in working the process is the impurity of
ordinary brine, e caloium sulphate, which
every natural brine conteins, separates in the
form of soals on the tubes. is soale, con-
taining anhydrite and & large quantity of salt,
has to be constantly removed because it sericusly
interferes with the tranafer of heat.

Many devicea have boen tried to overcomae
this difficulty. Some of the most obvious are
those whioh deal with the partial purification of
the brine prior to ita use in the evaporators.
Other mechanical ones have been fairly sueccens-
ful, notably that patented by Trump in 1903,
The best, howover, appears to be the addition of
calcium chloride to the brine during evaporation,
sa puggestod by Vie in 1898. This causes pro.-
cipitation of the calcium gulphate in the form of

—— | small eryatals that mix with the salt and does
s not allow scale to form on the tubes. The malt,
o on withdrawal from tho apparatus, is washed
Fia. 7. free from calcium chloride with fresh brine,
Tho washings are sent with the brine fed into
the evaporators and so the ealoium ohloride ia
used over and over again.

Salt makers expcrience .ome difficulty jn
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ing yaonam t, and that ia, the grain
m‘ mslt pmdngadn is always fine, Whemm s
coarse grain of sal ia required, brine which baa
been heated in & vacuum evaporator has to be
sllowed to flow through an ordinary open pan
or & grainer 0 & to permit the crystals of ealt
to form elowly and to grow.

In ibe ordivary of manufacturin
mlt the brine is run nto s shallow pen, whic
;.huted wtvli.j.lm below, and ishmm:fe of such a'!

as expose a8 much surface as pos-
sibll:hoth to the aection of the fire and of p’fha_
air. The oldest pens of which there iz any
record were made of sheet lead, and were only

| down from
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*lends,” when filled, were set aside in & warm
place or on & hot flue, until the brine deposited
its salt. About the m.iddlee‘i)f ;:mvonmth
century iron pans superseded t) on ones.
Writing in 1748, Bmwurigf describes pans
then in use ss being made of *plates of iron
joined together with naila and the {oints filled
with a gtrong cement. Btrong iron hang
s of iron fired across the pan
and are linked to other hoolm on the bottom of
the pan and thus prevent it from bending down *
(The Art of Making Common Balt).

in 1785 the largeat pans used st Northwich
were 20 ft. long by 9 or 10 ft. wide. At the

sbout 3 b and 3—4 ins. deep, holdin Fment time the emallest employed are 25 ft.
litile more ig:“uem galions. These oo-cal.leg long by 26 ft. wide and 15 ins. deep, whilo some
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bay to do. The Bues are ently carried
simight from front to back of the pan, In
mme the ions marked ¥ in . 10 and

12 are shut off from the flues in order that when
the salt is raked up to the side, previous to
dmwing, it dows not cause super-heating of the
Pan platen, Flﬁ 8 shows the front view of a
mit pan; Fig. 10 is s oross section at the break
shown in Fig. 11; Fig. 11 is a longitudinal sec-
tion: Fig. 12is s plan of the flues.

The pans sro made of wrought-iton plates

AR i like boilers. The

%

dirootgy over the fires are made

greatest wear. When

8,
of greater strength than the rest of the pan, on
acoount of the greater wear which they have to

stand, As these platea have to be renewed more
frequently than any others, they are made
smaller, and are so srran that they can
readily bo cut out (see Fig, 13).  Each set of five-
te6 4, A, A, A, is separated from its neighbours
y & midfeather plate B, B, which rests upon the
wall dividing two fireplaces. The two outer
sete are separated from the side of the by a
similar long plate. The bottom and siden of the
pen are joined by means of an sagle iron, to
whioh each is firmly riveted (Fig. 14).

As sbove atated, the plates Ao which lie in
the wicinity of the fires are subjected to the
they become over-heated
they sink and stretch, and, in so atretching,
they tear the ﬂntes o et the front of the pan.
It is obvious that the removal of the front plate
wonld neoesaitate frequent interference with the
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angle iron, and this would entail a greater
expenliture of labour; thereforo it i found
advisablo to place two rows of plates slong tho
front. All the plates used in the neighbomiood
of the fires are § in. thick, while those om-
Eloyecl for thoe back parts are } in. Soms
‘rench pans have the fire-plates raised towarda
the centre above the level of tho rest of the pan
{4ee Fig, 17), in order that the salt, when formed,
may float off the firc-plates, HSalt-pana ehould
be made to cxtend sbout 1 ft. or 1 ft. § ins,

beyond the front wall, in order to keep the |

angle iron well out of the firca. They are alsc
made to overlap the aide walls by about 6 ina.,

\ A _}
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Fio, 9.—SRTTING OF BALT-PANS,

4. The ult-gtn. &, The front wall or fore-bye.
0, 0, €, C. The fiteplaces. D, p, I, D. Ash holes,

for the double purposo of keeping the snglo
iron cloar of the flues, and for allowing what is
Inown as toe-room for the man who draws
the aalt out of tho pan, If the drawer can
hia toe under tho pen, he is able to get his 1
flat agwinat the side of the pan. This affo
him greater power in stootgmfhzver the pan,
and prevents him wearing the skin off his kmee.
The method of setting the pan on the aide
walls ia to build up a 9.in, wall, and mnke the
topcourse of bricks only 4§ ine. deep {(see Fig. 15),
What is technically known as the * standing
side ' consiste of m y of 2.in, planke
about 2 ft. wide, which runa the entire length of
the pan, on & lovel with the top of the 9-in.
side wsll. On both sidea of the . and often
acrosa the back, there runs a platform eomposed
of 2.in. planks well jointed together, and
caultked with cakum. stagee are techni-
cally imown as the ¢ hurdles,’ and serve for s
recoptacle for the wot salt freahly drawn from
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are 2636 ft. long and 2024 fi. wide, and
16-18 jns. deep. The brine ia boiled and reaches
the temperature of 226°F. or 107-5°C. As the
salt formsa it is raked off the fire-plates to the
gide of tho pan from time to timo. Twice or
throe times in 24 hours the salt is drawn from the

pm'i‘he salt is lifted out of tho pan oo & per-
forated sort of shovel, kmown as a “gkimmer *
(Fig. 19). As it is drawn out of the pan it is

4. The eait-pan, 0. The firepiace, D, Ash hole,
1. Flue,

placed either in wooden boxes (Fig. 20) standing
on_the hurdles, or thrown on to the hurdlee in
bulk, As it cools in the boxes the hot brine
which it ocontains i and suffices to
coment the whole together into a aolid maas,
Thie is knooked out of the box and placexl in
the swvinﬁ chamber to dry. This hot room ia
erally heated by the waste heat from the
nea of boiling pans. The fine table salts are
prepared by crushing and grinding the lumpe
after drying.

Common sali. Tho name ‘ common * is given
to that grain of salt which is made for use in
various mnnfa«oturinf tions. It is masde
af & temperature of _180°F., or 81°—82°C.,
in pans 45 ft. long by 25 tt. wide and 18 ins,
deep. The sslt iz raked off the fires about
every 2 houm, and drawn out of the pan cvery
24 or 48 hours.  After drsinin the hurdles
for some hours it is shi of in milway

the pan. Thoy have a fsll towards the centre
or half-length of the pan, and are bordered on the
pan side by m gutter in order that the brine
A /
7 % % 4
ENeEeir i
T T T ff/éw.fﬂﬂﬂ! E. Fluse.

&, The salt-pan,

E, B, B, B. The flucs.

which draing from the salt may run backinto the
pan (Fig. 16). It is customary on the Continent
to cover in tho ealt-pane with & wooden shelter,
provided with an upright shoot to take off the
steam. In such casca this cover servee instead
of the hurdles, and it 1poaaessea the distinct
advantage that tho heat from the pan serves in
a great measure to dry the ealt. In some Con-
tinental works » tramway runa down the centre
of this wooden cover, and the salt is taken off
in trucke (see Figs. 17 and 18),

Fine-grained or lump sall. Finc-grained
ralt in made in the smallest-sized pans. These

Fia. 12.—3eTTING OF SALT-PANS.
7. Blank spaces.

Fishing salt. Fishing sslt is & coare.
grained varicty menufacturod for the fish-
mmnﬁ' trade., It is made at a temperature of
100°-140°F., or 37-7°-80°C., in }:m 50-80 ft.
long by 24-25 ft. wide and 2 ft. deop. The
salt ie drawn out once a week or onoe a fortnight,
s}:cordhing wt?l tl,)hc ﬂ requixedf.m WSP‘P“M are
often hes y the tlue gases from boiing-pens,
A little alum is added %o the brine tl::niuden
the crystals of salt.

Bay salt. Bay salt is the coarscat-grained
salt msnufactured. The pans employed are
very sometimes evon 140 ft, long by 28~
30 ft. broad. The temperature of the brine is
kept at about 100°~120°F. The salt is drawn
every 3 weeka or month.

e salt manufscturer frequently manipu.

lates his brino in order to obtain the cxact grain
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of salt that he rechmm The addition of gelatin,
glue, or sny kind of grease causes the salt to
form in very small crystals, whilst the addition
of slum has the opposito effect. The operstion
of adding such suL‘lAnow is technically kmown
as * povoning the . Alum is employed in
the manufacture of tho variety of salt Inown ag

Fig. 13.—PLa¥ op BALT-PAN, SHOWING
ARBANGEMENT OF PLATHS,
‘bopper salt,” It causes the salt to cr;
in hollow cubes, and as these float about beforo
falling to the bottom of tho pan they become
surrounded by others, and uslly form into
the shape of & shoot or hopper (Fig. 21).

Natural brine is seldom & solution of pure

sodium chloride, but generally contains other

Fia. 14

sl in solution, ag will be seen from the fore-
going analyses (p. 11). Uertain of theac gub-
etences separsto out during the process of
evaporation, and not only render tho salt impure,
but give trouble in the pan. If the brine comn-
tains ealcium bicarbonato, the c:i)plicstion of heat
produces & precipitation of calcium carbonate.

DA A A |

Fie. 15.
When thie occure in e ssli-pan tho calcium car-
bouate (which is slmost slways aceomgmiod by
oxide of iron) deposits on the top of the fire
Pates, and forms what is technically called
snd scale,” This has to be broken from time
% time with & blunt pick and fished out of the
pan, otherwise the platea would get red hot
ad burn away. en & pan begins to leak,
the brine often crystallises as it drope into the
ﬂu:_.md ‘lrorm; a stalactitic mess, which is locally
oL V.—T.

ystalliso !
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called & *cat.” This is not the only trouble
caused by & leaky pan, for, in addition, h
chloric acid is frequently formed, throu

the

™

Fia, 186,
4. Gal-pan. B, B. The hurdies. ¢. Standing aside.
decomposition of sodium chloride by sulphur
dioxide in the presence of water. The sulphur
dioxide ia generated by the combustion of
iamll quantitics of pyrites in the fuel, Al
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Fio. 17.~—Loxc1TupInAL SEcTioN oF 4 FrENCH
) SALT-PAN, SHOWING SHAPE OF PaN 4iND
ARRANGEMENT oy WoobgN COVER.
4.3alt-pan. a, 8, 5. Ralsed fro-piates, B. Pireplace,
. Flwe. o, D, D, &¢. Movable doofs lu cover, B, E, X.
forming hurdies,
British salt works arc now under Government
inspection, and the chimney gescs are tested
from time to time by the inspectors,
If brino contajne calcium sulphate, it de-
posits it when heated.  This falls to the bottom
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Fig, 1B.—FRONT VIEW OF A FEENCH SaLy-
PaN, SHOWING CHIMNEYS TO CAREY OFF
THR BrEaM,

Dotted line shows curvs of the pan over the fires,
of the pan, and forms a scale which frequently
contains & large quantity of salt. It some-
times accumulates to a thickness of 4 ins. and
is known as ‘pan soale,’ On account of the
| growth of scale and the consequent decreased

¢
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efficicney of the pan, it becomes necessary alier
working for a given time to run off all the liquid
from the pan end remove the scale. This opera-
tion ie termed * picking ° the pan,

/4
Fiz. 19,

Solar solt. In some places, where the
natural brine ia 8o weak or fuel is 50 scarce that
evaporation by artificisl hoet is not remuncrs-
tive, salt is made by exposing the brine to the
rays of the sun in large pens reeting on
tho ground, Such pans aro frequently provided
with movable covers which ero pushod aside in
fine weather and drawn ovet if rain comes,

Along tho soa-coast of countries which
¢ dry climate or babitually experience s hot
summer, salt is mado by solar evaporation of
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Fia. 20.—A Box ron Lump Barr.
Al ieco of land, slightly below high-
water mk,pis levelled and gaun{)unded b? 8
or bank. The ground is, il necesssry,
puddled with ¢lay to mako it water-tight, and the
encl [} is divided into comperiments
by inte walls, Sca water is admitted at
high tide, and, after being sllowed to deposit
any selid matter it may oootain, is run from
compertment (o compartment until salt crystal.
lises out. This ia then raked togother into heaps
and allowed to stand while the more deliquescent

Fia. 21.

Thoee salt gardens {Germen, Salz-Garien) are
freely worked in Portugsl, Bpain, France,
Austris, Corsica, Italy, Cyprus, Smyrna, and in
India, sod produce very large quantities of salt.
The product is naturally much more impure than
that made from brine derived from rock salt.
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v The mother-liquors are comparstively rich in
bromides of calcium and wagnesium, and aresome-
' times employed for the extraction of bromine,
| In some cold oountries, such as Russia and
- Bweden, salt water is allowed to froeze, and the
ice, which c¢onsistse of nearly water, is
' removed. By repeating this soveral times, a
mother-liquor is obtaincd which is sufficiently
strong {0 boil down. The salt obtained docs not
contam more than 76-88 p.c. of uod.iu? cih.l%ide.
Sodlum bromide can be prepared by noutral-
ising e solution of sodium hy&xide or znrbon.nte
with hydrobromicacid, but is usually made techni-
ecally by adding bromino to e hot solution of caustio
sods, mixed with powdered charcoal. Bodium
bromide and bromate are first produced, but on
cvaporsting the solution to drymess and hestin,
‘ the rosidue, the Iatter isrcduoced by the clmmcf.
i 6NaOH<+3Pr,=5NaBr+NaBr0,+3H,0
2NaBrO,4-3C=2NaBr4-300,.
! Sodium bromide forma white crystals which,
when produced from solutions below §50°, con-
tain two molecules of water end belong to the
monoclinic system. Above that temperature
the anhydrous ealt, eryetallising in oubes of ap.gr.
3014, is obtained. Asecond h te, NaBr,6H 0,
seperstcs out from etrongly cooled solutions of
the salt, The anhydrous salt meolts st about
760°; it dissolvos in water with considerable
abesorption of heat, ite solubility being given
gglow 2&0«3 Coppet, Ann, Chim. Phys, 1883, [vi.]
, 420} :—

Eemp. —1F ¢ 20¢ W e S0° 100° 1200
rams
00gas. 76°1 790 D03 108 117 1185 1205 1225
water

The saturated solution boils st 121* It is
also aoluble in alcohol and in acetone, one part
of the salt roquiring at the ordinary temperature
14 perts of ethyl aleohol or 46 parta of
methy] alcohol for solution. For the ap.gr. of
; sodiuiw bromide solutiona, sce Kremers ( 8
l Ann. 1855, 90, 39); for their clectrical conduc-
tivity, see Ostwald {Allgem. Ch., Leipsig, 1803),
and for their rofmctive indicos sce Borgesius
(Wicd, Annalen, 18905, 54, 233).

Sodium bromide is occasionslly employed in
medicine in place of the potassium salt, whioh it
- rosemblen in it physiological effecta.
. Sodium fodide, This salt can be prepared
iartiﬁciall in 8 manner an to thet given

under sodium bromide {g.v.), or by double de-
composition between solutions of forrous jodide
{pre Ly acting on iron filings with iodine
{in the prescnes of water) and caustio sodw. It
:separates from solutions at temperstures under
| 65* in white, slightly deliquescent crystals con-
' taining two molecules of waler, which are iso-
- morphous with tho corresponding hydrates of
i soidinm bromide and chlonde. Above 63° the
anhydrous ealt is obtained. Panfiloff (J. Ruas
Bt Sm s . B e s
! te Nal.G y oooling & solution o
saylt to —14° Bodium iodide melts at about
1 650°, The sp.gr, of the anhydrous salt is 3-865.
| Tho ealt is very soluble in water, 100 parts of -
" this liguid diseclving st
1 0% 10° 20° 30° 40° 50° €0° 80° 100°
L1589 169 170 190 206 228 257 205 30z
parts of sodium jodide (De Coppet, Ann. Chim.
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Phys. 1883, 30, 420). The boiling-point of the
sstursted eolution is 141° Ono part of the
mlt disolves in 1-7 parte of othyl or 1:2 parte
of methyl aloohol st ordinary temperatures, snd
it is also very soluble in acetone. If sodivm
iodide be kept fused for & considerablo time in
contact with air, it loees a little jodine., Heated
with carbon in presence of air it i# almost com-
pletely converted into carbonate. For the
electnioal mductivitﬁof podivm iodide solutions,
¢ Kohlrausch and Holborn, Leitvermdgen der
HElektrolyte, Leipzig. 1998, For the melting-

pointe of mixture of K1 and Nal, se¢ Eumakow | deco

;nd Shomtachﬁn%ni. é!hem.OZenht; g::):. i ].ftgi
compound NaI,.2( } iso.

by Dawson and Y ‘nN m. Soc. Trans.
1904, 83, 796) from & solution of sodjium jodide
in nitroben zene ssturated with iodine, in the form
of greenish metallic whioh deliquesce in
the air. Sodium iodide, like sodinm bromide, is
nsoed to & small extent in medicine in place of the
potassinm salt. See alao vol. il p. 153.

Sodtum hyposulphile, sec under Hyposul-
pherows acid, art. SULPRUR,

Sodium sulphides, See p. 29.

Sodiam Three sulphites of sedium
are known, s.e. the normsl sulphite, the bisul-
phite, and the metabisulphite.

Normal sodium salphite can be prepared in
the anhydrous state by hesting sedium bisulphite
with the theoretjcal amount of sodium bicar-
bonaie or by passing smmonia gas into a solution
of sodium ide and ammonium sulphite. If
s cold, saturated solution of the heptahydrsted
ealt be hemted, a orystalline precipitate of the
anhydrous salt is formed,

md’l;im salt is nn;lt.enble in air ?ntge diaiaolvas
ily in water ; by evaporation o solution
white, monoclinic m-ystagn;‘f the heptahydrate
arc obtained. These have a nlnrf taste,
effloresce on exposure to air, and dissolve fairly
ity in water, yielding s solution which reacts
fi The solubility for different tempera-
turee han been determined by Kremers—
Temperature . . . 0° 20° 40° 100°
Grams Na 80, per 100 of water 14 29 50 33

According to Mitscherlich {Pogg. Ann, 1827,
12, 140) the wlnbm of the salt reaches a
maximam at 33°, which tom
the transition-point of the
anhydrous sait,

Dilute aplutions of sodinm sulphite oxidise
mapidly, but & 20 p.c. solution is stable {Lumiére
and Beyewotz, Revue . chim, pur, et app.
1296, 7, 111). The oxidation is greatly acce
rated by the prescnce of small quantities of
wr sulphate, whilst potaasium thiocysnate

omnnitel have a retarding action. On
hesting in air sodium sulphite yields s mixture
of salphide and sulphate—
4Na 50, =3Na8,80,+ Na,8.
On the large soale sodium sulphite is prej
passing sulphur dioxide through e eolution
g&odi!;m enrbl:)nate ::1{ t I::gh veasel ﬁ.l.ge‘d
the crystallised salt, unti uct has
an acid reaction. The resulting solution, con.
sisting chiefly of bisulphite, is converted into the
norroal sulphite by uﬁlm g sodium carbonate to
the boiling solution antil no more carbon

ydrated into the

ture represents | pa;
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dioxide is evolved. The liguid is then allowed
to gettle, decanted and evaporsted to the
crystallising-point.
(i.) Na,00,4+280,+H,0=2NaHE0,+CO0,.
{ii.) 2NaHS0,+ Na,CO,=2Na,580,+C0,.

Sodium Msulphits NaH5Q, is produced b
ntuntin&: solution of sodinm carbonete wi
sulphur dioxide. It forms s white powder,
smelling of sulphur dioxide, is only sparingly
soluble in wster, and is ipitated from its
aquecus sclution by slechol. On heating, it
mposes, evolving sulphur end sulphur
dioxide snd leaving a residue of sulphate. A
crystollised tribydrate and tetrahydmte have
been obtained by strongly cooling the solution
of the bisulphite e in the above men-
tioned way ; both are very unstable, and rapidly
change into the stable metabisnlphite.

Sodium medablsulphile Na,8.0, is
by su tursting & aolution of sodium ocar.
bonate with sulphur dioxide, when it is obtained

in mh{dmus ¢ 1z on oooling the solution.
The salt only slowly oxidises on exposure to
air at the ordi tempersture ; on ocsutions

heating at 80° it loses 1 molecule of 80, and on

further rapid heating evolvea sulphur mrl sulpbuor

dioxide, leaving socium sulphste
2Ns,8,0,=2Na,50,4 80,48

(Bchuliz-Sellack, J. pr. Chom. [1.] 110, 450).

It is made technically by the method
deecribed above or by ing pulphur dioxide
over monohydrsted sodium carbonate (Carey
and Hurter, . Pat. 4512, 1882).

The normal, bi-, and motebisulphites of
eodium are largely employed in various indua-
tries, chicfly s satiseptics, reducing sgeats, and
sourcee of sulphur dioXide. The boiling eolution
of the sulphite has the property of readily dis-
solving the reein, gum, &c., contained in wood
without in any way affecting the cellulose.
Hence the bisulphite is used in pmg;ring the
* sulphite pulp * now 8o largely made from wood

for use in the manufacture of paper. It is aleo
employed in the calico-printing and colour
industries as & reducing

:g:nt-. and 88 an
‘ antichlor * for removing last traces of
chlorine from the bleached pulp obtained in
per-making. It albo finds ap[ﬁieation a2 an
antiseptio for steeping grain, rving food, &o.,
and & strong eolution is empm;:l as o eterilining
medinm for brewers’ Owing to its
property of combining with many organie
aldehydves snd ketones to form crystalline,
mostly insoluble, additive compounds which can
easily be isolated and purified, it is used in the
laboratory in tho identification and purification
of these classcs of compounds, Normsl sodium
sulphite finds application in medicine as an
mtisegtic snd es en antizymotic for internal
use. Ita solution has been proposed for use in
gas snalysis, owing to ita power of abeorbing
pitric oxide. Both the normal and metabi.
sulphites are extemsively omploely:d in the pre-
pers

tion of Lo ic dev for pre-
gg:ting the opli‘lgatg:p:fi the pyrogallol, b sro-
quinone, &e., which theso contain, snd the
normal sslt has been pmﬁxed by Alney {Phot.
News, 1885, 370) as a substitute for the sodium
thiosulphate used to dissolve out the nnaltered
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silver salia in the prooess of fixing photographic
priote. A large number of doubls sulphitea of
sodium with other metals are kmown, the most
interesting being the sodium potessium sul.
phite, which was formerly thought {o exist in
two isomerio forms. This view has, however,
been shown to be inoorrect (Barth, Zeitach.

yeikal, Chem. 1892, 8, 176; Arbusod, J.

use, Phys. Chem. Soc, 1909, 41, 447),

Sodium thlosulphaie, 8ee p. 20.

Sodium gllieates. The solubility of silica in | 1101be

s]hlu;)dw?s well known aotgl the ;Lohemisls, a
meth or i ium ailicate being
Pm 15620. They wero also
well acquainted with many of the properties of
the resulting solution, such as the voagulation
which tekes place on adding an acid, Bodium
silicatoa are pre by fusing togethor eilica
and sodium carbonate or by digesting finely-
divided eilica with caustic soda solution. e
ocmposition of tho regulting silicate varies with
the durstion of the hesting, the tempcrature,
and the relative emounts of ailica and alkali
employed. A number of sodium silicstes have
been propared and examined by Ordwsy {Amer.
J. Sei, [iL] 82, 162, 337 ; 33, 27, 35, 35, 35, 185),
but tho metasilicate Na,8i0, is the only well-
defined one. It may be obtained pure by
digesting the theorctical amount of freshly-
precipitated, hydrated silion with caustio
solution.  Om adding twice the volume of aloohol
it is precipitated aa & white, erystalline powder.
Only the met;a&'llicate t.]i.: be];l;o;:ui.n in the
crystalline oondition, ot] orming amor-
phous, glaasy bodies. 8

Pure sodium metasilicate is a white, crystal-
line aslt, melting at about 1000° (Kultaschoff,
Zeitech. anorg. Chem. 1903, 35, 187), Hydrates
containing &, 6, 7, 8, swod 9 mols. of wator
have becn described, but their existence is
somowhat doubtful. Tho aquecous solution of
the salt has en slkaline resction owing to
hyd.m?-tio dissocistion. Kahlonborg end Lin-
coln {J. Phys, Chem. 1898, 2, 81) state that at &
dilution of 1 grm. mol. in 48 litros the hydrolysis
is complete, according to the equation :

Na8i0y+H,0=8i0,+2NaOH
tho silica in collojdal solution.

Agqueous solutions, even dilute ones, of sodinm
silicate are precipitated by alcohol. On treat.
ment with acids, even cerbonic acid, the salt is
oompletely decomposed with separstion of
gelatinous silics ; the alkaline carbonstes and
chlorides, capecislly ammonjum chloride, also
precipitate the =ilics, Salts of tho alksline
carths give precipitates of insgluble double
silicates. Commereial sodium silicste, also
called soluble glasa or water-glass, usually approxi-
msaiss to the composition Na,0,4510,, con-
taining about 7¢ p.c. of silics. H is prepared
on the large scale by two processes, known as the
dry and wet methods respectively. In the dry
method, o mirture of powdered quariz or white
eand and either sodivim carbonate or sulphate
is fused in a Siemen's regenerative furnace or
similar gas-fired furnace for 5~8 hours at a
temperalure of about 1100°, Continunous coal-

furnaces are also in use, which are capable
of turning out 1250 kiloa. of water-glass in 24
hours with a consumption of 160¢ kilos. of coal.

The product is run out in & fused condition
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into atlt iron receptacle yzlldf al]&wed h:toge cool,
Typical mixtures em or the ¢ are
given below, the coa{dgch:g added {0 sesist in
the reduction of the carbonate or sulphate.

1 2
100 Jbs. powdered quariz 100 Ibe. dared quarty
28 ibs. caleined q-odlnm 60 lbl.pz:lelmd sodium

w
15-20 The. coal
8 4
180 1bs. white tand 180 Ibs. white sand
Olbe, sodiumm wsul- 100 lbs. 50 p.c. sodlum car-
onate
10 Jbs. § lbe, ocal

The fused product is broken up by a sione-
breakor or ground by suitsble machinery sad
dissolved by long boiling with water, preferably
under pressure. The resulting solution is
allowed to clarify, and is then evaporated to
40°B4. in iron psns. Tho small proportion of
gulphide sometimes present from the reduction
i)f t.lthﬂ asu]p]ml.gLl cal hlal Ls;movedhby adding
ittle oo scale or litherge when preparing
tho solugig: 100 1ba, of the solid yield about
300 1bs, of = volution of 40°Bé.

The wet method of preparstion iz Isrgely
employcd on account of tho ter noiformity
of tho product, and tho fact that jt is obtained
at onco in the form of a solution, It ounsists
in digeating silics—profarably infusorial carth—
with & solution of caustio soda of spgn
1-22-1-24 (prepared by cawsticising a solution
?f sodium ;;rbonsta with ﬁ?]f} ll.:ndc‘; th]:m uc:i
'our atmospherces pressure, o liquid is hoa
by blowing in steam and is kept etirrod by
machinery. Complele solulion is atteinod in
about 3 hours, as shown by withdrawing
a gample, when tho suspendod matier ought
to sottlo rapidly and be of a brick-red colour
{Fo,0,), whilst the liquid should be almoyt fre:
from ino reaction, The csustic soda must
not be abovo 1424 sp.gr. as a sizonger solution
holda the fine eand aud forric oxide in suspension
for a long timo, such solutions not clarifying

ropetly oven after etanding for severnl days.
E’he clarified liquid is dx:w(n u;lﬂ.]a]nd lc?Tnoent.ra,wd
ired stre y 1-7 ap.gr.) in
iron_pens. 2-Bparlzgtofinfu.aorisleu:gm
eanployed for every part of caustic soda, and the
re;oulti.tlngl ;:nfi}e: lass eolution &?s s de::sit.y of
about 1'18, ¢ reage in ific gravity bed
duse to the dilution pmduezge?:y the oondm
steam. Instead of infusorial earth, other forms
of gilica, such as powdered flints, quartz, &ec., can

be employed, but the digestion must then be
ocont.i.m.mcly for & longer time and under 7-8
atmospherca

A pure sihcalto msay be made from the crude
product by passing a current of carbon dioxids
through tho solution, filtering off the precipitatcd
hydrated silica and redissolving it in caustic soda.

The aqueous solution of sp.gr. 1-7 wsually
hae the following composition : ailics 32-33 p.c.,
sods 16-16} p.c., other sodium salta 243 p.c.,
water 48—49 p.c,

A water-glass known as ¢ double soluble glas.
and containing about equal proportions of
sodium and potassium silicates, is pre) by
ueing the proper quantities of poteasjum snd
sodium carbonates in of sodium carbonats
alone, It is said to give a thinner solution than
either the potassium or sodium) ealt of corre
sponding strength.
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Commercisl water glasa in sometimes colour.
less, but usnally has & brownish or i
aolonr, It is nearly insoluble in cold water,
but dissolves completely, although slowly, in
boiling water, the mohubility deoressing as the
glel!lmhge of silica in the substance increases,
lilioates containing more alkali than co ds
with the composition Ns,O'zﬁiO, are deliques.
cent, and too poor in silica to beapplicable to the
ordinary nses of water-glass (Ordway, Amer, J.
Sei. [il] 35, 193).

The following is & list of patents dealing with
the manufacture of water-glass :—

Ransome, . Pats, 10360, 1844 ; 10865,
18456; 1066, 1 ; 648, 1855; 2267, 1856,
Kuhlmann, Eng, Pat, 367, 1883. Loeh, Eng.
Pat, 14208, 1852, Gossage, Eng, Pata, 762, 1854
799, 1009, 1859. XKaysor, Williams, apd Young,
Eng. Pat. 11493, 1887, Sjevert, ting, Pat. 4021,
1890, (bmﬁeldmdMLElBgo.el-’at. 18998, 1894,
Garroway, Eog. Pat. 2489, 1 L J. Brown,
Eng. Pat. 24237, 1802, Watson, Eng. Pat.
26394, 1004, T,

Bodium silicate is largely used on account of
its t properties as an addition to soap,
principally to those intended for toilet use, as
it .i:}nrta hardnees and dumbility. Two
typical analysee of such soape are given below :—
Soda

12] 195

. . Po. 5 p.o.
Silics . - 10, 86 ,,
Water . . 30 " "
Pl-t‘ty acids . 48 " 480 "

Watcr-glage is aloo employed in the calico-
}mntmg and dyeing industries ae » fixing .agmfot
or pigments ; in prin indigo ; as & resist for
ceriain colours, and i:m&e ishing of cotton
goods., It is a constituent of certain lead.froe
enamels for glazing pene, &c., intended for
domestio use, and is occasionally employed in the
bagic lininge of Beuemercor(worters. t.i? r
in firing fresco-painti stereochromy), for
rendering , pgaper:n%&, unjnﬂsmmzble, in
bleaching jute, for preventing wood from rotting,
and for i A mixture of 2 parts

preecrving eggs.
fluorspar and 1 part powd glass made into
a thick peste with water is used as a
cement for glass and in. The so-called
tartificial v tion” is made by dropping
small fragments of cobalt chloride, ferrous
mulphate, and many other salts into a solution
of sydinm silieste, when frond-like appearsnces,
due to tho formation of inscluble metallic sili-
cates, are producd.

Sodium silicate is largely used for impregnat-
ing mandstone and other us etones a3 a
proteciion against weathering, The stone is
treated with a solution of water-glaas, followed
bﬂ the application of & solution of ecalcium
chloride or aluminium sulphate, which causss
the deposition of an insolablo silicate in the pores
of the stone, tly increasing ite hardness and
dursbility. ﬂ?mluble sodium salt formed is
removed by s subsequent washing (see also
Bumell, J. Soo. Arts, 8, 240). An important
;Yplin&bn of water- is in the manufasturs

artificial stone. following is an out-
line of the process used at an English works for
the manufacture of chimney-pots, mouldings,
&e, The sand or sandstone employed havin,
beem ground wet and passed through a 40-mes
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sievo in thoroughly dried snd mixed in a revolving
pan provided with scrapers and edge mixers
with sufficient liquid water-glase to form s
moist, coherent mass, It is then pressed into
moulde and is saturated befors removal with »
solution of calcium chlorida (prepared by runnin,
hydrochloric acid over caleapar) drawn throu
by & vacuum equal to about 20 ins, of mercury,
Caloium silicate baving thus been formed ss
above, the stones are transferred to boiling tanks
heated by steam, snd, afiter s sufficient time
1o complete the setting, sre conveyed to washing
tanks, in which they are subjested to the sclion
of running water for a fortnight, to remove the
whole of the sodium ohloride.

Sodlum sulphaie, technically called ‘sul-
hate,’ or ‘ salt-cake,’ was firet obtained by its
iscoverer, Glsuber, sa deseribed by him in 1658,

exactly in the same wny as it iz prepared now,
by the deoomﬂsition of common salt by su)-
urio aoid. o orystallised salt, containin
0 molecules of whier of h{dntion, in stiﬁ
oslled *Glsnber's salta.’ Both the anhydrous
and the hydrated salta are found in many
in nature; the former, ss s minersl, is called
thenardite, the latter mirabilite. quanti.
tiee of sodium eulphate ocour native, especislly
in Spain, at Lodpss, in the Ebro valley, and elss-
where, and in the Western States of Norih
America,

The double sodinm and caloium sulphate
called glauberite, also ocours naturslly in large
quantities and in many places,

Bodinm sulphate is frequently obtained na a
by-product of other manufnctures, of which we
mention only two.

Impure scdium sulphate is obtained in the
{now almoet obeolete) menufscture of hydro.
ohlorio acid in cast-iron oylinders from common
salt and eulphuoric scid; this produet, called

used | cyfinder-cake, moatly containe from 7 to 10 l:lfe

of undecom sodium ohloride,

other hand, the nilre-cake, obtained in decom-
ing sodium nitrate I;Luulphm'io acid, alwaya

containe s considers proportion of acid

sodium sulphate NaHS0,,

A certein quantity of sodium s:‘l]phst-e, prin-
¢cipally in the state of (lauber’s ealts, is made
from the residues left on dissolving tho orude
camallite (‘ Abraumsalz’) at Stassfurt. The
Istter contains & large quantity of insoluble
kieserite MgSO,H,0, whioh, on being expoaed
to the weather, or brought into contast with
water for some time, Hgndual.l gields soluble
magunesium sulphate gBOqﬂf, . The reai-
dues at the eame time contain much common
salt, and, if necesaary,-more of the latter is
added, 8o aa to bring up the quantity to the pro-
portion of 2 NaCl to 1 80,. When this
mixture is dissolved in wsater and the eolution is
oxposed to a natursl or artificisl cooling a few
degreca below 0°, the followin% decomposition
{noticed by Scheele as carly as 1787) sets in :—

Mg80,+2NaCl=Na,S0,4+MgCl,,
The sodium sulphate orystallises as Glauber’s
salts, the magnesium chloride remaining behind.
Muny thousands of tong of Glauber’s salts are
made at Stassfurt in this wuy.
By heating melallic sulphides with common
salt vn ihe presence of air, sodium sulphate &
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produced in considerable quantities. This pro-
cesg haa been known for more than a century in
metallurgy, where 1t is employed for extracting
silver and copper from their orea. In this case,
of course, the metal in the product really aimed
at, and the sodium sulphats: ia in actusl practico
run to weaste in the age of impure solutions,
Io 1842 Longmeid introduced a modification of
this , by which the sodium evlphats was
obiained in .b l::::]l:etable flg}rfin;‘ : b,:}t this i:.:s
only practica en emp ordinary iron
P ""tee, free from copper, and the sodium sul-
phate obtained in this way oould not compete
with that made in the gsual way from common
salt and sulphuric acid, ss found out in the
working of Longmaid’s process in several places
through & number of yoars. A similar process
ir omployed up to this day for the recovery of
- copper {{om cuprecus p{ritcs; but here the
jum sulphate is lost, all attempta to recover

it having failed on account of expense.

Kron pyrites is, however, employed in a
different manner for manufsoturing nearly all the
podium sulphate found in trade—namcly, either
by first manufacturing sulphuric acid and em-

oying this for decomposing common sslt, or
Ey the direct process of Hargreaves and Robin-
aon, in which the pyrites-ldin gases are made to
aot upon common salt under such circnmetances
that sodium sulphats and hydrochlorie acid are
produced. We ghall now deseribe theso two pro-

coased,

Thoe decomposition of sodium chloride by sul-
phurie acid is tho process employed by Glauber,
and by Leblanc, and at present produces by far
the larger part of the sodium sulphate used.
Woe shall omit mention of the obeolste proceases
of porforming this operstion in glass retorts or
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though commencing at ordinary tempersture,
is not completed until & dull red heat is attained.
1t is tho usual practice, therefore, to divide the
operation futo two atages, the frst of which is
performed almost always in a casst-irom pot,
tho second in 8 brick furnace.

The two stages aro generally expressed aa:

1. H 80,4 2NaCl=NaHS0 4 Ns(14-H(

2. NaHS80,+NaCl=Na,50,+HCL

In practico more than 50 p.c. of the reaction
takes place in the first stage. The actual
smount depends on the temperature of the
charge in the decomposing pen or pot, snd
varies from 865 to 76 p.c. of the whole,

The salt-cake pols are now always made in
the shape of shallow caat.iran dishes, 9 to 11 ft.
in dismecter, and 1 ft. 9 ins. to 2 ft. 6 ins. decp;
the thickneas of the metal varics from 5 to 7 ins.
in the centre, and from 2 to 3 ine. at the sides.
Theso * pota * weigh from 5 to 8} tons, and muat
be made of a special mixture, sv a8 to combine
resistance to chemical action with toughness
and resistance to changes of temperature, Their
edgo ia sometimea quite plain, somectimes pro-
vided with an ordinary horizontal flange ; but,
best of all, with an upetanding margin on a
horizontsl flange as ehown in Fig.22 {v. p. 23}.
In the Istter case they sre arched over in such
a way that the arch is sprung from the pan.cedge
itsclf, so that any lesk occurring here cannot
cause the escape of hydrochleric aeid into the
fire-flues. The arch or dome over the pot is
built, of acid-resistinﬁ brick, ueually set in a
mixture of salt snd mortar. The common
oustom ir to fill the pot with salt and then heap
on more eslt until & conical mound of ealt i
obtained of the desired shape, and the arch is
then built, ueing the mound of ealt as the

iron cylinders, and desoribe the process 88 now | centerin

carricd out.

The raw materials for the salt-cako process are:

1, Common sali—that is, im,pure sodium
chloride. In England ‘pan-salt’ ia generally
uped, the porous condition and coarse grain
of which is of groat sdvantago in the process ;
it is also generslly fairly pure, but contains
varying quantities {8 to 10 p.c.) of water.
Raock salt is also employed to a great extent ;
this must be coaraely crushed, not finely ground,
and should be aa free sa possible from ealeium
sulphate. Asis to bo expeeted, the impuritica
mF their amounts permissiblo in aalt to be
used for the production of salt-cake deprend on
the purpose for which the salt-cake is afterwardly
to be used.

2. Nitre-cake—that s, the reridue from the
manufacture of nitric acid, consisting of a
mixture of & normal and acid sodium sulphate,
Nitre-cake is fm}uontly mized off with an
ordinary charge of salt. The free acid deter.
mined by auslysis replaces part of the aulphuric
acid which would otherwise bo required to
decom the salt used. The nitre-cake is
broken into lumpe which readily melt in the
decompoaing pan,

3. Sulphuric acid. This should be neither
too weak nor too strong, preferably about 140°—
that is, at the strength it usually comea from
the Glover tower. Stronger acil acts too
rapidly. and yiclde badly mixed batches ; weaker
acid retards the operaton aml injures the pots.

The docomposition of Na(l Ly I-l}:g().,

n g
Near tho decomposing-pan there must bo o
cistern for measuring the pulphuric acid to be
run in for each charge. It 18 prefersble thst
this acid ehould be moderately warm, and this
can bo attaincd by employing ae gauge-vessel an
Lmn n lined with lead, amF placing this over &
ot flue,

The sulﬂhu.rio acid from tho gange-veasel is
run into the Een through & luted lead pipe
which passes through the dome or arch and
delivers a slow stream of acid on to the salt
in the centre of the pan.

The calcining-furnace (roaster or drier) may be
of various patterns—either s reverberatory (open)
furnace, or & mufle.furmace (close or blind
ronster), The openfurmaces have now mnearly
all disappeared and been replaced by muflle-
furnaces owing to the greater difficultios sod
expense of efficiently ocoling and condensing
the bydrochloric acid produted im the rosster
when mixed with the products of combustion
from the fireplsce; on the other hand, the
muffle. or cloped-furnaces are naturslly more
difficult to construet and cost more in repaira.

Figs. 22 and 23 show a common form of open-
fumace with the pae sattached in sectional
clevation and plsn, o ja the fircplaco of the
furnace, the arce of which ir comparstively
amall compared with that of the furnace-bed;
b is tho furnace.bed, with twoe working doors f;
¢, the outlet for the mixed fire-gas aru:l‘I acid-gas ;
d, the decomposing pan, -covered, by an arch
resting upon the pan-flange ; e, /the gas-pipe;
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A, s balanced double cast-iron dsmper, which
closes the passage k (Fig. 23) (the ‘shoving
bole ’) between pan and furnace; m, the fre-

te of the pan, covered by the arch n, pierced
f;l nn:llleher of holea; oo, & cimuallzr wall on
which ] is supported, equally picreed
with holes, l;nthst t.hl; flame escapes i
annular spaocs cutside, and thence into the main
flue. Ti is evident how the setting of the pan
sima at cansing the flame to avoid atriking the

pao, and to distribute the heat aa equally ss
poesible.

,Mm_,_‘n —
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In the early days of the muffle salt-cake
furnaces very considerable dificulties wero
cxperienced in keeping the fumnece sufficiently
arch tight to prevent leakage of the HCI from
inside the muffle into the chimney flue, This
was not only a sourco of loss of HCl, but waa
liable at any time to cause an infringement of
the Alkali Acts which specify in Great Britain
» maximum HCl content of the ohimney goaes
of (r2 g, HC] per eubic foot,

To meet this difficulty suggeetions were made
by Muapratt and by Gamble of means to place

Fii. 22.

the fue under & higher Emaure than the
ingide the muffle and thus to csuse any
which might take to be from the

firegan flue into the muffle. In 1876 Descon
brought out the ¢ plus pressure * salt.cake fumace
ich bears hin name, and which is to-day by
far the most extencively used of sll the hand
salt-cake furmnaces (Figg. 2427
The plan adopted by Deacon was extremely
simple, and consisted in the building of the fire-
on s lower level than the fumace, thus
utilising the pressure due to the ascending

current of hot ﬁeﬂ to balance the pull of the
chimney in the flue space over the furnace arch.

Figs, 24 and 27 show how the flame generated
on agratefar belowthe top of tho mufloix made to
play, first on the top, then under the bottom, of
the muffle, which is supported by a number of
dwarf The flame thon travele on by an
cxit flue under the bottom of the pan, which ia
},huls heated without eny expenditure of apecial
uel,

It will be noticed in both the illustratione of
tho open-furnace and the Doacon-fumaces,

22 «nd 23, that great oaro is taken in the
of the so sa to engure, 8a far as
, equal ?c:iting over ita purface. Thia

is essential to the life of the pan which

the mixture of iron used in the
casting, on the strength of the vitriol used, on
the du'i%of the pan setting, and, of couree,
also on the carefulness of the men working the

With sttention to these pointa salt.

pans will last while the furnsces produce

) 4000 tons of salt-cake.

p f salt-cake.

‘Whether the roaster be an open or a blind
one, the work in salt.cake making, as far ag the
pan is concerned, is almost entirely the sameo,

g
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Only the size of the batches differs in the two

cases. With o roastera, which admit of
finishing & batch once an hour, or even oftener,
batches are made of 6 or 8, or at moet 10, ewt,
of salt. With close roaaters, requiring 2 hours
for each batch, they are in England made larger,
up to 18 cwis, of salt ; but on the Continent even
then smaller batches are preferred. In any
case, the , after removing the last batch, ia
carefull :E:Tnod from cruste, which would bum
faat o,mr cause it to crack prematurely, A amall

usntity of the next charge of salt is then
thrown into the pan, snd the sulphurie acid,
preforably heated to some. extent, in atarted
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running in ; the rest of the salt is then thrown
in a8 quickly as possible. The quantity of the
acid must, of course, be cxactly regulated, and
in moasuring it in the gauge-vessel (¢f. p. 22),
not merely the volume apd the hydrometric
strength, but also the temperature of the acid
must be oarefully obwerved, since the specific
gravity by iteelf is no index of tho stren

of acid, without taking into account the tempers-

ture, A table for reducing the specific gravitics

of sulphuric acid of various strengths to any

other tempersiure between 0° and 100°C, is
iven in 'I‘Ee Technical Chemist’s Handbook, by
unge. .

Ag: the Twaddel hydrometer is practically

universally employed in England, it iz eseful to

remember that for sulphuric acid of the strength

8
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here used, 10°F. in temperature corresponds to
a rize or {all of 1°T'w. in apecific gravity,
Theoretically, 100 parts of pure rodiom
chloride would require 83-82 parts of pure
monohydrated sulphuric acid, or 108-28 parta of
acid at 144°Tw,, messured at 15°C.  But com-
mon salt is never pure NaCl. This must be
taken into secount as well, by daily testing the
falt at lesst for moisture, and allowing, say,

rts of
wnmminﬁ[ 95 p.c. of NaCl would take 79-63

2 ‘lp‘c. for other impuritics. Thus, 100
salt

parta of 80,H, or 100-97 parts by weight of
sulphuric acid of 144°Tw., measurcd at 15°C.
Thia meana 100-97/1-72=58-70 litres of acid of
144°Tw. for each 100 kilos. of 85 p.c, salt, if
the acid be measured at 15°C. ; but, if the tem-
perature wree 100°("., the rates of the specific
gravities (aa per tho table quoted above) is aa
164 and 1-72, and henee the 6870 litres will
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becomo 81-56 litres, or, directly oalculated,
100-97/11-64 =01-58 litres,

Practically a little more acid must be om-
ployed, partly because the mixture can never be
theoretioally perfect, partly because s little sul-

huric acid or anhydride is volatilised, capecially
in the romster, With open rossters the excess
of vitriol required is about § p.o.; with close
roasters, only 2 or 3 p.o. Whother the propor-
tions employed have been correct or not must
be decided in each particulsr case by testing
the ealt-cajke, which ought not to contain more
than 05 p.¢. andecomposed salt, or above 1 p.e.
free acid (caleulated ea 80,).

The firat reaction between the ingredienta in
tho salt-cake pot is very violent, and there is a
tendency of tﬁg masa to rise and to froth over,
which is counteracted by throwing in a little
tallow. The salt should be dissolved in the
vitriol, which is casily done with common pan-
sali, but much lesa ensily with rock ealt, and is
assisted by occasionsl stirring, the handle of the
rake passing through a hole in the charging
door. The fire is then increased to drive off
more hydrochloric acid, but not too much, lest
the batch becomes too stiff ; the work is regu-
lated in such manner that the batch is ready to
be * cast P or “shoved ' into the roaster, just when

d

the last charge hea been drawn from the latter.
¥or this purpose the damper & (Fig, 22) ia miscd.
The wurE in the roaster must be carried on in
fuch manner that the bateh is thoroughly tumed
over and mixed.

The temperature within the furnace should
ultimately bo a ved heat, and no more vapours
should be seen rising from the mass, Still, it
uauslly happens that, on drawing the batch out
of the furnace, gases are piven off (those of
sulphuric anhydride being less pungent than
those of hydrogen chloride), and, to ayoid
nuizance, tho mass is frequently first drawn into
& closed box, where it cools down and is then
removed without causing inconvenience.

The yield of ealt-cake is very nearly that
calculated by theory from the dry salt. It may
be taken as about 120 parts upon 100 of dry
salt. Calculated upon iho sulphur bumt in the

vrites kilne, it variea from 405 to 430 parts 10
00 of sulphur actually bumt, open furnaces
vielding raiher leas than close ones {owing to
the volatilisation of 80,).

The consumption of fuel varies in hand.
fumaces from 30 to 60 parts to 100 of salt-cake ;
it is higher with cloas roasters than with open
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anes, but the difference is leas where the pens
are heated by the waste fire of the muffle-furnace.

Mechanical sali-cake furnaces have been con-
structed by many inventors to economise labour
and coals, We mention among such furnaces
those of Jonee and Walsh (1875; improved in
1887 ; ¢f. Chem. News, 35, 51}; Black and
Hill (1877); Cammeck and Walker (1876);
Black and Larkin (1884); Thomson and
Worsley (Eng. Pats, 21946 and 21048, 1854).
S8ome of these have not answered in the long
run, and we shall confine ourselves to & desorip-
tion of one of the most sucoessful of mechanical
salt-cake furnaces, that of Mactear (1879,
described and discussed J. Soc. Chem. Ind,
first Geoersl Mocting, 1881, p. 29 & seg.), and
gshown in Fig. 28. It consista of a rovolving
circular bed, covered by s fixed arch, the fire
E:ing between them, and the accees of air

ing prevented by & *lute’ filled with salt.
cake. In the centre there is a kind of pot into
which both sslt and acid are continuouely fed,
and in which they are mived. The pesty maas
overflows into tie outer beds, and is both

ocontinually etirred and gradusliy carried to the
outer circumference by means of a number of
etirrers, which are protected against the action
of the fire and the acid
between the gas-flues,

by being placed
finished ealt-cake,
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Fra: 28,
arriving at the outer edge, falls into the delivery
trough running sll mug:d the furnece, and at
the same time forming the ‘lute.’ The acid
vapours and produeta of combustion awa:
together in two flues, armanged at cach side of
the yow of stirrers. The bed of the furnace is
Ened with fire-brick, boiled in tar and set in |
special cement, which bocomesa even harder )
when mbjectad to the etion of the heat and |
suiphste.

A great point in the Mactear fomaco ia the |
amtinitons decomposition of salt, Thus a con-
tinuoua and even stream of hydrochlorio acid is
evolved, and, although this is mized with all
the fire.gases, it wos claimed that the condensing-
plant required in decidedly less than that found
recessary with close furneces, This, however,
is not in mwent with modem practice, and
makes no wance for the much more extonsive
and expensive cooling plant necessary to oool
the gases when mixed with the producta of com- |
bustion aa they sre with the Mactear furnace than
in the case of a muffie.furnsce, such as the
Deacon * plus pressure * salt-cake fumnace,

The ar fumace was first fired with
coke ; then * Wilson * producers were attached to
it (compare above); but these have had to be
given up agein for coke, 80 that the hoped.for
economy in firing has not been realised

25

The Black and Larkin fumace, which is com-
bined with an ordinary pen, is 8 peculiarly con-
struoted mufile, heated from without by a numbor
of smu::l ﬁrei:;s both above and below, practicaliv
on * plus-preesure * system, with & ver
efficiont mechanioal stimyn!g apparstus, thui
muing all the work to bo done with closed

snd avoiding *low-level escapen,” Natu-
rally the condemsation of the hydrochloric seid
is as eagy in this case as with ordinary close
roasters. One such furnace decompoees from
72 10 80 tons of salt per week. These furnaces
::;ve been ;uooeu(ﬁ;ul. and are atlilll at xrl:egl
o place whero they were originally introduced.
Another meohmimf furnace, m:uny of two
revolving cylinders, is that of A. Walker (Eng.
Pat. 9760, 1887). Generally apeaking, althou, Fin
mechanical salt-eake farnsces have been used for
80 many years and have abaorbed so much skill
snd patience in their design, they have not been
generally adopted, owing to the fact that their
undoubied economy in labour and power of
roducing a more niform salt-cake is more than
lanced bét.he higher firat cost, coet of repairs,
snd TE!}:: i cglties of o}ndm}mn
ireck process of manufacluring sodium
sulphate from common sall, sulphurous acid, and
eir, withont the intervention of sulphurio acid,
hea been the subject of many efforts, commencing
with Gossage's, in 1850. None of thess had any
practical sncoses until ves and Robinson
(beginning from 1870) introduced a number of
improvements which have made that provcss
Hracticnbla and successful. We shall here
eoribe it in ite improved form,

The process consista in conducting the gaees
from pyrites kilna of the ususl type, mixed
with & suitable quantity of steam, through e
serien of lsrge cast.iron oylinders, cha with
common #alt, in such manner that the fresh gas
meets with the salt which haa been the longest
time exposed to the treatment, whilst the nearly.
exhausted ges ip brought into contact with
fresh common salt. In this way, on the one
hand, the salt is completely converied into
sulphate, end, on the other hand, the pyrites
kiln Igmwes sre nearly as fully utilised as the
would havo beon by passing them into vitriol
chambers, The reaction =

2Na(14-80,4+ 0+ H,0=Na, 80,4 2H(1,
takes placo at a temperature of about 500°-
560°C., and this must bo maintained againat the
radiation into the surrounding s by external
heating ; but aa the reaction jtself produces heat,
the amount of fuel required in not exorbitant—
if care is taken to avoid undue loss of heat during
the process, This is all the more neceasary, as
the process ia a nlow one: it takes from 2 to 4
woeks belore the salt, charged into one of the
eylinders, can be taken out in the shape of
finished salt-cake.

The first step is bringing the salt into such
s condition that the gases can i z pass
through it and yet reach all parts of it to the very
core. 3altof fine grain must be used, and usually
either the salt known as * buttor salt ® or powdered
rock salt, or & mixture of both, is taken. A
method of preparation generslly adopted is as
follows : The salt je crushed and wmoistened by
water or exhauet eteam. It then falls from a

hopper upon an endlers chsin of plates, cack
% about 12 ?t?s. brosd and 5 ft. across, of 8 tots
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length of about 100 ft., or more, rising up
in a sloping oven snd retuming wndemmeaih,
On falling upon that travelling-platform, the
salt is mechanically beaten down into & layer
of 1-1} in, thicknees, which is at once cut,
by means of mechanically-moved knives, into
cakes about 3} ins. square. These now emter
into an oven, which is heated by the waste heat
of the oylinders or direct fire, and pass through
it at such » rate that they arrive perfectly d
atthe upperond. Asthe chain tums down

the dry cakes detach themselves and fall down
upon a grating. They are now dense mouf:
to retain their shape in the cylinders, snd to
handled without formation of any material quan.
tity of dust, and yet porous enough to be entirely
penetmted by the gases, their regularity of shape
securing regularity of drmuoght jn the process.

It is of vital importance that uncaked or
powdery saht ahall not get into the oylinders, as
if it does, it forms areaa impermesble to the
flow of the gases, and thus prevents the reaction
from being completed,

The decomponition of the salt takes place in
& seriea of cylinders, from B to 20 in number,
about 15 ft. in dismeter, and 12 ft. high, and
holding 40 tons of salt-cake, or even more.
They are surrounded by amall vertical flues con-
nected with s fireplace below, and their tops are
protected inet cooling by & thick layer of
ashes. Inzide there i3 & movable grate, on
I;‘hich the ultfmtn.h A numhe]r of nl:lmnhole:ain
the serve for charging ; a large door abovo
the l:gt?t.om for d.ischaﬁg. A set of Iarge cast.
iron pipes serves to admit the bumer-gas
into any of those cylinders and for paasing it
through the whole series, the gas always entering
at the top and going awsy at the bottom.
The connections between the main gaspipe and
any one cylinder and those between the eingle
oylinders are opened or closed by & very simple
arrangement—viz. by dividing the wnneotmg
olbow pipes or ‘sipﬁons’ in two halves, sn
either shutting the connection by inserting mn
iron plate or elss leaving it open, always luting
the joint by & mixture of rortar and sslt. ¥rom
the lest cylinder of tho seriea the gases pess
through en opening in the bottom of the drawing
doorway, into & Hue,

Fig. 20 showa such & set of B cylinders acen
from the top, Fig. 30 shows the section of one
of the cylinders. A, to A, are the cylinders, s
the discharging doors, ¢ o the iron pipes for
bumer-gaa with their connecting siphond » and
circulating siphons B; F is the outlet opening,
@ the gas.flue for the exit gas; 7 is an openin
in tho top by which cold air ean be sdmitted,
in case the cylinders get too hot through the heat
of reaction.

The pyrites burners employed aro apecially
conatrucied with & vicw to avoiding radiation
and sending the gus aa hot as possible into the
cylindera. " The neccssary steam is guperheated
by the waste heat of the gases, and s usually
introduced in the upper part of the bumners.

The gases are drawn through tbe wbole
system by means of a Root’s Blower or a cast-
iron Inn placed between the cylinders and the
acid condenscrs.
that no liquid acil can be condensed in jt, it is
protected against the action of the acid ; but the

entla of the shalt, paming through the blower, !

By keeping the blower 50 hot ; through which the gases cannot penetrate to

- com

E0DIUM.

must, on the outside, run in water-enoled bear-
ings. The exhaust steam of the engine is utilised
for the steam required for mixing with the
bumer-

The amount of fuel required in 8 apecial case
was ag follows {oalculated upon 20 owts. of ealt-
cake)

For heating cylinders . . 4 cwta.

For preparning salt . .3,

For steam . . . O75cwt.
775 cwia,

In other casea nearly 10 owts. of fuel has been
required, but in any case no more fucl is needed
than in the ordinsry procees of making sulphwnin
ac;d and cmploying this for decornposing the
sait.

The smount of fuel required for heating the
eylinders depends naturslly on the construction
of the plant, the eare taken to avoid radistion
lossea and to get the pyrites gases we hot as

ssible into the leading cylinders. It also
pende on the rate at which the plant is work-

=0

ini;n The more rapidly heat is generated in the
cylinders the less the proportion of that heat
which will be loet by radistion. The chemical
compaosition of the salt has been held to materi-
ally affect the possible apeed of working, and the
evidence goes to show that other things being
cqual tho aalt oont.ni.nin;i. the largest quantity
of iron salts decomposos the most rapidly. Thia
is the usually accepted explanation of tho fact
that the output of tﬁe same plant uring powdered
rock ealt is greater than when using ¢ butler aslt”
which contsing raaterially lesn iron.

Hargreaves (Fr. Pat, 384144, 1907) promotes
the reaction by the sddition of (+1-10 p.c. of
copper or iron salta beforo moulding into cakes,
the amount used depending on the purity of the
product required.

In large well-designed plants when the speed
of reaction ia high no fucl 18 required to heat the
eylinders. Great care is necessary in watching
and controlling the temq:rature of the Har-

aves cylinders, If the later cylinders get too

‘hot through the rapid action of strong hot

sulphurous acid gases on the almost untouched
palt, the salt itaelf will flux and form arcas

cte the reaction.
o advantages of the Hargreaves proceas
arc & great saving in space and either, when
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———it has cooled down. The larger
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making the same quality of salt-cake lower
process costa than the sulphuric acid and ealt
procems, or, with about the ssme process costs
the power to make s higher fu]e salt-cake more
free from iron than is possible in the ordinary
process with the ocast-iron decomposing-pan.
The dissdvanteges aro the great cost of the
plant, which, unlike the lead vitriol chambers,
doea not retumn a large proportion of the initial
cost on dismantling; the very oareful super-
vision required with the consequent liability to
sericus difficulty and expense if the anpervision
e;:n i:'nor [ sl]:.oilrt tiI?e btﬂ?h d%wn }; and again
t poesibility of wutilising the hydrochloric
acid Lgn evolved for the prgduction of chlorine
by Descon-chlorine process, owing to the
qusntity of snlphur dioxide and esrboun dioxide
they contain from time to time. This salphur
dioxide in the Deacon decomposers ja fatal to
the sctivity of the catalyst there used, viz. cupric
chloride. The Hargreaves process is worl
snccemfully in England in eeveral manufactories,
and sbo on the Continent, but haa failed to
extend materislly in recent years,
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Salt-cake free from irom (or nearly so} is
[ required eepecielly for )i;_}ate-glass‘ window-glase,
jand so forth, The Hargreaves sulphate is
; frequently pure encugh for this %urpoae. On
1 the Continent it is sometimes made by employing
| decomposing 8 made of lead, which are
, certainly much more difficult to menage than
| the ecast-iron pots otherwise uped. The baich
. must be taken out much thinner, and the Ering
must be much more careful than with esat-iron
te. Purified podium sulphate is also made by
issolving ordinary salt-cake, precipitating the
iron present by the addition oFa little bleach-
g powder and lime and evaporsting to dry-
n

B88.
Glouber's salt is crystallised godium sulphate
Na,50,,10H,0. It is manufactured for & few
urposes, principally for medicinal use and for
reezing mixtures, A considerable quantity is
obtained from the residuals of the Btassfurt. salts,
and from the mother-liquor in the manufacture
of sea-galt, Tt is required in two very different

states—viz. in very emsll or in large crystals,
|The small acicular crystals aro o

ined by

making the solution as etrong as possible st
s emperature of 34°C., settling, running into
shallow coolers, and stirring the solution until
crystals (‘soda
fashion *) are made by dissolving the sulphete
at 50°, until the sp.gr. is 1-257 (at 40°), sottling
for an hour, and funning mto deep coolers
(2-5 ft. deep), where the %iquor is kept quite

undisturbed.  In order to facilitate the forma-
tion of large wooden staves or pieccs of
twine, weighted with a littlo lead, are hung in !

the vata, The eooling lasts from 5 o 20 days,
according to the size of the vate and the season,
the crystals aro large (an inch and more thick),
hard and shining, and they must be dried at
A temperature not exceeding 30°, to prevent

Testing of sall.cake.—It is ususl in the
faetory to teet the malt-cake only for free mul-
phuric scid and undecomposed sodium chloride,
a8 these are the impurities over which the
workman has control; the other impuritiee—
iron, lime, alumina, &e,—depend on the quality
of the salt used,

. The usual methods of anelysis adopted are
giten in Lunge’s Technical Chemist’s Handbook.

. Two charmaeteristic analysea of salt-cake are
civen below,

salt-cake from  salt - cake
whito salt low in iron
Na B0, . . . 92 980
Na{ll . . . 0-5 02
| H,80, . . . 15 03
" (aS80, and insol, 18 1424
Fo, 0, . . . — 00746
100-0 100-0

The chicf uses of salt-cake are for the manu-
| facture of caustic soda by the Leblane process,
for the manufacture of sodium sulphide and of
glass. For the manufacture of practically all
qualitics of glass except lead glaes, salt-cake is
mperior to sods ash becauss: It is cheaper
per unit of elkali, and owing to the higher
tempersture at which the glasa fumaces work
when using salt-cake a higher proportion of
“ milies oan ie used, thus again cheapening the
cost and also producing & harder and more
durable glase. . .
Sodiom sulphide Na,S. In practioe sodium
sulphide is always obtained by the reduetion of
so£um enlphste, The preparation of sedium
.sulphide haa hoen the subjeet of much work and
| many patenta, Arrot {Eng. Pat. 1370, 1860)
EGomgo (Eng. Pat. 2612, 1859), Wilsan| {Eng
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Pat. 1361, 1859}, Claus {Eng. Pats. 819 and
26816, 1869), Willans {Bng. Pat. 283, 1860), and
Weldon (Eag. Pats, 337010 3300, 1878 ; and 444,
445, 1877).  Windkler, in Chem. End. 1880, 129,
givea a description of the method of making
sodium sulphide in a small reverberatory fumace
from & mixture of sali-cake and 25-30 p.e. of
coal, which was in use for many yvars. Essp
{Zeitsch. angew. Chem, 1889, 284) also descri

the production of sulphide in a reverberato

?rmoe from salt-cake and 60 p.o. of -

ust.

Gossage and Matheson {(Eng. Pat, 3218,
1888) propose the mixing of a considerable
qusntity of NaCl with the salt-cake, (ossage
and Willinmaon {Eng. Pat. 2092], 1892) proposed
to dd to the mixture of salt-cake and coal 35 or
40 parte of Lablanc black-aah waete in order to
prevent the action on the fumace lining.

The Société [ndustrisle de Pont Saint Martin
and A. Piecinini {(Zeitech. angew, Chem. 1908,
782) pre sodium sulphide in & liln from coke
and sulphate by hesting the mixture in an eleo-
tric furnace. Another interesting proposition
iz that of Glossage, Matheson and Hawlicek
{Eng. Pat. 121480, 1888), who oat the uee of
furneces of the lime-Liln type for the production
of sodinm sulphide,

Ellers Eng. Pat. 17815, 1890} de-
seribes the difficulties in maintsininﬁ the fabric
of the furnace sgainst the action of the sulphide,
and secribes them to the overhesting of the
charge, He constructa his furnece with a fire-
bridge 2 ft, high above the furnace-bed, and
avoids overhesting the bridge by means of an
internal air chennel. The flue above the fire-
bridge is contracted towards the centre of the
furnaoce-bed, so that the sides do not got as hot
as usual, The bed is also made to rise towards
the bridge so that no melted sulphide can
accumulate there. Tho sides of the fumace
round the bed are made of fircbricks in such »
msnner that they are independent of the outer
walls, and are essily renewed. Lunge thua
describes the working of this furnaco from his
personal obeervation (Bulphurio Acid and Alkali,
vol. {ii, p, 206} : * The charge consists of 7 cwt,
salt-cake, and 3} cwt. coke brecze, not specially
mixed, but pat 1n the ueual way, first upon the
back bed and brought there to a dark red heat
without any fusion. The fusion takes placo on
the front bed, where the mass turns first thin
and then again thickens, just like an ordinary
black-ask chargo, but without exhibiting the
well-kmown *esndlea,’ It is, however, not so
Hlsty a8 black.-ash, and more porour. It js

rawn out into an iron box after firat lowering
the fumace damper to provent ita bumin%nduring
the discharging. The masa cools down In these
boxes without any special precautions, Sixteen
such charges are finished during 24 hours with
» consumption of 1} tona of coal. The heat is
not #o h§h a8 in black-ash furnace, and the
furnaces do not require much repsir. . . . It is
very remarkablo in this case the fumace
bottoma did not suffer very muoh, seeing that
they were made exactly like those of black-ash
furnaces (s2¢ Loblano Sods Process, p. 39),
exeept that they wero a little nloping from the
firebridge ; the alope towards the worldng door
ia common to both. The reason is probably
this, that with the large quantity of emall coke
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50 p.o. tho masa slways remains porous; the
infusibility of coke is also an advantage in
comparison with ordinary mixing coal. During
work the damper must always bo kept down as
much aa ible to avoid unneceesary entrance
of air; if this is not done the mass turms more
liquid, evidently by the formation of polysul-
phides, and the wco guffers much more. The
erude sulphide on anal{:ia shows only s trace of
polysulphides, no sulphate at sll, aboui 1§ p.c.

thiosulphate, and about 10 p.o. of the sods as
carbonate, the remaining soda being present
as Na,S; there is about 26 p.c. insoluble, This

is certainly an exocellent product.’

The crade sulphide or sulphide ¢ black-ash,”
waa, after cooling, originally broken up inte
laropa, packed and sold. e or two cases,
however, of fire on board ship occurred which
were atiributed to spontsnecus combustion of
the erude sulphide, and carriage in this form
was stosped J. Soe¢, Chem. Ind, 1806, 83B).
The oruds sulphide ia now all liziviated in vats
similar to those described under the Loblanc

rocess for lixiviating Leblanc * blacknsh’
sc¢ Figs. 34 and 35), the only differenco being
that it is necessary to keep the vats in the case
of sulphide much hotter then in the case of
Lablano soda {see p. 43).

The vat liquor, after settling, ia run into
crystallising cones and allowed to cool, when

erystals of Na.S,9H,0 separato out of approxi-
naately the following com position :—
Na,8 - . . . 320 p.e.
Na.S,O. N . . 144 ..
Na BO. . . . 14
HO(ydiff) . . . 662,
100-0 ,,

The cryatals after well draining are packed
in casks,

Sodium_sulphide is moderately soluble in
water, and orystallisca in  white, quadratic
cryetals, of sp.gr. 2471, which contain 9 mola.
of water. Other hydrates have also been de-
seribed  {Parravano and Fomaini, Gazz. chim.
ital. 1907, 87, ii. 521); see GBttig (J. pr. Chem.
1888, 34, [ii.] 229), Abstinthe {J. Soc. Chem. Ind.
18886, 634).

The ateous solution of tho salt recacts
strongly stkalino owing to hydrolysis, A more
coneentrated form of sodium sulphide is made
by concentrating the vat liquor usually in
the so-called caustic pots. The liquor is con-
centrated until the temperature rises to about
160°, when a sample will be found to test
80 p.c. Na,8. Tho fire is then drawn and the
pot allowed to settle for 4-6 hours, and then
the sulphido is pacled in an exactly similar
:;? to csustic soda into the ordinary caustic

a drum (see Fig. 43).

The sulphide so preparcd hes the following

composition :—

Na,8 . . . . 828 p.e
Na8,0, . . . . 29
N&,Sb‘ . . . . L,
Na(l . N P R B
F&gOg . . . . 044 ”
Water (by Jiff.) . . 3106 ,,

1000,

The concentrated sulphide is also put on thy
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market in disks 2—4 ine. thick and in broken | sodium salt by addition of sodium aulphate.

picces of various sizes.

1t will be observed that the concentrated
sulphide contains over 30 p.c. of water. It has
been found by experience that this quantity
of water entirely prevents all daoger of the
mtaneons oontll!::sit.ion mmoned .bl?lve a8

ing traced to tn]:um ydrous sulphide
pecked direct from the furnaces, phid

Sodiuwm sulphide is largely used as a depilatory
in the tanning industry, and in the colour
industry s one of the raw materials of the so-
called sulphur colours, and as & solvent of these
colours in the dye-bath. It is also used in the
manufacture of water-glase.

A disulphide, trisulphide, tetrasulphide, and
pentasulphide of sodium have also
pared. See Bittger {Annalen, 1884, 223, 335,
18y, Locko and Anstell {Amer. Chem, J. 1808,
20, 592}, and Hugot (Compt. rend, 1699, 128, 388).

Sodlum thlosulphats alphite)

_ Na,8,0,,5H,0,

This ecompound wwe first prepared in 1799 by
Chaussier.  Small quantitics of the salt may be
made by taking about 1 lb. of pure, well.
driod sodium carbonate, mixing with it about
vne-thid ita weight of Howers of sulphur, and
then heating the mixture in a porcelsin besin to
the melting-point of sulphur for eome timo,
stirring all the while, so 88 to bring every

in contact with the air. Oxygen is abeorbed

the sodium sulphide formed, which is con-
verted, with feeble incandescence, into sedium
thiveulphate. When cold, the mass is dissolved
in weter, boiled with sulphur for some time, and
the liquid concenirated by evaporation to the
crysl.&lnm ing-point. A very pure produet, mal{l:e
thus obtained. It can be prepared by boiling
a sohtion of sodium sulphite with flowers
of miphur, filtering fromn the excess of the
laiter, and allowing tho solution to crystal
lie. Another me ouonsists in  boiling
sulphur with soda-lyo snd ing sulphur
diczide into the yellow solution until it becones
colouriess. 'The anhydrous ealt is essily prepared
by pessing sir over anhydrous NaSH at a tompe-

mataro of 100°-150°,

Tho earthy thi tce are obtained by
cxpoun% their sulphidee to the oxidising
action of the air; an: :{on thisprinoilﬂledeponds
Loak's prooces, which is as fo : The
uak waste produced in allali worka is
wtbe air for a week or more, being turned over
from time to time, so se to bring every portion in
wntact with air, The msass is then ﬁamted
vith water, and, on addin
whition to  the 1:I.ism>lvoclg thiosulphates of
wdium and caloium, the calcium s previpi-
wied as carbonste, and the whole of the
thiosglphuric acid is converted into the sodinm
ﬁln a solution is drawm t.egﬁb from the
. precipitate, concentra Y OVAPOra-
oy, epd the erystals of sodium thiosulphate

by recrystallisation. A meodification
process, by Kopp, is as follows : The tank
s with 10-15 p.c. of sulphur and
times its weight of water, and is then
an hour. The solution of polysul-
obtained is put into & closed apparstus, in
it can be agitated, and is treated with
dioxide. e solution now contains

i

TiE
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pre- | sul

eodiutn carbonate | 3,

thiosulphate, and is converted into the .

The solution of sodium thicsulphate is drawn off
from tho precipitate of calcium sulphate, and ia
ooncenirated and crystellised as before. Another
method consists in allowing the liquid extract
of the oxidised tank.waste to run down & tower
packed with coke, where it, meets with a strong
upward current of sir. A little steam iz also
injected into the tower. The polysulphides are
3{ this treatment oxidised to thiosulphates.
¢ solution running away from the bottom of
the tower hae sn acid reaction, and is neutralised
with milk of lime, evaporated to & ep.gr. of 1:25,
and a solution of sodﬁm sulphate added until
the precipitation of the calcium is complete.
The precipitate, consisting chiefly of caleium
te, but containin from 2 to § p.o.
ium and caleium sulphites and thiosulphates,
is dried at 100°, and sold to tho paper makers,
the calcium -sulphsto serving se & weighting
materisl and the sulphites, &c., it ocontains
scting as an antichlor. The filtered solution is
ovaporatod to & ep.gr. of 165 and allowed to
cool, when sodium thiosulphsto aad a little
ey of - thasalphs be_greatl
ield of thiosulphsto can tly
inomued“ by suitable treatment. Soﬁ::nor
{Dingl. poly. J. 193, 42) troats the yellow sulphide
liquors with sulphur dioxide, exactly neutralises
the excesa of the latter by the addition of a
further quantity of fresh sulphide liquor, hests

to 75°-%0°, and adds the requisite amount of
sodium sulphate {determined by the analyais of
s aample of the liquid). ¥, & littlo caustio

soda is added to ensure the oomﬁlete precipita-
tion of tho calcium sulphste. traces of sul-
phides are still present they are removed by the
addjtion of » little sodium bisulphite, and the
clear solution is then evaporatod to 43°Besumé
and allowed to crystallise, The eorystals so
obtained are sold directly for use as an antichlor,
but if required for photographio purposes they
are recrystallised once in stonoware .
The pl;fustion of sodium thiveulphate has
been carried out as follows : Strontium sulphide
——obtained by reducing strontium sulphate by
means of powdered coal—is, while still hot,
mized with water to form a thin paste. The
mass ia boiled with sufficient caustio alknli to
combine with the sulphnr of the eulphide,
Strontium hydroxide isce out on cooling,
and the mother.liquor consista of solution of
sodium sulphide. treating ihis liquor with
sulphur dioxide, sodium thiceulphate is formed,
and free sulphur deposited (J, Soc. Chem. Ind.

30).

Apother process oonsists in the reduction of
sodium sulphate by furnacing with ooal, the
extraction of the Na,5 so obtained by water,
and the treatment of this sulphide solution with
eulphur dioxide,

Sodium thiosulphate may also be prepared
from the apent lime of the purifiers of gas works,
which contains the caleinm salt of thiveulphurio
acid a8 well sz calcium sulphide.

Other patenta for the tochnical manufacture
gilo sodium thiosulphate are given briefly

W i—

Vercin Chemischer Fabriken zu Mannheim,
Eng. Pat. 23217 b and ¢, 1907 (air is gnased
over anhydrous NaHS st 100°-150°}; Sidler,
D. R, PP. £1437 and 84240 (sodium, sulphite ir
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heated with fused sulphur in CO,); Verein Ch.

Fab. tu Mannheim, D. R. P. 88584 {produc-

tion of sodium thiosulphate by the action of

50, snd steam on & mixture of NaHSO, and 8

in presence of water) ; Clemm, D. R. P. 180554

gauuf:ctum of sodium thiosulphate from
uxite).

The salt forms large transperent prisms, be-
longing to the monoclinio system. Its aolution
is neutral to teat paper; it 18 without smoll, has
amﬁn%&:h,mddoesnotohangoone sure
to air. crystals melt in their water o 8-
tallisation at 45°% sll the water being e od
at 215°; and at 220° they decompose, with
separation of sulphur (Pape). The salt has s
sp.gr. of 1972, i .

It dissolves very readily in water with con-
siderable abaorption of heat, It easily forms
supersatursted solotions, which may be made to
contsin as much ae 217 parts of the salt in 100
of water at 0°, It ie insoluble in alcohol. The
aqueous solutions of the salt have a neutral
reaction and are permanent in the abeence of
air and light. Froshly made dilute sclutions
commonly alter in th st first owing to
the action of the carbon dioxide, usually present
in water, on the salt ; hence in proparing & solu-

tion of sodium thiosulphate for snalytical pur- | 1o,

poses it is neceesary to allow it to stand for e
woek before stan rdmmgl it. After all the
carbon dioxide present in tho water has reacted
with the salt thoe solution may be kept almost
indefinitely without further alteration, The
solution has the property of diseolving many
insoluble salts, snch as lead sulphate and silver
iodide. Besides the commonlﬂ occurring penta-
hydrate a namber of other hydrates have
been propsred and studied by Young, Mitchell,
and Burke (J. Amer. Chem. Soe, 1804, 26, 1389
and 1413; 1904, 28, 315).

Bodjum thiosulphate is used a8 sn antichlor
for removing tho last traces of the chlorine from
bleached fabrics, the reaction being essentially—
Na 8,0,+401;+8H,0=2NaC14-2H,80,46HCL

According to Lunge (Bolley’s Technologie,
Ncue Folge, 1900, 16, 74) cnly sbout one-tenth
of the amount of chlorine required by the above
equation is acted upon, s a largo quantity of
tetrathionate is formod, while a further portion
of the thiosulphate is g‘r;;bably decomposed into
trithionste and eulphi

2Na,8,0,=Ns,3,0,4+Na, 8
gince somo sulphuretted hydrogen is always
ovolved.

Sodium thiosulphate finds en extended

application in photography. Owing to its power
oFPdi.seolving sﬁl\:cr E;mide, iodide, &c., a solu.
tion of the salt is employed to diesolve out the
unslicred silver halogen compound from the
plates or prints after tho exposure has boen
mado and the imsge dcvelopedme negativo or
print, being thus * fixed * and rendered unalter-
able on exposure to light. It is also used in the
bleaching of wool, straw, cils, ivory, bones, &c.
{a# & source of 80O,), and as & preservative against
fermentation in the sugsr industry. In the
calico-printing and dyeing trades it is employed
in the preparation of mordsnts; aluminium
sulphate ie treated with sodium thiosulphate, and
the resulting solution of aluminium thiosulphate
thickened as ususl end printed on the fibre,
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On stesming the printed cloth alumins is
deposited on the fibre by the decomposition of
the sluminiom thiosulphste, and the materisl
can then be dyed: with alizarin, &0, It hae been
used to fix aniline greens, and in conjunotion with

salta of copper to produce tho so-called ¢ tine
effecta” which depend upon the deposition of &
thin film of copper sulphide on the fi Bodium

thiosulphate is aleo employed in the preparation
o¥ vadriigs artiﬁma.ll; oolcl:nri ?;gs in fthl;m:ednmm
of indigo ; in the wot met] of preparation
of antimony cinnsbar, and ordinary cinnabar ;
in metall for wet gilver-oxtraction processos,
the silwrmggeing converted into chioride by
rossting the ore with common salt, and the mass
lixiviated with a solution of the sodium thio-
sulphate {v. BILVEDR); in the preparation of
silvering snd gilding solutions, and in the
extraction of gold from ores. When trested
with sodium amalgem, it gives sedium sulphide
and sulphite:
Ne,5,0,4 Na,=Na 80,4 Ne 8.

The property whioh the salt possesses of
fusingnst. ‘8 low clt.crn: o ture in its water h:gf
crystallisation and solidifyil in on ooolk
ha{ been utilised by Fleckyi::gwmg gloss tubes
containing explosives to be nsed under water in

In medicine sodium thiosulphate is used in
cases of sarcinons vomiting, and as an extornal
application in parasitio skin di

In the laboratory tho salt is largely used in
iodometry, the fundamental reastion being—

2Na 8,03+ 1,=Na 8,04+ 2NsL

For the application of this see the article on
AxavLysis, 1t has also boen proposed for use in
quantitative analysis for the precipitation of
various metals in place of sulphuretted hydrogen.,
Lead, mercury, silver, copper, and ohromium are
sll quantitatively precipitable as sulphides {or
in the case of chromium as h xide}":y boiling
their solutions with sodium thiosulphate (Faktar,
Zeitaoh, anel. Chem, 1900, 39, 345)10

Sodinm thiosulpbate i» employed in the
separation of iron and aluminjum. A sclution
ocontaining these two metals is treated in the
cold with sodium thiosulphate ; this givea rise
to the sluminium thiosulphate, and, when
boiled, the latter is decomposed, with evolution
of sulphur dioxide and deposition of sulphur and
alumina, By throwing the whole on s filter,
the iron, still in solution, through,

Sodium thiosulphate forms e hl?o number
of double salta, many of which are of extremel
complex oomposition. Those formed wi
copper 8nd silver havo been studied by Roeen-
heim and Steinhduser (Zeitsch. anorg. Chem.
1900, 25, 72) end C. and I. Bhaduri (ibsd. 1898,
17, 1), Se¢ slso L. Shinn (J. Amer, Chem.
Soc. 1004, 26, 947).

Sodinm nlrite NoNQ, ocours native in
emall amounts in Chile ealtpetre, and is fre-
quently found, salthough only in traces, in
mineral waters. It can be p artificially
by heating sodium nitrate, either alone or mized
with deoxidising substances, metallic lead, iron
filings, or graphite being those ususlly em-
ployed. The salt pre in this way, however,
invariably containa some caustic soda and
undecomposed nitrste. The pure salt is best
made by decomposing a solution of silver nitrite
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with an equivalent amonnt of sodium chloride,
or by pessing the nitrous fumee evolved from »
mixture of pitric acid and etarch into o solution
ol caustic soda or sodium carbopste (Divers,
Chom. Soc, Trans, 1509, 86).

It may also be obtain lx the electrolytic
redoction of the nitrate, but the yield obtained
is only 60 p.o, of the theoretical (Muller, Zeiteoh.
Eektro. Cﬁom. 1903, 9, 955).

Technical manufociure. On the large scale,
sodinm nitrite is rande by the reduction of the
pitrate, wnually with metallio lead.

The lead employed must be as free as possible
Irom ginc and antimony, and is rolled out into
thin sheets previons to use. The theoretical
amount of lead required for the decomposition
of 100 parts of sodinm nitrste socording to the
equakion— »

NaNO,;+Pb=NaNO,+Pb0
is 243 purte, but in practice an excees is in-
variably used.

The sodium nitrate (100 kilos.) is melted in &
cast-iton vessel Btted with a ical stirrer.

250 kilos. of lead are added, which rapidly
idises to yellow PbO. After a short time
. is added, and the mixtore kept well
stitred for three-quarters of an hour, the whole
operation lasting about 3} hours. Thorough
i aa if any of the mixture is
on the eidea of the veasel, the
corroded and rendered usclees.
h wet from the fusion (which should
contain over 0 p.c. of NaNO,) is extracted with
walee in wronght-iron vessels, provided with
stirrers. until the solution hesa & density of
36°-39° Besumé. The alkaline liquid is then
carelully pentralised with dilute nitrie acid, and
sllowed to settle. The clear solution i evapor-
sted to 42°-43° Beaumé, allowed to stand three
or jour hourn to clarify, and then run into lead-
lived wooden tanks where crystallisation takes
The obtained comtain, after

ing dried st 80°, 97-98 p.o. of aodium nitrite.

& mother-liquors can be evaporated several
successive times after addition esch time of &
little freab liquid from the vats. The p!.mz{l of
the nitrite thus obtained continually diminiahes,

u the following figures show :—
Parceptage of
NaNOQ, conlained
i the g% after

Crydtals trom 1st evaporation %? %0 97°5 p.c.
”» 2nd ” 908t 97 ,,
» ard *” 982 t0 96-6 "
» 4th " 86 to 982,

I a hi content of nitrite be required, the

alt must be recry . When the crysials
obtained from the liquid show lees than 98 p.c.
of NaNQ,, the motherliquor is evaporated
veparstely in a second pan, and produces crystals
containing 86-94 pw. of nitrite, which are
employed to strengthen the fresh lye. The
solution separated from theee is further concen-
trated in & third pan, and yields crystals con-
taining 50-75 Ig.c. of nitrite. Those conteinin,
above 65 p.c. NaNO, are retumed to the secon
, and the remainder are fused up agein with
ip the manner described above. An
analysis of the final mother-liquors guve their
ompogition s i—

an
%c.
Caustic soda . . . 10-89
Bodium carbonats . . . 2200
Sodium npitrita . . . 2052
Bodium nitrate . . . 1623
Bodium chloride . . . B06
Sodium sulphate . . . 1730
Insoluble . . . . T3
100-31

Another for making sodium nitrite

consigta in Pnoeeu together 500 kilos. sodium

nitrate and 500 kilog. caustic sods, adding 226
kilos. iron filings, and allowing the masa to react
for 58 hours. Various other rednm egenis,
such aa sulphur, calciam salphide ( ~waste),
barium slphide, zinc blende, and galons have
ulso been omplog:iil

A ies. hlll:]:: nitrite forms atl;:al.l
rhombic crystals, which wmally possces s faiut
yallow colour, although according to Boguski
{J. Rugs. Phys, Chem. Soc. 1898, 31, 543} the
pure dry salt is colouriess. The crystals melt
at 271° (Divers) and diseclve easily in water
{1 part of the salt dissolves in 1:2 parts of water
at 15° forming & yellowish eolution which i
alkaline to litmus. The salt is very sp‘ﬁnfy
soluble in absolute aloohol, 100 parie of this
solvent dissolving only 0-31 pert of sodium

nitrite at 19-5°.

For the density of sodium nitrite solutions,
s¢s Boguski, Anz. k. Akad., 1898, 123. For
conduotivity measurements, ses waky
and Niementownky, Zeitsch. phyeikal. Chem.
1807, 22, 147, and Schumann, Ber. 1800, 33, 532.

Uses. Bodium nitrite is Iargely used in the
mapufacture of coal-tar volours, and also in the
calico-printing industry in the preparation of
certain coloura,such as i red, which
are developed on the .

Sodium nitrate (cubic nire; Chile salipeire)
NaNO,. This important salt oocurs & nilraline
in the natoral snd artificial sccumulstions of

tassium nitrate, and in other deposits where it
E;e been meduoed similarly to that selt (o,
Poisssvum Nirale, art. PoTassium).

The natural occurrenoe of the sodium nitrate,
a8 distinguished from the potassium salt, does
not appear to have been fully recognised uvntil
the present century, for it iz etated in Recs’
Encyclopedis, 1819 {art. NitRaTa 0P Sopa),
that it had not been found up to that time in a
native state, although its menurisl valuo had
already been recognised by Lord Dundonald.

prazfin;{lm:e oo;:un n:h enormous quantities,
and y free from the potassivm salt, in
the province of Tarapsca in South America,
and this, with the exception of certain deposita
on the cosst of Bolivie, constitutes the only
source from which the salt is extracted on the

scale.
I"q.%ho nitrate doposits do uot form beds of any
definite character, but represent the outcrop of
a bed of salt which appears to have been left at
the bottom snd sides of ancient tidal lagoons Ly
the upheavsl of the coast. Although the dis-
trict 18 now extremely arid and only receives
rain at intervals of § years or more, there is
abundant evidence of former fertility in the large
quantities of buried trees and other vegetation
which are found in the vioinity, together with
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gusno and fsh remains, sca-shells, and other
substances of marine origin.

The nitrate may be re aa the product
of tho decomposition of this organic matter in

resence of caloinm carbonate and the salt left
l;y the evaporation of the sea-water, This view
is borne out by the composition of the deposit,
copecially by t{e presenco of aodium iodide and
iodate and of salts of magnesium and calejum.
‘The nitrification appears to have ocourred only
at the outorop of the salt, for the nitrate dimin-
ishea in guantity towsrds the middle, and is
practically absent at the centre of the deposit.

The main unitrate belt of Tarw has &
width of about 2§ miles, and is inoluded between
latitudes 27°S. and 19°S. for s total length of
about 260 milea, It stretches slong the eastern
slope of the coast range of the mountaine which
extend from the northern limit of Peru to tho
Straits of Magellan, and which havo en average
height of about 2000 {t.

'he deposit occurn some §00 or 000 ft.
higher than the valley of Tamaragal, and di-
minishes in richness ns the valley is approached,
tho pitrate disappearing sltogether at tﬂe bottom,
The average distance from the sea cosst is about
14 miles, but some of the deposita aro as far
distant aa 90 miles,

The * caliche,” ag the orude nitrate is called,
is nover found st sny groat depth. It is usually
covered to a depth of 6 or 10 feet by & crust or
“ coutrs,’ oonsisting of a conglomerate of por-
phyry, felspar, magnesn. sodium chloride, &ec.,
cemonted together by ﬂ'psu.m, and covered by &
Iayor of fine loose sand to a depth of 8 or 10
ins, The csliche proper forms & rock-like
mass from 3 to 6 ft, deop, and varies in oolour
from salmost pure white, through ehades of

cllow, orenge, brown, bluish-grey, &e¢. The
ower part of tho caliche (imown a2 ‘ congelo )
contains but little nitrate, and abounds in the
chlorides of sodium snd magneeium, snd in
sulphatea. It lics upon & pale, yellowish-brown,
lovse clay free from nitrate, and overlying the
primitive rock.

Variows qualities of caliche are worked, vary.
ing from 40 to 80 p.o. in the hest quulity, to
30 to 40 p.c. in the second, and 17 to 30 p.o. in
the inferior kinds.

A good ground would contain s bed 3-4 ft.
thick, containing 40-45 p.o. NaNQ,. The upper
overlayer varies from 4 to 20 po. In poor

rounds, however, 20 p.c. nitrato would become
ocaliche,’ The ground is broken by blasting
and the big blogz divided into smaller ones
with crowbars and the lumpas of *caliche’
s;fg]:]aiated from the overlsyer or ‘costra® by

‘The Tarapeca deposits were worked es carly
a3 1813 by the Spaniards, who exported 23,732
quintale {(of 100 pounds} in that year; but the
industry was but little developed until 1852,
when small refining works were established by
Smith and Bavdee.

The method of separating the pitrate from
the caliche consists merely of a careful aystem
of lixivistion. At the Officine of Bsmires {Tara-

ca) the caliche is crushed roughly into 2-in.
umpe, and is boiled in long tanks hested by
steam coils,

A typical boiling tank is 32 t. long by 9 ft.
deep by ¢ ft. wide, and is heated by a steam

coil 5 ins, diameter, which makes the circuit of
the tank five times, and is arranged in tiere about
9ine. from the sidee. Tho * caliche ’ issu&por‘bed
on a false bottom about 1 ft. from the resl
bottom of the tank. The tanks sre built in &
series of aix, conneciced by a 9-in. pipe for cireulas-
ing the liquor from one to the other, ‘The tank
containing the nearly exhausted * caliche * is fod
with fresh water, the othors work in series with
weak liquor obtained from the nearly exhaveted
tank, ‘.E&mn through them and lesving finally
from the tan lsat:guggwith *caliche.’ The
hot liquor or ‘caldo’ ly ruos off at 112°,
conteining about 8¢ lbs, nitre to the cubio foot.
After cooling for 4 or 5 days in the crystallisers
and erystallising out, the strength of the liquor
is reduced to about 40 lbs, nitre per cubic foot.
This mother-liquor is used in systematic
lixiviation of the * caliche ? deseribed above, and
ie run in addition to the weak liquor from fmal
exbaustion of the * caliche ’ on to tho later tanke.

A good form of crystalliser is a shoet-iron
tank 25 ft. by 18 ft. by 2 ft. 9 ins, to 3 ft. deep,
the inclined bottom sssisting in tho draining
of tho orystals, Bix such tanke as have been
descni:e‘j require about 44 of theso orystallising
vease

The nitrste from the orystallisers is drained
and is placed on the drying floor to dry for b or
moro days, whon ita composition is ae follows :—
¥irst quality Becond qualky

965 95?2

NsNO, Y .

NaCl S . . 05 25

Naj8O, . . 045 06
D L L 23 17

An important by-product in the Chile nitrata
industry is iodine, w ocours in conriderable
}mtitm 89 sodinm iodate in the °caliche.”
‘The iodine recovery is effcoted from the mothes-
liquor from the orystalliser which
through the iodine house on its way back to
the lidvisting tanks (v, lopex2). The fuel
oopsumption averages about 1 ton cosl to 7
tous nitrsie produced.

For further details of the nitrate manufaciure,
sez paper by Newton, J. Boo. Chem. Ind. 1900,
408, from which moat of the abeve statementa
h‘v'iel'hbe?gﬂ?mgm. alyses show the

e ing analyses show the composition
of oaliche. il) Shows the composition of one
of the largely-worked deposits (Forbes, Fhil
Mag. 1866, 32, 1356} ; (2) shows the composition

of that worked at the Officina Remirez {Harvoy,
FProe, Inst. C.E. 1885, 82, 337) :—
fum of h 6
Sodium nitrate . 2101 5
fiodium chloride . 5527 26
Sodium sulphate . 414 i3
Caloium chloride . 0-33 —
Potagsium iodide . 0-87 —_—
fimitl o S
esium 8
Insoluble matter . 204 14
Moisture - . -— —
10000 100

Further information on these doposits will be
found in tho works of Sturzer (Nitrate of Soda,
1987 ; edited by aner}snd Billinghurst ( Estu.
dio sobre la Geogratia de Tarspaca, and Chem.
Zeit. 11, 752), snd in the various Copsular
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reporta to the DPritish and United States
Goveruments,

Bodium nitrate is obtained when sodium car-
bonate or hydrozide is dissolved in nitrie acid, or
whea common salt is boiled with thet acid. On
g lng acall;:d however, ll:y is &lwuﬁ Ob“m

m the natural product by re crystalli-
astion. 'I'belasttmofchlogzl:mbestre—
moved by sdding & small 1mtity of nitrio scid
to 4be boiling saturated eolution of the sslt, snd

salt forms transparent, ocolourless,
lnhydrog:!:hombohodn. whose angles closely
spproximate to right , whenoe its name
* cabio nitre.” It fuses at 316° (Carnelley, Chem.
Soc, Trans, 33, 276) ; st higher temperatures—
lower than thet at which poiassium nitrate
decomposes—it evolves oxygen with production
of the nitrite, and on further heating 1t gives off
nilmmmd nitrous fumes, leevinqr;ereud’ e
| lly bt:‘::ttc.lﬁdehymd pnmx:idel;u salg. h:;
ngually obtag is hygrosoopio ; but, aooo!
to Gentele {Dingl. poly. J. 1?30. 203), this is due
to the presence of the nitrates and chlorides of
calsium and magnesium, and is not obeervable in
the nlt.
rding te Ditte {Compt. rend. 80, 1184)
100 parts of water dissolve the following pro-
portions of the salt :—

At 0° 6869 At I8* 8362
£ 097 21> 8673

¢ 7104 26> 90-33

g 7588 20° 02493
W 7631 36° 9939
13 7900 51* 113-83
15* 8060 68° 126907

When estarsted at 0° the solution may be cooled
to =167 without eryetallisation ; but at that
temperature the salt separates out In fine
lammated plates built wp of fine needles lying
mide by s A bydrate of the composition
NaNO,,7H,O sppears to exist {Ditle, Lc.).
Sodim nitrate dissolves in ﬂoymol. but ie
slmost insolubls in absolute aleohol ; 100 parts
of akeohol of 16+4 p.o, dissolve 21:25 parts of the
i for donay of ube purposes for which
¢ in or many of the or Wl
the potassium salt is smployed ; but ite hygro-
scopie nature renders it inapplieable to the
maznufscture of gunpowder or fireworks, &e, For
the malding of nitric acid, for supplying that acid
in the hurie acid msnofscture, and as &
manure, it has, however, entirely replaced potaa.
sum nitrate. [t is also the cipel source of
that ealt, which is obtained from 1&0113 double
decomposition with the potassium chloride of

Sedhm NaH,PO, may be pre-
pered by boiling squeous or aleoholie soda with

Ehoqlmm until evolution of phosphorstted
ydrogen cessce wit

6NaHO+2P,+6H,0=6NsH, PO+ 2PH,.

The slution is poured off, treated with sodium

bicarbonste to convert sny unchanged aoda into

carbonate, and is emmted and digested with

shaolute alcobol, which dixsclves the hypophos-

phite only, The salt e:]rystn.lhsee out on cooling.
i

Por parposes it is usu
. ”lzuc::nble decompoaition between solu-
tions of sodinm carbonate and ealcinm or bari

: hm{h?ﬂtﬁ {v. Phosphorus oxides and .

acide, art. PROSPEORUS). 'Tho filtered solution is
evaporsted on the water-bath with frequent
stirringaathemmbeoomess{ru y, in order {o
obtain s granular sslt. To o the galt free
trom phoephite, Raymond (Pbarm, J. [iii.} 10, 407)
treats 25 grms. of the commercisl salt with 1
of bariom hypophosphite in solution, end
utes to §0 ¢.0., adding 200 o.c. of strong aloohol
after & time, The liquid ia allowed to stand and
filtered from the precipitated barium phosphite
snd hymphoa te, and the lest tracea of
barium having removed by careful addition
of sodium nitrate, is filtered and mixed with
500 .0, of atrong sleohol and a eufficiency of
ether. The pure hypophosphite which separstes
is dried in a ourrent of air.

Bodiom hypophoaphite ises in small,
pearly, recungl:]r. very deliquescent plates von-
taining 1 molscule of water of orystallisation.
It dissolves mt 15° in 1 part of water, and at
100° in 012 part. It is aleo soluble in aloohol.
The ach\.leous solution absorbe ory%n from the
air with formation of phosphite {Wuriz, Ann.
Chim. Phys. [iii.} 7, 37).

When heated to 200° the crystals become
anhydrous, and on further hesting are con-
verted into mets hate and pyrophosphate,
with evolution of hy and spontaneously
inflammable phosphoretted hydrogen :

5NaH, PO, =Na ,P,0,+ NaPO,+2PH, + 2H,.

It explodes when tritursted or heated with an
oxidiging agent, snd haa been Imown to explode
during evaporation on the water-bath (Amer. J.
mﬁl b3 o, hite rul red

jum oephite is & powe: ucing
agent, and ;pr:c?l;ital:ﬂ gold l'::?nli silver from
solution. With copper salts it gives a red
precipitate of copper hydride CoH,. It is nsed
medicinally.

Sodinm ghutgltd. A considerabls number
of these salta belonging to the three classes
ortho-, ayro-. and meta- phosphates, together
with & o sorice of double salta, are kmown,
The three ¢ of salts may be distinguished by
Ththelr‘ hehsh “1:::1; ::th silver nit.ratlf and slbumen.

o orthop tea give a yellow precipitate
with the former, while the - and n?cts-l;:hoa-
phates give a white precipitats ; and the meta-
phosphate alone gives a precipitate with albumen.

Our kmowledge of the various sodium phos-
fhates is largely due to Graham (Phil. Trane.

833, 253). The metaphosphates have been
ﬁertic\;lnal%s;axaminod by Maddrell {Chem. Soo.

Several highly-complicated phosphates not
belonging to any of theeo classcs are also
lmown, Thus Fleitmann and Henneberg (An-
nalen, 65, 304) have obisined peculiar phos-
glhatm, one of which bas the compesition

ayF Oy, by fusing tetta-sodivm pyrophosphate
ith sodium monometapbogghnte, snd Filhol
wnd Senderens (Compt. rend. 83, 388) have
obiained a phosphate of the composition
(NaHO),(Py0;),,H,{ by adding sods to & solu.
tion of orthophosphoric acid until neutral to
colour testa,

Three orthophosphstes, reepectively contain.
ing one, two, and three atoms of sodium in the

y | molecule, are known.

Trisodlum orthophosphats Na,PO, is ob-
tained by adding excess of caustic soda to hydro-
gen jum phosphate, and erystallising. to

D
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remove the free alkali. It may also be prepared
by funnpxt:gdrogen disodium phosphate with
aX0oss 0 a and dissclving and orystallising.
It forms non-efflorescent six-sided prisms of the
composition Na,PO,12H,0. According to
Mohr (Amer, J, Soi. (iit,] 14, 281), their 7?4:.
at 17:5° ia 2-6302. ’llhny fuse at about 73:4°;
st 100° they lose 11 molecules, but they retain
the last until the heat spprosches redness. A
hepta- and decahydmate have also beem pre-
pered. Tho hydrsted sait dissolves in about
10 timea ita weight of water at 15°. The solution
reacts etrongly alkaline in eonsequence of the
salt being hydrol to & great extent into
Na ,HPO, and NaOH. In solutions weaker
than decinormal almost the whole of the salt is
thus cleoom%)aed (Salm, Zeitsch. physiksl.
Chem, 1907, 57, 471; Bhield, sbid. 1993, 12, 167).
In consequenoce of this hydrolysis s solution of
the ealt is decomposed by sll acids, even by
COy, with formation of disodium phosphate and

the salt of the acid in question, ibasic sodinm
phoaphate in used in place of sodium carbonate
i some photographic develo and it has

o to use the melting-point of the
dodecahydrated aalt (73:4%) as a standard for
use in o&.l.ibnﬂ:;iot:lermomebors.

Hydrogen um phospbats Na HPO,
occurs in urine, in which it was discovered by
Haupt in 1740, and was at one time prepared
from it under the name sal mirabile perlatum.
It may be pre by adding sodium carbonate
to phosphoric acid until alksline, and filtering,
concentrating, und crystallising the solution.

It is ugually prepared from the acid calcium
phosphate o by the astion of sulphurio acid
on bone ash. For this purpose the hot aolution
is treated with sodium carbonate until effer-
vesnenoe oecases, and the solution of hydrogen
sodium phosphate thua produced is filtered from
the precipitated tricalcium phosphate, and is
oonoentrated snd ¢ ised,

The salt crystallises in large, colourless,
truusp;irant monoclinic prisms of the composi-
tion Na,HP(O,12H,0. They soon effloreace,
forming the heptahydrate, and become opaque
on exposure to the air.

Th:év melt at §5° (Tilden, Chem, Soo, Trana,
45, 268), and have a sp.gr. of 1-5236 at 15°
(Stolba, J. Pharm. Chim. 9%: 503); When dried
over suiphuric scid, or heated for some time to
45°, they become anhydrous.

On further heating sodium pyrosphophate is
formed, the transformation being completo at

300°;
2Na,HPO, =Na P,0,+H,0.

Sodium phosphate dissolves readily in water,
easily forming supersaturated solutiona,
solubility of the salt at different temperatures has
been determined by Mulder (Scheidekund Ver-
hand. 1864, 100).
Temp.

Parta .
g;'ﬁ;';?& 25 30 54 2L 62D 825 516 $5:0 966 318 850
waler

Thv saturated solution boils at 105°. The
salt does not dissolve in aleohol. Tts aqueous
solution reacts alkaline due to elight hydrolysia.

Aocording to Poggiale (J, Pharm. Chim, [iii.]
44, 278}, 100

smonnts of the anhydroue aalt ;o=

09 10° 20° 807 40° 507 &0° 00 80O 900 99°

rts of water dissolve the following |, classes are

S80DIUM.

0° 1-55 00° G520

1w 410 70° 6872

20° 1108 8)° 81-29

30° 18-85 0° 05492

40° 3088 100* 108-20

60° 4331 106-:2° 11443

When evaporated at 33°, it deposits mono.

olinic erystals of the composition
Na,JIPO,,7H,0.

Hydrogen disodium phosphate is used in certam
photographic toning solutions, snd to some
extent in calico-printing and for w%};&ng silk.
Sodlum dlh‘iinun phospbats PO, is
pmﬁed by addi sg‘fhosphonc acid to a solution
of disodium salt uotil the liquid ceasea to-
gli)mmipiuto with barium chloride. It i
obtained on oooling the hot etrong solution jn
rhombio orystals of sp.gr. 1-90, containing 2
moleoulea of water, which are very soiuble in

water but inscluble in aleohol. A bydrats
NaH,PO,H, 0 has also been pre; On
heating to 100° the salt becomee ydrous, st

210° it is converted into the acid pyrophosphste
Na,H,P,0, and on further heating yields =
mixture of metaphosphate and tri etamma
{Knorre, Zeitach. anorg, Chem, 1900, ).
Many double phosphates containing
sodium are known, the moat important bei
* microcosmio salt * Na{NH JHPO, 4H 0, whi
ocours in urine, It was well kmown to the
alchemists under the names of * microcoamio
salt,’ * fusible salt of urine,” and * essentisl salt
of urine,” and memﬂgyod by them as & source
of phosphorue. It also met with in
nature as the mineral stercorile, found in some

guano depoaits, - .

The salt ia obtained srtificially by mlxmﬁ
hot solutions of 5 parte disodium phosphate an
2 parts ammonjum phosphate, and allowing the
sof:tintoeool. other method consiste in
mixing hot solutions of 7 disedium phos-
phete and 1 part of ammonium chloride :

Na , HPO,+NH (1= NatNH,HPO,+Nacl,

The orystals obtained by this Iatter process
contain & little sodium chloride, and must be
purified by recrystallisation from hot waier
containing ammonia. Microcosmic salt forms
trans t, monoclinie crystals of sp.gr. 1-65,
which possess a saline teste and lose ammonis
‘on exposure to air. The aquecus solution of
. the salt has an wslkaline reaction and loges
ammonia on boiling. On heating, the cryatals
- melt esaily r:;;l i:volved watardlhand s4mmonis,
| being convel to sodium dihydrogen phos-
! pl:ti. On further heating, more wateris evolved
Iand a residue of sodium hexametaphosphate
! remaing a8 & clear, glassy mess, This subetance
. possesses the property of dissolving many
: metallio oxides with formation of charscteristic-
Fally oollound com yedds' hlgfloe mit::.e:lcmic
salt is largely em in blowpipe "Bid.
With ailica znd many silicatesw?t yieldq)the
characteristic so-called * pilica skeleton * bead.
. Bodium orthophosphates of the composition
| Na,Hy{PO,)y snd Nz .{POH’.' have also been

(&irnn. Compt. ren

repared 1902, 134, 711;

. gendarens, bid. 1902, 134, Ti3).
! Sodium meiaphosphates. A la number
of these salts have been prepared. ¢ different
known 8 mono-, di-, tri-, hexametas-
| phosphates, &c., and are to be regarded s
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derived from the simple metaphosphorie acid
HPO, and iw polymers (HPO,),.

ing to Tamman (ieitach. yuikal.
Chem. 1800, 8, 122; J. pr. Chem. 1892, [ii.] 45,
417) the hexametaphosphates exist in metameric
forms, snd the diflerant classea of the sodium
memllhmphata are represented in the following
tabie :—

Nag{POG,) sodium dimets, te
Xas(PO), " tﬁmotcmw
lft.[PO,}io »  hexsmetaphoephate
?‘:ﬁgﬂgm';ﬂ metsmericsodinm hexameta-
NaghaP0,)] |  Phosphates
NP0, Three insoluble monometa-
phosphatea,

According to Warschaver {Zeitach. anorg.
Chem. 36, 137) the so-called dimeta to
in reality s tetrametaphosphate. the meta-

pbosphates of sodinm wre soluble in water
exeept the monometaphosphates. The tri- and
teira- mlts may be distinguished from one
another by the action of barium chloride or lesd
nitrate, the Iatter class giving white precipitates
with these mgenht.s. anle hehnmmh phoeld phates
are amorphoua salta, whi ield precipi-
mglmmt?omofaltsot the alkali eenrtis
wnd heavy metals, For further details con-
ocm.tn%e e sodinm metaphosphates, reference
munt made to the original peapers, See
Tamman {lc), Enorre {Zeitsch. snorg.
1900, 24, 378), and Warschauer (l.c.), where an
acoount, of the litersture on the subject is given.
Sodfum pyro hates, Normsl sodiom
Pyrophosphate Na Py

yin uced, as already
stated, by heating the d.lmd?lll‘l): hydrogen ortho-
pboephate to 300°, when it remains ss & white,
glaasy mass of sp.gr. 2:37 (Clarke), which melts
a1 shout Bﬁl)" h: salt dmao&l:ie; in water,
Fielding & solution ing an alksline reaction,
and can be obtained msovaporation in mono-
elinio orystals of sp.gr. 1-82 vontaining 10 mols,
of water, The aqueous solution is not com-
verted into the orthophosphate by boiling alone,
bat the presence of an acid, evon auch & weak
ono ss soetio scid, is suflicient to effect the
change on heatin%;
. Sodium pyrophosphate is occasionslly used
in medicine 1n place of the disodium ortho-
te, and also serves sa the material
preparation of the insoluble metallic
tes and their double salts.
Disodinm hydrogen pyrophosphate
Na,H,P,0,
i3 prepared by beating sodium dibydro
phosphate NsHYPO to for sevm{ hog.::l,
or mote esaily f)y issolving the normal pyro-
h te in glacial acetic acid and precipitating
with aleohol, it then forms s white, crystalline
powder which dissolves eaaily in water, giving
s wietion with au acid reaction. By evapora-
tion it may be obtained orystallised with 4 or 8
of water.
. A& delieate test for alkaline pyrophosphates
i furnished by luteocobaltio chloride '
i oo ST
; ves & pale ish-yellow pitate
with lﬂu salts. By means of thia reaction
tpnofpyro te can be detected in |
the presence of ortho- and metaphosphate
{Braun, Zejtsch, apal, Chem, 3, 468). .

for
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A considerable number of double pyrophos-
E;h:taa of sodium with potassiom, oaloium,

inm, and other metals have been prepered.

Sodlum oarbonate {Cardonals of ).

Natural ocewrrence of the sodium carbona
The sodium carbonstes are found in many
mineral waters (especislly those of Aix-le-
Chapelle, Karlsbad, and Vichy), in the * nstron
lskes * of Hungery, Egypt, Central Africs, the
Caucasian steppes, and In those of North and
Bouth America; also as efflorescences in such
steppes, especially in the neighbourhood of
natron lakes, These efflorescences or crusta are
formed either by the partial or entire drying vp
{n summer of such lakes or ponds, or else by the
evaporation of subscil moistore, more moistare
(containing sods) being always brought to the
surface by capillary action, sods thus ob-
tained in various pisces is known by the names
nalron, trona, or wrgo. *Urao,’ socording to
Chatard (Bulletin No. 80, U.8. Geological Sur-
vey, 1887-1888), is esgentially s carbonate of the
formula Na,C0,,Na HCO,,2H,0, and is the most
usuel form of * natural soda.

The oldest-known cocurrence of natural soda
in that in Lower , Where the netron Iakes
dry up in summer, lsaving orusts of ealt behind ;
in other placea the ‘trone’ e #a efflor-
escences on the ground, consdsting essentislly of
sodium seequicarbonate, according to lformer
aasum]':tiona, or rether, acoording to Chatard, of

urao ' mixed with other carbonates, Several
thousands ﬁ:f t:ll: of this Qrti_cpl:u ar? yearly
exported from Alexandris, princi or soap-
making, Enormous quantitice 1'.-fnc»:lir mfour?d
in the Iskes and steppes of the * Alkali Plain '
and other parts of tho great desert ¢cast and west
of the Rocky Mountains. Ove of the most con.
siderable of these ocourrences is in Owen’s Lake,
in Californis, which, sccording to Chatard, oon-
tains per litre :
26496 grme. Na,CO
e NojiC‘S.

1?3:1 w N
" 8
2041 . Nago ¢
4 ,, EA

with a little silica, slumins, calcium, magnesium,
snd boric acid. This Iake contains from twenty
to forty millions of tons of sodium carbonste,
which is easily obtsined in an almoat pure state
by solar evaporation in ehallow ponds. The
agadi deposmt in British East Africa, which is
sbout 30 square miles in ares, is estimated to
contain some 200,000,000 tons of soda. The
following analyeis is by A. Gordon Salamon :—

Ns, O . . . 4358
NaliCO, . L. 404l
NaCl .. . . . . 036
&0, . . . . . 04T
AT 0, . . . o004
Water by dit) . . . 1687
. 100-00

M.ngad.i. which in the native dialect denotes

"+ gods,’ is situated about 370 miles from the port

of Mombesa, and some 60 miles to the south of
Nairobi. The deposit of natural soda is located
at about 2000 ft, above the level of the sea, and
lies in & deep de jion called the Rift Valley,
at some ﬁ.m?w the level of the Central
African platesu that surrounda itl
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This natural soda is & orystalline sodium
sesqui-carbonate which, when caloined, at a
low red heat, yields sodium carbonste (soda
ash} in powder form, of 99 p.c. purity. The
density of Magsdi sods ash will co: od to
what 18 known as * heavy * finish (v. p. 89), which
is an important point in its favour, both for
considerations of sale, aa well aa cheap cost of
transport.

The development of this natnral eods de&ait
has been undertakion by the Magadi Bods Com-
peny, 14d., formed in 1911 with a capital of

1,312,500. A branch line of about 92 miles
is being oonstr:l:cteg from the Ugand:l railway
to Magadi, and o deep-water pier and sidings
? inbythe ooblim of comtru::’lon at Mombasa,

ereby establishing through railway communica-
tion hetween i and the sea, and ships will
be able to lie alongside this pier when taking in
of sods. It is expected that e start

ill be made with the exportation of sods in the

eatly part of 1014,
mbass, being, so to speak, half way to the
Far East, is well situated for supplying such
important marketa as Ja; China, and Aus-
ja ; it ia also in immediste proximity to the

wmarkets of India and Cape Colony.

Soda from the ashes of plants. Whilst the
soluble part of the sshes of most land plants
contains chiefly potaasium carbonate and othor
potassium salts, there exist some *sods plsnts,’
growing on the sea-shore or near sali-springs,
the sahes of which furnish a very impuro kind
of sods, formerly much used by scsp-makers.
Most of these plants belong to the family
Airiplices—unamely, the genera diripler, Cheno-
plfr:'m Sahda,in afha'oomia, Kl?cm’a, &e, f‘:‘h;’e

ts growin the sea itself, especiall i

P'eld anothergk:incl of ashes, called ‘kerp' in

tland and * varee’ in Normandy, contain very
little sodium carbonate, but a large quant-ix
of potassium chloride and sullihnte. along wi
s hittle jodate, which formerly was the only
available source of iodine ; in its manufaciure,
* kelp salt "—that is, sodium chloride containing
some carbonate—was obtained 8s a by-product.
The ashes from the real sods plants growing in
Spain are lknown in commerce as ‘barilla’:
those from the pouth of France ss ‘blanquette,’
¢ :al;'lcor,' ¢ soude douce,’ ‘530 ghabgen{em naulle
of these ucta is vegetable sodo, but frequently
barilla i.upurggd in the samo eense.

Vegetable sode, being simply fluxed ashes
not purified by lixiviation, contains & large pro-
portion of residue insoluble in water; the
portion soluble in water contains sodivm and
potsssium carbonate, sulphate, and chloride,
along with emall quantities of sulphides and thio-
sulgﬁam formed by reduction from the sul-
phates ; it is, morcover, frequently adulterated
with a large yuantity of common salt. In the
analyses by Girardip, the proportion of sodium
carbonate varies from 2 to 1376 p.c. (Lunge,
Sulphorio Acid and Alkali, Vol IL, pt. i,

. 81,
P Arilficial soda,

Historical, Omnly when Dobaicl, in 1736, had
demonstrated the identity of the base of common
salt with that of * mineral alkali,’ s the natural
soda was then called, was it
manufacturing sods artificially. But the problem
was not actually approached until about 1376,

possible to think of ¢ Roport

S8ODIUM.

when Soheele discovered that common salt could
be mdly converted into cavstic soda by means
of oxide. In the samo yoar the French
Aowlemy of Science offered a prizefor a method of
eonverting common salt into soda ; end this was
a stimulue to many inventors, only one of whom,
Nicolas Leblanc, ultimately proved sucoessful
His firat experiments are said to have been made
na far baok as 1784 ; in 1789 his Was 80
iar completed that he wag able to submit it to
the Duke of Orleans (whoee domestic phyeicisn
he was) in order to obtain the us:’ul for carrying
it out on s manufscturi This led to
seversl agresments in 1780, end, in 1791, to &
patent which practically embodies all the
principles of the Leblanc process aa carried owut
to-day. About the same time manufsoturing
operations were commenced at La Frenciade, st
8t. Denis. Leblano himeelf did not profit by his
invention, as his patent was taken from him by
the French Revol utiotm? Government * for the
benefit of bis country,’ and ultimately the
unfortunate inventor of what has proved ome
of the greetest indusirial processes of modem
times committed suicide in deapair.2

Evan before Leblanc fell a victim to the in-
gratitude of hig countrymen, several alkali works
em%l;:)‘ing his invention were founded in France.
In England the firet attempts st manufscturing
artificial soda were made by W. 8. Losh, at
Walker, near Newcanstle-on.Tyne, in 18068 ; the
Leblsnc process was tried there on 8 very amall
soale in 1814, and at 8t, Rollox in 1818, The
enormous ealt duty levied in England (30
per ton} at that time practically prevented the
eatablishment of alksli works. Immedistely
after its abolition in 1823 James M tt
started h.isi :ﬁrﬁ nealr Dverpoﬂ.g;ll:lde'h or §
years remain 6 only one in except
s fow small works on the e. The small
Eantit of black ash then made in France and

gland contained only about 10 or 12 p.c, of
alkali; Muspratt, however, from the
eucceeded in making it of a strength of 24 p.c.
oIi a}ksl.i,l and m fml;:: ul.:;d musoldito the;

iverpool sos; to in lieu of loalp.
It wae foundpwhen this black ssh was exported
that it quickly loat strength, and thix led to the
manufacture of sodium carbonate by lixiviation,
evaporation of the liquor, and celeination of the
residue,

During the ensuing 50 years an enormous
development of the rmdnction of sodium
earbonate, and later of caustic sods, by the
Leblanc process took place in Great Britain and
on the Continent, and during this period the
Leblanc process was practically without & rival,
Although the Leblane process still fully maintains
its position for the menufacture of ceugtio soda,
it been pmtiosll{ superseded by the
smmonis sods procees for production of
sodiﬂm Mbgf“fe’o dyti have been

ter etill, electrolytio processca have
cvolved and worked on & commercial seale.
‘The various patural deposits of soda existing

in different of the world have up
to now played a small pert in the eods in-
dustry.

of the Jommities of the French Academy
May 31, 1856, and uwy ‘Nicolas Leblane,’ per
Aug. Anastasi, Parls, 1

* E, K. Muspratt, J. 8o0¢, Chem. Ind. 1888, 408,



SODIUM,

OxmERit REMARKS OF YHE MANCPACTURR
oF SoDa.

The only raw materisl, offered by nature in
inexhsustible abundance for the manufactare of
both sodium and chlorine componnds, is eodinm
chloride, which, ws rook-salt, forms whole geo-
logical strats, and which can be obtained wvery
8@ rook-salt, or by evaporstion from
brine, or in suony climstes from ses-water by
the Ilg;l‘le hest. ot.}m' tr:: matorials atrz of
very little importance for that 3 those
which bly contain as sbundent s supply
of ely, soda-felspar snd certain
ciicaten—are not fit for the sconomicel
exiraction of sods. As a source of chlorine,
esinm ohloride, produced in enormous
by- ot :d{ e;he B“Ef'ill:ln

s 88 & poasible
rival of sodium chloride, bnr:ﬁ. in any case, only
indirectly concerned in this question, in so far
ap it may influence the economical aspects of
the various soda

sodiom chloride according to the
following equation :
NaCl+4+-H,0=NaOH+HCL
Thermo-chemistry, however, shows this reaction
to be endothermio.

[Na-1}-4[Hy0) =[Na-OE]+ [H-CI}
97 + 580 1023 +220
165-7 1243
As a rule, chemnical change oan only take
P]mi{t.hethurmnl units represented by the
ormation of the new compound or compounds
are superior to thoee of the sl compound
or compounds, In erder to bring about changes
of an inverse order, such as that which concerns
ua here, we have p!l;nhc;iully only two means at
al

ltermedist; reaction i
original compound into one more essi
aphit up by chemical means, aided by a proper
teropersture., This neocenitates the employment
of suxiliary substances, which somerimes are and
sometimes are not recovered in thoe later stages
of the procees ; sometimes new products are
f‘tlmoft.h; el subotonce of of the atitaes
el o alsn 0o OF O &
bodies in mcrhlg:lform that it seems, .uni&h?g
qmgi for s time sctually is, economically im-
poasible to recover the same.
1, Tan MaxuraCTURS OF S0Da BY THE LEBLATO
Proczsa,

Thin

i process oonsists in first of all convert-

chloride into sodium sulphate
ke, p. 21), and then in heating ths
ul&l;nte with caloium carbonate and
until masy has fluxed, No reaction
place uotil the mixtore has become o

-ﬂnid.;raty mass, after which the reaction
i practically complete,

fluxed mass sc obtained is called
*black ash,” and the batches drawn out of the
f are eotly called * balls.’ Bisck ash
5 & Tery comphe x mixture of subwtances, which
1 s somewhat rapid change by the
action of the air. Tt in separated by the action

'E&E%ﬁﬁ
;
:

5

a7

of water (‘liziviation’) into & reaidue—'tank
wasla,’ * i waate,’ or ‘soda waste —and &
solution containing the seds chiefly in the state
of carbonate, along with some hydroxide and &
Jorgs number of impurities. From this either
the commercisl sodium carbonate (*soda weh ')
or tho commercial hydroxide (* canstic soda *) in
preparcd by operations to be described below.

?Im reaction taking place in the blask-ssh
furnace haa been variously in . The
matter is complicated, not mero}g bitha large
number of substances found in biack ash, but
also by the fact that, in order to fully de-
oomy the sodium eulphate, an excess of
caleium carbonate and must be employed.
Tuking an sverage of the many mixtures
employed in prectice, we may assume that
with 100 parta of gm Na,80, usually about
100 of pure s 8nd 35 of pure C are
employed—that s, to 1 moleculs of Na.BO,
142 mols, of CaCQ, and 4} mols, of C; or, eay,
1§ of Ca00, nnd 4§ of O; and the older theories,
in faot, sgsumed those proportions to represent
the number of mol ea entering into the re-
aotion, without taking into account the fect that
in & oase like the bgck-uh process, where the
mixture never enters into complete fusion and
the ingredianta are never abeolutely mized with
one another, the decomposition of the most vala.
able %ortion, the Na,30,, can be brought sbout
only by s mechanical excess of the other ingre.
dients, which enaures that every tEgrtic:m of the
Na 50, comes into contact with them.

Aﬁt from this oversight, the firat theory of
the black-agh process—that of Dumaes (1830)—
wes based on two erroneous assnmptions,
namely, that CaB is soluble in water (coniound.
ing the compound Ca(SH), with CaB, as was
nsatural at that time); and that there exists in
black ssh an insohible caloium oxysulphide
2(s8,Cs¢) (already sssumed by Thénerd). Be-
lieving that the action of water must canse Ca8
atonoe to aot npon Nu,C0,, Dumas thought that
this is provented by the formation of 2Ca8,Ca0,
and he represanted the black-ssh process in this
way
2N,80, + Ca00, +9C=2Ka C04 +Ca0),20a8 +10C0,
This would require for 100 Na_80, : 106-6 CaCO,,
and 38 pure C—aquantities decidedly in excess of
those found sufficient nt man]y alkali works for
completely decomposing the palt-cake, which fact
alone would refute Dumas’s theory.

That theory was further, but not ve
essentially, modified by Unger, Brown, P. W,
Hofmann, and E. Kopp, and waa almoat
universally adﬁpe:od until Kymeston Gosaage,
and Scheurer-Keatner (1858-1867) sed 1tm
fallscy by rovi.nf the non-oxistence of caleium
orysnlphid]; in black ash, and by other reasons
equslly cogent. Theyalso disputed the assnmp-
tion that the principal oxide of varbon [ormed ia
CO, not CO,—a theory upheld by Dubrunfaut,
and later on by Maowear, but refuted by the
extengive investigations of Kolb (Ann. Chim.
Phys. Ev. 7,118}, end by laboratory experiments
made by Lunge and Fischer.

As the finel result of the prolouged contro-
versy on these points, of the large-acale experi-
menta of Ssheurer-Kestner and Kolb, and of

1 Compare the complete dlscussion of the various

ublications on the theoty of the black-ash process ip
Eunge'n Alkalt, vol. i, pt. it p. 511,
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be stated es follown: the principal reaction
going on is ultimately
Na,80,4CaC0,+20=Ns,C0,+CaS42C0,.
1t is, however, extremely probable that this takes
place in two stagee, the firat being the reduction
of sodium sulphate by carbon to sulphide ; the
second being & mutusl decompol of the
Iatter with caloium carbonate :
{1) Na,80,42C=2C0,{Na
(2) ' Na, 8-+ Ga00, =Na, 00, +Cs8.

Nearly all the Na,H is at onoe acted upon by
CaCO, immediately after ita formation, so that
there is &t no time sny considerable proportion
of iL present, exoept in the case of abnormal
wor|

The above a%ﬁms would require for 100
parts of pure Na BO, only 7042 pure CaCO4 and
10-9 pure C. One reason why much more of the
two last ingredients must be employed for
decomposing the whole of the Na,80, has been
alrendy swated, but there is an additionsl
Tesson. hI: order to lixfivisteth?meltmtl'%
it must have a certain degree of porosity,
muset, moreovet, be further disin during
the treatment with water. Withont this, the
lixivistion would require too much time, too
high a tom(}:erst.m, and wrggmst. dilution of the
liquor, and would thus produce a very inferior
lisuor, as well as & bad yield of soda. above
condition is prectically attained by employing
an oxceas of limegtone and ocoal, which in the
last of the procese, when the temperature
is at its highest, react as follows :

Ca00,+Ce0e0 +2C0.

The carbon monoxide, which is formed at a

period when the mass has become pasty, oauses

it to become honeyoomed, like the dough in s | The

fermenting loaf of bread. The CO is actually
scen eacaping at this stage, snd buming with a
flame tin ellow by sodium. The caustic
lime remeins behind, and afterwards, on being
hydrated, causes the balls to swell up and burst
during the lixivistion. A further excess of
limestone and cosl, which ought not to be too
groat, produces greater porosity of the black ash
ma ly mechanical way, since they are not
f like the remainder of the mass. A
some portion of the coal is unevoidably burned
before it can enter into aotion. Al these reasons
fu].lﬂ' explain the necesaity of employing an excess
of limestone and coal; but it ie impossible to
embody this in » chemicsl formuls, as has been
attempted by GScheurer-Kestner, seeing that
such excess acts merely in s mechanical wey,
snd actually differs in different worka.

It is hardly necessary (o ssy that many pub-
pidiary reactions take place at the same time;
but these have nothing to do with the theory of
the black-ash process, and merely explain the
occurrence of the impuritics alwavs found ae-
companying the two principal products, sodium
earbonate and calcium sulphide.

DrscRIPTION OF THE BLicE-ASH PrOCESS,
Raw Matericle.

Sodium sul {salt.cake). This i nearly
always oblained by the decomposition of common
matt by sulphurie acid, or elso by Hargreaves and
Robinson’s direct procers from common salt,
pyrites kiln gascs, and sir (¢f. Sodium sulphaie),

S0DIUM.
Lunge, the theory of the black-aah process may |

Tho salt-cake for alkali-making shouid be
& white or yellowish powder containing only
porous, frinble lumps, and no fluxed pieces
which nearly elweys incloso some raw salt and
decompose badly in the black-ash fomace.

Good, strong soda cannot bo made with ealt-
cako containing more than 0-5 p.c. of unde-
oommd Na

commercial salt-cake contains 96-97
p-c. of Na,80,.

Caloium carbonate. Both limestone and
chalk are employed—of course, the purer the
botter. Magnesian limeetone cannot be wused,
and limestons or chalk containing much silica
causes & great loss of soda in the insoluble
state, Tho chalk ought to be dried, and both
it and the limestone ought to be crushed to about
2.in. enbes.

‘The Tyneside works mostly use the chalk
brought down from the Medwny by colliers s
ballast. The Lancashire works employ moetly
Buxton limestone, which works more easily in
the furnaces than does challk, and requiree less
heat for the * balling * process.

In most cases the lime mud obtained in
osusticising the liquors by lime is used to replace
part of the limestone in the black-sah misture,

Coal. The quslity of the coal employed for
the black.sah mixture is of great importance.
It ought to contsin as Little ssh as poasible,
and is more difficult with tho small coal
or ‘slack * generally used than with lump coal,
which is, howover, too dear for this purpose.
Even after weehing, suoch small coal rarely
containg less than .¢. of ash; @ p.c. i the
maximum tolemsted by some German i
worlm; but in England ‘slack’® ocontaining
8 p.c. ash i8 considered as good for mixing.

coal ashes, consisting principally of alumi.
nium end calcium silicates and ferric oxide,
cause the formation of insoluble double eilicates,
which lock np a considerable portion of soda in
& non-svailable form. The more ashes the
mixing-coal contains, the leas sods ash will be

obtained with it.
Leblanc himself en;glo ed wood charcoal,
its price. Good

which i now exalud
lignite or cruched ocoke, it otl{ea'w'ne

I omployed o ure, can be
very well em in mixing. any chee
care moust be n to decide preliminary
trisls on & working scale B oertain

deseription of coal will answer for soda-making
or not, as the whole succesa of the operation
depends upon this, and analyses cannot entirely
decide this point beforehand.

‘The nitrogen contained in coal, which varies
from -5 to 075 p.o., gives rise to the formation
of cysnides, part of which are converted into

cyaneie by the oxidising action of the flame,
1 The moisture of the air decomposes the cyanate,
| with formstion of smmonis, which iz evol
! during the ocooling of the balls, But another
ion of the cyanide remsins behind, and is,
uring the lixiviation, converted into ferro-
- cyanide.
J. Pattinson {in Trans. Newoastla Chem. Soc,
4, 183) gives analyses of nine desoripti of
! mixing-coal e used on the Tyme. 1 de-
scribed s ‘ good * containe, in 100 parts, 61-19-
1 86+45 fixed carbon, 24-27-27-35 bituminous sub-
stances, 0+8-147 volatile sulphor, 0-1-0-3
- sulphur in eshes, 4-8-8-32 \ashes, and 1-01-




SODIUM.
* Inferior > mixing.cosl containa : mized natursliy vary with their quality, the

167 moistuare,
only 56-58-8 fixed oarbon, end 12-50-14-22
ashes,

Mixing-coal acta all the better the more
finely dirided it ia; it ia, however, rarely ground
by iteelf, afecully as it ia mostlg om?loyed in
the stete of ‘small’ or *slack,’ bub is ouly
wreened and roughly mized with the other
matorisla,

The proportions in which the malerials are

mction of black ssh, but as a matter of
i ical interest, the following illustrationa
{Figs. 31, 32, and 33} and deecription are added.
The {uruaces were substantislly built and well-
braced, and the position of the working doors
and shape of the furnace sllowed eesy access
for the working tools to all parts of the beda.
Fig. 31 ia a sectional plan slong line a3 of Fig.
32, p-ain‘gethmugh the hollow fire-bridge, but

showing beda and the pan from the top;
Fig. 32 is a sectionsal elevation along line cp of

39

smount of moisture, &o. Leblanc’s al
proportions ; 100 salt-cako, 100 ohalk, 50 char-
ooal, are very nearly identioal with those now
in use.
ToE BLicE-ssH Fomnaoms,

The furnace in which the Leblano process was
originally worked wss naturally » hand furnace.
Hand furnaces are now no longer wsed for the

Fia. 33.

. :
the plan; Fig. 33 & front elevation, ahowing
only the firing hole and the drsiner in section.
Buch a furnsce worked off & 3-owit. o of
salt-cake in 45-50 mi::s., 80 tl]::.t ﬁv::;th aElm
neceasary poused for cleaning the y &o,
24-27 balirwvare made deily. a is the fire.
place, provided with wrought-iron te-bare ;
the bar b assists in poking up the fire from below
from the fire-cave ¢, (Buch *cave.fires’ were
snid to consume less coals than fireplaces with
their ash-pits at the level of tho floet; by th

-
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ter facility they offer for attendin,

) At d the fireplace is stepped beo
30 that the flame ranges all over the bridge e
The latter wae very carefully and strongly t
of the best fire-bricks procurable, and lasted
about 3 montha, It was 2}-3} ft. wide, and
usually built hollow. A cast-iron bridge plate,
1§-2ina, thick, prevented the oharge from fluxing
through the bridge; it was protected against
overheating an air channel, open st each
end, A sand s 5’1:) t-hl: tilwo fur:mb]:’fl:.hm'rh;
¢ waa put throughahopper & or ¢ 0,
t];.:'ﬁ:or, oguthe bagk bed ?,ewl:.ich was § ufs.
higher than the front bed 4 ; to this the charge
was transferred, when it was empty, in order to
be finished and drawn out through ite door.
Bometimes three-bedded furnaces were met with.
‘The front bed 5 was made of bricks on end, and
was set upon s layer of ground chalk or fire-
olay, to isolate it from the foundation. The
bnOkl')l wfpr:d uotbi:lry, udjncloeea T a8
posgible erably g them upon one
ther, a0 as to m&ﬁﬁse the width of the

to the

ano
jointa), and were grouted on the top with a thin
paste of fireclay, The long joints were made to
run towards the door, and the whols bed was
made to slope about 2 ins. that way, in order to
facilitate the working of the tools.
l;i;hslh)i wg:nmade of "li::a (l’;:: (Vs 4} ins.

. diagrams show how these were
made within fire-brick §-in, walls, so shaped
that the tools conld easily reach everm&rt of
the beds, and laave no dead corners, front
or working-bed, sven if made of the best material
and with the greatest cave, rarely lasted longer
than & monthe.

On the Tyne the furnaces were cased in solid
cast-iron plates, tied together by upright binders
and tie-rods ; but in Lancashire the plates were
frequently replaced by the less substantial plan
of simple straps of wrought iron, 3-6 ins, broad
and § in, thick. The ends of the tie-rods were
tightened up by sorews and nuta, or else by loops
and wedges.

In front of the working-doors there were
special door Anlates and snpporting bare for the
tools. The doors were beat by fire.clay
slabe, surrounded by an iron frame, and hung
fromha standard with chain, pulley, and balance.
weight.

ene hand furnaces, like the early mechanical
black-ash furnaces, were erected for the manu-
faoture of sodium carbonate, and were fitted
with pana over which the firo gases leaving tho
furnace passed on their way to the chimney,
and in whioh they conecentrated by top heat
the crude sodium carbonate solution obtained
on lixivistion of the black ash. Fige. 31, 32,
and 33 show the concentrating.pen, the
working of which is described later under the
fwhanical black-agh furnace or revolver (p.

1)

The beck | ployed

| bottom heating has to be

BODIUM.

littlo longer on the buck bod (’ splitting & ball ).
As soon as it was empty o freah was pot
in, The principal work, of coures, went on oa
the front bed, which was hented to at least the
melthg{;}:oint of gilver,

Revolving Wack.ash furnaces. The kind of
work done by & ball-furnace can be dane more
effiviently and chesply by mechanical moaus,

aa it eimply consista in keeping the charge
' L Tho sctusl  eolut

turned over. solution of this
problem proved, however, & diffioult task, even
after the right principle, that of a cylindrioal
fornace revolving as & whole, had been found
by Elliott and Russell, in 1853, Apart from the
meschanical imperfections of their farmaoce, it
tarned out the black ash much too hard end
in & vecy bad state for dissolving, becaunse by
the continuous rotation all the gas was driven
out, and the honeycombed ptructure of the bally
was lost. Btevenson and Willismson, in 18565,
overcame both difficulties, and must be called
the true originators- of mechanioal blsck-sah
fnmaces, usnally called ‘ revolvers,” which have
entirely superseded the hand

Figs. 34 and 35 show an ordinary revolving
blsak-ash furnace in sectional plan and in
elevation, fitted with the top-heat em-
to utiliss the waste hest Irom the
revolver when ash or sodium carbonate iz pro.
duced from the liguors.

Fig. 36 reprosents & revolver fiited i accord-
ance with the custom to-day with bLottom-
heated pans to uiilise the waste heat.

Where blsck ash, a2 is practically slways the
case now, is made to manufacture canstic sods,
these pans are used to concemtrate the weak
oaustic soda aolution obtained from the cengtici.
::s. Ithis?t:):iiouthatit‘:wld be im . ble

® gasea over the oa uor

withoot carbonating it, snd hente the lmeﬁamt
adopted. ais the fire.
place, with two working dooms snd a oylindrieal
opening, 2 ft. wide, forthe flame to pass through.
Between this and the revol oylinder there
is o five-briock lined, oast-iron nng b, the ‘eye,’
hung by means of chain and punlleys, whioh
allows some air to enter all round, and the
NBOOSBATY © to take plaoe, The oylinder
¢ consiste of s shell of }-in, boiler plates, 15} ft.
long and 10} {t. wide insids ; onst-iron tire sests
J1, nd caat-steel tires g 4, are shrunk cpon the
barrel, and work upon the V-rollers AA The
oylinder is lined fnside with fire-brioks, & ina.
ick in the centre, 1} ft. at the ends; this
facilitates the runnin; out of the ¢ Two
horizontal * breskers ¥ project from 9 to 13 ins,
above the other lining, and promote the mixing
of the charge in revolving. A 1}-ft. manhole
closed by an iron lid allows charging and empty~
ing the ]rnw_o. mﬁmmdo“b revided with
a ppecial engine, uble gearing so
tha?oft mnngpn:oduce erthexs- s alow moveng:enb

The work in the black-ash furnace was carried ! (one revolution in 10 mins.) or & quick movement

on as follows ; The mixture was put on the back
bed, where it wae levelled, and during its stay
there was twice turned over, in order to dry it
and heat it. When the charge in the front
bed had been drawn out the was allowed
to play on the empty bed for a little while to
mafo it hot, and then the previously heated
oharge wae pushed over from the back bed,

y down
“ by 2% ft. deep each, with their drainers o and

{five revolutiona per minnte). gearing acts
upon & spur-wheel m, mA(le in one pu:% and
bolted immovably to the furnace. The exit
opening I communicatea with the large duost
vhamber m’, to which are joined the two boiling-
msnmdu’,%ftlongbyaﬂ.ﬁ
h¥Pthe

o', sud from these the flame throug|

Sometimes s portion of the ball was left s 1 flues ¢4 ibto & chimney. [ The purpose of the
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rnm.ion r in t.hohpnns t.i]: hhrentvo one
aF BTA) the mother.liquor pum u
AR i o o prmp

. Atramway rans above the furnaces for charg-
ing them, and another (smaller) tramwsy runs
underneath them for moving the train of dis-

11

ch:rglng trolleys or bogies into which the
finished charge is run from the revolver.

A fornece of thin size takea charges of 30
owts. salt-cake and gets through 15-18 tons of
salt-cake in 24 hours, with a consumption of
10-13 owta. of Rring fuel per ton of salt-cake,

Fia. 34.

Much revolvers heve been erected, o
common size being 18 ft. inlq:ﬂ.h by 10 or 12
dismeter. Buch & revolver will decompose a
3- or 4ton charge of sali-ceke in 2 hours. The
I‘nvt;en revolver made is one erected by the

and 12 ft. 6 in, in dismeter (deacribed by Watson
Smith in the J. Soc. Chem, Ind. 1887, 417}, and
devomposes & charge of 8 tous 12 owis. salt.
eake in 3} hours; and one at the works of
Messra. Kurtz, St. Helens, which is 30 ft. 6 ins,

Alkali Co., in 1887; it is 30 ft. long | long and 12 ft. 6 ina. dismeter,

Fia. 85.
There has been much controversy as to the ; formed in the ordinary process which are re-

best way to mix and work the o
*revolver.” The varicus methods suggested
had for their object ; (1st) The production of

in a | sponsible for carrying iron forward in a soluble
1 form to the end of the process.

The following methods of working tho

& Toore us and more liziviated black | charge have been practisod :— )
ssh, and {2nd) the destraction of the oywnides 1. The chalk or limestone and two-thirds of
a | a ] 2 | a.
-~ > ] = by 5 B e —
o o e 728 = '
| M i A
| | | E
Fia. 36. T

the coal are introduced and the revolver kept
slovl{.tnmm round &ill the ap, nce of &
bloe mofﬁo

oanstic lime has beem formed. This liming

process lasta 1-11 hours. Then the salt-cake, |
together with the remainder of the coal, is added :

round the man-hole shows some |

and the rotation slowly continued nntil the maga is
nearly fused, when the quick movement is started

 object of * liming ’ ia to produce & certain

proportion of caustic lime, which in the lixiviat-
ing tank will cauee the balls to burst, and to

be more easily dissolved.
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method of work, He ocha the aalt-cake,
cosl, and limestone at once, but only uses the
theoretical quantity of limestone; when the
oh is fused he atops the revolver and adds
quicklime equal to 19 p.c. on the weight of the
salt-cake, and 1& p.e, of cinders.

3. Péchiney (patenta 1877 and 1878) added
at the end Jf the charge eome ealt-cake which
has the effect of destroying the eyanide present,
and of &reveuti.ng the formatinn of ferrocyanide.

4. Weldon poetented {1878) an improvement
on the Péchiney process, He ad a little
limestone dust te the charge along with the
salt-cako suggested by Péchiney.

The sdvan of the e&’elﬂon-?échiney
Bemeu were the subject of & long controversy

tween Weldon snd Mactear.

5. Several other patenta wers taken out
about the eame time, 1878, for destroying the
cyanides and ferroayanides by Mactear, Gaakell,

n & Co., Pauli, Brunner, Alihusen, and
Glover.

None of these processes appears to be
necessary, and the pregent practice ia to dro
the whole charge into the revolver at once a
work it through without stoppage or addition.

The following may be taken as the normsl
mixing for a black.ash revolver under modern
conditions.

{8) When all the caloinm carbonate is added
#8 limestone ; {b} when part of the limestone
in replaced by the caleinm carbonate produced
. in the causticisera (caustic lime mud).

a b

cwt, ewh.
Salt-cake . . . . 56 52
Limestone . . . 56 37
Lime mud . . . — 45
Black . . . . 22 21

Properties of black ash. The yicld of black

SODIUM,
2. Mactesar in 1874 patented the following

ash is about 1§ timee the weight of the salt-cake
furnaced, Properly made, black ash has s
blsckish.brown, in some places a liver-brown,
surface ; oo breaking, it exhibits s slate-grey
ocolour and porous, almost pumice-like, structure,
and looks homogeneous, without any black
or white streals or lum Balle which are
quite black on the outside are made with too
much cosl, or are very badly wronght, eo that
the mixing coal was not sll consumed snd the
ball could not be * cleared.” If there was o dei-
ciency of limestone, or if the halls were over-
heated, th? are very denss, with pale pink
‘spote outaide, and on breaking their colour is
|§mk or purple, in the worst case brick-red.
| Buch black ash contains very much sodium sul-
| phide or even polysulphide, Kolb found thie
to occur whenever the melting-point of silver
wag exceeded. ‘Soft’ bells occur when the
tempersture has not been Iﬁih enough, so that
! the masg nover got beyond the thinner atate to
the pasty, porous one. Buch blsck ssh is very
diffioult to lixiviste, and contains much undecom-
posed sulphaie,

In order to check the furnace men, samples
are taken from each man’s work, sometimes oven
from every aingle ball, and are r::fhly teated
for their tage of slili, of to, and
of sulphide; but as these cannot over:gu
samples, the judgment of & practised eye on the
appesrance of the ball in general must always
-be taken into sccount as well. The testing-

methods are the same aa thoss used for tan
liquor (v. infra).
| Of the published analyses of black azsh many
| are not trustworthy, becauss they were evidently
mede with a meaterial changed by exposure to
| air, or becsuse they neglect constituents which

must have been t; some of them also
boosuse they give detailed for son .
atituents for which no geod analytical methods are

{or were then) kmown,” We quote only s few :—

var
— | i |
|
| s |
Sodium carbonate . . 3688 \
»  silicate . 1-18 ]
» aluminate . . 069 !
»+ sulphate i 039 .
" chlords . .| 288
Caloium oxide . - 927 .
" sulphide . 28-68 i
»  varbonate . . 331 .
»  sulphite, &e. 3-18 l
Magnesium oxide 025
Silica . . . —
Ferric oxide . L 280 :
Alumina . . . 1:13 i
Iron sulphate 0-37 !
Ultramarine . 046 I
Sand . . 0-90 !
Conl . y 701 i
Water . 022
_Totsl , . | 10021

From Jarrow (Stobmann) | prom Amiens |
Hand made Revolver ash (Kolb) '
b [ d
4441 4327 4479
-_— - 1-52
—_— _— 144
1-54 1406 092
142 148 1-85
10-44 113 o488
23-87 27713 2006
320 762 692
010 019 —_ :
0-89 174 —_
1-75 148 121
079 072 _—
—_ —_ — i
220 2-66 -_—
532 l 5298 1-20
100-93 | 100-26 9840

These analysca do not show causlic sods,
which is, in fact, only formed on lixivistion ;

stances, found by some authore in the eamplea
examined by them, But the anslysta cught not

neither do they count up & number of rare sub- | t0 have neglocted the eyanide, mor the soda




BODIUM,

present in an msoluble form. There is also no
mention of Na,S, which ie never quite absent.
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gartial analyscs of black ssh made by the
échiney-Weldon process :—

All thess are acoounted for in the following
o with 80 | 100sulpbate, 778 Lime- | 2 -8 Nrso-
— Mook ate siipbate | gt S0 conl ™ | e v |
13 1 i = - -_'1
Allmli | . . . . 22-60—24-51 24:26—326-00 | 23-00—26-28 '
NS . . . . 0-28— 038 0-31— 048 i 0-20— 037
Na,8 10 100 alkali . . 1-156— 1-60 - -

[ . . . . 0-41— 063 0-18— 090 E 0:18— 0-90
Total Na,,S0, after oxidation . 1-85— 2:24 08— 190 | 09— 200
Arailable alkmli in soda ssh i 57-40—08-30 —_ —_— ,
Alkali in soda waste . . 21— 0-37 09— 023 | 01— 032
NaFely, . . . .[ —_ traoes—0-08 l traces—0 052

Jurisch (J. Boo. Chem. Ind. 1880, 241} sbridge the thres docimals of the percentages
gives the following analysee {in which we| to one):—

I '
—_ Muspratt, revol- | Musprats, hand, | 85 Boilox, Mas- | M Mae-

Yot July 1674 | Novembar 1674 M’&'ﬁﬁ%’u o m;}i‘p‘g‘ﬁg&}
Mixtore ;: Salt-cake . . 100 100 100 100
: Limestone R . 108 109 73 8
Coal 10 p-o: ash . 58 56 41 47
Mactear's lime . — — 7 7
N, 00, . . . 416 418 453 462
8o 1 I T A

. O 2 . .

NS0 . . 014 05 — —
‘Ne80, . . . — 03 13 06
8i0 . . . 24 31 31 29
ad, . . 11 15 10 08
I Pa0y . . . o9 141 07 10
‘a0, . . . . 116 66 51 97
a0 . . . . 57 58 13 17
a8 . . . 208 319 310 336
‘ﬁ . - 03 03 04
Co . . ' . 44 33 74 35

Black ash keeps unchanged in the absence of | exactly the same conditions govern the forme-

moisture and carbon dioxide, but in the presence
of these it soon un & ohange (studied b

Kolb, Ann. Chim. Phys. fiv.]17, 118; 8, 135; 10,
108). The lime sattracts both H,Q and CO,;

tion of sodium sulphide, bat in independent
of that of caustic, and evidentlﬁ takes placo
by the action of dissolved CaB on Na,CQ,, NaCl
alightly inoresses, Na, 80, slightly diminishes

on being hydrated it swells up and eracks the | the quantity of Ca8 entering in solution, which
balls, which d fall to powdor. On |always takes in the shape of Ca(SH),.
Exiviating, they now yield less NaOH, but, on | Boiling CaB with water will effect this slowly.

the other hand, much more Na,8 and products
of ita oxidation, since the sction of the atmo- | more dilute and the hotter they are, and the
rphere on CaB8 uces calcium hydrosulphide, { longer they remain in contact with each other ;
polysulphide, thiosnlphate, and other soluble | the ence of caustio lime or caustic sods ro.
aldum compounds which, on kixiviation, at 'tards this action. Hence the lixiviation should
¢nce react on sodium ¢arbonate. In the courss | be carried on me quickly and at as low & tem-
of time the reaction may thue be reversed, and | perature, and with aa litile water, as posaible.
the sodinm carbonete may be entirely decom. | ey,

agsin. Henoe black ash ought not to be Liziviation of Black Ash.

too long before working it up, and ought Doring the firet period of the manufacture of
pot to be exposed to the action of the sir after | srfificial sods, the black aah, as it came out of the

furnace, wae directly eent out to soap makers

ing once cooled down.
end other consumers. Usually (in England uni.

sction of water on black ash hes salso
been studied by Eolb (I} From his experi- | versslly} the black ash is sepsrated by lizivia-
i The | tion into a soluble and an inscluble portion.

ments he draws the following conclugions,
quantity of NaOH formed in the lixiviation vats, The former yields commercial soda nsh, crystals

by the action of lime on sedium cerbonsate, is ! or caustic ; the latter, which containa CaS, as
ok materially influenced by the ntity of | well a2 many impurities, was a waste product,
water, but incresses both with the time of untilieguite recently very imperfectly, if at all,
digesiion and the rise of temperature. Almost utilised.

Solutions of NsaCO, act all the more on Ca8 the
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for dissolving the soluble matter ; during
ita course ohemical reactions set inm, which sre
partly comparatively harmloss (a8 the formation
of some NaOH), but some of which may cause
very much loas by the conversion of Na,CO
into Na,8, Na,30,, and intermediste states of
oxidation, as will be understood from the remsris
made upon the sction of water on black ash.
Properly made porous black ash requires
only breaking up into large pieces, so that it can
be handled ; but dense, overheated or under-
heated black ssh must be orushed to & cosrse
powder, and even then is nothing like com-
pletely exhausted, without reconverting much
of it to Na B8 It is, of ocourse, essential
that black ash shonld bo completely exhauated,
that the liquor should be pure, end that it
should be as concentrated as ible. We have
seen sbove that this can be dove only by work-
ing quickly and at a moderate tempersture. The
Iatter is apecially required for weak liquor, which
is much more Liable to act upon Ca8 than con.
centrated liquer. ‘The former should never be
hotter than 43°, and is much better l;%gt between
32° and 37°; the latter may reaoh 80°.

S0DIUM.
The lixiviation is not merely a mochanical |

1t is further necessary to disturb the solid
maas as little aa ibls, in order to prevent the
liqi:or from becoming muddy ; and, more parti-
cularly, any exposure of the wet solid residue
to the stmosphere must be avoided, because this
leads to a repid oxidation of (a8, even os far aa
CeB0,, and a consequent loss of soda.

. The different apparatus formerly wused for
lixiviating sods ssh need not be described
here, a8 they are completely obeolete. The
apparatus universslly emglo ed wes originally
invented by IPrgi:tmgm uff, of Giessen, bll;lt
wAS B nt t into practice
Dunlogf.:: S{. Roliox, ul%h 1843, I;md mtdi
ita way, first into Lancashire (sbout 1860).
In England it seems to have boen dominant
about 1864, on the Continent 10 years later.
Its principle is to sllow the black ash to re-
wain in the ssme place, and to causo the liquor
to ciroulate in & methodical manper, so that i is
brought up to concentration, and the black ash
is completely exhausted st the same time, with-
out ever being exposed to the air. By thia course

! the liqguors are much stronger and , and the
process is much less expensive with the
plans formerly practised.

Fra. 37.

Tho way of oarrying out the cas 8
shown in Fig. 37. A number of ‘tanks’ or
¢ vate "—at least three, more commonly four,
but sometimes five, six, or even more—is oom-
bined to form & set. The tanks muat he all on
the same level, and this should be so far removed
from the ground, by means of pillars, that no
leals can occur without being obeerved. They
are made of wrought iron. Near the bottom
there is & row of T-picces bb, for supporting the

rforated plates ec, forming & fsque bottom.
%hﬂs’ t the trus bottom js often made to slo
to one side, where the outlet cock is placed, t
false bottom must be guite horizon Each of
the tanks conteine two overflow pipes, one,
marked ¢, for wesk liquor, and another, marked
f. for strong liquor. This is best seen on the
section, Fig. 38, They are cast.iron pipes, a
little wider 1n the upper part, with a conical plug
fitting into & seat bored out at tho enlargement.
Above the plug-seat the pipe has a side-branch,
bolted to one pide of the tank, where there in a
corresponding hole. The pipes pass through the
false Lottom, and the liquor can enter into them
from below. Tf the plug is taken out, tho hquor

oontained in the corresponding tenk will rise from
its bottom in the pipe ¢ and will overfiow into
the next tank near its top, and thus & continuous
atream of liquor may be produced right through
the whole set of tanks. VWhere, however, it in
intended not to run the liquor upon the next
tank, beoause it is concentrated enough to be run
oﬂ.thepipaewillbekﬁclosodmd the plug
taken out of ¥ipe A the pipes ff are ar-
ranged on the front side of the set ; they are, on
the outside, provided with swivel-pipes f*, which,
when turped up, prevent the liquor from run-
ning out. By turning the branches f downwards
at the same time sa the plugs are taken out, the
strong liquor rune into the shoot 4, and from
this into the well, from which it is pumped into
the settlers,

At soms worka thero are cocks instesd of the
swivcl-pipes f'; at others the strong liquor pipes
ff are omitted, and the strong liquor is run off
by meane of the bottom-cocks gg, which must be
provided in any case ; but nefther of these plans
can bo recommended. The bottom cocks gg serve
for running away the weak liquor previoualy to
casting out the solid waste. '!I'lu.s iquor passes
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on 0 a separste well, from which it may be
pumped into the wwter-conduit ¥, from which
the tanks are gupplied by & separate branch
each. A special set of pipes serves for supplying
either steam or hot water, as the case may be.

The working of the lixiviation vats is carried
on as followy :—

Let us congider we have a set of four vats
working in series, and thet the spent blsok-ssh
waste has just been thrown out {* oast ’} from one
of them. The empty vat is to about 1 f6.
from the top with lumpe of black ssh obtained

fod with freeh water snd maintained st a
tempersture not exceeding 35°C. The weak
liquor ro obtaimed is run to the weak liquor store
tank. When the liquor leaving the weak vat
has in this way been washed down until it shows
no strength to the Twaddell hydrometer, the
vet is allowed to drain by o g the bottom
ropoff tap g, after which spent wuste is
thrown gut and the vat is ready for filling again,
or ‘setting * with fresh black ash. The other
two vats theantime have been working as
folows : Weak liquor from the weak liquer
store tank is run on to the partislly exhau or
intermediate wat, and from it overflows by the
pipe ¢, on to the atro::slnt. In thie way a
constant stresm of partislly-concentrated liquor,
graduslly dropping in strength from 38° to
¢°Tw,, is run
strength is raised to 56°-36°Tw., or an sverage

throughout the run of sbout 46°Tw.
When the etrength of the liquor leaving the
sirong vat has to 30°Tw., it is no longer
Bt to remain a strong vat.

By this time sl the intermediate vat is
low enomgh in sods to become the weak vat and
thus to take the place of the one just ex.
bausted.

The freshly-charged vat mentioned sbove is
then connected, the old strong vat becomes the
hmm-iiste ‘a'at,i filhee old inten}:.:etllli;te vat
taking the place of the weak vat whioh has just
been cast, and the whole seriea of opantljons
starts again,

The great pointa to be obeerved are :—

Lst. the black ash should be az uniform
as pomible, 20 as all to lixiviste equaily and
ramdly.

rough the strong vat whero ita | firet.
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2ud. That the lixiviation should bo
conducted se quickly as possible with complete
exhbaustion.

3rd. That the temperature of the wesk vats
should not be alle to exvesd 35°C., and the
strong vats 80°C.

4th. That the wat wasto shonld be aa com-
Petoly exhausted sz ible.

Teﬁmm}wbhckmwmr
and tank waste. In order to test black ash, »
sampls consi of soveral piecea of the ball
{which unfortunately oan never be a real avernge
sample) is finely powdered, and 60 groms. of it
are di with tepid water, from
oxygen and carbonjo scid ; the sclution is made
up to 800 c.0., end js now tested just like
the tank lignor obtained on tho large scale.
1st, for tolol available clkali, by means of
standard hydrochloric acid snd methy] ornoge ;
Zud, for caustic, by addition of barium chloride
and titrating with hydrochlorio or oxmlic acid
(in th'sc’hbat. case wi dgn ﬁltmttifnf): 3rd, for
sulphi means of iodine ; 4th, for sulphate,
by mennsyof barium chloride, either gravi-
metrically or volumetrically ; 5th, for iotal
sulphur, by oxidising with bleaching powder
and estimsting the sulphate formed; 6th,
for chloride, by staundard solution of silver ni-
trate, after hnvi.nﬁ exactly neutralised the alkali
by nitrio acid an boilec{ away the H8; Tth,
for ferrocyanide, by mesns of Hurter's copper
sulphate eolution. Vai wasle is moatly ouoly
teated for avadable sods by tresting a solution,
obtained aa previously described in the case of
black aeh, with CQ,, boiling, ﬁlten‘ingl,a:nd titra-
ting the clear portion ; sometimes also for iofal

inoluding the Ynsoluble

ion, which iz a
somewhat lengthy process.

tails of all these
hods in Lunge's Technical Chemist’s Hand-

met
book, }

The anal by Jurisch, given in the first
table on p. 46 (Chem. Ind. 1880, 441), show the
composition of revolver vat liquors (abridging
the three decimala to one).

A comparison between difforent aystems of
working is afforded by the figures in the
secondd table on the next page, whioh give
grms,” of each constituent for each 100 grma.
Et available sods (as Na,(0,+NaOH) in tank

quor,

The vat liquor is always too muddy for im-
mediste further treatment, and must be seltled
This will cause the vat waste mechani-
celly carried away to subeide ; st the same time
the sotion of the air will cause some of the ferre-
sodium gulphide to be decomposed, and the FeS
to be deposited along with alumina and silica,
partly or entirely in the state of chemical
combination.

T MiXURAOTURE OF CavsTic SoDA FROM
LEBLANO VAT LIQUOR.

Solutions of caustio soda have been made
ever since eods was commercially used, espe-
cially by soap mekers; later on by bleachers,
peaper makers, &c. Moat of these prepared such
solutions themselves ; sometimes they bought
them in tho state of caustic liguor; but from
the nature of thinge this oould never be a large
trade. Such a trade has only arieen since

canstic eoda has been manufactired in the solid
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’: Average of four monthe | Righest figwe | Lowest fgare
! — Grms. | On100parts | OGrms.  |00100parts| Grms .| On 100 parts
l pot 1kre av:ilubluoda per ltre ai L‘p---‘-- perul.:ls'ﬁo Eu:ﬂablomda
Total Na 0 . 1880 -_— 1984 —_ 1889 -_—
Ne,O s N8, CO, . | 1479 — 1812 — 1817 . —
' NayOas NaOH . | 400 213 417 248 372 187
' Na.CO, . .| 2529 — 2756 — 2252 —
"NaOH® . .| Tsl1 — 61-6 - 489 —
Na(l . . . 10:7 &7 158 8:1 83 : 32
"Na80, . . 28 14 38 19 19 140
. Na,80, . 03 01 05 248 o1 o1
Na.8,0, . 13 07 2-1 14 10 05
Na 8. . 4] 2 54 24 29 14
Total Na 80 caleul. 151 10 147 80 107 57
TotalNa,S0,found | 131 70 155 83 105 56
Na.FeACJy S 08 04 i1 08 05 03
Si0, ALO, Fo,0,| 44 24 56 30 38 21
Muspe nttl Runcofn Soap sod .Alim_!.i- Works .
fm& ',:.5'3’ d;g%f Péchiney revolver = Péchiney-Weldon | More recent practice
- % 80 days’ |- ——— - -, R —
18 9a¥8” “igaraza |aver- | high-! aver-| high- | low- | gyer. | high- |
___ s T [ o | S | e
NayO as NaOH . 354 ! 219 | 188 162) 86 101 215 152 250 | 300 | 210
NaCl, ., . T3 0 | — | = — =\ =_1"=""80 | &0 | 076
N1, 80, ) 17 | #1| B4] 28 36| 45| 32. 33 | €4 | 128
Na,303 e} 02 | = | = - - - - = — pils
Ko 2,0, 11 07 | 16- 16} 12 ( 0] 13| 0o. — - Z
NeeB.' . . . 14 e1 | 14 18| 08 221 30| 19 10 | 15 | o5
Total Na,80, ¢cal. . | 100 &8 { 85 106 T8  pd| 108 | S0 — —
Total KaaS80, found - [ 109 &8 | 93 |104]| 00 94| 108. 08 4 | 85 | a2
RaFoCvs . . ol . (4 | 02| 047 02 02| 03 | L) — - -
810y, Aly8,1, Foy0y AN L Bl Wl B ool Bt B B
Mixing proportions; —— " — —_— -
Ssihll’-'-ako B8 p.c. 100 100 B7E; — = = U1d - — ] - - !
Limestope ., .| 1021 6 (ehd. = | = o~ e, — | — Z - .
Coal .. . b1 138 s | — | - l — | 419} - - - -
Mactearlime . .| ~— 88 i — | =1 — | = | ~ ' N - - |
Péchiney salt-cake - - 122 | = ! = | — 11| — - - -
. limestone dust - — 73| — - | = T0| - —_ - -
8iftéd cinders , .| — 10‘— —t_|-‘_i_ - - T,

gtate, which was first done about 1845 in Ten. | The method adopted for causticising the
nant's works at 8t. Rollox, but only experimen. | Leblanc liquors is always by treatment with
taly, The development of that large industry | quicklime :
ouly dates from 1863, and is intimately con- ' Nu,C0,+Ca0+H,0=2NaOH+CaCO,.
neot-edl with the names of Gossage, Dale, Ralston, | This is a reversible resction, aud the condi-
o oeprtt, Bauli, Lieacon, and othet | fious under which it is performed govern the
ire manufacturers. It was introduced | ,onortion of NaOH to Na, 00, in the causticised
much later into the Tyne distriot and abroad. quuor. The apparatus used is usnally a large
Bolid caustic was originally only made from | oiyohi.iron vessel, fitted with either horizontal
the caustic mother.liquor {'red liguor’) ob- |, " ohics] mechenical agitotors and & baskew
tained in oonoentrating vat liquora for Leblanc (#ee b in Figs. 30 and 40), into which the lime
sods seb as hereinafter described. ~This souros | 1 00 ved iy Blaced. '
of csustio soda is now of littlo importance, Formerly the agitation was frequentl
owing to the pra.cl:w:l.ly complete replacement | ogooroq bbstaam org;ir, but theee lm.\gz be('I{
of Leblanc sods ash by ammonis slkali. shown to be less economioal than the mechanical
S:ingq caustio is made b ;ll:;olm t}nit: agitator, The strength of liquor used fott;e the
causticising Ammonls Blhll; 1) ::] o caunsticising operation is imlmn there i
iz made f:%m vat biguors, obtained in the ususl | two fgcte &, b;;e consaidered. Y ng
way. lst. The lower the strength of the kiguor
The Leblanc vat liquors, as shown in the | causticised the higher the pr:mrtion of the
m&lmven above, contain 70-30 p.c. of the | total soda which can be conve: into NaOH
tots. as N&,CQ,, and have to be { by the lime.
cangticised or converted as completely as ] = 2Znd. The higher the strength of the liquor
poasible into NaOH. The proper performanco ' caustisised the less fuel is efterwards required
of thie operation pl:f's 8 very important part | for concentration. As a compromise between
in the manufacture of caustic soda, - these two factors it is uweual to causticise at a

i,
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strength which gives s causticised liquor of
20°-26°Tw. or 1-1-1-132p.gr. With careful work
such » liquor will contain 91-92 p.c. of its total
eods aa NaOH., .

The operation is ususlly carried out a8
follows: Well-settled vat liquor is heated aa
far aq possible by waste heat or exhaust steam,
and ron into tllml clmi;t.wmr wher; it iskd]x;lnted
1o & siyengih 1:1-1-13 ap.gr. with weak liguor
obtained from » later stege of the procees, and

Fia. 39,
by weter, both of which should also be

The

heated when ible by wwsste hesat.
quantity of total liquor in the cansticiser should
be mﬂicie;]:ew just cover the bottom of the

:hmi:eamfm ocan no;pl u;it:lallie!:e shut off,
] t of hydmtion su t to make
ltnesbyndiatilm. ¢

The agitator is then
allowed to settle for abouty1} houm, °
oclear liquor is stripped off the

and the liguor

comgndmb

top by » drop eyphon and run to settiers. The
caasticiser then remaing, perhaps, one-third full
of caustic ligoor and lime mud, This can either
be ron cut on o & filter bed or the causti.
cisers can be filled up with water, agitated and

sgain settled. The weak liquor so obtained,
together with i from the fiter, is
wsed for dituting another betch of vat Nquor.

g | obtained with liquore o
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The washed mud is thon run on to a filter bed
and again washed with water.

It is by no means uncommon to work two
or even three batches in & causticiser without
running off the lime mud. This saves time and
makes it possible to work each batch with »
larger proportion of excess free lime than would
be economical for the single batch, The in-
cressed quantity of free CaQ alightly increases
the caustioity per cent. obtainable,

Many investigations heve been made into
the lime osusticising operation, and several
processes have been with the object
of increasing the proportion of causticised to
nnuu.ntiuhe& sods, i.& of NaOH to NCO, in
the final liquor when working at higher etrengtha
of solation.

Patents were takan out Parnell (4144,
1877, and 2203, 1878), by Wella (3803, 1879),
bgsnonziea (8804, 1879), and by Herberta (3677,
1882} for conducting the causticising operation
under pressure, whioh was claimed to give in.
o sausticity cent. at strengths up to
12 spgr. The mmell process was tried
extensively on a large scale and failed.

The investigations of and Schmidt
{Ber. 1885, 3288) showed that working under
i pressure did not inorease the causticity
per cent. obtained,

Herberts aleo, in a later patent (D. R. P,
43492), olaimed that higher causticity could be

1+414-1-16 sp.gr. when
working wunder diminished pressurc. Later
investigations on this subject are those of Bod-
linder (Zeitech. angew. Chem. 1804, 151%),
Leblane and Novotny (Zeitech. snorg. Chem.
11, 181), Wegscheider and Walter (Chem.
Zentr, 1907 ; and Monatah, 28),

At the present time, ss menticned sbove,
however, the ord.mu'g prective is to oausticise
at 1-1-1-13 sp.gr, and obtain about 81 p.c. of
the total sods ae NaOH.

The fillers on to whioh the lime mud from
the causticisers is run vary considerably in
design and arrsngement; Fig. 41, however, in
representative of & large number of filters, and
shows a thoroughly efficient and satisfactory

apparatng.

g Mid Sreel Sheets ik~ 3 Dutlet to Hacoun Pump
% 35 chows Dervorolnns
Jaetch
Fra. 41.

The lime mud-is ron from she causticiser
through the 3- or 4.inch diameter pipe on o
the filter bed and the vacuum pump atarted.
Az soon uthesuﬂaceofthsmudpbogmatodry
oracks are likely to appear. These require
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raking over with a rake or patting with a spade
t0 close them up. Hot wsier is then run on fo
the bed of mud to wash out the caustio liquor
which is held up by and surrounda the parficles
of CaCO,. Finally, the vacuum pump is kept
going for ome time to dry the mud ss much ss
ls. Under the best oiroumstances, how-
aver, jt will retain over 40 p.o., and usually
neazly g p-c. of w::hhr.hmh his wshing
o oare with which thi ing process
in conducted depends the quantity of sods left
in the mud.

With careless weshing, with cracks in the
bed of lime or round the sides of the filter or
holes and inequalitiea in the filter bed, there
may be a heavy losa of soda,

ith good work the soda loss can be reduced
to well below 1 p.o. sods on the weight of lime
mud ; with bad work it mey rise to 4 p.c., snd
even § p.c. on the mud,

Az thete are about 2 tons of lime mud to
the ton of Leblano 70 p.c. caunstio sods, it is
ovident that this may be & very serions matier.

Az mentioued above, the washings from the
filtera are used to dilute the vat liquor to the
strength required for the causticisers,

Other forms of Elter for oaustio lime mud
have been suggested of & more or less mechanical
nature, but have not met with extended use,
see patents by J. Brock and T. Martin, 2127,
1887; Q. By Bolton and T. A. Bullough,
14563, 1888; Hurter snd Driffield ; Solvay
{Eng. Pat. 4725, 1808); and Houghton and the
?&Il:t;);d Alksli Co. (Eng. Pata. 7957 and 28791,

The following analyses of osustio lime mud
are given by Davia (Chem. News, 32, 187} :—

8CO, . . . 402 420
Cs(OM), . . . 371 31
80, .. . . . 01 08
Al . 0 U o2 o3
Fo 0y . . . =— 07
Y ST 5

Ne O, . . . 18 1-8
I & YPT-Y ST ¥
996 996

Lime mud is frequently empioyed to repiace
part of the limestone required for the revolver
charge. For this purpose it is used in the wot

condition, The following shows & revolver
mixipg with and without lime mud :—
1 2
Salt-oals . . B2 &6 cwts,
Limestone . . 370 58 cwis,
Lime mud . . 454
Mixing slack . 210 22 owta.

When ueed in this way the scds contained
in the mud is prebably rccovered, snd some
limeatone is saved. The output of the revolver
ia, however, reduced, and the labour and fuel
oharges increased per ton ealt-cake decomposed.
The advisability of utilising the lime mud in
this way depends, thercfore, on & balance in
which the relative prices of limestone and
fuel are the largest factors. In some works the
attempt hag been made to burn the caleium
earbonate in the wud back a%:eiep to quicklime,
and it ie reported that this has been economically
dons in the rotary kilns used in the manufacture
of Portland cement. The lime mud is also used
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a8 & raw material for the manufacture of Portland
cement (Rigby, J. Soc. Chew. Ind. 1888, 301).

A very important and increasing outlet for
csustic lime mud ia for liming the soil. For
this pur calcium carbonate is s useful ss
the oxide and the finely-divided condition of
caustio lime raud renders it suitahle,

The lime improves the soil
the land, this is especially valua.
of the heavier soils. It is i iteelf & plant food,
and also helpe to bring into sction the inscloble
roserves of ni aod jnm in the soil.
It corrects acidity in the ecil, and is the best
remedy for the finger and toe disease in turnips
and awedes, See leaflet No. 170 of the Board
of Agriculture and Fisheries.

A totally different method of csusticising
is that of Liwig (Eng. Pat. 4364, 1882}, who
evaporated soda liquore with pure ferrie oxide,
and exposes the mixture to & bright-red heat.
The masa is thus converted into eodium fermte
{or rather *{errite ’), which is insoluble in eold
water, 8o that it can be purified by washing with
it : it is then troated with water at B0°C., which
decomposes the compound into osustio poda and
regenerstes the ferrio oxide. Thus conoen-
trated liquora are obtained quite free from
iron, In patent In R. P. 41990 Léwig extends
this plan to the sesquicarbonste or roaster seh
of the ammonis soda process produced by the
ﬁi&l furmmecing of the sodium bicarbonsis

obtained to expel the NH,, and part of the
CO,. This enbetanoe ia then further treated with
ferrio oxide in a revolving furnaoe until the whale
baa been converted into » compound of epda,
which is split up by the action of water into
oaustic and insoluble ferric oxide. The
British patent of Mond and Hewitt (No, 1974,
1887) statea that for the efficient oonduot of
the proocess it is to use & pure sodium
carbonate and oxide of iron, and to remove the
liberated carbonio acid as it is formed, They
also advocste the use of a revolving fornsce
similar to the black-ash revolver for forma-
tion of the ' ferrite,’ and the ure of water gas as
the acurce of hest in order to keep down the
pertisl pressure of carbon dioxide.

The Liwig provess has the advantage of
yimlding‘J a stronger solution of caustic sods
than the lime method of causticising. As
mentioned above, the lime process produces a
causticised ligquor of 1-1-1-13 sP. ., While the
I.-ﬁm’g process ucee one of 1-32-1-36 sp.gr.,
s diffevence which corresponds to s reduetion
in the quantity of waier to be eve ted for
the manufacture of solid caustio sods of about
8 tons water to the 1 ton 70 p.c. caustio soda,

. For oausticising liquore such es the Lebixnc
liquors above deecribed, the process is out of
'flha qne;tsion, asbi;efom it “t::l be worked those
iquors have to be evaporsted to dryness, and
in addition there is the fuel required for the
furnace and the other working coste which are
heavier than in the lime }erea The Léwig
rocess is, however, used for eausticising on a
arge acale the solid sodium carbonate obtained
in the ammonis soda procees, but it is doubtful
even then if it is chesper than the lime

progess,

Strontium hydroxide has been sy a
a substitute for Lime in the ceusticising operation
(Bacon, I. R, P. 00344}, becavse the reaction is
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much more complete than in the case of lime,
and can be carried out in stronger solution.

The procese, however, has not been wdopted,
as far as is known, on the acale.

The hiquor from the causticisers at 1+1-1-13
;g.gr. containa 9-10 tons of water per ton of

0. eaustio sods, and the eoonomical evapora-
tion of this quantity of water has always
been one of the technical problema of cavstic
soda manufacture. The ususl costom ia to do
the firet part of thin evaporstion by means of
the waste heas of the black.ash eevolvers as
mentioned above. ﬂﬁ . 36 shows a revolver
with a serice of the w wrought-iron bottom-
hested pans a, g, @, 8, & COMMO {uaedbeh.indit-.

" The hot from the revolver dust stack
Enn under series of pans, and the caugticised
qoor from the settlers is fed in a steady stream
into the pan furthest from the revolver from
which it overflows from psn fo pen, until it
leaves the front pan at, under good condition,
1-2 gp.gr. This meane that the revolver waste
heat has in this way evaporated 3—4 tons of water
ton 70 p.o. ceustic sods out of the total
9-10 tons.

The further troatment of the caustic liquors

to obtain solid caustic sods is divided into two
, * concentration * and * finishing.’

* conoentration * stage carriea the liquor
:‘p to such a strength that the bulk of the
Na,CO, left in the csusticised Liquor {8-10 p.c.
o the ?ota.lANa 0) snd the gs,so.fmhe et
iquar (see is) separsto out, w
are called ¢ canstic salta.'

The *finwhing* stage takea vhe liquor at
1-4-1-5 sp.gr., setiled clear of * ealta,’ evaporetes
the balsnce of the water, amonnting to 1-2 tons
per ton 70 p.o., and heats the fluxed anhydrous
caustio sods to full redness.

The *concentration’ is nauall
formed in large oast-iron eelf-
called canstic pots (see Fig. 42). These vessels

nOw per-
vensels

o
a flame blagt from the grate and the metal of
the pot, It is usual, therefore, to protect the

ite the fireplace with s guard wall.

pot ia flled with liguor and fired,
The loss by evaporation is up by & con-
stapt slow stream of f liquor until the
%gr.hnriamt.old—bﬁuthememybe.

h to which the liguor is taken in this
stage depends on the strength of the eaustio it
VoL {O—T.

is intended to The fire js then drawn and
the pot alio to settle for some hours.
ter pettling the clear liquor is baled out
with a large wrought-iron Iadle cleverly balanced
on the pot edge and worked with little exertion
The clear liqnor is eithor haled into an
adjacent pot for the finishing operation or into
a tank from which it is pumped to settlors
where & further batch of salts settles out on
standing and eoolin%d
The salts are fished out of the pot with s
gl;n‘ated ladle when all the clear liquor has
taken, and are drained as well as possible
ox ‘i:ﬁ:d in & gentrifugel machine,
salts are a great source of trouble and
e

Iponse.
‘The following analyeis represents an averago
composition of the salts fished from the concen-
trating pots and jigged :—

Ne,CO; . . . . . 3%

Na . . . . . 20

Nagg‘ - . - . . 9

A smsll part of thess salts is continuslly
returned to the revolver to prevent too hesvy

[

an accumulation of Na,S0, in the liquoms, but
the ohief part is dimolved and mixed with the
Liquors feeding the causticiser and recsusticised.

The total quantity of salta obtained per ton
70 p.c. caustic variee with the efficiency of the
causticising operation between 5 and 7 owta,
Other me pn ommmﬁonw been
U . L- B requentiy egpeci-
nﬂy in former days, is the so-called bost pan,
of which Fig. 43 is a croas section.

The boat pan is made of oast iron 1}-1% ina.
thick, and ita dimensions are about 12 ft. long,
8 f6. wide, 3 ft. G ins, 2

Another method for many years in
some factories has been to concentrate the
liguors up to a strength well ahort of the salting-
poin]toin ﬂnmhlrefbode]:ls, :gingthosteam nlsT;.c}
at low pressure for heating purposes.
difficulty is, howover, that after & few years
the boiler resdn become very heavy, and there
in s great tendency for the rivet heads to shear off.

ecently multiple effect evaporation has been
largely applied to caustio soda liquors with
sacoess.

Multi] effect evaporation consists in
making nse of the latent heat of the vapour
evaporated from one liquid to generate vapour
from a liquid with a lower boiling-point.

Theso liquors can either be really different
liquids with different boiling-pointe, or. as in

:
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the case we are copsidering, the liquors can be
the game, but by reduction of prossure the
boiling-point of the second lot of liquor may be
lowered aufficiently below the vapour tempera.
ture of the first lot to allow roasonablo heat
tranaference to take place.

The vepour raised from the second lot of
liquor can be similarly used for evaporation
of & third lot of liquor, whose boiling
been made still lower by a further
pressure, The prooesa oan theoretically be
repeated indefinitely, but «stual multiple offcet
evaporators vary from two to six eflects, i.e
the latent heat in the vepour on'fine.l.ly evapo-
rated is made use of from one to five timea,

Fig. 44 shows & common form of an evapo-.
rator for use with oanetiosode liquorin triple effect,

A, is the first effect,

B. is the second effeot.

C. is the third effect.

The shells of these vessels sre csat iron

divided into three’divisions by the tube plates | lon

!d'-

Fia. 44.

The tube platee themselves are connected
by & number of wrought-iron tubes about 2 ins,
diameter, and one central big tube all expanded
into the tube plates top and bottom.

The space between the tube plates d, &',
through which the tobes pass, is the steam
Apaco and into it steam vsually under pressura
from boilers is admitied through ». some
casos the steam used in tho first effect of an
cvaporator is exhaust steam.

normal work the evaporator is filled with
liquor throngh the inlet @to a fow inches above
the upper tube plate. The eleam, therefore,
is on the outaide of the tubes, the liquor to be
heated is inside them.

The weak osustio liquor is ﬁ;::.m:;pe-tl into &
by a pump not shown, and finally the con-

7 & pump

-point has | Th
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the small tubes from the bottom division of the
evaporator to tho top division, and then retorns
downwards through the big central tube. (n
the rafid.ity and uniformity in the different
tubes of this circulation depends y the beat
transferonce per aquare foot of metal surface,

Ancther important t; of evaporstor is
the Kestnerso-called * climbi &-glm evaporstor.
e essentisl point about this evaporator is

uction in | that it contains a much smeller number of tobes

than the type previously described, and thst
the liquor passes once only up the tubes in each
effeot. In this wey the oirculation is obtained
by the direct action of the liquor-feed pump,
and does not depend on the relative heating
vffects of small tubes and & large tube. The
tubes in the Kestner ovaporator are much
longer, they are, however, about the same
dismeter, 2 ins., and are of wrought iron. In
the older type the tubea are from 4 to 7 f. in
length, in the Keatner evaporator they are 23 ft.

i?ig. 45 shows construction of s Kestner
evaporator which explaing iteelf.

. 46 shows the arrangement of & Eeetner
four-effeot evaporator, where &, B, ¢ D are the
four effects, and mis the oondenser. The geperal
congtruction will be res,di.lg understood by
oom’Flrison of Figs. 45 and 4

he vessels b, ¢, d, ¢ are save-slls or oatch-
boxzes to collest any caustio liquor which escapes
the baffies at the top of the evaporators and te
prevent, its loes.

The following is an exsmple of the abeolute
preasure in the steam spaoces of the foar effects
of such en evaporator, showing the gradual fall
from effoct 10 effect, on which the multipls
evaporstion dependa.

Sieam spave of lst effcot abe. prees. 52 lbe.
” L4 2nd L " p 35 ]h.
w » 3 » 183 lbe.
*” 173 4t'h * 2] 7 lh.

Liquor space of the 4th effoct abe, press, 1§ lbs,
In such evaporators as heve been described
it is’ customary to concentrate the caunstic
Ii%juo:s up to, but not beyond, the point st
which 2alte in to depoeit, that is to about
1 -32:.3:. For bigher conventration an evaporator
of the older type or the Keetner type, in aither
cano with cast-iron tubes, is frequently wuged,
either in single or dou ect, more commonl,
ither in si double off y
in single effect. One way of working an evapo-
rator of the older type is to fill it with the
liquor at 1-3 ep.gr. and concentrats, addin
more fresh liquor continoounaly to make
the loss by eva: tipn. Eventually when the
evaporator is full of liquor at 14-1'5 sp.gr., as

centrated liquor is drawn from o0
also not shown.

The eteam rsised from the liquor in &
passes on through ¥ into the stcam space of B,
where it again raisce steam from the liquor in
n'a liquor space. The steam raised in B pesses |
pimilarly into o steam space, whilo the sfeam !
raised in ¢'s liquore paeses awey through ¥ |
to tho condenser and vacuum pump not shown,

The speed at which work is done, s.e. the
rate at which heat is trapsferred from the
ateam through the metal of the tubes to the
liquor, depends hrst on the difference in tem.
perature of the steam and liquors, and secondly

on the circulation of tho liquor in the liguor
apace, The liquor rises through cbullition in

may be required, the bottom valve in opened
a.mf the whols contents, liquor and galte, lllr::ed
to fall into & settler or on to & filter bed. Thoe
selts arc veparated and the liquor is pumped
to the store tanks feeding the finishing pots.
With the Kestner type of eveporator, which
hom“ticaﬂy no stock of liquor, the usoa]
m of work is to stert with 1-3 sp.gr.
canstic liquor in & stock tank, and to circulate
it ronnd and round, through the eve tor
and beck to the stock tank, until the whole i
up to 1-4-18 sp.g.

Another method of work with the older
type is to concentrate continuouely, and not
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to time {rom the bottom of the evaporator by
mesns of & amall closed vessel underneath if,
whith can be connected either with the atmo- -
spheve or the evaporator. Automatio arrange.

Concentrated
Liquor Outlet

—

5
2
P
Steam Inlet g=1
: Uistilled Water
B Drain.

'
Inlet for Liguor
P, 45.

meats have also been invented for continuous
romoval of the salta from the evaporators, and
it » un aro used to some extent.

We hare now the caustic soda solution aa &
settled lLigonor about 1-46-18- spgr. at 15°.

&l
This liquor is run into a caustic pot similar
to that described above, for the concentration,
and boiled.

A common way of mﬁn&nis to £l up two
pots and concentrate until all the water is driven
off, and then to bale the liquor from one inte
the other pot, and eo make one full pot. The
liquor, being of practically the same tom
turs in both pots, mixes without difficulty.

| At other times one pot is worked by jteelf and
. oontinuounly fed with the 148 ap.gr. liquor,

When the temperature of the inoreages and
the ﬂow.i.:i of thie solution on to highly-heated,
nearly ydrous caustio becomes dangerous,
it ia usual either to sprinkle the liqguor over the
surface of the pot by running it through a
perforated plate or ladle, orfelse toTcover the

pot with the loose wrought-iron lid whioh is, in

any oase, used as 8 cover during the last 8

of the finishing,. When all water ia driven off,
and the pot is full, the above-mentioned loose
lid is put on and the pot ually hested up
unﬁl&moltenNaO in it is & just visible
dull red colour.

As caustio sods is uwoslly sold at definite

& p.o. Ns,0, 70 p.o. Na,0, 70 po.
Na,0, &o., it 18 necessary to eee how nesr the
contents of the pot are to the required teet.

A sample is, therefore, taken out on a spade
or in & mould, allowed to set, and then teated
in the laboratory. The caustic in the pot is
mx;.lgfonnd too high in test, snd has to
be reduced by the addition of s caloulated
and weighed quantity of well-dried salt (NaCl).
The malt is n.:llded in small quantities through
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a lid in the sheet-iron cover mentioned above.
The salt decrepitates badly when it comes in
contact with the caunstic soda, and causes con-
siderable irritation to those nesr the pot by
epreading finely-divided caustic through every
outlet in the pot cover.

After addition of the salt the pot has to bs

‘fired, aa the fusion of the salt cools it con-
siderably, and unless reheated it will not settle
satisfactorily, The settling takes from 6 to 12
hours, and during this period the temperature
graduslly drops to about 330°. The quality
of tho o dopends very largely on the
settling of the impurities, which consist chiefly
of ferric oxide, alumina, and silica. The clear
settled caustio iz then, after cooling to about
326°, ready for packing.

Bo far, one impertant point has not been dealt
with, and that is the removal of the asulphide
alwnys present in Leblsno liquors. There has
been much discussion a8 to the beet way of doin
this, and meny e te have been tried.
Hargreaves pro oxidation of the heated
liquor by blowing air through it. In this case the
oxidation was very slow and incomplets. Pauli
sdvooated the addition of ‘ Weldon mud * (see
art. CALORINE, under heading Welden bleaching.-
pouder process) (Eng, Pats. 1306 and 1630, 1879).
A detailed description of the oxidising process,
both with sir alone end by Pauli’s
been given by Jurisch (Dingl. poly. J. 240, 55).

The removal of the sulphide by el i
was patented by Merle in 1875, and tried at
Balin ; it was the subject of a later patent
by Deacon, Hurter and Elmore (Eng. Pat,
800, 1885). Chance (Eng. Pat. 5920, 1883)
decomposed the euiphidez by & mixture of
forrio and calcivm hydroxidesor carbonate, pro-
duced by precipitating ferrioc chloride with a
large excess of lime or caleium carbonate,

The practically universal practice now is to
remove the sulphide sither by the addition of
zino oxide in the caustioiser or by the addition of
sodium nitrate to the fnishing pota or both,
The zino oxide acts according to equation :

Zn0+Na 8+ H,0=Zn8+2NaOH.
Sodium nitrate probably acts in the finjshing pot
as follows 1

BNaNO,-5Na,8=8Na 80 +4Na 0 - 8N.

Mectallio zino readily dissolves in hot caustic
soda liquor of about 1-13 sp.gr., and the solution
80 obtained i» run nto the causticiser during
the causticising process,

The sodinm nitrate is almost alwsys now
added in the finishing pot.

A common ice ia to take ont the greater
part of tho sulphide with rine in the causticiser
and then to finish the oxidetion with sodium
nitrate in the caustic pot.

It is important not to add the sodium nitrate
until the pot temperature hea become high, say
between 420° and 470°, If the sodium nitrate is
added before the pot is sufficiently heated, the
caustic liquor has & great tendency to boil over.

The sodium nitrate in added until & small
ssmple of caustic taken from the pot is only
wlighsly blackened by a solution of lead neetate.
When the wholo of the sulphide is removed
sodinm manganate is formed in the caustic soda
snd colours the finished preduct green, If
accidentally the limit ie passed and on packing

rocess, has
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| & blue or green colour is observed, it can be

rectified by the addition of & small quantity
of finely-divided sulphur.

By far the greater proportion of the caustic
soda is packed solid in what are called caustic
drams. The packing consists in ladling the molten
oaustic into the drums. It is usual {0 surround
one side of the pot to be pecked with a semi-
circle of drums into which the cauatic is succes-
sively conveyed by s wrought-iron shute, which
is moved from drum to drum.

Tho drums are cylindrical sheet-iron paokages
(s¢e Fig. 47) with lap joints. The sheets are
neither riveted nor welded, but

o
h——

rolled under preasure. In order
to avoid leakage before packing
it is necessary to cool the osustic
down to a temperaturc near to
the point of solidification.
he clear liquid caustio in kgllo

! of the pot is .
aregz;hma ree]illielilopo ‘ cang-
tio bottoms,” which is s mixture
of caustic soda, with the impurifics v
settled out as above deseribed, gy, 4
is baled pimilarly into drums. t

The bottoms sre of o deep-red colour, due to
the ferrio oxide they contain, The following is
an analysis of a sample taken from & pot of 70 p.o.
caustic t—

N¥eOH . . . . .8%
Na 0O, . . . . . 16
Na, 80, . . . . . 290
Nal . . . . B4
Na,8 . . . . 0l
Na,SnOa ... 24
No, Al O, . . . . . 142
O . . . . 109
08

d'.li'hee3 . bot.tol?s * vnryd in shmgthhl;etween 5.;
an p.0. Na O depending on the strengt
of the canstio from whf:; they arc made,

For many the solntion of <cwustic
bottoms ® after well sottling is e officient per
unit of free Na,0 aa that made from white
cauetio itaelf, o ‘bottoms® are either sold
at 8 reduced price ea *osustio bottoms,’ or are
dissolved, and the weil-settled solution refurned
to the process,

Aa s psoh&oamic drums are choap, and
from the fact that the caustio is » solid .
opustio in drums stows well for tramsit. Omn
the other hand, cauptio drums containing » eolid
lump of osustio weighi:g& owta, are not readily
hmgled by inexperienced hands, The best way
to open & drum of caustio and break up the
lumps is as follows: Lay the drum on ita
gido with the seam upwsrds, and then crack
the ocaustio by striking the drum the
seam onoe or twice for its full length with a
sledge hammer, Insert & chisel under the
seam snd lever it open, The two ends should
then fall off, and the caustic cen easily be
soparsted into pieces by mimply inserting the
chisel into the eracks and prizing them apert.

Caustio soda solation a8 such is acld to some
oxtent usually in one of three strengths :—

90°Tw, containing . . 322 p.c. Na, 0
100°Tw. " . . 62 .
105°T'w. ” . . 382 »
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The solution is carried either in welded iron !
droms or in iron tank waggons.

Caustic eoda is also sold in & form called
‘detached,u ed,’ th;tp.::csbtl}ﬂp shz'ts broken into
small piecen an in cas

The *detached * onustio ia nauslly made by
baling » thin Iayer of the molien caustic on to
heavy iron plates, whero it almost immediately
solidifiea, and can be broken and packed., An
gpnm to do this work was invented by

abovard (D, R. F. 4040),

Menzies (Eng, Pat. 4274, 1870) and Hamed
{Bng, Pat. 4677, 1883) described apparstus for
g’n ing to & powder and aieving caustio soda.

mstic sode powder is produced to some extent
for the market.

The commercial mothods of analyais of
caustic sods are given in Longe's Technicsl
Cheriste’ Handbook, p. 184,

Cream caustic. This ia an inferior quality,

formerly made, but now practically unknown, | li

It was made by conoentrating caustic liquor as
described above until only sbout 12 p.c. water
was left, and the caostic teeted about 60 p.c.

' following are some apal of ocom-
mdﬂuusﬁoaodnddiﬂmtsmgm:—

Huan and

78 o.]-;?:':s 76p.c. 70po
NsOH, . . 981 9692 064 866
Na 0O, . . 09 148 240 -7
bt . . . 04 038 1B 69
Ba 80, , . . 02 073 11 32
Na 8i0, . . 6 082 02 05
Fn,0,, Al,O,and Ca 0 trace 01 trace
Insol . N Y — — 02

100-2 10000 100-3 100-1

. Production.—Qf the total Na,0 obarged
into the revolver ag salt-oake the average pro-
duction in the formofﬁnishedcaustiewdgr?a
about 85 p.a,

The greater part of the 15 p.c. lose is carried
awmy in the black ash waste, partly as scluble
sods imperfect washing of the blaok ash
in the lirivisting vats, and partly as inscluble
compounds with the alomine and gilica derived
from the ash of the mixing fuel, the revolver
lining, and the limestone,

. Leblane 30da ash, Asalready mentioned, the
otiginal Leblanc procees was introduced, and
for many years worked primarly for the manu.
facture of spdiom carbonate or soda ash.

For this m the same type of revolver
was used, an k ash made aa for the canstio
soids manufscture just deecribed.

.. The chmrf for the revolver waa practioally
entical with the all-limestone- charge given
under canstic sods manuofacture, viz. :

Ealt-cake . . . . 565 cwis.
Limestone . . . b6,
Mixing slack . . "

The process of manufacture wes the same ay
for caustic soda, up to and including the working
of the liziviating vata. |

From the vate the liqguor was pumped into |
eettlers, where it was kept sufficiently warm to |
aroid crystallisation the Na,CO,,10H.0Q.
A large smount of work was done on the purifi-
<ation of the wat liquor from iron in so?ution
(chiefly as a double sulphide), from silica and

F ash made from well-drained sal
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slumina, and from ferrocyanides, but the ueual
m.ice was to take the well-settled vat liquor

irectly for concentration for ash. References
to the papers and patenta on the purification of
wat liquor are as follows :—

Hurter (Chem. Nows, 30, 28), Carey,
Gaskell and Hurter (Eng. Pate, 1161, 1881;
2039, 1879 ; and 5310. 1882), Newall and Sisson
tJ. Soo. Chem. Ind. 1887, 349), Mathieson and
Hawliczek (D, R. P. 40987, 1887), Pauli {Eng.
Pate, 1306 and 1530, 1879).

Figs, 34and 36(p.41 )showableckash revolver
fitted with the top-heated pans adopted generslly
for the concentration of vat liquor for production
of ssh. In Fig. 34 n, #' are shallow open pans.

When properly settled, the vat liquor was
run into revolver pans n, n' (Fig. 34} until
they were nearly full. ~The fire gasee from the
revolver Esing over the pans concentrated the
liquor, which was continuslly replaced by freah

iquor from the store tacks. Eventuslly the
became full of & megma of crystals of
a,C0, H,0, which natorslly formed firet st
the en(! nearest the revolver., It was the duty
of the man in c to work these salts to the
back of the pens. When the operstion was
over the screw bolte were undone, the doors

p, » {Fig. 34) opened, and the salte raked out
intothep'ﬁninenpt:.no'.

The waate heat from the revolver passing
over ench & pan ag is shown in Figs. 34 and 35,
concentrated all the vat liguor made by the
revolver ae§n ing the soda into orystals of
fairly pure Na,C0,H,0 in the drainer, and o
liqguor oalled mi liquor, containing chiefly caustio
soda, but also & little carbonate, and the main
part of the impurities of the vat liquor. With

s good vat liquor the mother or red liquor
contained 20—33 p-¢. of the total soda.
The composition of well-drained Leblanc pan
salts was approxzimately as follows 1—
Na,CO, . . . . . 181
NsOH . . . . 03
Na(l . . . . 02
N&‘BO‘ . . 04
Na 80, . . . . 02
Na,5,0, . . . 03
Tnsol. . . 09
Water (by diff,) . 196

The salia after well draining were heated to
redness in 8 reverberatory furnace when the non-
carbonated liguor left in the salts was carbonated
{pometimes sawdust was added to the salts to
aid the carbonation), the wster wae driven off,
and the smell qusntity of organic matcrial
present destroyed.

The sods ash then produced had a test
varying in accordanco with the draining of the
salte from 50 to §7 p.c. Na 0.

The following is an anazlysis of Leblanc soda
ta :—

D.c.
Nu,CO, . . . . . 963
NaOH . . 01
Na,50, . 1-1
Na(l . o6
80, . . 14
Fe,0,4-ALLO, . 05
Mgo .. 02

100-0
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The operation of finishing sods ash is-
moch&nicafebut required continuous sttention
and work from the furnasce man, In 1876 !
Mactear invented his mechanical finishing fur-
nace, which was largely adopted. It consisted
of & horizontal circular revolving hearth 20 ft. in
diameter, made of boiler plate lined with fire-
brick, The following sketch indicates the ;
genersl construction., !
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A purer form of sodium carbonate used to
be made by dissolving the ash produced as above
described in wa uently with the addition
of a little blewhﬂ:e? r. The solution waa well
settled, and boi wan until it became a magma
of orystals of monohydrate. The cryvtals were
dnhedandfumaoedfuinthemse of the pan
salts described above, The produet sc obtained
was placod on the market aa refined allali.

Boda erystals, See under Ammonia soda. i
Crystal earhonate, Sec under Ammonia soda, |
Blearbonate of soda, Secunder Ammonia sada.

Recoveey or BULPHUR FROM THE Var
Wasta.

The alkali waste was for many years a t
nuisanoe, not only t0 the manufacturers, bm
the ncighbourhood of the factories producing
it, The waate, under the influence ofP moisture
and the oxygen and oarbonic acid of the atmo-
sphere, decomposed on the waste tips on which
it was deposited, giving off & etrong amell of
H.8, and contaminating all drainage of surfsce
water which passed th.rouil; it. s evident
from the deecription of the Leblano sods proveas,
this waste containa the sulphur originally bumt
in the pyrites, and for into sﬁphurio acid,
and which then by decomposition with
common salt into the eodium aulpﬁt-e charged
into the black-ash revolvers.

The obvious remedy for the nuisance as wellas
1o avoid the loss of sulphur was to recover the
sulphur from the waste, and for many years work
was done ani&rooessea were invented to this end.

As the difficulty was figally solved by the .
Chence-Clans process, it will sufice to do little
more than mention the principal processes |
previously invented and tried. |

J. L. Bell in 1862, Ward 1862, Hewitt 1877,
Kynaston 1885, Parnell and ﬂimc{’eon. Schaflner |
1862, Mond 1862, Schaffner and Helbig 1878,
proeesses for this purgose.

e procesees of Mond and Schaffner were
both worked for some time on the large scale,
and both depended on tho partial oxidation of
the CaS in the waste by the oxygen of the
atmosphere which rendered a considerable
roportion of the su‘lf)hur soluble in the form of
5,H,, CaS,0,, and polysulphides. The solu-
tion so obisined on ad(iil.ion of hydrochloric
acid deposited sulphur.

The Schaffner and Helbig process depended

on the power of MgCl; to decompose CaS at the |

pro

boiling-point, and the process waa expressed by
the following equations :— o
1. CaS+ +H,0=CaCl,+MgO+H,8.
2. CaCl, +Mgd 10D, =CaCO,+Mgdl,.
A good account of this prooess is given by
Chance in J. Soc, Chem. Ind, 1382, 260,

Other processes wero those of Kraushaar,
Dingl, poly. J. 228, 412, and Alksli Inspectors’

Report, 1877-1878, 156 and 35; Opl’s process,
D. R. P, 23142; Miller and Opl process, Eng.
Pat. 2334, 1384. The last-mentioned procem
wae tried at the Rhenanis Chemical Works {see
Hasenclever, Chem, Ind. 1889, 434),

The Chaunce-Clsus process depends on s
resction originally observed by Gossage, who,
in 1837, patented (Eng, Pat. 7416, 1837) »
process in which the caleium sulphide of the

alknli waste was decom by earbon dioxide.
Goasage himself failed to make the proces
technically sucocasful.
Since his time othera, viz. Opl, Rawes (Eng.

Pat. 1393, 1882), Claus (Eng. Pat, 5868, 1883), pro.
posed proocesses depending on this decompoaition.

The reaction is

(a84-CO;+H,0=CaCO,+H,S.
The difficulty wae to find an outlet for the
snnlmnmtted hydrogen. The earlier efforts to
utiliso fuel gascs or ee from inefficiently-
worked lime-kilns with a low percentage of
oarbon dioxide gave & gss too weak in sulphur.
etted hydrogen to burn by iteelf.

Chance mede use of lime-kiln gus from s
more efficiently-worked lime kiln, and also
showed the way to get a gas richer in
sulphuretted hydmhgen by taking advantage of
tho fact that the first reaction on carbonating
a slurry of alkali waste is

C0,+2Ca84+H,0=~CaC0,+4-CaS, H,.

This meane that at first 8 portion of the
carbon dioxide is absorbed, but no sulphuretted
hydrogen is given off. By allowing the inen
gasca nt with the CO, to pass away during
this stage of the prooess(a double equivalent of
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mlphoretted hydrogen is liberated in the Gnal
stage for ml}'_?&nnlﬂan(t) of g:égon dggfgle.
Cﬂ'H! + = s+ 3

The Chaneo process is described in Eng. Pat.
8664, 1887, and 1n a lecture by Mr. A, M. 1
(4. Boc. Chem. Ind. 1888, 162).

The process was worked by Chanee aé Old-
bury, and the gases enriched as above described
coptained about 33 p.o., or even 38 p.o. of
malphuretted hydrogen.

At fint it wes attompted to utilise the
ureited hydrogen as a source of sulphurie

The dilation and ury'mﬁ strength of
the gas obtained, and a material drop In the
}m’mofml hur in pyrites prevented this plan
ot o ing economically. It wes not mntil
C. F. Cauws pablished his patent 3608 of 1882
that Chance was able to develop his process on
saccessful lmes. Clame sho that it waa
technically ible to bum mlphuretied
bydrogen under such conditiona thatthe oxygen
combined with the hydrogen only, and the
bulk of the sulphur could be obtained at once in
a marketable form,

The reaction utilised by Clans is represented
by the following equation : H,8+4+0=H,0+8.

Furiber Clsus patents are Eng. Pate. 5070,

Too ollomng o s duscri f the plan

wing is & iption of the b
snd method of work usnally employed at present
in carrying ouf the Chance-Claus process.

Alkali wnste as fresh as ble is mized
with water into & eream of 1:2-125 sp.gr. in
ap iron vesse] fitted with & meohanical agitator.
From the mixer the waste is nsuslly run into

cimilar vessel pessing on the way
through 8 coarse mesgh sieve to remove cinders
and Jam The second vessel acia as & store,
and is fitted with & mechanical agitator to
keep the waste from settling,
m this store tank the cream of waste is
by & large ram pump into & ghute which
eods the seriee of carbonators in which the
wasto is trested with carbon diexide.
The carbonators are sirong oast-iron vessels,
ugnally seven in a series, Fig. 40 shows
& CAT tor.
The carbonators ars cast in two parts, se

shown above, and are usually about 7 fb. in!

diameter by 15 ft. high. o fresh lime-kiln

i pumped first into the nearly spent car-
ator, and then on through the ungnbo the
fraably.-charged cylinder at the other end.

The somswhat elaborate pipe connections
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lime.kiln guses wero pumped direct into No. 3
veasel, and then h veasels 4, 5, 6, 7,
and 1 by opening sll the intermediate tape;
the useless gases emcaped from No. 1 veasel
into the oxit main, and thence throngh & purifier
into the air for a period of 1 hour 40 min.
*Av 8.40 p.ar. vhe sulphuretted hydrogen
from No. 5 vessal were sufficiently strong
or use, the caleium sulphide having mostly

Fra. 49.
been converted inte esleium sulphydrate; the
sulphuretted hydmie[n geaes taken from No. &
tested over 30 p.c. H,8, while the useless gasca
from No. 1 teeted only 1 p,e., thus showing that
vat wasie is & very efficient sbsorber of spul-
phuretied hydrogen.

*The conneotions wepe then altered so that
the H,S gases could be taken from No. & to the
gas holder. No. 2 veasel containing tho partially
carbonated weste wes put into series, and the
lime-kiln were now pumped through

to enable any one oylinder to act &a [ N, 2, 3, 4, 5, the sulphuretted hydrogen gases

a kading cylinder are shown in disgram in the
patent np?;:iﬁmtion of Chance snd Chanoe
(Eng. Pat, 8606, 1857} and described in Chance’s

paper above referred to.

| from No. & continuing to be taken to the gas
< holder for a period of 2 hours 25 mins., til

115 r.N. It was then found that the sul.
| phuretted hydrogen gases were under 30 p.o.,

. From the carbonators the issuing gas pasees |
into a gas holder of considerablo size. Chance’s
own gus holder was 50 ft, dismeter with & 14-f¢. | (75 ® © ® C
lift and held about 30,000 cu. ft. of gas. The |
g bolder plays au im: t part in neutralising | Tea, 50
the Buctustions in the strength of the wal.| a. o,
phuretted gas produced. and that Nos. 2 and 3 were carbonated so
The working of the carbonators when the : thoroughly that water filtered from the mud did
Chanoe enrichment proceas is used was desoribed | not tinge lead paper; Nos. 2 and 3 were,
by Chanee as follows :— i therefore, emptied snd recharged.’ )
“At 7Pt Nos. 7 and 1 vessels (Fig. 50,|  Muchdificulty was experienced in workingthe
where the discs represent the 7 carbonators of | enrichment process when the Chance plants were
& perien) were charged with fresh waste. The , started, snd it hes been in most cases abapdoned.
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The following description shows, with the
aid of the disgram Fig. 50, the method of
working without enrichmaent.

No. 3 veasel is the leading carbonator into
which the litne-Kiln gases are firat pumped, and
is, therefore, the most nearly finished,

The gasce from No, 3 through Nos.
4, 5, 6, 7, and 1 osrbonators, No, 1 being the
Ingt cherged, and from No. 1 to the gas hoider.

T T

Fie. 51.

No, 2 oarbonator is empty and ready for
recharging.

The lime-kiln gases are puniped into No. 3
carbonator until the liquoer in it po longer
blackens lead paper. No. 3 is then finished, and
in disconnected, No. 4 becoming the leading
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cyiinder, No. 2, which has in the meantime
been refilled, is connected up to the series, and
becomes the final cylinder from which the gases

to the gas holder under sufficient preasure
F:l:;ut 8 ins, water) to maintain the weight of
the holder, and thus supply the preasure necessary
t?he drive the gases on through the remainder of
t! t.

t is usual to work the carbonators in 2, 3,
or 4 sots of 7 vessels each in paraliel, the pumber
depending on the quantity of waste to be
treated, "By this meang also the effects of the
inevitablo fluctuations in of the gaa are
materially reduced, Two such sete deal
with the wagte from 300 tons salt-cake a week.
It is obvious that the strength of the
sulphuretted hydrogen produced, as well as
the power oonsumed in pumping the lime-kiln
gos through the carbonsiors, deépends on the
steady composition and percentage of carbon
d.loxlge in tho Lime-kiln gasea themsolves.

ai ‘redit ‘o Mond- for” s fmaprove:
ives t it to nd for Vo
Ew“?::he working of lime kilns, am_lmw-
ledges the sasistanoe received from him in this
part of the procesa, Chanve E.ou on to sy,
from the best-worked limo kiln, however, the
cecaDing gases never contain on an average
more than 30 p.c. CO,." .
Further experience in working has some-
what inoressed the amonnt of oarbon dioxide
jn lime-ldln gas. . . ]
Two points sbout the lime-kiln gas in

sddition to its coutent of earbon dicxide are of
great importance for this process.

Lst. It is cesontial the gas should be practi-
eally free from oxygen, as oxygen in the gascs
pumped through the carbonators oxidises part
of the sulphur in the weste to enlphite and
thicsulphate, and preventa its recovery,

2nd. It is also important that the kiln gases
should bo practically fres from carbon monoxzide
because tho combustion of this gas together with
the sulphuretted hydrogen in the Clave kiln
liberates additional heat, which, ue will be seen
later, reduces the efficiency of the Claus kiln.

We have now in the gas holder when working
with & lime-kiln gas containing 20 p.c, CO,, &
gas which ;-—

1st. When enriched by Chance’s nitrogen
elimination process containg 3033 p.c. H,S,

2nd. When not so enriched contaius about
25 p.e. H,S. These figores, of course, depend on
the valves thab regulate the distribution of the

ases to the carbonators being in good con.
ition and not leaking.

The gas from the gas holder then passcs

To | I

k et LI | _. :._..
T .

through a emall \'te:(siel cnl}od :f mixer, into which
s carcfally supply of airis pum b
s blower orrﬂ],.and then through n.l:‘tum1.13):‘:1111&)3r
into the Claus kiln,

. 51 shows & section of an average.sized
Claa i, ha

The kiln is mede of wrought-iron plates, and
is 26 ft. in dismeter by 9 ft. deep. It is brick-
lined, and has & table of perforated tiles on
which the packing is placed.

1st. About 127ins. of broken fire brick.

2nd. 12 to 24 ins. of bog iron ore. Water
lutes act e safety valves in case explosion
takes place,

The mixed gases, i.e. the gas from the holder
and the air, through the water lute b, into
the top of the kiln above the packing, The
gazes pasa downwarde and out through the
exit Eipo h into a ceat-iron receiver d, }%ﬁ 62,
which collecta the bulk of the sulphur in a liquid
form. The gases pass on from & into the briok
chamber e, which contains several bafile walls,
and in which almest all the remainder of the
recoverable wulphur is oo aj & ctoarse
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powder. The towers f f are very openly packed
wooden scrubbers, which serve tgwooll;,;t an
sdditional quantity of powdered sutphur. The
Gsm-li]n‘r;‘:ﬁon in not ogfmpll’ete. anld always
an apprecisble proportion of the totsl sulphur
pases away aa sulphuretted hydrogen and
miphur dioxide with the exit gasea,

m the exit Jf it is ususl to pass the
through a farnaoce to bum the undecom.
sulphuretted b to smalphur dioxide
passing them on to the chimney.

Lungs statee (Sulphurio Acid and Alkali,
vol. iii 11, 976) that of every 100 parta of
sulphur entering the Clasus kiln, 86 parts are
recovered as refined sulphur and 15%0.?38103‘&
as mlphur dioxide snd sulphuretted hydrogen,
and &m nio acids,

is figure agrees very closely with the loss
toboaxsecud when the oxit contains about
18 grue. 8 per cubio foot of g.s, and the initial
l%h of the holder is 25 p.o. H.B.
bog.fron ore not require repewal
for many years, and has, in some cases, remained
for over 20 years,

The working of the process ia controlled by

trequent tests of the exit gases from the Claus

kiln for 80, and H,8.

clpine prevent, os B0, snd 1.5 by Geweing
ur present, as 50, .

the gased through & known volume gm

indine solution containing a little etarch solution

antil the blue volour dissppears, and noting the

volome of gas mepirated,

The actual sulphur dioxide in the is
determined b{';!nwing & lmowm volume of
the exit gases ¢! ughwatereontaininghhydmgen
peroxide and then titrating the sulphuorio acid
formed with standard sods solution, wsing

The differen

gaoce

methyl omnge aa in 3 e
between the total sulphur per cubio foot and the
saiphur t s sulphur dioxide is taken se
the sal preeect sa salphoretted hydrogen.

The result in this country is usually e:
&5 graing total sulphur per cubic foot, and as
gm sulpbur as H.8, and graios sulphor as

cubic foot.
air supply is adjusted in sooordance
with the relative proportion of sulphor as H,8
sod 80, If the mixture of gases is thoereti-
ocorrect there should be obviouly 2 H,S to
5 that is to say, if the total exit is 15 grma.
cobic foot the sulphur as H.B should
gms., and as 80; b gras. per cabio foot.
practice it (l;li ::lu;lll to er githda% Benrly
oqual quantitics nr ge an r
cubio foot as posaible in the oxit gases. '
efficiency of the sulphur recovery de-
ity of these teats,
the air supply is

regula

lw by temperature. An inorease in
the kiln temperature is always followed
by an ineyease in the exit tests, and in the pro.
portion, therefore, of sulphur not recovered.

A Claus kiln, as above described, will make
15-20 tone of sulphur per week, but with 30
wus‘gr week the temtm are too high,
and exit tests ma ly raised.

With 15 tons sulphur per week the tempera-
ture of the exit taken 1 ft. from the kiln
outlet is about C., which may be considered
s good working temperature,

238k
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A number of sttempts have been made to
improve the Clsus.kila action by subetitnting
other materials for bop-iron ore. Bsuxite is
recommended by the Chemisohe Fabrik Rhe-
nania and Projahn (En'ﬁ. Put, 3122, 1900}, and
is now largely used. o Rhenania in Chem.
Zeit, 1908, 240, states sa the result of seversal
yoars® trial of this substance that there is a
matarial reduction in the Clans.kiln exit tests.

Titaniferous iron ore (Eag. Pat. 25976,
1907) and manganese dioxide have both been
tried, but so far as is kmown have not been
pucoassful.

Many eflorts have been made to utilise the
solphur in the Claus-kiln oxit gases, and it hes

been mgﬁoeawd H
lat. burn the exit gasea completely to
sulphur dioxide and pass them along with
fny:lbea gases into vitrio]l chambers (see Alkali
pectors” 28th ) and also through the
vor' sali-ca t (see i In.
spectors’ 20th and 30th Reports). The 38th
i Inspectors’ Report states that all attempts
to deal with Clsus-kiln exits in vitriol chambers
have been unmuccesaful,
2nd. To bum the sulphur completely to sul-
phur dioxide and utilise it for production of
mlphur trioxide bggthe oontact 9‘:Sm-oem {Carey
and Heslop, Eng. Pat. 10317, 1900).
This process has not been adopted.
3rd. %y absorption in milk of lime and b
the slurry from the carbonators, see Alhﬂ
Inspectora’ Re for 1903 and 19004, and
Heaton, Eng. Fat. 21217, 1880.
grilth the hqp]lioved h::“:h obt:ainoc_l by careful
working, y wl e banxite packing
ia usedgin Eﬁe Claus kilos, no diffioulty is ex-
perimosd in turning the exit gases, after com.
rleu bumning in & furnsce, into the atmosphere
hrough » chimmey without rafsing the 8O, test
of the chimney above the etatotory limit.
We have still to deal with the contente of
the carbonators after removal of the sulphur.
These are caloium osrbonate and a weak scolu-
tion of soda salts, chiefly sodium biearbonate.
The following analyses of the calcinm car-
bonate and the earbonator liquor are given by

Chance,
Watar filterad from carbo-
Recoverod calcium car- nator mud in gros. per
bonate on dry galion
Calclum carbonate 8716 | Soda | ot
w oulphate . 049 Naﬂgo,) . 4783
chlortde . — | CaCO. . . 12473
e nis T3 | S85, - S
um carbonal Y] . .
um carbonate . 055 ash 5 niphites 12:35
»  #ulphate o2l apsulphides . NI

3 )
ALh, U
Rt
Colia . . .
Bapd . ' 058

The recovered caleium carbonate containa all
the CaCO, used in the revolver mixing, and
Chance originally suggested ita use in the
revolver over again. n {Eng. Pat. 21314,
1901) proposes to mould the ¢c process
waste mto blocks before use in the revolver.

As far as is known, however, the carbonater
mud is not used in the revolvers at present.

Another proposition has been to utiliso the
Chance waste for the manufacture of Portland
cement.

Chenoce waste hag been actually, used for this
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by Rigby (J. S8o¢. Chem. Ind. 1800,
254;. and f,;rlf‘mlgny years by Chance himself,

The Chanoe waste is also sn excellent form
of calcium carbonate for agricultural purposes,
and is Iargely used in the districts surrounding
the Chance sulphur recovery plants (sece remarka
on this subject under Cauatic ?s'me mud, p. 48).

Chance also drew sttention in his origmal

per to the value of the water filtered from the

ance weste for use on the black-ash vats, to
which it would return quite sn appreciable part
of thetotalndahuontholsbiammt(f.
%hgi.. 1;?1.11;'3' Caroy and United Co., Ltd.,

With the disoovery and prectival success
of the Chanoe sulphur reco process the
Leblano process wes materially pened, and
a complete cyele of proceeses created,

The solphur in pyrites pesses through the
following peries of steps, finally emerging sa &
very pure form of oommercin‘y sulphur.” The
sulphur starta in the pyrites, peascs into sul-
phuric acid, into sodium a;ldrhnte, into black ash
48 calcium sulphide, mto sulphuretted hydrogen,
snd finally into pure sulphur, The uction,
of course, varies with the efficiency of the plant,
but the sulphur recovered represents 05—88 P
of tlie sulphur in the sslt-cake charged into the
revolver,

2. Tag MawvricTurs oF 80DA BY THE
Awmoris Sopa Process.

The first germ of this process, which haa
uite revolutionised the alkali trads, is, as usual,
und to have originated in various quarters.
A Germsn chemist, Vogel, is gaid to have kmown
the reaction ss early as 1822, and » Scotch
chemint, John Thom, seems to hsve sctually
made soine sods, in s orude way, by that pro-
cessin 1836, Mond has definitively dispoaeglgf
the stteppt made by soveral Fremoh ssvanis
to claim the merit of the invention of thia
rocess for their countrymen, Schloesing and
lland. Quite recently s claim has been set
up for Fresnel, who is gaid to have made soda
from common salt and ammonium carbonate in
1811, sccording to some hints found in recently-
disoovered private letters; evidently he did not
mott with much success, as nothing osme of
his sttemgt& It iz beyond doubt that the resl
history of the smmonia process dates from
June 30, 1838, on which day Harrison Grey
gyaﬁo u:ld John Hett:dmm;. both chemjlfot:l remde
ndon, & process embodying s
the principa.lp:?nl:rtiom now carried out. ql’lu.s
waa dono even more clearly in an additional
patent, taken out in Franco on May 18, 1849,
on their bohalf, by Delsunsy, where the use of
8 current of carbonic acid is first mentioned.
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ming, in Whitechapel ; by M tt, at Newton ;
by o snd Deacon, st Widnea; and by &
number of French and German manufacturers.
But although we find e foature of the now-
succesaful processes in these older establish-
ments, there was always somath.i.nF or other
wenting, and especislly the loss of ammonia
seems to have been too great, so that at that
time the ammonia soda could not compete with
the Leblano soda even in localities where the
loas of the hydroechloric acid would not have
been of much consequence at that time. Ap-
parently, sbout 1860, ncbody manufactured
ammonis and the failure of all previous
attompts in that direction had evidently dis-
oouraged nearly all chemists.

Tt was recerved to Erncet Solvay, of Brussels,
to find the solution of that long—]pvn.med problem.
His firat patent dates from 1661, but the
88 we know it now is firat described in his English
patent of September 12, 1863, followed by many
others in 1872, 1876, 1879, and later on. His
works at Couillet, in Belgium, were started in
1863, and sods made there was exhibited in Paris
in 1867 without exoiting much attention. But
since 1872 his triumph was assured, and bas
given rise to a host of other inventions, most of
which have again psssed into oblivion, while a
fow have stood the teat of practice; so that
ammonia sodsa is now manufacturcd not merely
by Solvay’s processes (which coruinlﬁfumish the

cat nl{sro), but by several other independent

rtly secret prooesses.
e reactions on which the ammonis soda
process is based are the following :

(1) NaCl4-NH,+CO, +H,0=NaHCO, -+ NH,Cl;
(2) 2NH 1+ Ca(OH)=2NH+CaCl,+2H,0 ;
that is, sodivm ohloride is treated with am-
moninm bicarbonate, either directly or indirectly,
in sucotsaive es—namely, first by ammonis
and then by varbonic ecid. If this treatment
takes place at a lqw tem ure, it leads to tho

recipitstion of sodium bicarbonate, this salt
Eoi.n sparingly soluble in & solution of am-
mon?um chioride. From sodium bicarbonate
the normal carbonate ¢can be obtained by heat-
ing. The mother-liquor, containing armmoninm
l:t.'ni:u-iclen, is treated with caustic lime, snd the
ammonis is thus recovered, oalcium obloride
remaining behind sa & waste, but inoflensive,
product.

Simple ea this statoment appears, & greai
smount of research haa been devoted to working
out the theory of the reactions,

From the nature of the caso much of this
work haa not been made y knowa, and
is not, therefore, availa but the fellowing

an

i name# and referencea indicate & large part of

A number of patents by other inventors followed, | what has been published. Alex. Bauer, Ber.
smong which that of Gossage (1852) is remark- | 1874, 202 ; Griinsburg, sbid. 1874, 644 ; Honi.g-

able, and those of Schloesing and Rolland
{1854 and 1858) have become gbemt'. known by

the detailed description they gave in 1868 of
their proccss.? Although their spparatus was
very ingenious, it must have boen deficient in |

important portions, for they could not make
their works pay, and the reasons given for their
abandoning the procesa are quite inconclusive,
In muny other places wor
for making ammonis soda : by Dyar and Hem-
' Anu. Chim, Phys, 1864, 64, 1.

man, quoted by Landolt in A. W. Hofmann's
Vienna Exhibition Report, 1875, 1, 452;
Schreib, Zeitsrh. sngow. Chem. 1888, 283;
1889, 445, 485; ander and Bruell, ibid.
1901, 381, 405; M'Coy, Amer. Chem. J. 1903,
29, 437; Hs. Jiptner, QOest. Chom. Zeit.
1904, 247; Fedotieft, Zeitech. physikal. Chem.
1904, 49, 2; Ocst. Chem, Zeit. 87; Jineske,

had been crected i Zeitsch. angew. Chem. 1907, 1669 ; Meyerhoffer,

Yerh, Gewerbst, 1005, 167; Colson, J. Soc
Chem. Ind. 1910, 186).
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The work done has practically all been from
the point of view of the phynsical chemist, and
mpud in attempts parth 'triiennt,alf snh:

in anly reti np;g'cs ons of t
so-nﬁed Phase Rule,’ to determine the con-
ditions of econcentration and of tempersture
under which the reversible reaction

Na(1+NH HCO, 2 NaHCO,;+NH/]
is most. aomplete.

These sconditions are in practice liable to
modification from the practical neocessity of
obtainin.ghtha predipitate of sodium bicarbonate
in such physical condition that it leaves the car-
bonators readily and csn be efficiantly washed.

The reactions of the process are as follows :——

1. The manufactore of caustio lime

CaCOy=Ca0+C0,.

2. The production of ammoniaval brine by
solution of ammonia in saturated brine.

3. The carbonation of ammoniscal brine
2Nu(14-28H, +2H,0 +2C0

—2NaHCO, +2NH,CL

4. The calcination of bicarbouste

2NaHCO,=Ne,00,+H,0+C0,.

5. The rogeneration of ammonis

2NH, 0+ CaOm(CalCl,+ H,0+2NH,.

. The total oyele of operstions is the resultsnt,
i.e. the algebraic sum of all the foregoing
reactions, and it can be summed up in the
following equation :—

(CaC0,+2NaC1=Na GOy + CaCl,— 8200 Cal.

(Salid) {Dissclved) (Solld} (Dissolved)

¥, however, the whole cycle of

operations capmot be considered together, but
each of the five smses or reactions has thermally
to stand alone, and not one can be technically
performed without consumption of fuel.

Equation 3, representing the sctusl central
Teaction of the ammonia soda process, is
thermally slmost & balance,

(FaCl)-(NH HEO, ) =(NaHCO,)H(NH 1)
96242058 2274727

301-8 2097

The equation represents, therefore, a typicsal
case of a reveraible reaction, and the amount of
Ghlr of sodinm ohloride into sodium bicarbon-
aile depends on the relative quantities or active
masses of the four salta.

For instanoe, Bradbum {J, Sce. Chem. Ind,
1806, 882) succeeded by & ten-hours’ treatment
with a current of air at 21°C. in clearing &
sample of * Tower liguor * filled with s tgiecl
=mdiom Ficarbonste, 1.¢. the sodium bicarbonate
bed betn com y reconverted into sodium
chloride by the smmoniom chloride in the
liguor, and the ammonium carbonate fo
had been carried away by the air. This
demonstrates the importence of the presence
of excess of ammonium earbonate to protect
by ‘ mass * setion the sodium bicarbonate from
decomposition by smmonium chloride.

Another d ining factor in directing the
course of intersciion between the four salts
XaQl, NH,ECO,, NaHCO, and NH,C, is
temperature. A moderate reduction og tem-
persture, by favouring the ipitation of
sodinm bicarbonate, #nd t ore ita removal
from reaction, increases, in accordance with the

of mass action, the formation of scdium

te.
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A rise in temperature or a reduction of
presaure by increaging the volatilisation of the
only volatile member of the group, ammonium
bicarbonate, tends to decrease the amount of
sodium chloride converted in sodium bicarbonate.

The situation is, however, complicated by
the phenomenon that by too great s reduction
in temperature ammonium bicarbonste is
thrown down with the sodivm bicarbonste, and
also that too low & temperature produces an
unfavourshble physical condition of the sodium
bicarbonate precipitate, which makes the sub-
sequent ing process in eXtreme casea
practically unworka These facts limit the
poesible reduction of temperature within &
amall , snd nothing romains but o
promote the conversion of sodium chloride
into sodium bicarbonste by influence of mass
sction, which is in practice effected by working
with & considerable excess of sodium ohloride
and sammonium bicarbonate, sssisted by the
sparing solubility of sodium bicarbonate in
strong solution of sodium chloride,

This foct emphasises the importance of
working the process with a sodium chloride
solution aa conceutrated ae poasible,

The process,—The general nsature of the
ammonis sode process, and such theorstical
coneiderstions as are given sbove, are well
known, and have been public knowledge for s
considerable time. The actusl working con-
ditiong in the successful ammonis soda works
bave, however, been kept to s large extent
socret. A great number of &tents, almost
entirely for spparatus, have been taken out,
but which are actually used, and with what
modifications on the patent specification descrip-
tion, it is impossible to say.

Generalli 8 ing, success in this procoss
depends, subject to careful working in accord-
ance with the theory of the resction outlined
above, on sbeolute regularity in work, and on
the perfestion of, snd sccurate interworking of
the mechanjcal srrangements used, for the
different stages of the process.

It is, in faot, the development of the mechani-
cal and a: tus aide of the ammonia sods
process which converted the failure of the
older workers and the pioneers of the process
into the success of to-day’s great industry,

We give balow, howover, as far as is public
S&wle the working details and apparatus

The raw materiale required are, of course,
salt (NaCl), limeatone, ammoxis, and fuel.

Salt, From tho oonsiderations detailed sbove
it is clear that more than the theoreticel quantity
of sodium chloride is required. actual
exceas of sodivm chloride over that theoretically
equivelent to the sodium carbonate produced
is 3040 p.c. If the sodium chloride has to be
used as rock-galt, and conveyed sny consider-
able distance, the charge for salt per ton of ash
produced becomes an extremely serious jtem.

In practice, therefore, the chief factories
for producing ammonis aikali have been estab-
lished on sitca where the factory can pump its
own Balt as & saturated brine from salt beds
in its neighbourhood, or can receive ita supplics
of brine through a pipe line.

When the brine is pumped direct by the
factory iteelf tho actual coet per tom of salt s
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raised may be aa low aa 8d. per ton (see Lunge,
Sulphurio Acid and Alkeli, iii, 35).

rines Yary in oomgosit.ion within wide limita,
but according to Bradburn (J. Soc. Chem. Ind.
1894, 880), ¢ A good brine for the ammonia soda

proceas should contain about 300 grms, sodium
chloride per litre, and aa little as possible of
lime and magnesia, Of these the magnesia is
the more troublesome.”

Bradburn gives the following analyses :—
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Limestone. The quantity of limestone used
by the process is in considerable excess of that
theoretically required and amounts to 20-24
cwts. per ton of sods ash. It is therefore of
considerable importance that the ammonia soda
factory should, if possible, be within a short
distance of quarries of a clean limestone free
from clay snd low in magnesium carbonate.

We willtakethe actoal processesin the orderof
the cquations givenin thecarly part of thisarticle.

Process 1. The manufscture of caustic lime:
Ca’0,=020+C0,.

‘The limestone i3 invariably burnt by heating
with coke in tall vertival kilns.

The limestone, usuelly broken into compara-
tively small pieces, together with the neceasary
quantity of coks, is charged into the top of the
kiln, and the burnt lime is drawn out from the
bottom.

Figs. 53 and 54 represent t of lime Leilns,

The kilns vary considerably in aize, but are
usually 8040 ft. high and 7-10 ft. diameter.

In Fig. 53 A is the charging hole through
which the limestone and coke are drop into
the kiln. The evenneas with which the com-
paratively small quantity of coke is mixed with
the larger quantity of limestone é:layn & very
impurtant part in determining the extent to
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which the natitity of coke fc:at:; be mcfﬁl' a]:ld
conasguen e strength of the carl oxide
obtainable in the gases.

It is , therefore, to pay oontinual
attention to this important point.

The burnt lime is drawn out through »
number of openings at the base of the kiln, of
which =, x are two, and through which the air
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required for the combustion of the coke enters
the kiln. .

¢ is & brickwork cone called & ¢ dumpling,’
which serves to prevent the accummlstion of
dust in the centre of the kiln, where it could not
be got at for removal, and which assiats in the
distribution of the air to the centre of the kiln.

B is the oﬁt{zmmcﬁngthekﬂnto
the coks packed scrubber b, of which there are
usually at least two in series to each lime kiln,

6l

bars at 4, snd from which the burnt lime is
allowed to fall from timeto timeeitheronto the
ground or into a bogie placed underneath to

mg;c:tr&mg Yonge such kilna th
ing to i1 i aa those
described above will burn 200-300 tons of lime-

stone a week.

The important point in lime kiln work for
the ammot:;: m;da oo dii! tg o!)wlt:h:s high
& peroen of oar oxide in gases
leaving the kiln as posaible, combined with a

respnatly well bucst Ime, -ty copends
® car oxi
on the quantity of coke used, because the

carbon dioxide evolved by the limestonme on
heating is mized with the produects of com-
bustion from the coke, which contain ooly
20 p.c. earbon dioxide. Hence the smaller the
usnutity of coke the higher the atrength of the
2i1n gas. The following calculated

show n:fxroximately the relstion between the
coke and the percentage of carbon dioxide.

Kiln gas strength Cwia. coke ton lime
?l. P . . ﬁogwtr%oke
35 p.o. . . 4¢5 , .
40 po- . . 30 " "

These rea agsume that the limestone is
completely t, and the contain neither
oxygen nor carbon monoxide, which is never the
case ‘I‘;.e sotusl :ork. boi heat th

great object being t¢ conserve heat the
kiln is worked aa far ag lgoan.ibla on the regeners-
tive principle. The cold sir entering the bottom
of the kiln in heated by the burnt lime as it dro
from the zone of maximnum terperature to the
bottom of the kiln, and the hot gases, as they
rise above the combustion gone, yield their heat
4o the cold limeatone and coks Evahly charged
into the top of the kiln.

Radiation losses are kept within ressonsble

limits by the thickness and construction of the
kiln w: and are materially reduoed, of course,
by a high speed of work

The actual figures published for the strength
of the carbon dion%g obtained in vuigtus
factoriea v within wide limits.

Chbanoe (J. Boo. Chem, Ind.) givea for good
work an aversge test of 30 p.c. oarbon dioxide,
Jurisch in Chemische Endustrie, 1910, 392, gives
the average strength as 30-31 p.c. Again in
other factories for many years an average
strongth of 32-33 p.o. has been obtained. Lunge
desoribes in phuric Acid and A.Ikni.
vol. iii. 88, the Khern lime kiln, improved by -
Faber, which is much used in the German sugar
works (Centr. fir Zucker fabr, 1901, 532}, and
which is stated to M}uire 5 to T p.e. only of
coke on the weight of limestone, and to give
a gaa containing 40 p.c. carbon dioxide. in
ia ‘tt;}fh test, but, as tio aid is aflorded by theory
to us what ia the highest percentage of
carbon dioxide obtainable in lime kiln gases,
still higher tests may be possible.

The lime kiln gases after leaving the lime
kiln require to be cooled and well scrubbed to
remove dust, tarry materisl, and sulphurcus
scid, aa completely as poesible. '

A common form of scrubbing plent ia two
or more coke-packed wrought- or caat-iron
towers, about 30 {t. In}h by 5-8 {t. diameter,
connected in series and down which a stream

Fig. 54 ropresents ancther type of kiln in
which the charge is nsually supported by iron

of water is run.
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The lime drawn from the bottom of the kilns
should be well burnt. Whatever calcium car-
bouate is left unburnt is, however, recovered
jn the lime pot, and is retarned and chuied s
second time jnto the kiln with the fresh lim
stone. A factory &)roducing 500 tons ammonia
soda & woek would require three such kilng as
those described.

2. The production of ammoniacal brine. As
mentioned above, the impurities in the brine,
viz. the lime snd msagnesis salta, are a source
of trouble in the pipes snd connections unless
previously removed. In practically all cases
now this purification takes place simultaneoualy
with the absorption of ammoninm carbonate

which throws down the lime salts. The puri-
fication has been done as & separate process by
the addition of sodium carbonate uncr lime, but
thatis not the general practice. Oocossionallythe
sode crusts from the cleaning of the towers and
sweeping of dirty soda from the floors are used,
but a8 a role the purification is done sa stated
above by the smmoninm carbonate in the
ammonis used for ammoniating the brine, and
the scalea preduced by the hard crystalline
magnesium salts are mechanically cleaned from
the ’EW and connections at intervale,

o fresh brine entering the works goss into
o vessel called a tower washer where it sorves
to scrub the ammonium carbonste mechanically
carricd over from a battery of Solvay towers.

S0DIUM.

A commou type of tower washer is shown in
Fig. 55 which consiste of & eeries of cast-iron
ringe &, &, &c., divided by platee with central
holes b, b, &ec., covered with & cup or mushroom
¢, ¢, ¢, &o., which has serrated edges and often
in perforated with smali holes. The brine

ing down the tower accumulates on each
plate until it is sufficiently deep to run down the
g{erﬂow pipe v'iih 4, d, &ca;df;o the :ﬂ:};{ b;lc::.

e gaces travelling u ug o
central hole of each shgl‘f’ undeme mushroom,
and then bubble out ronund the serrated edge
throngh the brine. The fresh brine entering
the top of the tower naturally meets the m
trom which the ammonis has practically all
absorbed. This system of bringing and
liguids into contact in towers divided into com-
Eartmont.a by a nnmber of shelves with a central

ole fop the pamage of the gases covered with
s mushroom, the serrated edges of which are
lnted with the liguor, is charscteristic of the
Bolvay ammonia soda process, and is used in
various parta of the cgroom It is the same
ides as that in the Coffey’s still for the die-
tillation of alcohol. The limt:d i.ntntheh brine is
to & large extent precipita the tower
washer by the smmonium carbonate abeorbed.
The calgum carbonate does not, howewer,
settle out, but remains in suspension in the
liquor agitated by the current of gas and travela
on with the brine throngh the ammonia absorber
or ammonisting vat to the vata or store tanks
where it getiles out.

In consequence of the caldum oarbonsate
remaining in suspension the tower washer runs
{for many montha without neceeeity for cleaning.
From the tower wagher the brine runs into the
ammonis absorber orammonisting vat, in which
the brine is saturated with snmugnia from the

The ammonia absotber is usnally a cest-iron
veasel made up of three or mgié caal-iton rings
gimilar ip principle to the tower washer just
described. Fig. 58 shows one type of absorber =
8, @, 6, sre the ahelves, 5, b, b, mushrooms, s
described in the case of the tower washer, ¢, ¢, ¢,
the pipes through which the liguor overflows
trom each ehelf to the one below.

ﬁT;:l bo?]?m rﬂge il;e shsorberi&l oonic;ll.o :;g
is fitted with a discharge pipe end fap t
which the aludge that letl.ga ont may lf:l'om time
t0 time be drawn., Another type of absorber
is shown in Fig. 57, snd is & veasel built uap of
soveral cast-iron ringe, frequently abont 8 ft.
dismeter, but without the shelves shown in
Fig. 66. In this case the gosea enter by the
pipe 4, and are distributed by the single mush-
room B. The bottom of the vessel again is
oconical to permit the occasional blowing off of
slunx:& The ammoniscal gases from the stills
aro drawn through the absorber by & vacunm
pump, which, as & check on ammonia escape,
sends on the gaaes it has exhsusted through an
additional small tower or washer generally
called the vat washer, The vat usually
receives the brine coming from the tower washer
and only in exceptional cases is fed by freeh
brine. By using the tower wusher brine a
natural and continuous circuit is established
for the flow of the brine throlagell‘ the proceas.

Heat is generated in considerable quantities
in the absorber by the solution, of ammonis
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and cooling is necossary. This is done either by
an cxternal spraying with water or preferably

by internal cooling pi
The ammoniaoar] E;i-t'ne ahould be cooled in
;l(:;: &boorheu, and shonld not at any rate exceed
The gaasee, however, entering the absorbers
from the stills should be maintained at about
70° in order to prevent blockagee of the ammonia
main by the formation of ammonium car-
bonate s
Deposits of smmonium cathonate and of
carbamide are thrown down and block up the
pipes and connections. It is, therefore, a very
difficult matter to reduce the eteam in thees

}

t
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to & low enough point to avoid excemive
ilution of the brine. At the best these gases
ean only enter the brine saturated with moisture

at 70°-75°,

Natarally the of the brine solution
is & very important point. The output of the
plaot depends on it.

contain 27-28 p.c. sodium chloride and 6-7-5 p.c.
ammonia. ‘Tho theorctical equivalent of 27
sodinm chloride is 7-8 ammeonia, eo that nearly
equal equivalents are wused. The following
figures, determiped experimentally by Schreib,
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indicate the varmation in the completencas of
the carbonation reaction with the variation in

the proportion of NH, : NaCl.

Orlginslsolution Carbonated solution
gl e
- - =) g
1 1 T 8581 S
F18 £13 )95
¢ |« sl < <8 8%
B L S e L
34 208 06201 91 | 331 | 90
B9 | 273 13| 102 | 16:1 | 631 | 148
72272 13| 93179 | 678 | 154
89 268 | 133 | 74 | 188 ] 736 | 188
132 ‘ 235 ' 20 | 95 | 142 | 620 | 132
The large scale results are not identical with

the labomstory resulte, whioh are comperative
only between themselves.
a Thelarge scale decomposition with the normal

smmoniacal brine given nbove should exceed the
maximum figures given by Schrieb, and is stated
to vary between 73 snd 78 p.c. .

The ce of ammonia snd ammonium
carbonale decreascs the solubility of sodium
chloride in wnter.
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Lunge gives the following figures for the
solubility of sodium ohloride in water in the
presence of ammonia at 15%

P.o.NH, Pe.NaCl | P.e. NH, P.c. NaCl

by vol. by vol. | by vol. by vol.
0 s | The 3
35 29-5 ] 76 271
540 284 80 26-8
60 28-¢ 1040 254
85 277 12:0 2441

The bulk of a brine solution on addition of
the 6-74 p.c. ammonia required for the car-
bonation process increasee by 9 p.o,

From the abeorber the ammoniscal brine
runs in a continnons streem into the ' vats.’

The vata are frequently cast-iton veasels
built up in four rings on s cone-shaped bottom
piece supported on columns exactly aimilar to the
veasal shown in Fig. 57 without the ges delivery
pipe A and mushroom B. A common armange-
ment is for the smngoniscal brine to run in a
continnous stream through two of these veasels
ju seriea and from there into one or other of two
more similer vessels which act as measuring
tanks, one being emptied while the other is filling.
The mud, connsti.ngdchieﬂy of caleium carbonate
mized with & considerable proportion of ferrous
carbonate and hydrate, aetljes out mainlyin the
two leading vata and is drawn off through the
discharge pipes at the bottom of the cones at
regulsr intervals. A further but emall guantity
of mud settles out in the measuring vata.

The mud ie usually mixed with other liquors
{from the filters, for instance), and pumped o
the ammonis stills where the smmonia carried
away with the liguid in the mud is recovered.

he ‘tower washer,” smmonisting plant,
* absorber * and vats are usually erected at such
heighta that the brine from the * tower washer '
will low by gravity into the ‘sbeorber’ and
then on to the ‘vats.” In this way the brine
is only pum once. The absorber, vaie and
ammonia etill are uwrually all included in the same
vacuum cirouit, the exhaust gases from which
pasa throngh the vat washer or finsl small
sorubber mentioned above to ensure recovery
of all ammonia.

An has been mentioned, dilution of the brine
is bound to take place to some extent through
the uncondensed steam entering the sbeorbers
with the gaaes from the stilla.

It waa formerly the custom to make good
thia dilation by the addition of solid ium
chloride in the carbonsating tower itaelf. This,
however, is generally discontinued end either
the cooled ammoniated brine is strengthened
by pessing through a separate ol vossel
containing salt, on ite way from the coolers to
the carbonating towers, or it is g.mmped direct
to the carbonating towers at the strength at
which it leaves the absorhers.

The well-settled ammoniacal brine has now
to be covled as far aa possible before being
carbonated, and this ie generally done in »
series of 6-inch cast-iron glﬁvea arranged in tiers
one above the other. © pires are either
submerged in & water tank or cooled by a stream
of cold water Bowing down and over them. The
coolers are arranged in pairs or trios so as to

rmit of cutting cut a cooler for cleaning. For
instance, if thereis a aet of three voolers, two of

them will at any time be working, the third will | formed by » cast-iron disc with a cen
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be disconnected for cleaning. Very troublesome
crusta are formed in these coolers, which have
first to be steamed to soften them and then

chigrd out.

. Reinitzer (Zeitsch, angow. Chem. 1893, 446)
ves the composition of these crusts a8 Na,COy,
gC0,, NaCl. Pennoch, Chem. Trade Journal,

1803, 191, found crusta in tbe coolers of the

composition MgCO,, Na,CO,.

the great majority of the ammonis sods
works the central reaction of the process, viz

Fig. 58.

the carbonation of the settled cooled smmoniated
brine is carried out in a tower originally desi
by Solvay (patented in 1872), and which is
therefore called the *Solvay Tower,” and in the
most important apparatus in the process.

Fig. 58 represents s Solvay tower, which
consists of a number of cast-iton eylinders 4, a,

&c., approximately 3 £, 4 ins. deep by 5 ft. to
8 ft. dismeter. e bottom of each eylinder ig
opening
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not shown in the drawing, about 1 ft. 4 in.
dismeter. Over the opening is supported a
rorated cover ¢, ©, &c. (shown in detail,
g- 59), about 8 inches less in diameter than
the cylinder iteelf. The actual number of these
cylinders in & tower varies usually betweon 15 to
25 with the practice of the different factories.

The ammoniated brine enters the tower by
the pipe » under , and is maintained
at alevel 6 ft. to 1 ft. from the top of the tower.
The object of feeding the fresh liquor way
down the tower, to which Solvay sttaches great
importance, is to avoid exceasive volatilisation
of ammonia, which if driven out of the tower is,
of course, useless for the reaction,

The carbon dioxide from the lime kiln,
enriched, as will be described later, by the carbon
diexide obtained from the first roasting of the
bicarbonate, are compressed to sufficient presdure
{varying with the height of the towers from
l’ to 2£3tmoupherea) to overcoms the resistance
of the Solvay tower and the subsequent washers,
snd enter the towet through the pipe 0. A con-
stant feed of ammonian:f brine is pumped into
the tower at B, and & constant stream of carbon
dioxide is pumped into the bottom of the tower
atD.

The gases travelling up through the openings
in the bottom plates of the cyhgndeu are split
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up by the perforated covers, and passi
Llrlongh the perforation in the mﬁamms, a:ﬁ.

part bubhling round the edﬁ of the mushrooms,
coms in & comparatively fine state of division
1o contact with the liquid in the tower. With
the assistance of the constent sgitation the
stream of sammonisted brine carties down with
]l.:o practically all the bicarbonate precipitated

m it.

. The increased partial pressure of carbon
dioxide in the gusea at the bottom of the towet,
due to the pressure, increasea the speed of the
resction.

. One of the moet important technical points
!:dit:teui w;l;ing &f th;ulgolvq;t towers 1is, aa
[ above, the regulation of tem ture.
The ahearption of carbon dioxide byp:;:eou.s
smmonis liberates considerable quantities of
heat, the larger part of which is produced in
the formation of the mono-carbonate (NH,),CO,.

To avoid this, in some cases a supplementary
Bolvay tower haa been added in which the greater
part of the mono-carbonaie is produced.

In other cases part, or the whole of the
ammonia {NH,) is mono-carbonated in an inter-
mediste veasel of the type of s tower washer
Paced between the ammonia vats and the feed
pump to the Solvay towers, and which is supplied
I dently with carbon dioxide from the
lime idln.

VoL, ¥.—2.
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Bradbura thus describea the working of a
Solvay tower.

+« It was stated that the carbonating of the
vat liguor is made only nearly complete : this
js of course completed in the carbonating tower.
In the upper ri where the liquor is warmer,
the crystala of bicarbonate of soda begin to
form ; if the tower is cooled too mach a small,
fine-grained, muddy bicarbonate is made which
is vary diffieult to wash free from salt, and which
ie very difficult to dry. On the other hand, if
the liquor is not cooled enough the production
is diminished. But at & certein temperature
and point in the tower for this temperature,
both found by experience, a coarse-grained
bicarbonate ia obtained, which washes quickly
and wall, and which when taken from the filters
snd crushed in the hand no water is squeezed
out of it; this kind dries in calciners without
forming balls the cutside of which is ash and the
core bicarbonate. The temperature of the gaa
going to the tower runs about 28%.  The pressure
on the runs abont 85 inches of mercury et
the bottom, and about 9 inchee at the top; the
top presaure is due to the liguor in the tower
washer. When ordinary vat liquor of 30 to 40
grma. CO, per litre is fed into & tower thoro iy
more smmonia carried off by the unabeorbed
gas than when liquor of 69 to 70 grms. CO, is

* Each cubic metre of waste gaa carries away
about 112 grms. of NH, when 40 .
liquor is used, against 58 grms. carried off when
using 70 grm. CO, liquor. The quantity of
bicarbonate suspenaed in the liguer increases,
of course, as the liquor travels down the tower,
If a sample of liguor be taken from the bottom
it will be found after standing about half an
hour that the volume of the bicarbonate ia
from a quarter to a third of the total volume of
the sample,’

F1a. 80.

It was early found that in order to get the
Tall output from a Solvay tower it was necessary
to 0801 tg:ut.oweﬁ'; done b

rigi this was done by spraying the

exterior of the tower with water. ‘ﬁ:is is natu-

relly an inefficient method, and is not cspable

of satiafactory regulation. well {Eng. Pat.

1973 of 1887) applied 8 system of internal cooling

pipes, Figs. 59 and 00, in the tower cylinders;
E
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oooling water is ciroulated thmuﬁ the pipes Other forms of carbonaiors, Numcrpus other
and cnables the temperature to regulated | forma of carbonators have been suggesied, and

in the difierent gmm of the tower.

The top of the tower should be kept as cool
as ible to avoid volatilisation of ammonia,
um:i the middle and lower partashould be main-
tained at a temperature of about 20°, as
steadily as possible.

Cleaning the Solvay tower. The Solvay tower
pormally runs two to three months without
blocking up and requiri cleani:;%.

The tower is cleaned by first of all emptying
out the liquorin it, maintaining tho usual agita-
tion by pumping in kiln gas while the liquor
rune out. ater is then run jnto the tower,
and the whole boiled up with steam. This
[d.issolveo oub the sods crusts that bave boon
ormed.

some are worked on the large scale.

As, however, the Sclvay tower is, with a fow
eXceptions, the apparatua universally employed,
only a liat of the more important alternatives

are given here.

) the vertical ¢ Schreib, D. R. P. 70160 ;
Honigmanp, D. K. P. 13782 ; Schreib, Chem.
Zeit. 1890, 402,

Of the Aorizontal & One of the oldest
paratus is that of e (Eng. Pat. 422,
; Young, Eng. Pat. 2558, 187lt

Tﬁe Boulouvard spparatus, which has been
omployed succeasfully in Franoe, is described in

Fr. Pat. 126625, 1878 ; Pechiney, Eng. Pats.
2098 and 5384, 1880, describes & modification of
the Boulouvard apperatas.
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Fillering the precipitated bicarbonale from]the
Solvay tower liguor. Fig. 61 ropresents a common
formof filtor. Theshell s is of steel plates, varying
in size up to 12 {t. diameter. The filter bed B
usually consists of a perfurated cast-iron plateon :
which rests acoarsc flannel filter cloth, over which |
is a wire mesh grid to protect the Aannel from the ,
?ade uaedtoempt{lthe bicarbonatefromthe filter, i

sories of five such filters are connected to a bat-
tery of four Solvay towers, and are alternately
fitled with the lignor and ealts flowing from it.

While filling, the space below the filter bed
is placed under vacuum, and receives the filtered
liquor. When the bed of bicarbonate on the
filler has become about 24-28 ins. thick, the!
stream of liquor in turned on to another filter.
An 8oon as the mother liquor has been drawn :
through the salts, the aurface of the salt is .

81,

smoothed over and any cracks, especially round
the edges of the vessel, mede good. The salts
are then washed with water, delivered by a
opray, until the chloride in the bicarbonate has
been reduced to 0-1-0-2 p.o, NaClL

When this is done the spray of wash water is
stopped, and the vacuum mantained wntil the
bicarbonste is drained as dry ag possiblo. The
usual rough test with » normal good grain
bicarbonate is that & ball of the salts when
preesed in the hand does not yield water.

Bradburn givea the following analyais of the
washed bicarbonate :—

NaHCO, . - . v T0-75 p.e
N& oos - - - 3—5 »”
Nall &~ . . S 0207
NH, . . . . 058
B0 . . loviio2a2s o
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1t js prectically impossible to wash the
precipitated bicarbonete freo from ammonis or
sodium chloride without an altogether extrava.
gant loss of bicarbonate.

As it is, the washing results in & material
loes of bicarbonate.

The efficiency of the washing operation
depends more upon the physical condition of the
bicarbonate iteelf then upon appsratus. This
physical condition, as described Sove. depends
on the temperature conditions of the Solvay
tower.

At low temperatures in the tower not only
in the precipitate in & wr{lﬁne atate of division,
and practically impossible to wash, but it
contains ammonium chloride in the solid state,
which experience has shown is with the utmost
difficuity taken up by the wash water.

The mother liquor and wash liguor after the
removal of the vacuum under the filter are run
off into the etore tanks or wells, from which they
are sfterwards pumped to the ammonia stills.

Beveral nical filtors have been devised
which permit of continuous snd sutomatic

67

filtering, washing, drying, aad removal from the
filter bed, thus effecting o muterial saving in
labonr.

Figa. 62 and 63 represont tho filter patented
by Solvay (4725, 1896), in which A is a
drum revolving in the vessel B into which the
].ic‘[lnor and salts from the towers are fed, and in
which they are kept agitated.

The drum A revolves about s horizental
hollow axle o connected with & vacunm pump.
The periphery of the drum a is fo of a
perforated metal sheet, covered with s fine
metallio cloth in which a piece of Hannel is
secured. As the drum revolves the internal
auction draws in liguor and forms a coating of
bicarbonate on the surface.

In order to prevent the pores of the filtering
bed becoming clogged, internal pressure ia
substituted for the vacuum from time to fime.

The cake of bicarbonato aa it travels round
in sprayed with water and is eflectively washed
at a later stage of the revolution, the vacuum
drya the thin cake of bicarbonate, after which
it 18 continuoualy removed by a scraper.

i Ty

Another mechanical filter is described in1

Eng. Pata. 7957 and 28701, 1003, taken out by
hton and the United Alkali Co., Ltd.
is filter consists of an inclined rotating
dish provided with s fales bottom of filtering
ial. The dish ie divided into compart-
ments below the filter bed, which are alternately
in communication with the suction device to
carry away filtrate, and with a supply of mother
liquor or water to wash the solid matter from the
of the filtering material. A siream of
E‘quor and saults from tower is fun on to the
rotating filter bed, the liguor pasees throungh,
drawn by the snction, and the hicarbonate is
left ns a comparstively thin Inyer, which in the
course of revolution of the dish is washed by a
water spray and then sutomatically removed by
& scraper ot plough.

From the filters the waahed and drained
bicarbonate is taken to the roasters or furnaces
to be converted into the monocarbonate or soda-
ash. From the ordinary filters of the type
shown in Fig. 61 the bicarbonate is discharged
by band into barrowa or trollies, in which it is
conveyed to the roasters.

From the mechanical filters the bicarbonate,

Fia, 63.
a8 it is continuously removed by the plough,

ia carried awny by a conveyor and fed con-
tin?’l::ly into t.h:d roaabef L. . Fro
rogating and furkacing operalion. m
the readiness with which sodium bicarbonste
decomposes it would be anticipated thst the
roasting.and furnacing operation would be an
casy matter. Practically it has been found
that the economical performance of this operation
is one of the moet difficult problemsin the ©8E.

The difficultyisindicated by the large number
of patents on this part of the process taken out
: by Solvay and othets.

The practice in the various works is under-
atood to vary widely, ond the detsils of the
apparatus in actual uee are, as is the case with
g0 much of thie process, kept secret.

Below are given short deecriptions of some
of the furnaces which have been used.
i It is ueual to divide the ca.lcinilzlgl operation
iinto two atages. In the first, the bicarbonate
is dried and the ammonia contained is driven off

ther with about 76 p.c. of the aecond mole-
cule of carbon dioxide. The prodnet, called
*roaster ash,’ is then subjected to e pecond
calcination at s higher temperature to complete
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the decomposition of the bicarbonate. Fig. 64
represents & form of roaster which has iem
much used, It consiets of a cast-iron pan a closed
by s cover B through which passes & vertical
shaft, carrying an arm withscrapers. The pan is
beated by the fireplace ¢, and 13 provided with
an exit pipe b, through which the gases evolved

., \
NW
N\\\\\

Fia. ¢4.
—satoam, pmmonia, and carbon dioxide—pase

aWLY.

'Fhe pon of such a roaster varies in size from
10-14 feet,

Fig. 65 represenis an apparatus modelled
on the Thelen pan described in Die Chemische
Industrie, 1878, 7, and which has been very
largely used for the finishing operation where a
Yight quality ash is wanted.

S0DIUM.

i .. The Thelen pan consiste of a cast-iron
i dish 7-8 ft. dismeter by 30 It. long, hooded
j with & sheet iron cover. The pan is
| heated by an external fire and rests on brick
walls, The roaster ssh is fed continuoualy
at the firing end, and slowly moved by the
. oscillating movement of the scra; which rock
i t.lflrol:lgh an mﬁ;le of abo;etil 90:;;0 the other end
| of the pan, where it is delivered to a conveyor,
" or to an elevator, which lifta it to the m&d
. cooling conveyor, u in the roof of
the building, and from which the ash is after-
| wards conveyed to the store or to the dressing
and packing plant.
’ conveyor is aometimes an atmo-
shell, having an
ell, and sometimes

e
spherically cooled revolvin
inside screw fastened to the
a water-cooled conveyor.

The Thelen pan as shown above, but fitted
with an exit pipe near the fire ond, is also used
for the whole operation of drying and furnaci

The wet bicarbonate is fed in at the fire
and the monocarbonate delivered, se deecribed
above, from the end further from the fire into
the elevator feeding the cooling conveyor.
The wstt.er t;apour, smmonis, and carbon dioxide
eacs o exit pipe.

gmd{um {J. gog‘eChom. Ind. 1896, 884
states that in the Unitod States the form
dryer. shown in Fig. 64 is in use, but is being
replaced by the calcimer described in U.B.A.
Pat. 386864, 1838, Thie calciner consists of a
cast-iron cylinder about 60 ft. long by & ft.
diameter, supported at the ends and in the
middle on roller bearings, and revolved by gear
i fixed in the middle. A furnece chamber is
" built round each half of the calciner, connected
! toiether by flues. The ashis moved by means of
s heavy chain lying along the length of the

cylinder.
The appatstus described sbove yields the
t powdery

I sodium m&nste in the form of & li
, sah requiring verylittle grinding before packing,

il |
(eeerrrees

i
L.
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but cecupying, when compared with Leblane
ash, mter{;lly more package space.

For many purposes this light, somewhat
dusty ash is not liked, and a denser form has to
be made by subjecting it to direct fire.

When this is done the * roaster ash,’ that in

the not completely decomposed bicarbonate or |

sesguicarbonste, taken from either the dish
roaster shown in Fig. 84 or produced in a lightly

 fired Thelen pan, is finished in a furnace of the
| type of the tear furmace shown in Fig. 48,
P 54, or in a rotating furnace of the type of -

the black ash revolver, where the ash is brought
into direct contact with the fire gaees, and there-
. fore raised to a much higher tempersture than
in the Thelen or other gimilar pan.
Bradburn gives the difference between the
| light and heavily-finished ash as follows :—
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A 1000 c.c. jar filled and well shaken down
with light ash, will hold 900 to 1000 grma,
weight of ash. If the ash is heavily finished,
the jar will hold about 1560 grma.

As mentioned above, whatever apparatus
is used for drying and roasting the bicarbonate,
arTangements are to draw off the gases
{NH,, CO, and H,0) evolved.

The gases are dravn by meann of a pump,
first thr'::ﬁu a series of water-cooled ceat-iron
Eﬂ mimilar to the cooler for the ammonincal

ne, to cool them and condense the bulk of
the wuter vapour which carries with it a part of
the ammonia.

They are then nsoally drwn thwuagh ope or
more coke-packed towers, down which water is
running, and in which the remainder of the am-
monia 18 condensed as ammonium bicarbonate.
The ammeonia liquor both from the cooler and the
sctubber is run to the stare tank for ammoniacal
liquor, trom which the ammonia still is fed.

The graes leaving these scrubbers consist of
carbon dioxide dilated by the air drawn into the
roaster.

Great care is taken to reduce this air leakage
to a minimum, because with absclute freedom
from leakage the carbon dioxide from the
roaster would, of course, test 100 p.c. COy, and
when mixed with the lime kiln gesea pumped
into the Bolvay towers or carbonators would
materially increase their strength.

In the early days the roaster carbon dioxide
tested as Jow as 26 p.c.  With the dish roastern
(Fig. 61) the carbon dioxide in atated to test
abont 50 p.c. With great care and the more
modern roaster, such as those of the Thelen
type, it is atated that & gas containing 60-80 p.c.
carbon dioxide is obtained.

Ammonia . The ammonia used in
the process, with the exception of the unavoid-
able losecs, in recovered by the distillation of the
various amimnoniscal liquors collected an de-
scribed above.

The larger part of the ammonia is contained
in the mother liquors from the fillers, and
is present mainly aa ammonium chloride. Of
the total ammonia going to the stills, about

15-20 p.c. is, however, t as bicarbonate,
and is therefore volatile. Again, the ammonia
loases are made by the addition of fresh
ammonis liquor from gas works and recovery
coke ovens, which is chiefly in the form of
oxide with some carbonate and eulphide.
This freah liquor is added to the general stotk of
tilter liquor, and je fed with it into the atill.
liqunors also contain, of course, the
exvess of sodium chloride which hes passed
through the Solvay towers.

Fig. 66 ahowa the form of still in general use.
A, &, &, aTo compartments made of steel platea
or cast-iton rings, separated by cast-iron plates,
each with alsrge-sited holoin the centre covered |
by an umbrella.shaped mushroom.

B is the chamber into which the milk of lime
peceamary to decompoee the fized smmonia,
i.e. such salta as the chloride which are not
decomposed by heat, is ron. .

¢, C, C, C, are a number of compartments, each
conmsting usually of a cest-iron ring. The
bottom plate of esch ring has a central hole
covered with a plate.

The filter liquors are fed in at the top of the

6g

etill through the pipe ® and passing down the
upper part of the still or ‘heater’ are heated
by the steam rising from the lower half, and the
ammoninm carbonate and bicarbonuste are
decomposed and driven off.

The liquor then pasees into the chamber B,

lﬂ

..._,.
!
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whereit is mixed with the milk of lime paumped in
through the inlet o.

The limo decomposen the fixed ammonia,
namely ammonium chloride, and any milphate
present, and in passing down through the com.
partments A, A, &c., the liberated ammonia is
driven off by the ateam which enters at ¥.

From the top of the atill ammonis, stea'm, anc
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carbon dioxide pass away through the outlet o,
at a temperature of 80°-856°

As has been stated previously, it is very
important before the ammonia is brought in
contact with the brine, that as much steam as
})ossible should be condensed, and that it has been
ound that the gases should be cooled 8o that they
enter the abeorberz at 70°-75°.

The distiller ¢oclet or condenser may be of
various forme, but is umally a vessel built ur
of cast-iton tings, Near tho top of the vessel,
and also near the bottom,is & caat-iron tube
plate, into which are expanded » number of
tubes, Cooling water is circulated through
these tubes, entering below the bottom tu
plate and flowing awsy from the top. By
regulating the cocling water supply, the tempers-
ture of ammoniacal gases leaving the cooler or
entering the absorber is controlled. The
ammoniacal liquor condensed in the cooler is
either run back into the fillter liquor atore or
into the still itself at some point in the upper
or heater ge.rt of the still depending on the levels.

For the efficient working of the atill itself,
and for the smouth interworking of the still and
tho absorber, regularity is required—

1. In the test of the ammonia in the filter
liquor feed. It is therefore s matter of import-
ance to watch carefully the average strength
of tlI:: liguorms collected in the filter liquor store
ta

n
2. In the tmgaply of the milk of lime, which
should always be in slight excess. 1f there ia
& deficiency of lime there iz incomplete de-
composition ¢of the ammonium chloride, and
loss of ammonia.

3. In the supply of steam, because if there is
a deficiency of steam there is incomplete digtilla-
tion of the ammonia, and lose in the exit liquors.
1, on the other hand, there is an excess of steam,
the cooler will be overworked, and the gases
entering the abesorber will contain an excess of
water, and thus dilute the brine.

The lower parts of the stills graduslly
become blocked up with scale which adheres
to the shel), the mushroom, and all parts of each
compartment, sometimes to the thickpess of
three inchea

From time to time this has to be cleaned
away, and the only method available is, after
well steaming out the still and allowing it to
cool, to chip off the scalo by hand.

The scnlmgemquim to be done every one to
two months, depending on the speed of work.

. The lose of ammonia in the whole process
varies between } and 2 p.c., estimated as am-
monium aulphate on the ton of soda ash made.
Good ammeonia resulia are, of course, dependent
on the careful carrying out of the precavtions
indicated above, and have been effected only by
the gradual accomulation of experience and
improvement of apparatus. Bradburn says
that an ammonis soda worka requires to carry
a stock equal to two tons of ammonium sulphate
per ton of ash made per day. Of this 25 cwts.
are in the form of working liquora,

The waste liquor leaving the still is a solution
of calcium and sodium chlcrides, containing the
excess of lime mentioned above, and also caleium
carbonate, due to the unburnt calcium carbonate
in the lime whinh gete past the filtera of the lime
slaker, and also dus to eny carbon dioxide not
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driven off in the upper part of the still. The
li%nor aleo carries away any other impurities
which ma.{l have been in tho limestone.

It js the usual custom to ron thie liguor
through settling ponda, where the lime, caleium
carbonate, and other aclids separate out, after
which the solution of chlorides is ron away.

It will be noted that the calcium chloride
thus run away contains ell the chlorine com-
bined with the sodium which has been converted
into sodium carbonate, and, in eddition, the
liquor carries away unused about 2040 p.c. of
the total ealt brought into the process

A very groat amount of work has been done
to try and utilise the chlorine thus lost by the
ammonia soda process, but without mcoess,
See srticle CELORINE, p. 43, vol. il

It is Deceasary to reiterate that succesa in
the working of the ammonia sods process
depends on the balanes of the different sections
of the plant, so that by cereful supervision a
mechanical interworking of the different parta
of the process may be attained.

Application of the ammonia aod:ocrnuu to
sodium swiphole. Aa the ammonia sods process
starting from sodium chloride does not economi-
eally yield hydrochloric acid, attempts have
been mads to work the process using sediwm
sulphate as the starting-point.

n this case the hydrochloric atid is evolved
in the production of the sodium sulphate.
The process is first mentioned by Bower (Eng.
Pat. 8413, 1840), and was afterwards considered
by Gerlach and by Weldon {see Eng. Pat. 5605,
1883), Gaskell and Hurter were, however, the
first to seriously attack the difficultica of the
process (see Eng. Pate. 5712, 1883 ; 8804, 1884 ;
and 9208, 1886), The great difficulty was how
to deal with the ammonium sulphete formed
in the reaction. Gaskell and Hurter's scheme
was to heat the ammonium sulphate with
sodium sulphate in & current of steam, when the
asmmonia is liberated and acid sodium mgfhsw
left behind. The process then followed the
three reactions—

{1} Nn.80,+2NH,+2C0,+2H,0

—2NaHoD, +(NH,),50,.
{2) (NH,},S0,+Na,80,=2NH,+2NaHS0,,
{3) XaHS0, + NaCl=Na,80,+HCl.

The second stage of tho process was, however,
slways the stumbling block, and, owing largely
to ite coat, this intcresting process was not
persevered with.

Application of the ammonia soda procese do
sodium nitrate, in was suggested in 1876 by
Gerlach and patented in 1877 by lesage & Co.,
and again by Chance (Eng. Pat. 5819, 1880).
Colson (J. Soc. Chem. Ind. 1910, 190), again,
recommends thie process as being theoretically
more favoursble than the nogium chloride
| procesa.

Causiic soda jrom ammonic sode. In com.
petition with Leblanc process, caustic soda is
manufactured on a considerable acale by the
makers of ammonia soda. As has becn stated
before, although the ammonia soda process has
! proved itself much the cheaper procesa for the
I ' manutacture of sodinm carbonate, the Leblanc
process, owing to the numerous bﬁ-l.‘lvroducta

roduced, and to the fact that the Leblanc vat
iquors are already a solution . of partially




S0DIUM.

eansticiped soda, is the better adapted for the |
production of caustic soda.

The manufacturers of caustic from ammonia
sods either make use of Liwig's ferrite
described on p. 48, and thus produce a solution
of 1-32-1438 sp.gr. at omnce, or dissolve the ash
in water and causticise by lime in exactly the
same way, and nging the same apparmatus as in
dm‘;:.be-ci above for the Leblanc vat liquoms,
P

Although the Liwig process haa boen adogt:d
by some of the makers of caustio from
albmonia soda, an alt.hﬁh it possesses the
double advautege of produci & stronger
solntion of caustic, and of svniging the

wricus trouble of finding an outlet, or depositing
ground, for the large quantities of caustic lime :
mud produced by the lime proceas, it is doubtful
if there in much difference in cost between the

contration and finishing are carried on in the
same way, snd in the same apparatus, viz,
cast-iron caustic pots, sornetimes supplemented
by mnl 'ge effect evaporators, such as have been
aﬂudy ibed under the Leblane process.

To some extent ammonis ash ia causti-
¢ised by consumers such as paper T9,
textile bleachers, and soap makers, who require
a zolution of comparatively low & canstic
soda liquor in thelr manufscture. When actnal
ovste are obtained, however, it is very rarely
found that the production of theiz own caustio
liquor paye when compared with price of already
made caostic.

Local conditions aa to prices of fnel, lims, and
facilities for waste deposit vary too much to
enable a standard comparison to be made,
applicable to every case, but it ie necessary
remember that to produce caustio liquor of 1:1-
1-13 sp.gr., equivalent to 1 ton 70 p.c. caustic
soda, requires from acinal results in euch works,
29-30 cwte. 58 p.c. soda ash, 17-18 cwie. lime,
20 cwta. foel.

In addition to thie there have to be deposited |
2}-2{ tons of caustic lime mnd, and the wages,
Tepair and capital charges t0 be met. The soda
liquor obtained in this way containe about 90 p.c.
of jta total soda only as hydroxide, the remainder
as carbonate, and if grest care ia not exercised
in the washing of the lime mud on the filters
before sending to the tip, the sods losses may be

largely increased.

Soda For some purposea soda is
required not in the caloined form, as sods msh,
but in the erystalline form, in which it containe
10 molecules of water. Although sode crystals,
if chemically pure, contain only 37-08 p.c. of an-
hydrous sodinm carbonate, or 2171 p.c. of avail-
able soda (Na,0), and thns cost much more than
their equivalent of soda ash for kages and

iage, they are preferred to the latter in some
cases, for the following reasong : while soda ash
is & more or lees white powder, whoss value can-
not be recognised at a glance, and whioch may
ocontain more or leas use or even injorious,
impurities, sods cryatals by their very r:crpear-
ance seem to guarantee to the buyera product of
mfficient purity and of uniform strength. Their
greatest recommendation for household use, as
well as for the scouring of wool and some other

Processes.
In sither case the later stages of the con- |

the

purpoees, is their abeolute frecdom from canstic, .
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which is very injurious both to the skin and to
the ft;brifa to bo washed or wouredis For all
manufastaring purposes soda erystals are now
advantagoanafy replacad by ammonia-soda,
which is equally free from caustic; but for
household pu; the ordinary soda crystals
are likely to retain their hold, and are consumed
in very large quantities as ' washing sods,’ and
under varioauus oi.noy nmmmil sod Is wel

Orﬁn' i , of oourse, a a tals wero
made from Iyablano soda, and the oryst effort of
tal makers waa to find ont how to obtain
a cryatal from the vat or tank liquor direct.

e bulk of the tals made and probably all

very | those of d ity were, however, produced
Iﬁz(r’w ash by 5

from Le the same method sa in
adopted for their manufssture from tho am-
monia alkali which is now always used.

The ammonia slkali is dissclved in any
suitable dissolver fitted with a meohanical
agitator end fed with hot water. TIn a vessel
8 fi. dismeter by & ft. high, 40 tona of 88 p.c.
ash can be disselved in 16 hours.

The solution is made to 1-3 ep.gr. hot, and is
then pumped to sottlers in which a smal] quantity
of sodivm sulphste is added, as commercial
o:{eula require anything up to 1 p.c. sodinm”’
sulphate to give them the desired crystalline
form. While settling the temperature of the
liquor hss to be maintained above 34°, the
t-emﬁ:ntm of maximum solubility, If the
settlers are large and sheltered there is usually
little difficuity in this,

The liquor {s run from the settlers into the

i which are iron vessels varying in
different factoriea betwoen the widest limite of
shape and size. Theeo vensels have in all cases
4 bole in the bottom atopped up with a long

to | wooden plug. 'This hole is to permit the mother

liquor from the crystallisers at the end of the

ising operation {o drain into shutes

w, which oonvey it to collecting tanks or

wells in the floor, from which it is pumped into

the dissolver again to assist in ms!;cing up the
next batch. Acroes the top of the cryetalli

: from side to eide is wsually placed & number of

bare or etrips of metal, in order {o support the
crystals formed uesr the top of the liquor, and
in this way 1o obtain fine large crystals.

The crystallisers are usnally placed in double
rows, with & mother liquor shute between them,
O ializers yieiding 1 to 1 bons of crystals

isera yieldi to 14 tons of cryst
ususlly fnish in about gne week in winter and &
fortnight in summer,

After the mother liquor has been run off and
the cryetals allowed to drain well in the orystal-
liser, the orystals are taken out snd in
blocks on wooden shelves to drain for at least
24 klfours, after which they are ready to

pac
Other crystals aro crushed to com}:arativoly
small pieces in s erusher frequently of the
Blake type snd *whizzed' in a centrifugal
machine.

Soda crystals sre either ked in woosden
oasks or kega or in bags. en the casks or
kegs are used it is uaual to take the crystals
from tho draining shelf, When baga aro used
the botter driedd erystals from the centrifugal
arc taken, beeause the presence of any liguor ir
that case discclours the bag and the crystals.

.



72

The following is an analysis of & good brand
of commorcial soda crystals, :—

NayCO;, . . . . 3660
g‘ho v o
. . N . . *
Na, L . 016
Water (by difl) . . 62.36

10090

The mother liquor eventnally contsine too
much sodium ohloride to be used again. It is
therefore evaporsted to drg;ness and tho residue,
which will contain about 29 p.c. Na,0 and 34
p.c. Na(ll, is sold for what it will fetch. 'This
necessity recurs at such long intervala that if the
reaidue is thrown away the debit on the soda

crystals made is nogligible.
Commeorcial aoss m?at.sls are sometimes
adulterated with Glauber’s salts, specially manu-

factured in ‘soda-fashion,” and it is said that
now and then Glsuber’a aslts are vended aa
“ beat Bootoh goda,’ but it is hardly credible that
such sn easily discoverable fraud is frequently
committed,

Mactear (Eng. Pat. 10851, 1884) has conetrao-
ted an apparatus for obhininghsoda erystals in
granulsr form, by subjecting the solntion during
crystallisation to the eombined action of eoolin,
by cold-water action from the outaide, an
mechanioal agitation,

In another patent (Eng. Pat. 1889, 1886) he
describes compressing those granulsr crystala
into the shape of tabgts, cakes, or blocks, most
convoniently of a rectangular form, so that
they can be packed without waste of space.

Crysial carbonate. This is the nemo given
originally by Messrs. Gaskell, Deacon & Co. to
s ver re monohydrated sodium carbonate,
Ns.CS,. :0, obtained by direct evaporation
from tank liguors, thorm:lghl carbonated with
addition of bauxite, an a¥terwsrda purified
from ferrocysnide b superhestm%‘ to 180°
(Caroy, Gaskell and Hiirter, Eng. Pats. 1161,
1881 ; 2039, 1879; 63190, 1885). Thia sub-
stance was absolutoly free from caustic, silics,
and alumina, and was altogether far superior to
ordinary sods orystals, not merely in sirength,
but also in purity.

As in the case of poda orystals, however, the
Loblanc vet liquor haa been roplaced bg am-
monia alkali, sud the crystal carbonate is now
obtainod in a etill purer atate from this source,

The following is an analysis of crystal car-
bonate, mado from ammonise alkali: —

Na 00, . . . . 820
NeOH. . . . . 00
Na, 80, . . . . traco
Nai R . . . . 025
Water . . 175

99-76

Crystal carbonate dissolves in water much
more easily than ordinary soda ervstals, because,
instead of lowering the temperature, it alightly
raisea it in the ot of solution, and because its
grainy texture offers s much larger surface to
the water than soda crystals do,

One ton of crystal earbonate containe as
much alkali as 48 cwt. of soda crystals, and
occupice only 05 cubic fect sgainst 150 oubic
feet occupied by 48 cwi. of soda crystals
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Blearbonate of Soda. Bicarbonate of soda
waa formerly made by theaction of earbonic acid

usually obtained by decomposing CaC0, with
hydrochloric acid, on sods ¢ R
The soda commonly employed was in the

state of ordinary crystals ; those of yellow colonr
or otherwise inferior quality could be utilised

nite well. They wers exposed to the sction of
.the gas in apparatus of various she made
of brickwork, wood, or preferably of iron, hold-
ing(:g to 60 tons of crystals, ey Were oon-
nected in such way that the gas passed from one
chamber to another. Large doors served for
charging and emdpt ing. A false bottom, made
of lathe, was lai wi inside, below which the
gas entered and sbovo which the crystals were
put up in lar layers. The g below
served for holding the sbundant drainage of
mother-liquor caused by the fact that nine of the
ten molecules of water of erystallisation were set
fres : Na,C0,10H,04CO,=2NaHCO,+9R,0,
This liquor dissolved the small quantity of
foreign ealts and other impurities contained in
the ¢ | sods, and ren off through s U-tube
fixed in the chamber bottom. The end of the

rocees was indicated by the sto of this
dgw, which generslly occwrred in from 6 to 9

VA,
On o g the chambers the bicarbonate
wasg found apparently in the shape of the crystale
criginally charged, but in mlitg only sa & looes
wder. Tt waa very damp, and had to be dried
2toves heated to & temperature not exceeding
45°, Dry and ﬁ&rﬁn OBT i(i acid, iftr::lt th‘?o
eXpensive, wou ave tly expedi ©
drying, which generalty m% or 10 days,

Mathieson and Hawliezok (Eng. Pst. 150,
1888) preparcd pure sodium hicarbonato from
blsck ash, crude sodium suiphide, or crude
bicarbonate, aa cbtained in the smmonia-sods
process, by dissolving those products in & soln-
tion of sodium chloride of from 18 to 19 p.e.,
and treating the solution with carbon dioxide,
wheroby nesrly sll the bicarbonate waa precipi-
tated in & crystalline form. The boarbonate is
said to be obtained nesrly in a chemically pure
state. With im materisls, as black or
orude sodinm sulphide, the CQ, first precipitates
iron, alumine, snd silics, and these are separ-
ated by filtration before precipitating the bi.
carbonato iteclf.

A totally different 2r~oma from thet formerly
omsgloyod is that of Carey, Gaskell and Harter
{1B8]1 and 1882). Itis princirally based on the
employment of the ‘crystal carbonate’ pre-
viously described, which is exposed in & re-
volving cylinder to the action of pure earbon
dicxide, entering ot one end and escaping out of
the other ; afior being passed in o P;m upwards,
say 30 ft., snd down agsin, it is enfliciently de-
Eg:ed of moisture, and ia re-introduced into the

oylinder, or else into snother cylinder. A
cylinder of & ft. length end § ft. 6 in. wide con-
tains & charge of 1§ tons, and produces 2 tous
of bicarbonate. It is supported on hollow
trunnjons; ges-pipes pasa through these, and up-
wards ineide the cylinder, so that they are not
stopped up by the salt. By taking the exit pipe
upwards for about 30 ft. and down again, sad
thus cooling the & difference of tem ture
ia produced which effecte & sufficient circulation

of the gas, while at the same tirme the excess of
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moistare is condensed, and the water is run off
before the gaa again into the cylinder.
This circulation is in practice best promoted by
mechanically pumping the back again. The
temperature tises very much during the absorp- [
tion, but the cooling action of the air keepa it
down ; practically, the bicarbonate made in this
way—thati is, under a certain pressure—is very
srong, containing about 97 p.c. real NaHCO,,
sgeinat £7-00 p.e. in the old prooess, The
moistore must regulated : if the mass be-
comes too dry, the carbonie acid introduced
must be moistened by means of & small coke
tower. With the progress of abeorption the
tempersture falls again, and it is finished in
5 or § hours,
plom patent wnt:ina d:im mbv'ision for clll:-
ying 1mpure ¢arbon dioxide, passing the
qan thmugl?a series of abeorbing ogh’ndars;g but
this prooess does not seem to be in practical use.
Anhydrons monocarbonate can be used

(Eng. Pat. 2876, 1882} by introducing steam
together with oarbonic m({. |

The bicarbonate made by this process had |
almost ed that made by the oldpmoeea,‘
when it was itaelf displaced by the bicarbonate
made in the ammonis-soda cess, ‘This for-
merly could not be immediately employed for uee
a8 baking powder, &c., owing to the ammonium
compounds it contains, nd apd Jarmay
{Eng. Pat. 2006, 1884) found that on dissolving
Jore. bicarbonsta.of sode. eryetaliioes o s
pare bicar o & e ifes ont an:
the ammonis salta remain in solution.

They dissolve the crade aslt at 85°, filter off |

the insoluble impurities snd sllow the solution

to ocol. The bioarbonate separsies out in
granular , which are drained, dried and
ground. e polution can be made at a higher

tempersture in an atmoephere of carbon dioxide
under pressure, but it must be cooled down to
65* belore removing the pressure. The mother :
liquors can be nsed many times over until they |
get too rich in ammonia.

Jarmay (Eng, Psat. 23800, 1893) describes
improvementa made in this , and states
the crude bicarbonate ie dissolved in & closed |
voasel provided with an sgitator in which the
tempersture is meintained by a closed steam |
ooilmween 85° to 90°. NH |

eacaping vapours containin » Bome
COy and steam, are thmusgh 8 mult,i-li
tubular cooler, where they are surrounded by
mother liquor from a former operation.

The solotion in the diseclver containing bi- [
esrhonate snd some aes&nieurbonste is paseed
through » filter preas and then pumped into an !
iron tower containing many compartments and ;
water oooled. Here the temperature of the
solution is reduced to 72° Eme kiln gae is
pumped into the bottom of the tower and causes |
constant sgitation. The carbonated liquor and ;
precipitated bicarbonate runs from the bottom
of the tower on to & filter and the mother liquor |
flows beck to the dissolver through the cooler:
mentioned sbove, '

Jarmsy (Eng. Pat. 3889, 1803) describea the |
drying of the moist biearbonate obtained as .
above in & long covered trough through which '
the bicarbonate is carried on & conveyor and *
throogh whioh also air, preferably mixed with -
carbon dioxide and heated to 95° is blown. i
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Brock and Hawlicek (Eng. Pat. 8314, 1894)
ireat the ammonia soda rossted ash or the crude
bicarbonate, after removal of the ammonia and
gart of the earbon dioxide, with steam and carbon

ioxide, either in rotation or simultaneously, in
order to obtain a pure bicarbonate,

The composition of commerecial refined bi-
carbonate s given as—

NaHCO, . . . 972
Na 00, . . .18
Na 80, . . . . trace
Na(l . . . . . 035
H,O . . . . . 082
Insol. . . . . . 0
{See Lunge’s Alksli, vol. iii. ﬂx 211.)
Bodium biearbonate ie chiefly used for the
following purposes: sa s chief ingredient of

haking powder; ae the carricer in the wasghing
blue in lsundries ; a8 the source of carbonio
ncid in the manufacture of minera] waters, for
which it has the advantage over CaCOy—which
wag formerly used for the purpose—of yielding
doubls the quantity of CO, ges per unit of sul-
phuric asid and of leaving & soluble salt in the
generator, viz. Na,80, instead of (80,

Sodlum sesquicarhonaie

Nu,C0.NaHCO,,2H,0

in madeaéaéy Watts and Richards {Eng. Pat.
13001, 1886) by preparing a solution containin
the shove proportions and allowing it to c:ﬁs -
lise not below 35°, kﬁepinqnit amtated all the
time. Such a solution can be prepared by heat-
ing sodium bicarbonate so ae to deprive it of
about one-third of it carbonio acid and dis-
solving the residue, or by adding to a hot solu-
tion of 84 parte of sodium bicarbonate 106 parts
of sodium oarbonate. This salt, which orystal-
lises in fine needles, does not effloresce or doki-
quesoep,elmd ii;omadily s;rlubla iln wmr. Its
principel employment is for wool ing.

The composition of seaquicarbonate is given
AB—

Ma,CO, . . . . 4657
NabiCd, . . . 370

Water of erystallisation . 16-24
Nall ., . . . . Ol8
Ineol. . 002

(Soo Lunge’s Alkali, vol, if, 212.)

TAE MaNUFACTURE o SoDA BY ELECTROLYSIS.

Practically sll sode manufactured by clee-
trolysia is produccd by the clectrolysis of sodivm
chloride.

The olectrolysis of godium chloride is de-
scribed, together with the chief types of appars.
tuszlin nse, under the article CaLORINE, vol. ii.
P The types of cell in that article are classified
under four b T—

L The oells in which the electrolyte consista
of fused sodium chloride,

I1. The oells in which the electrolyte ia a
Ns‘Sll solution snddill-; which the cathode and
snode are goparated by a poroua partition.

Il TheE:]ls in wl:.ichp?he electrolyte is &
Na(l solution, but in which & moving cathode
of mercury is used to remove the sodium pro.
duced from the action of the chlorine.

IV, The cells in which the elecirolyte is o
NaCl solution and which depend on specifie
gravity to keep apart the alkali apd the ehlorine.
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Claar I. The cells of thia class, described
22, vol. ii., aro the Vautin and Acker cells, in
th of which the podium is obtained as & lead

sodium slloy. The sodium wsa obtsined by
Ackor in the form of caustic soda by treatin
the molten alloy with steam in tho abeenco o
air, a8 clw:ribadyin his Eng. Pat. 14269, 1898.

Class 11, With the cxception of the Har-
greavea Bird cell, all cells of this class yield a
solution of caustic sods mixed with varying
but alwafs large quantities of sodium chloride,
Theao solutions sre concentrated and fnished
in appsmatus similar to that described under
tho manufscture of sods by the Leblanc procoss,
p. 49. Instead of the comparstively small
quantitice of salte_which are deposited during
concentration of Leblance soda, muoh larger
quantitiez of NaCl are thrown down and have
to be fished out. This large quantity of ealt
is, after draining, usually washed with fresh
cathode liquor from the cell, redissolved, and
returnod to the process.

Constitution of the cathode liquors from the
varicus cells mentioned hae been given approxi-
mately as—

Tho Griesheim oell, 8 p.o, NaOH, 20 p.c.

Nald;
The Townsend cell, 150 grms. NaOH and
213 . NaCl per litre ;

The Finley cell, 7 p.c. NaOH.

In the case of the Hargreaves Bird cell, the
liqguor from the cathode compartment is, as
deseribed vol. ii. p. 23, a solution of carbonate
mixed with sodium chloride.

Hargreaves (Eng. Pat. 21178, 1807) describes
a8 mothod of separating the sodium carbonate
from the aslt. The sodium carbonate is
generally produced in the form of sods erystals
(washing soda).

Kershaw (Electrician, 1898, 547) gives the
following analyeca of two samples of the soda
liquor flowing from this cell :—

Molecules NaCl
on 100 mol.
Spgr. Na,C0, MaCl  Na,CO,
(1Y 1126 10-9 p.o. 094 15-6
2) 1094 1044, 01 1-73
Clase III. The soda solution obtained
from the decomposition of the sodium amalgam
roduced by cella of this class is very pure and
roo from NaCl. Iis concentration, therofore, is

not complicated by the production of *aalts.”
The solutions obtained aro ususlly of about
46°Tw. (Lepeius, Ber., 1908). There is, there-
fore, about 4 tons of water to be evaporsted
beforo the aolid caustic sods is obtained. The
apparatus used for the concontration ie similar
to that described under Leblane caustic soda,

. 49,
P COlare IV, Aa in the caso of the cells with
the porous disphragm, the sods sclution yielded
by such cells a3 the Glooken cell containe la
quantities of undecomposed sodium chloride,
which has to be scparated during concentration,
drained, washed, and roturmed to process.

The constitution of the solution obtained is
given in Chem. Zeit. 1901, 1171, as alkali,
6-12 p.c.; sodium chleride, 16-30 p.c,

A modification of the Glocken cell has been
patented by the Society of Chemical Industr
of Bale, 25118, 1909, the main point of whie
is Lhe continuous saturstion of the brine by
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cansing tho fresh electrolyte to flow from m]
upper to a lower olectrode in order to drite |
backwards the ions of the newly formed pro-
ducts. The mode of operation conaiste in
cauning the electrolyte which has been partially
imﬁo?erishod at the upper electrode to be on- -
riched egain betweon the two electrodes by
aolid salt fed in a ial manner, The advan-
tage consists in obtaining a higher strength
caustio sods with a good ourremt efficiency.
The thecretical congiderations involved are deait
with in the patent.

4. MaXUPACTURE OF S0DA BY OTHER PROCESSES.
ENUMERATION OF FROCESSES FEOFOSED FOR
MANUFACTURING 8ODA,

A. From common sali withoul converting st inlo
sodium sulphale.

Potash (potassium carbonate) was used in the
infancy of the manufacture of sods by Bergman,
Hahnemann, Losh, and others, st & time when
the former alkali was less valuable than tho
latter, the reaction being

K,CO,;+2NaCl=2KCl+Na,C0,.

Lline ni.l}hﬂy decomposes common salt, s
first notic b&rﬁchwh' In 1782 Guyton de
Morveau and ¥ obtained a French patent
for this process, which they actually worked for
soms time, of course with very little auccess.

Lead oxide. Bcheele, in 1773, noticed that
common sslt is (pertislly} decomposed by lesd
oxide, caustic sods and lead oxychloride being
formed :

2NaCl14-2Pb0H,0 e=2NaOH - PbO,PbCl,.

This process was at firet coneidered ome of
the most favourable for the manufacturing of
soda, and wss worked both in France and
England, whore many patents were taken for it.
Tt was the process Em employed by Loah st
Walker-on-Tyne, at the same works where also
one of the later patente belong:;lﬁ to this
class, Bachet's, roceived s serious trial in 1870,
but with hardly more succees than formerly.
The incompletencss of the reaction is the prin-
cipal obetaclo to this process, A new patent
for it is Knab’s {Eng. Pat. 3082, 1877). The
Bociété Anonyme Lorraine Industrielle (D). R. P.
23781) separates the caustic from the lead oxido
by aleohol,

Romiquitrea (Eng. Pat, 14077, 1888) dis.
solves finely-divided lead in caustic soda by
moana of & current of air. The solution of
Ne,Pb0, thus obtained ia treated with NaCl,
and thus two moleculee of NaOH for each
molaculo previcusly employed are formed, PL(Cl,
being precipitated.

Berl and Austerweil (Zeitach, Elektrochem,
1907, 166} describe the reaction as revemible,
and give two equations

1. For *normal concontration *—
SPbO+H,0+2NaCl+ 22 4Pb0,PLCl,+2NsOH.

2. For higher concentrations—

2NaCl+4Pb0+H,0 ¥ 3Pb0,PbCl,+2NsOH.

The converaion of NaCl to NaOH being—

18°C, . . . . . Sbpo.
48°C, . . . . . 43,
T4°C. . . ) . .3

Vonmassos {Eng. Pat. 23680, 1908) decom-
porea NaCl in a fused rtate by means of PbO,

Magnesia has been petented by W. Weldon
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{March 1, 1868) for the following resction:
&V&G+M800;+CO'+HQO=2N&H .‘[‘ +*
The inventor expected to obtain sll the as
:g-ccl’.rbonad ltiloél‘ndl to deooh. rdtfpoao the MgCl, into
an . It is ¥ I to point
out that both of these mm fnrpotoo
incompleto for ical use.
of is uwsed by Reynaud (Eng.
Pat. 14483, 1890), who heste it with NaCl, wit.
the production of ehlorine, sodjom enlphate, and
ferric oxide. This residne is mixed with ocoal
snd heated, producing s ferro.sodium-sulphids,
which is trested by Blythe and Kopp's prooces
(see below).
Ozalle acld and oxalaies of ammonium and
magnesium have been employed by vatious in-
ventore. Their sction ia based on the slight
solubility of the monosodium oxalate. None
of these sgente seems evar to have been tried on
a |arge scale.
worle aeld was proposed by Weldon

{in 1888), and

Hydrofluogiliels asld by M{ jnventors,
these acids forming very alightly solubile sodjum
salts. A factory, working on s patent by
Karcher and Teesié du Motay, exi for some
sears up to 1870, near Saargemfind, and the
process seems to have given better results than
might have been anticpeted ; but the various
resctions on which it is are too incom plete
for practical use.

finoride is smployed by Brochon
(Fr. Pat. 208754).

Alnmlnfa decomposes soditi:é lt:lﬂoride, in the
presence of steam, at a very high temperature ;
this waas utilised by Tilghman in 1847, and it
haa been taken up more vigoroualy aince the
discovery of nestive alumina in the minersl
baoxite, Sodium sluminste is formed, and is
decomposed ae in the manufacture of soda
from lﬁoﬁw {#2¢ below). But the temperature
requi for the above.mentioned descomposi-
tion is too high, and the veesels employed
esnnot be made to last. On this acoount the
sttempts of (1862), of Griinoberg and
Vorster {1876), and of Lieber (1878) have had
no cal resalts,

eniakoft (Fr. Pat, 405611, 1908) concen-
trates the impure liquors ocontaining sodium
carbonate, which sre obtained in making pare
slumina from beuxite to about 1-3 sp.gr., and
then treste them with osrbon dioxide, which
precipitates sodium biearbonate.

, eommon salt, and water are emplog:d
by Kayser, Williams, and Young (Eng. Pat,
11492, 1887).

Shisx and sisam were employed as carly es
1808 for decvmposing common malt by Gay-
Inssso snd Thénard. This reaction was after-
wards tried on a F};lutlosl ecale by Blane and
Bo:il.l:n usgo). 'tuche(;l ééﬂﬁ&) ;nd both;l:,
eapwinyonaEe 2), who brought
sdium chloride in the state of vapour, slon,
with steam, into contact with intensely hea
quartz. The sodium dilicate formed rune down
in & fluid state. It in either used eg such, or
converted by CaQ into NaOH, orhl:{ CQ, into
Ra,CO,. 'I{is process W WOL for some
time, but the decomposaition was too incomplete,
the HCl was too diificult to condense, ang the
apparatas could not resist the intense heat.

Chrominm oxide and steam haa beeni patented

by Swindells (1851), and Keasler (1887), but the
reaction ia quito incomplete.

Borle and stoard have boon patented by
Margueritte (1855); boric acid alone by Garro.
way (Eng. Pat. 17395, 1889).

Steam alone decomposcs Na(l at & very high
temperature, and this roaction hes been the su
jeet of many gbenta, but unfortunately the re-
action NaCl+ H,O=NaOH-+HCI proceeds oniy
& very little way, otherwise this would be un-
doubtedly the simplest way of decomposin, iNsC].

Magnesium sulphate 5kieserite] {a heated
with sodium echloride and siliea or elay in s
current of air to §00° or 700°C, Chlorine is
given off; sodium sulphate and magnesia
remain behind (Townsend, 1. R. P. 10841),

Sopa FROM BopiUM SULPHATE.
Without converiing i4 inio Sulphide,

Lime. In 1789 Delius proposed this sgent,
snd many other chemista followed him; in
1865 Hunter added the action of presaure.
But the change Ie oxtremely imperfect as
proved by Hill (Chem. News, 27, 165), and
oxperiments made by Lunge (Dingl. poly. J.
238, 60), and by Cross and Bevan (ibid, 213,
137), confirm this,

Caustle baryia easily snd completely decom.

sodium sulphate, bot it is much too dear
or practioal use, in apite of several patents having
been taken cut for this procees.

Caustie strontls was proposed for a very in-

jous oyole of resctions by Ungerer (ibid.

88, 140). But as this process ia very compli-
cated, and inclodes the intervention of ammonia,
it is far gimpler and cheaper to omploy Dyar
wnd Hemming's process, Thero is also an
American patent for strontiom compounds
{454136) by G. H. Gray.

Another process is suggested by Eichstadt
(Eng. Pat. ?5136, 1801), which depends for
recovery of the Br{OH); on the following
roactions—

{s) 8r80,4-N2,80,+-8C=8r84Na 34 8C0.
(3) SrS-+'Ne,832H,0=~8c(OH),+ NaSH.

Calelum bicarbonate was patented in France
by Pongowski (1872). Lunge (Dingl. poly. J.
243, 157) found that this causes no formation of
sodium carbonate whatever.

Strontlum earbonate iz nearly slways men.
tioned at the same timo as

Barfum carbonate. This has been tried in
the dry way, by Kaatner (1826} and Anthon
(1840); in the wet way by many inventors,
beginning with Kdlreuter, in 1828, 'The re-
sction ;: Na,80,4BaC0,=Na,C0,+BaS0, is,
however, inooml;lete, whatover temperature may
be employed, even with excess of BaCO,. But
the decomposition ia quite complete when
barium bicarbonate is employed, or much more
simply and cheaply by passing & current of C0,
into an agitated mixture of BaCQ, and solution
of Na,80,, aa patented by Lunge in 1866, This
process would g;:wtica.blo,i & cheap method
of recovering the BaCOy from the Ba50, could
be found. At present it cannot compete with the
ammonie s process. Bramley (Eng. Pat.
1050, 1866) regencrates the barium ocarbonate
from the sulphate, formed from tho carbonate, by
reducing the aulphate to BaS, then dissolving
this in HCl, and treating the solution of BaCl,
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with hydrated magnesia and earbonic acid {8 ! keep the tomperature at the proper point ; and

very hoFeleas rocess ).

In 1802 Nanherdt took a French patent !
{223339) for manufacturing sodium carbonate !
by digesting sodium sulphste with BaCO,,
prepared by treating Ba3 with CO,.

G Ammo:logf dnatu have ;:Iee'gosevgnl

mes pro or decomposing Na,50,, first
by Bower (1840). After the analogous pro-
ceas with NaCl had attained such complete
succees, tho above has been a sillh]nopoaed.
principally in order to recover the chlorine, as
well as the soda, by in g the manufacture
of apdium sulphate and lgdro en ohloride,

Alumine decomposea Na,80, in the presence
of steam, This reaction, pro by
Ti]ghman in 1847, furnishes sodium aluminate,
which is easily decomposed by CO,, Na,CO,
being formed and alumins being regenerated.
In liou of pure slumina, tho mineral bauxite,
found st Baux in the South of Franoe, and in
scversl other places, aleo st Irish Hill and
Btraid, County Antrim, can be employed.
Several German patents by Liwig Bro
{93 and 1650, 1877) deseribe this procese, in
which, however, the manufscture o hydnl-ed!
:ilumh}a til: th? gﬂrincipal feature. A ;::gjlﬁ?-

on of the alumina was
VOE:] and Fi {D. 1& P, 31075),P:.;10ther b;
Behnke (D. B, P, 7256).

Ph. B. and 8. P. Sadtler (U. 8. Pat. 877378,
1808 ; and Eng. Pat. 273, 1908} decomposo
alialine sulphates by heatini) with excess of
bauxite, Peniakoff (D. R. P, 80083) ignites
bauxite or aluminium sulphate with asodium
sulphato in the presence of alkaline sulphides or

ites to 'woe sodium aluminate and sulphur
1oxide. jshn (D, R. P. 112173; '
Pat. 8790, 1889) heats ealt-cake by itself, or

with aluminous substances with exclusion of
air, and with metallic iron at 8 dark red heat, and
R iioa dscomposes No,50
ecom 8450,, capecially in the
prosence of oonf sodium gilicate being formed,
which is, indeed, one of the ways in which this
compound is manufsctured. It haa been Ppro-
posed to employ this as 8 soda-manufacturing
prooccen, by aubsequently sonverting the sodium
ilicate into carbonate or hydroxide,
Hydrofluorle acld is mentioned in Weldon’s
tenta of March 1, 1868, which are quite
impracticable,
Caleium bisnlphite and sodium aulphate yield
ealeium aulphate and sodium bisulphite. By
heating tho latter 50, is given off ; tﬁo residual

Na, S04 is converted by lime into NaOH and
ﬁ;l;%‘m aulphite (Gutzkow’a U. B. Pat. 198268, |
A mixture of carbon dioxide and monoxldo|
is supposed to decompose sodium sulphate st a |
red heat jnto osrbonate and sulphur dioxide
{Kayser, Young and Williams, Eng. Pat. 7355, |
1885).  Thia process is entirely useless, according |
to the investigation of Wataon Smith, snd Hart
(J. Soe. Chem, Ind, 1886, 643). It hae been tried
on & practical reale at the Hautmont works, in .
France, in sn ap tua similar to that of Har-*
greavee and Robinson for the manufacture of
sodium sulphate, as the reaction is 8 very slow
one, The drawbacka found there were: that
tho mase crambles to powder, which stops the
passage of the gas; that it is very difficult to

that sll the sulphur cecapes in the shape of sul-

hur dioxide, too dilute for utilisation {Lunge,
ariser Auastellungubericht, 1889, 15).

Crude phenol from cosl-tar was proposed by
Staveley (Eng. Pat. 17667, 1887). He agitates
it with milk of limo and trests the resultin
solution of calcium phenate with sodium sul-
phate. Calcium sul&nte is pracipit.at.ed; the
solution of sodium phenate is decomposed b
CO, into sodium carbonate and free phenol,
which is used over again. Cp. also Staveley’s
paper, J. Soc. Chem. Ind. 1888, 807. This
procesa is ingenjous, but no doubt im ticable,
eattlpecitlllly owing to the hardly avoidsble loes of
phenol,

Calelum hydrosulphide ia em by Had-
dock and Leith (¢f. infra, sulghﬂa woste) ;
also by Simpeon {Eng. Pat. 17765, 1390) in tho
following way : Saltcake, nitre-cake, or the like
are converted by Ca{8H), into Ca80, and
NsHS; this in carried on in ¢losed vessels under
8 pressure of 60-80 lba, square inch. The
clear liquor is deoom by COy, snd the H,8
set free is passed into milk of lime, in opder to
re-form the originel ealcium clgdmaulphide.
The soda is precipitated as NaHCU,. A apecial
application of this procesa i made upon low-
olass phosphatic minerals, which sre lmséxended
in water and treated with H,B, the Ca{3H), in
solution being employed as above, whilst the
enriched phosphatic mineral remains behind.

Calofum phosphates are employed in another

tent of Simpeon’s (Eng. Pat. 13838, 1890).
ey are made to react with sodium sulphate ;
the sodium phosphate thue formed is converted
by lime into oaustic soda and caleium phosphate.

Soda from Sulphate, o

inla Sulphide,

By heating sodjum sulphate with coal »
mixture of sulphide and carbonate is obtained,
and thie process has been proposed from a very
carly period down to 1839, among others by
Berzoliua, (iay-Lussas, Graham, and Liebig.
It is, however, quite impracticable for seda-
making, except as an intermediary for other
processes, in the first instance,

By talelum ocarbonate, which is Le-
blane’s process, and has already been described.

Barium earhonate hss been proposed by
Reinar (1858), in lieu of caleium carbonato, but
there is no edvantage in this, and the cost is
much too t.

Car aold. In 1819 Atwood obtsined
an English patent for the decompoeition of
N‘f by CQ,. .

jinco that date many inventors have tried
to develop processea for the manufacture of
oarbonate of sods by this reaction, among
othera : Gossago (1838), Hunt (1881), Theissig,
Verstract and Oliver, Cleus Gomeg, Weidon,
Thompeon (1887), Chance (1888), Farmell and
Simpron (1888), Mathieson and Hawlicek (1888),
Gossago and Williamson (1888).

Na,S requires more than one equivalent of
("0, for complete decomposition, in fact it is
necearary to convert nearly sll the soda into
bicarbonata

Na,5+200,+2H,0=-2NaHCO, + H 8.
The bicarbonate ‘of socla geparnting out in fine

converiing il
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tod differed *

erystals. Must uf the proceeses s
only in the a]:‘-?ruus used to bring the carbon
dioxide mad sulphide into contact.

Hunt, however, s treating tho solid
sulphide with carbon dioxide and steam. Msthie-
son sod Hawlicek suggested the use of a brine
solution instead of water to dissolve the Na,S in
order to take advantage of the lower solubility
of NaHCO, in brine than in water.

Gossage and Williamson for some yosrs made
datermined efforts to succeed with this process,
but a5 far 8 is known, the sulphide process is
ot i wse to-day, The ditfculties were:
{1) The techmical difficulty of making the
sodium sulphide itaelf, owing to its rapid action
in the f state on silicious material; (2) the
fall in price of carbonate of soda owing to the
::c::loPMt and cheapening of the smmonis

provess.

Sodium blearbonate decom Na,3 thus:
I_Il‘S+2NaHCO,=2Na,CO,+§.B. Thix resc-
tion haa been eeveral times patented aa a sods.-
making process (first by Wilson in 1840), but it
seems t0 have a chance of success only se »
means of purifying the liquor of the Leblanc
process from the Na 8 slways contained therein,
sod even there the sction is not instanteneous.

On the contrary, sodium sulphide cannot bo
completely decom by GO, until sbhout
18 equivalants of 00, arc present to 1 equiva.
Jent of soda,

Aluming mixed with sodium sulphide ia
trested m a current of hot air by Licrmann
{1878); sodium aluminate is formed, snd the

gascous ucts which cesapo sre passed into &
vitriol chamber,

. oxides—such as oopper, zino, lead,
iron or ms ese oxide-—~havo very fre-

quently proposed for decomposing Na,S into &
meu].h); eulphide snd caustic sodg. ©8e Pro-
posals beve hitherto mostly failed, first,” on
sceount of the difficulty of preparing Na,8 on »

manufacturing eoals ; second, becausein practice
much more tEn.n equivalont of the metallic
oxide is required for eocting a complete decom.-

position of Na,3 ; third, becauss the recovery of
the metallic oxide from the sulphide is too
costly, always entailing a loss of some of the
metal, and never offecting a thorough utilisetion
of the sulphur. Buch processes have beon found
roore usefu) for purifying Leblanc’s iquors from
Na 8. Buill, stt.emgt-s are continually made in
this way—e.g, by de {D. R. P. 41981,
1887 de’s procesa (which employs zino
oxide) has been found to offect the desulphuri-
mtion very well when tried at the St. Gobain

works, but the separation of the Zn8 end the
regeneration of O were found to be too
troublesome.

. Ancther form of this type of process hae been
invented by Ellershavsen (Eng. Fats, 1015,
9112, 16876, 1890). He first forms » *ferrate
of sods,’ similar to Liwig's (p, 48), by heating
sodium earbonate with ferric oxide ; on filtering
s wlution of sodium sulphide through s layer
of ferrats of soda, the sodium “ldghide is entirely
converted, into sodium hydroxide, which can be
essily manufactured into commercial ocanstic
soda, The sulphuar is retained in the form of an
inscluble ferrosodium.sulphide, to which Ellers-
hansen gives the formnla Fe,Na,8,, and which
Tetains one-aixth of the total sods.
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ron or iron oxides decompose Na,S also st a
red hoat. Malherbe in 1778 pro iron which
was oXidised by the fire gases. Blythe and Kopp,
in 1858, patented the use of iron oxides. Their
process was tried on a scale, but given u
a8 usoless ; and this result has been confirm:
by very extensive experimente on & menufas.
tu.ring scale made l?: Lunge in 1886. There
is a double sulphide formed in this prooess, the
formula of which is stated by Stromeyer (Anna-
len, 107, 233) to be Fe,Na,3,; thie must bo de-
composed by CO, in ordor te yield Na,CO, and
FeS; but much H,S escapes, and the Fed is
much too impure to be burned for 80,, as had
been intended by Biythe and Kopp. The mass,
moreover, oontainse much sodium thiogulphste
+ and re-formed sulphate, and the fumace bottoms
; are vory strongly acted upon, whatever material
| may be used for them,

MaNuzacTURE 0F S0D4 FioM Sonitum NITRATE.
A very large quantity of sodium nitrate is
indireotly converted into oarbonsate, inasmuch
a8 it is first worked for nitric scid, and the
residual acid sulphate {‘ nitre-cake ’) is worked
up along with common salt in the ordinary
desomposing pans, A considerable number of
propoials have been made for making soda
y from sodium nitrate, always, of course,
with the condition of fully utilising the nitrie
acid aa well. For some time artificial potassium
nitrate was mado by decomposing native sodium
nitrate by polsssium carbonale, ohiofly in tho
impure form of carbonieed * vinasse,” from the
manufacture of beet-root sugar ; but this
has long been superseded by the use of Stassfurt
potaesium chloride.

Silica or aluming cxpel nitrio acid {rom
NaNO,; eo does calcium carbonate ; in all cases
the reaction takee place st suoh high tempers.-
tures thet the nitrio acid is decomposed, and
although ita re-compoaition can be effected b
an exoess of air and weter, this costs too muc
to compete with the ordinary manufscture of
nitric acid. The vessels employed are also
corroded to an enormous extpnt. The sdvan-

e of obtaining the sodium in the ahape of
gilicate, sluminate, or even hydroxide cannot
compensate for thoes drawbacks.

erric oxide is used by Bradburn (Eng. Pat.
08710, 1889} to convert sodium nitrate (being
the residue of Dunlop’s chlorine process) into
hydroxide.

MaNUPACTURE OF SoDA PEOM FELsPAR.

Soda felepar has buen several times proposed
for manufscturing sods—e.g. by Werd and
Wynsate (1857 and 1864), who heated it with
fluorspar, chalk, end lime ; but this process hae
been found far too costly even for potash, and
in pot likely over to anawer for sods,

MARUPACTURE OF BobA FROM CEYOLITE.

This mineral is found mainly in one locality
—nsmely, the bay of Evigiok, in South Groen.
land, where it was discovered by whalers, and
again by Giesecké (1806-1813). Since 1849 it
has become of some importance, because Julius
¢ Thomsen, of Co hagen, proved it to be
| eaaily dmmpossanby ime, and to yield very
: pure soda and alumine. It was fisst worked
» upon a large scale in 1864, end seversl factories
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wero erectod for this purpose in various parte of and is universaily sceepted under the name of
Luropo, but since 1865 the Peunsylvanis Sali | the Liverpool teel.

Manufacturing Company at Natrons, near The discrepancy between real soda and the
Pittsburg, has obtained the control of nearly | commernial test originstod in tho eariy d.aga of
all the aveilable mineral, 8o that no sods is made | the manufacture, wign the equivalent of Na,0
from it elsewhers, was considered to be 32 and of Na,CO, 84,

Cryolite is a double fluoride of aluminjum The percentage of Na,0 'n 'Ns,CO whS

and sodium, of the formula AlLF,6NaF ; in the | therefore cousiderod to be 5926 p.c. 2a,0.
ure stete it contains 12:85 Al, 32'78 Na, 54-37 | With the modern equivalenta of 31:53, the
, correaponding to 24-23 Al,0, and 44:17 Ns,0, - actual percentage of Ne,0 in Na,C0O, is of
but as it comes into trade it usually contsine ! course 6849 p.c. Na,O.
about 15 p.c, of imfurities {galona, Elyntea. fluor- In the same way, a caustio soda with an actual
BpAT, limee{:r). t is s snow-white mineral, ! test of 70 p.c. Na,O would, by the commercial
easily fusible, and soluble in concentrated sul- | test, bcssin? to contain 70-92 p.c, Na,0, A.C
phuric acid, but insoluble in hydrochlorio acid. Sodamide NaNH, wae discovered by Gay
. Thomsen's process for working it up {whioh | [ 055 and Thénard. It is produced when a
is the only one carried out in practice) consiste ; golytion of sodium in liquid emmonis is allowed
in igniting jt with cslcium carbonate, when CO; | 14 gtand at the ordinary tomperature :
escapes and soluble sodium aluminate, with in- 9Na+2NH,=2NaNH,+ H
soluble calvium fluoride, romain behind : i .3 e
AL /6NaF +6CAC0,= Aly0y,3N0,0+0CaF, 600, | L1¢ Feaction is considersbly accelerated by the
i?i.nely-gmund eryolite (100 parts) is inti- | Presence of a catalyst, uch as platinised ashestos.
mately mised with 160 parts of ground chalk,|  The }W;li mghmf preparation, and the
and somo of tho impure CaF, obtained in the | 5% STP.OY ecunically, ?f;”: ::Ihmg -
process jtsolf is added to the mixture, which ;“mow%,%smw - . wh iri
causes it to docompose more completely and | heated 'D a1 lron Telorl, Waien Lt 18
; . obtained as & waxy mass which is white when
groatly increasce ﬁ:e o rgl:ldof valu]t:molf roductaé perfectly but usually possessos & brownish
'he masa must be ep in a thin lsyer, an 2 b
must be hested to  red heat, but short of being | OF greenish tint dus tg/the presence of traces of
fluxed, which would cause an imperfect decoms- | © %;:"b‘hmm ide softons at 149° and
position, This is done in furnaces specially con- |  FBeR ORECs sodami bright reen. Liquid
struoted by Thomsen for this pu.?oee. which | 8 o T de e inta e
ii'n ish eaghul;hh B Ao fdﬂ odwhk:.:h hoursgz(g{ ele::mt& bn:ait llnayel:’:istilled u‘;dc}r' ordinary
unge’s urio Acid an i, iii. p. N . ;

The furnace charge is put, while h(l:t.. into Pm“’?ﬁ“ ‘b‘;’:t 400° "‘hw °:.lry libghbto:lg;
the lixivisting tanks, and is methodically washed, | COmPoal °“h bo;m wnd beoa a pubiy
Thennjduegfmmthiaopemﬁonismimun mm:: A rre ?sodx u:lt: .
calcium fluoride {containing 62 p.o. CaFy, 12 pro. bo"m mtem‘l;nd‘hmélmxi 3 ° Sod ‘m:i mis o ex.
CaCOy, 56 p.o. Ce0, &0.). It is used for making | 088 e o B0 ;muﬁ o Cwrront
bottle glass, for ensmelling stone ware, as a o mlfcl.y ’d_l’?'ct". d:?:‘b"m“' d?“ in Ttod into
n{ot-al.lurgic&l flux, &0, The solutifon of ;34:11'\3_“.? oym ’x:le ioxide it glows, and is converted in
sluminate obtained, which tests from 48° anamude
Tw., is decomposed in revolving cylinders, or in 2NaNH,+CO0,=2NaOH +CN"-NH,
vesacls %rgnded with agitatom, by the carbon | with nitrous oxide it yields sodinm azide :
dioxide from & lime kiln. . NaNH,+N,0=N,Ns+H,0

The final result of the decomposition is Tt is decomposed by water with explosive
stated thus : viclence, producing ammonie and caustio eods,
Al,0,,3Nay0+3C0,+3H,0=Al(OH)4+3N8,CO;y; | and acts ss an extromely powerlul dehydrating
but in reality & compound of 45 p.c. alumina, | sggent. On this ecoount it has of late years
20 p.o. sodivm carbonate, and 36 p.c. water is | been manufsctured on the large scale for uso in

ipitated in & granular state, and must be ! the artificial indige ind to replace the
reed from soda by long washing with hot water, | cangtio soda formerly employed to remove
This is carried on until the aluminium hydroxide | water in the conversion of phenylglycocoll into
contains only 2 p.o. of scde. Most of it is con- | jpdigo blue (téde INDIGO, ARTIFICIAL).
verted into aluminium eulphate by dissolving it ﬂ hag also found application in many other
in dilute sulphuric scid at 90°C., and boiling | organic syntheses, andp in the preparation of
down the solution in coppor pans to tho con- | pure hydrazine, which it yields when heated
sistency of treacle; it is then poured into | with hydrazine hydrate.
moulds and solidifies on cooling. The richest |  Sodamide is sh intermediate product in the
commercial article containg 20 p.c. Al,Qy. | mapufacture of sodium cyanide. In this pro-

The solution produced in the precipitating | cess, ammonis is led into a fused mixture of
veseels is boiled down to 66°T'w., and on cooling | godium cyanide, metellic sodium snd carbon,
yields a crop of extNmelg'AEure soda crystals, | when the sodamide first produced reacts with
containing hardly more § p.c. of foreign | the oyanide to form disodinmeyansmide :

salte. The mother-liquors are 80 pure that they NaNH, 4 NaCN=CN-NNa,+H
can alwaye be taken back again into the procesa. At a aomewh:t higher tem tu:'e. t;is com-
Tas Comuricut Sopa Test und is decomposed by »ﬁ" carbon present,
The commeroial sods test used for trade converted quantitatively into sodium

for both caustic goda and soda ash | cysmide.
not agree with the real percentage of Na,Q Sodlum nitroprassideNa [Fe(NC)(CN),],2H,0
in the product. This is well known to the trade ' was discovered by Flayfsir in 18530. . In order
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o propare it, powdered putassium forrocyanide
in treated with twice its weight of concentrated
nitric acid, previously diluted with its own
volume of water., The mixture turns brown,
and carbon dioxide, cyanogen, nitrogen, and
bydrocyanic acid are evolved. As soon as solu-
tion is complete the liquid is warmed on a
water-bath naotil & few give & slate-
coloured precipitate on the ition of ferrous
It is then allowed to cool, whea
u'f;l._nla of potassinm nitrate separate out. The
eolution separated from the crystals is neutralised
“l:n nod.ll;nm mo;rbonsle, f'i)l‘temd, and enporaleéie,
when ruby-red crystals of sodium nitro i
are cbtained, which must be recrysmm to
free them from admixed nitrate.

_ Another method of preparstion consists in
mixing a concentrated aqueous solution of ferrous

V

temrn&ure for five hours. Ferric h

is depogsived, apd ni apd nitrie oxide

evolved. The liquid is heated to 25° for &

short time, made alightly alkaline with csustio

nda,ﬂmﬁ.nndtheﬁum nitropruaside ob-
isation.

of erystallisation. It dissclves in 2} parts
water at 15°, and in & smaller quantity of hot
water. The solution decom:

e ) oh eIposure
to light with separation of jisn blwe and
evolution of nitric oxXide. A oconcentrated

salution is used as & reagent for the detection of
amall amounts of sulphur existing in the form of
alkaline m]%ida. s desp violet colonr being
_ e oolour is safficiently intense to
noticeable in a solution containing ouly
! in the form of ammonium
sulphide, and by employing e ca tube when
:21 the test ono-tenth of this amount
be as concentrated as

i

The sclution to be tested must
ible, and an excess of

The pature of the coloured compound

duced is at present a matter of uncertninty.m
it is probabl ted by the formula
Nn,[ke(NO-SIi_s) Y4] a8 the action of thiourea
o sodinm mitro ide yields a compound
No[Fe(NONH-C3-NH,)(CN),) which ia & car-
mipe red powder, closely resembii sub-
stance formed from nitro ides and sulphides.

:gﬁl". lell}lgm v. LoTes,

{ lassification.  Various olagsi-
fications of woils heve been proposed, tho most
genersl may be described as * Genetio,” in which
the position of the soil is determined by its
origin, and the factors of climate and v tion
which have given rise to it, Tulaikofl (J. Agric.
Bci. 1008, 3, 80) distinguishes :

L Laterite poils developed in humid tropieal
elimates and marked by a large proportion of
bydrated ferrio oxide and alumina.

% gglado? ]:::dry o distin,
oto, -
e, often

uished b
their richnegs in soluble i v

B,
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4. Black soils {Tchemozem), containing large
guantitics of neutral humus,
= D. Uray foreat soils oont.sinini less humus,
6. Peat and ashy eoils (Podrol). In this
group aro inoluded all the eoils of Great Britain.
7. Tundra soils

Under British conditions we may distinguish
between sodentary soila which have arisen in
sile t.hmug::!tha weathering of the nnderlyinﬁ
rook, and drift soils (soils of transport or alluvia.
soila} which have reached their present position
through the action of running water or iee.
The mixed soils of steep slopes which have
either boen washed or rolled down from above
and containing anguler fragments of diverso
origin are ometimes separatod a8 colluvial soils,

The farmer is accustomed to classify soile
sccording to the ease or otherwise with which
they can be worked, as sand, loams, sad clays,
with suitable subdivigions, eg. sandy losma.
Theso terms however, widely differcnt
mesnings scoording to the smount of rainfall
which provails, and can only be given any
scientifio value by corrolsting them with the
mechnn}i,ml analysis of the wiftbuod

(2) Prozimaie composition o i ; mechani.

a) 2. The texture of the soil and the
maoner in which it will behave under cultivation
are determined by the relative proportions of
sand, ¢lay, calcium carbonste, and humus or
organio matter which it contains. By sand is
meant the ccarsor particles generally consisting
of nilica. Asit ia convenient to tako an arbitrary
limit of size, sand may bo defined as consisting of
particlea smallar than 1 and cosrser than 004 mm.
in diameter, Such material is distinguishod by
the small amount of water it will contain and
by ita lack of coherence when dry. Clay con-
gista of the finest particlea present in the soil
and is distingui by the large amount of
water that it will zetain, by ite plasticity and
impermesability to water when wet, snd by ite
power of shrinking and crecking when dry and
swelling again on wetting, hen diffused
through water, the cla{ perticles can be floccu-
lated or tod small quantities of
various scluble salte ﬁ&ﬁ and Morison, J. Agric,
Sel, 1907, 2, 244). 6 properties of clay have
been attributed to the presence of a small pro-

rtion of colloidal material, but it is doubtful
if any such distinction can be drawn. If we
take 04002 mm. as the superior limit of size for
the clay particles they run down without any
break to perticles of ultrs-microscopio size
which remsin indeﬁnitsg“in suspension in &
neutral liquid, forming t might be described
aaa * colloidal solutjon.! While clay mainly con-
sista of hydrated ailicates of slumina (kaolinile)
thers are also present notable proportions of
geolitee—double silicates of alumina with soda,
potash, lime and egia, alsc ferric hydrales
and an admixture of very finely divided silica.
For the dp of analysis, the clay particles
are divided by their size and not by their chemi-
ca] composition, 1t is %enerall convenient to
distinguish the groups of particles intermediate
betweoen eand and clay as silta.

All fertile soils conisin some pmﬁo;tion of
caloium carbonate finely disseminated t. out
the soil. The proportion may vary from 60 p.c.
or mere in purely caleareous soils down to an
inappreciable amount. Soils in which calcium
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oarbonste and
distinguished as

The organio matter of soils consists in the
msin of the débris of previous vegetation, It
is s mixture of various complex substances,
some of them containing nitrogen, and from it
a few distinct compounda lnvl;ogean isolated {see
%k;m. H;St.hfumu of Boils, usml]mssmd 74).

ilosoi organic matter
» neutral resction ‘rg:in Isrgely consista zf caleium
:l;l: of the so-called * hdt:;.nic acid.” Humic nig

not possess any distinot composition an

though it msy in pert be identical with the
humic acid that can be prepared by the de-
composition of sugar, it cannot be obtained from
#oil in & state free from nitrogen. Humic avid
is soluble in wmmonia end other alkalis and
msy be from #oil, peat, &o., by first
treating the material with hydrochlorio asid to
decompoee the oaleium humste, washing, and
then eoxtrsoting with an elkali solution from
which it may be procipitated by acid. Soils in
which the organio mattcr predominates are
alwsys black in colour, retentive of water and
md of & very friable texture when dry,

peaty or boggy aoils may be either acid
in reaction, e.g. peaty and moorland soils, or
noutrel like the soils of the Fens,

The separstion of the ecil into ite proxzi-
mate constituents is Imown ae & mechsnical
anslyeis, and tho process conaists in ing the
particles (6) according to the velocity of the
stream of water by which they can be carried, or
(3} sccording to the time in which they will
romain suspended in & column of water of &
given height, The two mothods ara identical
in principle and may be made to give similar
results, but in most laborstories it is convenient
to adopt the beaker method of separstion by

suspension.

A. Sampling. In Great Britain, the layer
down to a depth of @ ins, ia weually considered
to represent the eoil. Probably a depth of
20 om. wyuld have been :lnm th:“iam A sliinee
it re ta more nearly yor which is
usunﬁym::}nod by the plough, but s0 many
analyzes have now been made on the 8 in. basis
that it is desirable to retain the convention, In
certain cases of very shallow eoils the eoil
changes suddenly at a amul.li:&eip&h than 9 ins,
into something whioh can ly be regarded
a8 sub-soil, as for instance, into pure rock,
In these casee, the sampling must be stopped at
the line of division, which should be recorded,
To obtain & umgle two methods are commonly
employed. In the first, & ateel box, 6 ins. in
section, is driven into the ground to a depth of
¢ ina, and jta contents removed, In the second
0ase, an suger of not more than 2 ins. in dismeter
is employed, It in always necessary to take =
number of samples on the ssmo piece of land
end mix them before analysis, and the advantage
of the auger method lies in the number of
samples that can be quickly obtained without
unduly incressing the bulk of material to be

dled, The first sampling is usaslly followed
by & second one, taking the second 9 ina. to
represent subsoil. Small ssmples for
examination, snd even for approximate anslyses,
may be rapidly cbtained down to & considersble
depth by means of sn auger such ws is ueed by
shipwrightsa., For detsils of sampling, Hall's

olay predominate are usoally
marls,
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*The Soil’ (Murray, 1908), p. 47, msy be
oconsulted Y P e

The samples, on resching the lsborstory,
should be spread out on shallow trays to dryr{t
& tomperature not exceeding 40°. The prooves
is much acceleratot by cocasionally stirring and
by crumbling down the lumps of stiffer soils
with the fingers before they betvme guite dry.
The dried eoil is h a brase sicve
with holes 3 mm, in diameter, the lumps being
gently worked down in 8 mortar with & wooden
pestle. The material ing through the sieve
is approximately weighed and also the material
remaining on the sieve, which is then thoroughly
washed on the sieve under s stream of running
water, After drymi. the atones which remain
on the sieve are weighed to obtain the proportion
of atones in the total sample as brought from
the field. The material which passes the 3 mm,
siove is regarded ae the fino earth for analysis.

B. Mechgnical analysis. Two portions of
10 grms. and one of 50 of the fine earth
are weighed out. One 10 grm. portion is dried
for 24 hours et 100°, and then ignited in an open
basin over an Argand at s dull red heat with
occasions] stirring to obtain (1} hygroscopic
moisture, (2} loss on iguition. second
10 ot is in & basin and covered with
100 0.0, of N/5 hydrochloric acid to dissolve
out the carbonaies and break up the oaloium
humate, The soil is rubbed up into & fine paste
with a Tubber pestle mede by fixiog a small eolid
rubber bung cn & stout glaze rod.  After stand.
ing for an hour the soil is thrown upon » tared
filter and waehed until all acid is removed. The
fillter and jts contents are then dried, tho llinu
re i the hygroscopio moisture plus
soluble :ﬁt.;. The soil i now washed off the
filter with water containing about 1 c.o. of
smmonis in 500 c.0. water on to & amall sieve
made with Neo. 100 brass wire cloth, the portion

ing throngh being collected in & beaker 7 or
o.0,in dinmeter with s mark on the side 8-5 c.o,
from the bottom. The material on the sieve is
dngd éa:d weighle-d tgs represent the oousef m
an © grave the proﬂrhon o i
ooarse material iz likely to affected by
irregular n:iplin%when termined on 10 grms,
only, it is advisable to repeat these operstions
oo the 50 grm. sample without, however, pre-
serving the matorial passing through the siove,
Theo residue after drying and weighing is then
divided into *fine gravel® and ‘ocoarse sand *
by mesns of & sieve with round holes 1 mm. in
diameter. The beaker containing tho portion
of the 10 grm. ssmple which psased through the
wire cloth sieve i8 now well stirred up with the
rubber pestle, filled to the 85 mark with
emmonincsl water snd put aside to stand for
24 hours, The turbid supernatant liquid is
then rapidly poured off into s large jar, and the
deposit at the bottom of the beaker is rubbed u
with & rubber pestle and more ammoni
water a¢ before. The operstions of filling up
1o the mark, standing for 24 hours, snd pouring
oft the turbid liguid are gone through as before
and repeated every day as long ss any materisl
remains in euspension for the 24 hour peri

Generally, 7 to 10 deoantations will be o t,
after which the bulk of turbid liquid is evaporated
down and finelly brought into & beasin,

dried and weighed. This fraction consista of



S0ILS.

clay t;:lioles lees than 0-002 mm. in dismeter,
m with & certain amount of bumus.

ited a8 before snd re-
weighed to o

ing it i igni

sediment from which the clay has been removed
is worked up as before in the beaker, which,
however, is only filled to the depth of 76 em.
The ocontents are allowed to stend for 12}
minutes only, when the liquid is poured off into
s large jar aa before, e operstions are re-
peated until il the sediment settlos in 12}
minutes and the liquid abovo is loft quite clear.
The contents of the second jar are now eva-
porsted to and weighed as in operation
3, before and after ignition ; this fraction is
designated * fme ailt’ and conaists of particles
between 0010 and 0-002 mm. in dismeter.

The sediment remaining in the beaker is
worked up afresh just as in the provious opera.
tions, the merk being now placed 10 cm. from
the bottom of the besker, and the timo of settle-
went fixed at one hundred seconds. The sedi-
ment is dried and weighed as * fine sand * while
the portion that is poured off ia obtained by

evaporation as in the previous operations and
is Emted as *ailt.” The soil has thus been
i :

d into the following serice—

Diamster in nltllgm
), Btones and gravel — 30 jSeparated
2 Fins gravel . . 10 y sift.
3 Cosrse mnd . .10 03 ing.
4 Finemnd . <08 004 ) L ied
&8 . . 0 00l b
& Fmeslt . . 0401 0002{ 7
.Cey . . 0002 — £ooe.

The sizea of t.heesnrtiolu in the above groupe.
which is determined by the depth of the liquid
snd the time of seitlement, are purely conven-
tional and sre those in use by agreement in the
United Kingdom. For discuasion of the method
see Hall, Chem. Soc. Trans, 1904, 85, 950,

CHEMICAL ANALYSIS,
As in & mechanical analysis, certain conven-
tions 85 to the sampling, nature of the sclvent,
sad timo of its action have to be adopted. The
conventions followed below are general in the
United Ki m. The air-dried fine ocerth
passing the 3 mm. sicve is taken and a portion
of about 100 grma. is ground in & mill or broken
in a steel morter until it sll pesses through »
?‘!au with round holes dl lor:sm. in dismeter,
FEroscopio Mmoisture an oo ignition are
deu:minel:i as before.
of &anmi B 3;-1.1 bineg;ji:m?mt? pod o
ma s proocsa ;
no eorrection need be mu.{:
s present,

D. The determination of calcium and other
earthy carbonates is of great importance,
especially when the amount is low. It is not
mfficient to determino the calsium, which may
be present m considerable amounts as pilicate,
bumate, &r., oven when the eoil is soid from
Inck of caloiom carbonate. The ecarthy car-
bonstes are best determined from the carbon
dioxide evolved on treatment with acid, bein,
caleulsted as they oonsisted entirely ol
ealciam carbonate, The most cxact method,

in the weight of the * elay,” The '

for tho nitrate that | b
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dilute acid at low preasure, abaorbing the carbon
dioxide by dilute eaustic soda in a Reiset tower
and estimating the carbon dioxide by double
titrstion, first with phenolphthalein and then
with methyl onnfo as indicators {sec Amoa, J.
Agric. Bei. 1005, 1, 322).

E. For the determinations of soluble ocon-
atituents, 20 grme. of the powdered soil are
plwadinaﬂnkof.lemg , covered with
about 70 e.c. of strong hydrochlorie acid, and
boiled for & ahort time over a naked flame to
bring the scid to oconstant streagth containing
about 20-2 p.c, of pure hydrogen chloride, The
flank iz loceely stopperod, placed on the water-
bath, and the ocontents wed to digest for
48 hours. The solotion is then eooled, diluted,
and filtered. Tho washed residue is dried and
weighed aa the matcrisl insoluble in acids.

e solution is made up to a litrs and sliquot
portions are taken for the various determine-
tions, The analytical opermtiona are carried
out in the usual manner, but special care must
be taken to free the sclution from silioa and
organic matter,

For determination of the potash and phos-
phoric acid, 50 ¢.o. of the solution is taken and
evaporated to dryness, sbout half s gram of
ealeium oarbonate being added during evapors-
tion if the soil is poor in calcium. The contenta
of the dish are then ignited over an Argand or
& Bunsen burner at a black or very dull red beat,
the material being constantly stirred with s
small glaas peetle made by flattening out the
end of a glass rod. After oooling, a few c.c. of
water is added and the maas ia worked up
with the pestle, 50-80 c.o. of wwter is then
sdded snd the contents of tho dish are boiled
for halt an hour. The solution is filtered off,
the residue washed and the solution taken for
determination of the potash by ﬁrecipitation
with platinio chloride in the usual way, Tho
regiduo i» washed back on to the dish, 50 ¢.c. of
water and 10 c.0. of atrong sulphuric acid are
added and the whole boiled for half s hour.
The solution is filtered and used for the doter-
mination of phoaphoric acid by proecipitation
with ammonium molybdate, the molybdic acid
Erecipimte boing cither weighed or eetimated

y titration. some cases, fnely divided
ferrio oxide comes through the Alter paper in
making up the solution, in which case 5 c.0. of
hydrochlorie acid is added and the whole eva-
porsted nearly to drynesa. This will bring the
wron inte solation, when it will not interfere
with the determination.

Caloinm, magnesium, iron, maenganeae, end
sulphurio acid may aiso be determined in the

ric acid extract.

The determinations just desoribed givo what
ip commonly cslled the total plant food in the
soil. It will be eeen that the quantities re-
vealed are usually very great, if we congider that
the lsyer of s0il down to the depth of 9 ins. over
an scre weighs from 2} to 3 million pounds.
As a rule, hydrochlorie acid will extract some-.
thing in the order of 0-1 p.e. of phoaphorio ecid
and %rom 0-3 to 05 p.c. of potash, proportions
which would correspond to about 3000 pounds
of phoaphoric acid and 10,000 lbe. of potash per
acre, whereas the average crop will remove not

when, the quantity involved ia small, consiste in | more than 50 Ibs, of hus?honc acid and 200 lbs.

liberationg the ear

dioxide by treatment with
Vo V—T.

jperaoreofpoush.

t in clear that the quantities
4
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thus determined throw very littlo light upon
tho need, or otherwise, for tho application of

rticular fertilirers to the soil, aince the soil
ia shown to contain far more than is sufficient
for s maximum crop. Even the extraction with
h hloric acid does not measure the total
amount of plantfood in the soil ; if, for example,
the goil ja completely brought into solution by

fusion with ammonium fluoride sas much as;

2 p.c. of potash may bo found in elay aoils, and
this quantity is in & sense the only aheoluic
measurement that can be made.

To order to obtain by analyseis some practioal
guidance as to the requirements of the soil,
attempts have been made todiscriminate botween
the totalamountof plant food in the soiland that
which may be ed as readil
plant, i.e. that which is soluble in such weak
solventa ag may be at work under natural con-
ditions. In the soil in &t there is cvery reason
t0 suppose that the solvent action is carried on
by wstgr oc.}:aet.mnxnga1 oarhlim dioxide én sollition,

] the natural soil water, an y
tl?}?;t {nofo concentrated solation omr&
dioxide which forma in contact with the plant
roots that are always excreting carbon dioxide,
As the gases entangled in the soil always contain
more carbon dioxide than ordinary air (up to
& p.o. by volume), the soil water oontains a
correaponding amount of ocarbon dioxide, and
80 becomes a more effective solvent of phosphorio
scid and potash. Attempi{s have been made to
use water saturated with carbon dioxide as an
analytical agent to determine the avsilable
minera] constitusntsin the soil ; but slthough this
i8 the solvent with the beat & priors justification,
ita uge has not been general and are uot
sufficient data obtsined by ite means for com-
parison, For the present, therefore, it must
remain a3 sresearch method hardly available for
general snnl'vtioa.l purposee. It is customary to
employ & solution coutaining 1 p.o. of citric acid
to Eobermine the phosphorio acid and potesh that
may be regarded as available. Other available
conetituenta whioch may be takem to measure
the fertility of & given soil are the nitrstes and
the ammonium com ds and also the humus
compounde soluble in dilute alkali—the soluble
humus or maiiére noire—which ropresents that

rt of the o:x::‘ijc matter in the soil likely to
» readily oxidised.

F. Nitrates. The soil sample must be
rapidly dried in the steam oven, since slow
drying at temperatures a little above the normal
w?ul multthin t]lio formt:.lion (;fd enr:;'stes
After i o 80il is roughly po an
pssaedd{m%lgh & 3 mm, uievey ss bofore.

ms, of the samplo are then packed on a

uchner funnel, 0 ins. in diameter, connocted
with & filter puomp. The soil is washed with
successive portions of hot water, and if care is
taken to avoid plastering the wet soil it ia
possible to wash sll the nitrates through in the
first 100 c.c. or 80 of tho water that reaches the
filtering flask. Tho nitrates in the solution thus
obtained are estimated by the standard methods,
In the Rothameted laboratory, it has been found
most convenient to proceed by reducing them
to smmonia by the zino.copper cvouple, as
devised by Thorpe ;Chem. Soo, Trans. 1873,
26, 5641). Stri]pe of thin sheet zino about
6 inn. long and 1} ins. broad are cleancd by

availableto the '
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immersion in dilute caustic apda, followed by
very dilute sulphuric acid, and are then dipped
in & dilute solution of copper sulphate until
! they havo obtained a hea:ﬁv black deposit of

copper. After washing finally in ammonia-free
water they are placed in & bottle with the acil
extract and s crystal of oxalio acid., The bottle
ia kept in & warm place or an incubator at 25°
for 24 hours, then the ammonia ia distilled off
and determined by titration or by * Nesglerising.”

G, For determinations of the ammoniom
salts, 100 grma. of the soil are placed in a dis-
tillation Oask with 2 grme. of maguesia and
100 c.c. of water. The tube from the flagk ia
connected to a 100 e.c. pipotte which leada into
a filter Haak se: ::ig as a receiver and containing
60 c.c. of standard acid, The distilling flaak is
H:.:ed in a water-bath kept at 30° and the filter

k is connected with & purmp to maintain s
partisl vacuum, Distillation et this tempera.
ture for 0 hours, after which the
%ipet-t.e is dizconnected and the acid tilrated {see
uasell, J. Agric, Sci. 1910, 3, 233).

H. Available ic acid and polash,
200 . of air-dried s0il are placed in & Win.
chester quart bottle with 20 of citrio scid
and 2 litres of water. By the original method
{#¢e Dyer, Chem, Boc. Trana. 1804, 65, 115), the
contents of the bottles are shaker up from time
to time for 7 daya and then filtered ; but it has
been shown that identical reqults can be obtained
in 24 hours if the bottle ia placed in an end-over-
end shaker and kept in continuous agitation.
After filtaring, two portions, each of 600 c.c.,
are taken for the determination of phosphorio
scid and potash by the methods proviously
described, after evaporastion and incineration
to get rid of the citric acid and dimsolved silics.

. Joluble Aumus, 10 grma, of the air.dried
soil are treated with dilute hydrochlorie scid in
order to decom the humus ag in the method
for mechanioal analysis. After filtering and
washing away the acid the s0il is washed into a
Aask with c.c. of 4 p.c. solution of ammonia,
Flask and soil are then shaken for 24 hours,
sllowed to stand for soversl hours, and Altered
until 200 c‘c.iof ﬁ.ltrau; shr: obt.ainold. z{hiﬂ'
representin, grme. of the original moil, is
then evs grat.ed to ees in ag basin
and weighed, The bagin and its contenta are
ignited to determine the msh and i j
matter also preeent, the weight of which must
be deducted from the weight of soluble humns
previously obtained, Determinations arc some-
times made of the mitrogen contained in the
soluble humus ; 50 c.c. of the exiract are placed

200 | in o Kjeldahl distillstion flssk and B\mgonted
grms,

nearly to dryness with the addition of

of magunesis, after which the residue is digested
with sulphuri¢ acid and the nitrogen estimated
in the ususl way.

J. Physicsl delerminations. In addition ‘to
the mechanical analysis of soils, several other
physioal constants of soil have, from time to
time, been determined : for example, the maxi.
mum and minimum water capaci S:, the capil-
larity, the appareat and’ real ity, the
hygroscopio moisture, the heat evolved on
wetling {Benetzong-wirme), specific heat, Xe.
The methods by whioh these determinationns are
made maE bo found in standard works on moil,
but at the present time little value can be
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sttached to the results. In meny cases, the
recults are conditioned by the state into which
tho aoil has boen brought by the process of
namnpling, end as no sstwfactory method exists
of testing the soil in situ or bringing-it in an
unchanged condition into the laboratory, deter-
minations made upon the usual samples

oo value. Further, in neardy all cases it is
difientt to attach any in tation to the
results, +v.e. to correlate m with the
bebaviour of the soil in the field. To two deter-
minstione, however, some practical value may
be attached, viz. the hygroscopic moisture and
the water conteut when the aoil 1s in its optimam
worl:in.;[oondition and posseeses & crumb struc-
tare. Hygroscopic moisture is usually deter-
mined by erposini the dried soil in & shallow
tray to an simosphere satursted with moisture
at the ordinary room temperature. The dish
cn-nuinins the s0il is placed under a beil jar over
water and the interior of the bell jar ia lined
with filter ;p;ﬂm which dips into the water
below. It will be found almost impoasible to
obiain consistent results by this method because
of the deposition of dew upon the dish or the
il A better method is to place the soil in a
shallow layer in a flat boat contained in & wide
tabe. The tube iz immersed in & wator-bath,
maintained ot a constant temperature of 25° by
s thermostat, and a slow current of air is drawn
over the soil, the air current being previowsly
bubbled through s potash bulb containing water
immersed in 51e same bath, so ul?;ngeoome
sstureted with uanr st the tempersture of
the experiment. Consistent and comparable
resulte can in this way be obtained, and the
hygroscopie moisture thus determines nerves as
s meagore of the absorbing surfece posscesed by
the moil. The water oontent of the eoil in its
optimnm working condition ia a coneception
introduced by F. K. Cameron (J. Phys, Chom.
1910, 14, 320) and represents that condition in
which the s0il can be cultivated and made to
break down into small partioles without puddling,
Beveral pounds of the soil in & dried condition

are in & basin and slowly wetted
with a fine spray of distilled water; soil ia
y worked about with the hande to

equalise the wetting, and it will be found that s
m is eventually reached when the soil is
istctly moist and yet can be broken dowm to
& ecrunb without getting into & pastdy condition.
It the moisture is increased beyond this point,
the soil becomes obvioualy wet and geta sticl
and puddied when any attempt to work it is
made. The experimenter must use hin judg.
ment as to when the right point has been
rwched, then o sample of the soil is taken and
ita water content determined. 'With a little prac.
tice it will be found that successive resulta can be
obtained with the same soil that agree within 1
or 2 p.o. The mean of seversl determinations
ms% taken as the optimum water content,
'or further parti , the following bocks
may be consulted: Hall, The Soil, don,
1908 ; Hilgard, Soils, New York, 1908; Wiley,
Principles and Practice of Agriculturel Analysis,
vol, §.; Ramann, Bodenlmn Borlin, 1911,

Baiorenia or TEE SoOIL.
A ition of the importance of the
bidogim at work in the soil i4 com-
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paratively recent, indeed it can hardly be said
to dato further back than 1877, when Sohloesing
and Méintz showed that the formation of nitrates
from the organie nitrogen compounds in the
soil is a process brought about by a living agency.
It is now agreed that as regards all the com-
pounds of carbon and nitrogen present in the
aoil, their transformation into compounds
oapable of serving as food for planta ia brought
sbout by miecro-organisms ono claes and
another, and that the fertility of the aoil is very
largely determined by the relative activity of
the different grou It is possible to show by
the ordinary metl of plate calture that the
soil contains baoteria in numbers of the order of
05 to 50 million per gram of soil, and there are
several important groups of beoterta which do
not grow on the ususl gelatine media and there-
fore do not get included in this aocount. In
addition to the bacteria, the soil poaseases a
micro-flora of yeasts, mounlds, and cther fungi,
while latterly certain hi organisms—
toroa and ammwbae, nematodes and the like,

ve been ahown to play an important part in
determining the activity of the lower organisms
and therefore the fertility of the soil, A large
smount of work has been done in the way of
isolating and describinf particulsr organiama
nt in the soil, but for ical pur it

is lems important to identify epecies n to
ascertain the oollective activity of groupa of
organisms which possess the eame function.
Many efforts have been made to measure the
sotivity of these varlous groups so as to obtain
s quantitative estimate of faotors which
determine the preparstion or deatruction of
plant foods, but It cannot be said as yet that the
methods devised are eati , or have re-
ceived general aoceptance as leading to results
which can be correlated with the fertility of the
soil when determined by the yield of test plota.

The =soil nisms may be oonveniently
grouped under following heads :—

(6} Humus-making organisms whioch trans.
form carbohydrates end other plant residues
into humus

{b) Nitrogen-fixing organisms which are
capable of taking up fres gassous nitrogen and
bmn it into combination in the material of
whi ir own oells are composed.

{¢) Ammonia-making organisms which attack
the proteina and other lees somplex compovnds
of nitrogen snd break them down with formation
of ammonia.

{d} Nitrifying organiems which oxidize am-
moninm compo and give rise to nitrites
and nitrates.

{¢) Denitrifying organisms whick reduce
nitrates to nitrites and to free nitrogen goa. In
this gronp are generally included a further set
of organisme, probably distinot, which set free
nitrogen gas from organic compounde of nitrogen.

In addition to main groupe there are
other organisms which sometimes play an im-
portant part in the soil, for example, the reducing
o iams which form sulphides, b, en el-

o, and free sulphuar from su.lEhates, and the
iron organisme which secrete hydrated ferrio
oxide from solutions oontaining ferrous car.
bonata.

1. The relative predominanos of organisms
of the bacteria ov fungeid type seems to-be
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detormined by the reaotion of the soil. In
neutral or very elightly alkaline soile, bacteria
prodominate, in aoid soils, micro-fungi sre
chiefly active and many important groupe of
bacteria, such as those bringing about nitrogen
fixstion and nitrification, may be entirely
absent.

For the determinations of the number of
organisma prescnt in the soil, and indeed for all
delerminations of bacterial action, special
samples must be taken.

thin brasa tube about 1 in. in diameter,
sharpened at the lower end like a oork borer, is
forced into the soil to a depth of 6 ins,, then
placed in a sterilised glass tube plugged with
sotton woo] for removal to the laboratory.

Another method which ig more convenient, as
vielding samples from various depths, be b
the construction of & special boring tool whic!
cnn be driven into the ground, tool con-
nista of two stripe of steel, § in. in thickneas, 8 ina.
long and 2 ina, wide, each bent down the whole
length of the strip 50 as to form two wings, 1 in.
wide, at r'iﬁ:t angles 40 one another.  The edges |
are then bevelled off until the two piecea of
steel can bo put together so a8 to form s box,
1 eq. in huﬁn ;wtion and 8 ir::;:.i ll;mg. in which

ition t eces aro rotein steel rings
mch can be forced over the t.vmy onds. The
Jower end of the tool is sharpened and it is then
driven into the soil to the required depth of
Gins. After removal, the rings can be imocked off,
whereupon the box falls a; showing & square
core of soil, any portion of which can be taken.
In the laboratory the soil, still in & moist
oondition, is carefully broken down with a
rpatuls and is worked through a zieve with
holes 3 mm. in dismeter, portions of
25 grma. are weighed out, one is dried to doter-
mine the water content, the other is shaken up
for about 5 minutes with 280 c.c. of sterile
Wdogical salt solution, containing 056 p.o

ium chloride and 0-2 p.c. of magnesicm sul-
phete. From this turbid liquid, 1 o.c. is
pipetted off and added to another flask con-
taining 99 c.c. of similar sterile aalt solution.
Aftor well sheking 1 c.0. from this dilution is
again transferred to a further 89 c.c. of starile
salt molution, and after :sw.i.n ahaking 1 c.c. of
thin last cilotion is added to a teet tube con-
taining 10 c.c. of nutrient gelatine, and the
plate poured in the usual way. The platea are
incubated for 8 days at a temperature of 20°;
ocach plate representa 0-0001 gram of soil in
ite moist state. The gelatin medium ueually
employed contains 1 p.c. of boef extract, 1 p.c.
of peptone, and (-5 p.c. of sodium chloride with
10 to 12 pe. of gelatin. A gelatin medium
has the advantage of showing the liquefying
organiams, of which a separate count can be:
ade; humus.msking orgsnisma can also be
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or give rise to secondary colonies. Amnother
upeful medium is apil-extract agar up 8
followa : Equal quantitiez of water and soil arc
boiled for half an hour and filtered, the liquidl
being further filtered through a Chamberland
filter to get a clear oxtract. To the oxirect,
1 p.e. peptone and 1 Jc. dextrose or 1 p.c.
dextross alone are added, and the jelly is made
up with )} p.c. sagar as usual. This medivm,
without peptone, will permit of the growth of
the nitrogen-fixing organisms, thongh it wil
inhibit the putrefactive, ammonia-gplitting, and
other organisms dopendent upon combined
nitrogen.

Another method of determining the collective
action of the bacteria of the soil haa been devised
by Ruesell (J. Agrio. Sei. 1905, 1, 261). He
doterminea direotly the oxidising power of the
soil and finda it correlated with ita fertility, The
apparatus comsists of a bulb of about 100 c.c.
capaoity with two tubea sealod into its meck,
ono of which is » long narrow tube dipping into
morcury and donatituting a ﬁ“ge' while tho
other expands into a » flask partly filled at
the beginning of the experiment with & solution
of potash. 10 grms. of air-dried soil are plaoced
in the flask with 2 o.0. of water, the ﬂg.nk is
thon sealed up and placed in a water-bath
maintained at & constant temperature of about
20°. The apparatus ie left for several dayn
whereupon the oxygen contained in the encloscd
air i slowly converted into oarbon dioxide which
is absorbed by the potash, resnlting in the
diminution of the ure of the enclosed air.
Finally, the rate of oxidation is determined by
the reduction in pressure which has taken place,
It is neoessary to make comparative triala with
soils whose behavioar in the field is known, and
while no absolute value can be given to the
results, they are valuable as measuring the
rate of baoterial activity in the soil an
supplying valusble indieationa of jts fertility.

Humvs ml:i:georwaiam. The decay of
orgenic matter in #0il scems to proceed in

[

- two distinot fashions; in the nee of air

the organic matter is broken down by micre-
organisms of all kinds with the eventual pro-
duction of varbon dioxide, water snd ash. On
the other hand, if the decay takes place under
conditiona which exclude oxygen, the )
is more limited ; carbon diexide, msm
hydrogen and other compounds are produced
and there is left behind a black material con-
taining more oarbon but leas oxygen and hydro-
gon than the original vegetable matter. Both
aerobio and the anserobio decay givea rise to
brown or black humus compounds, but it is not
ocertain whether the ssme organisms take part
in both processes ot which predominats upder
ordinary noil conditions of partial exclusion of

The anaerobic processes have been

m oxygen.

diatinguished by the furry appearsace of the batucﬁcl in pome detail, and Omelianski bas
colonies or even by the formation of & brown [isciated two organiems which are capable
ring, but the gelatin has the disadvantage of ; of attacking carbohydrates like ocellulose. In
inhibiting & number of organisms which do not | one case, the products are carbon dioxide.
develop in the co of much organie nitrogen. | hydrogen, various orf.n.io acids, and bomue;
In place of gelatin, 1'56 p.c. ager may be | and the other, which is perhaps the mom
used ; but though the agar plates permit of the | general, carbon dioxide, methane, butyrio and
growth of other organiams, they do not distin- | other organic acida, are produced. The process
guish between liquefying and non-liquefying | may be readily illustrated by filling & flask with
organisms, and many motile organisms wor ls putrient solution containing 0-1 p.o. KH, PO,
abvut the surlace and may obscure the results ' 0-1{NH,),PQ,, 0-05MgS0,, and & trace of hlﬂ,
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wid introd stripe of filter paper with 4 srosll
quantity of asoil, or better still of pond mud.
The flusk is closed with an exit tube dipping
down into water. After some days’ incubation
ai 34°-35°, the filter paper will begin to dis-
integrate, 8t the same time gas will be given off
consirting of s mixture of carbon dioxide,
nitrogen, methane, and sometimes hydrogen.
Huomus may be either acid (as in peat soils), or
oeutral when it is formed in the
calcinm carbonate, as is nmal in soi
Nitrogen fizing organisms. The first demon-
:t‘ntipn that the soil contains bacteria b(:;];able
bringing ue nitrogen into combination
was due to ]gel.l.riegel snd Wilfarth in 1886, who
showed that the amall nodules which may bo
found upon the roota of clover, boans, and other
sguminons ta oontain colonies of bacteria
living symbiotically with their bhoet plant,
deriving from it the carbon compounds which
they need, and handing over nitrogen which t.heﬁ
have *fixed’ from the atmosphere with whic
the plant roots sre in contact. It was found
that clover and other plants pom‘nﬁe:uch
vodules opon their root do become richer in
mmmdthatinpmcﬁcethesoﬂismrkodly
e by their growth. Btzl.}dﬁaim in nitro-
only take place when the ing plaat can
g)me infected either by growing in soil which
normally contains the o ism, or by eaddi-
tion to & sterile moil of either the extraot from
s nodule of some infected plant or & trace of
oormal sil. To the organiam the name of
Paewiomonas radicicols haa been given, and
further investigation has shown that while only
one geperal species can be distinguished it
has, 10 & certain extent, been specialised by
wcigtion with  particular plants.  Thus
better reqults are obtained when beans are
inoculsted with the organism derived from a
nodule of & bean plant than with organieme
from a lupin &]:nt, snd in eome cases (lupins
and Incerne) this specialisation haa deg| 80
far that the plant is only very slightly infected
by the neutral form of the organisin which exista
in ordinary scil. In the acil, the organism
appears to exist in minute rod-shaped organisms
in rapid motion which infect the plant by pasaing
throngh the cell walls of the root haire. ~Inside
the plant, the organism first of sll develops into

isrger rod-shaped organiams, which
finally becoms, in the nodulea,rrﬁ:nnneﬁstically
bens or Y-shaped organisms known as bacteroida,
1t s poesible to cultivate Pseudomonas radicicols
on the non-nitrogenous medis described above,
a5, for example, soil-extract dextrose, agar-agar,
but the fixation of nitrogen wnder these con-
ditions is inconsiderable,

From time to time, soils ate found, the
commonest exsmple being ts and heaths
of an acid reaction, in which Peeudomonas
mdmla gi:.: not mﬂtﬁ a\ndl when these aoils
are into vation, leguminous ta
dom;stﬁmdeveloienodnlee and fix nihl-?gn.
In this case, it maz desirable to pmcﬁsg to
an inocolstion of the soil which, however, must
fiest be rendered a suitable medium for the
development of the orgsnisms by the removal
of its acidity and the sddition of lime and
Phosphates. "One method of effecting the in-
otnlation ia to strew over the field about } ton
o the scro of soil taken from a cultivated field
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on which the leguminous plants have been
growiog normally. Another method is {o pre-
pore an active oulture of organisms from e
nodule of the crop it is desired to sow, and with
this prepare & large bulk of sub-culture b

int noing it into ordinary tap water in whio.

,!,ﬁg.c. of dextrose and Jf; p.c. potassium phos-
phate have been dissoly Into the large bulk
of crude culture thus obtained after standing

of | two or three days, the mecd, tied up in & thin

mualin bag, is dipped and allowed to dry someo-
what before sowing, when it will be found to
carry with it sufficient organisms to ensure
inoculation. As a rule, the leguminous crop
a;ﬂl’ocnjg:ows mather indifferently after its first
i tion, and only really flourishes when
grown for a second or third time after the
organism hag established itself in the soil.
Many attempts have been made to improve the

wth of Ie&u;minous crops ip ordinary eoil by

moeu.latil:f m before sowing, but, except in
the special casea just mentio: no suocoesa has
attended the procesa. ordinary farm

A moouia

crops, the only call for in tion appears to
cccur with [ucerne when attempts sre mede to
grow thia plant on soils which have not hitherto
oarried it, since lucerne does not seem to be
readily miected:é the neutral form of organiam,
guch as that left by the olover which may
have been regularly grown on the same poil
previcualy. Since the discovery of Pseudo-
monas radicicols, other orgamisme have been
discovered living free in the eoil which are
capable of bringing nittogen ges into oombi-
oation. Wi y isolated from pond mud
and other gimilar material under anaerobic
conditions a widely diffused organism called
Clostridinm  pastorianum whioh bresks down
carbohydrates with the formation of humus,
butyric acid, &¢., accompanied by the fixation
of a small amount of nitrogen-—twoto three m ¥m
for each grem of carbohydrate destroyed. The
moet important of the nitrogen fixing organisms,
however, is one discoversd by Beijerinck, named
by him Azolobacter chroococtum, which as such
or ag one of ite closely sllied forms has been
inolated from soils in nearly sll parte of the
world. Its presence can be readily determined
by adding & amall portion of ecil to 50 e.0. of
sterile cnlture fluid containing per litre
10 grms. of msnnﬂlt;e or glucose, 0-2 sﬁ oach oj
potassium phouphate, magnesium ate, on
sodium chll:»ride, and 0-1 grm, of caﬁ'cimn sul-
phate and a trace of forrous sulphate. The solu-
tion is placed in a small Erlenmeyer flask, # g,
of calcium carbonate added, the flask is plugged
and its contenta sterilised. After adding the
soil the flask is placed in an incubator at 26° for
s week, by which time n considerable fermenta-
tion will be found to have taken place accom-
paniad by the evolution of carbon dioxide and
the formation of a brown scum upon the surface
of the liguid. Azolobacter is & powerful oxi-
dising organism, converting the carbohydrate
into carbon dioxide and water, together with
small guantitics of lactic and acetic acid,
alcohol amdl eometimes butyric acid. At the
seme bimo about @ to 10 mg. of nitrogen are
fixed for sach grm. of carbohydeate oxidised.
Azotobucter is a large oval organism, 4 to 5 u
in length and 3 p in width. 1t differs from moat
bacteria in contoining glycogen, so that it staina
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o deep brown colour with a solution of iodine.
Azolobacier is not found on acid scils, the
resence of caleium carbonate is essentisl to ita
velopment ; to it and kindred orgonisms must
be attributed a large share of the formation and
maintenance of the stock of nitrogen contained
in goils. Particularly to this agency do we look
to explain the formation of the deeg] biack soils
of the RusaianSteppes, the American North-West,
Argentins, &o. It is, however, sssential that
organism shall receive a supply of carbo-
tl,:g'dnu, by the oxidatiin of which it obtains
G ene required to bring geseoue nitrogen
into combination. At Rothamsted, it has been
shown that the soil of the wheat field, from
which the whole crop with the exception of s
small quantity of roots and stubble is removed,
gains very little nitrogen by hacterial agency,
although the Azolobacier is present in the soil,
An adjoining piece of land, however, on which
the débria of grass and other wild vegctation fall
beok to the soil and in not harvested, there have
been accumnlations of nitrogen at & rate ap-
proaching 100 lbs. per sere per ennum over a
period of 206 years, and this cese is parsllel to
tho efgrm.m:.ion of the virgin soils above men-
tioned.

3. TAe ammonia-making organisms, As &
group the smmonja.-making orgsnisme have not
recoived much study, although recently it has
been shown that the fertility of the soil roust be
largely determined by their ectivity. The
greater number of the organisme found in the
Boil—~the organiems, for example, which grow

upen ‘ﬁlstin plates including such well known
putrefactive organisms &5 vuigare,
Bacillus mycoides, B, mesenterieus us, B.

sublilis, Bacl., fluorescens liguefaciens, B. coli,
&o., must belong to this gru?;f Their general
function is well lmown ; they are capabls of

attacking proteins and resolving them eucoes-
eively into a lower form of combination, amino
acide, &c., until at last the ni reaches

the state ‘laxier ammonia. In additl;ilt:n ftsa soil
contains other organisms not caj of dealing
with the proteins, but msolvig; the ui::gmler
nitrogen compounds intd0 ammonia. Of these
tho best lmown ere the ures splitting organisms,
Micrococcus  ureae, Urobacillus i+ and
Planosarcine ureae, which hydrolise urcs with
formation of ammonium carbonate and water.
‘I'hese organiems which aro excesdingly abundant
in stables, cow stalls, &ec., sre elso present in
tho soil. The dependence of the fortility of the
soil upon the pumbers of the ammonis-maki
orgenisms has been made evidont by the wor
of Russell and Hutchinson (J. Agric. Soi. 1008,
3, 111} on tho effects of pertinlly aterilisin
s0il by heat or by exposure to the vapour o
antiseptice like cbloroform, toluene, &¢.” Theso
investigators found that a soil which had been
heatod to » temperature of 100° for 2 hours and
then placed under normal conditions favoursble
to growth gave rise to & much increased crop,
the yield being in many cases doubled, while
the amount of nitrogen in thoe plant becaine
three or four times as great os that on the
wntreated soil. This inercased erop was found

1w follow to & large extent the rate of the:
formation of ammonis in the soil, the ammonis |
in this case being taken up as such by the
plant, because the nitrifying organisms lmdybeen |
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destroyod. It wes also found that the soil was
not completely sterilised by the processce ; the
:‘pores of certain groups resist the heat and

evelop to an unprecedented extent when
the soil was onco more placed under conditions
favourablo for growth. For example, & normal
soil ia found to contain about 8 million bacteria
per gram before being subjected to trestment,
and this number remained comparatively oon-
stant under ordinary econditions of growth.
After heating the number of orgsnisms per gram
wag reduced to as few s 60, but they increased
rapidly from day to dey when the soil was
moistened and placed in the inoubstor, until in &
fortnight’s timo they amounted to 40 millions
or over per m. The incresse in fertility
procoeded pari passu with the increased rate of

roduction of smmonia, which in ita turn
Sepended on the incresse in the number of
organjsma,

1t was ovident from the experiments that
the heating had removed a factor nt in
ordinary soil which inhibited the development of
the bacteria boyond a certain point, and it was
found that the untreated soil contained & namber
of large organisms—protozos, amoebae, &c.,
which derive their sustenance from living
bacteria. Under normal conditions an E?ll:.li]-i-
brium existe between the numbers of these
larger orgsniema end of the bacteria, and as
the heamii];moeae kills off the larger organisma
entirely while still leaving some of the bacteria,
the latter can develop to a hitherto unprece.
dented extent in the absence of the factor which
previously kept thom in check. Exposire
of the soil to the vapour of chloroform, toluenc,
&o., for 48 hours, followed by ite complete
evaporation, has the ssme effect in destroying
the larger organisme while leaving & certain
number of the basteria or their spores ready to
devolop a8 soon a8 conditions favoursble to
growth are obtained. With these volatile anti-
scptics, however, destruction of the
organisms is not 80 complete nor the gain of
fertil{:iy 80 large. It hes not yet been found
posaible to apply these processes of ial
aterilisation to inoreaging the fertility of moils
in the open, but considorable miccess has
attended attempts to deal with greenhouse aoils,
which, owing to their conditions of richness in
meanure, high temperature and water content,
afford a specislly favoursble medium to the
devclo&ment of the larger organisme,

4, Nitrification. The process of nitrification
and the factors by which it has been governed
have long boen worked ocut in & practical way,
For example, in the Instruction sur lo fabrication
du nitre: Paor les regisseurs (Jencraus des
pordres e salipetres, 1777, the formation of
nitre beds is carcfully described. They were
made up of earth containing a certain amount
of calearcous matter, mixod with dung and other
nitrogenous residues, They were protected
from tho weather and carefully watered from
lime to time with diluted urine and other
matcrials containing nitrogen. After two or
threo years, the cuntents of the bed were
lixjvialed, and the solution of caleium nitrate
obtained was concentrated and treated with
polassium sulphate, whercupon potassium nij.
trate could be crystallised out of the clarified
mother-liquors.. It was thus recognised that
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3“ is eapable of converting olEmic compounda
nittogen into nitrates in the presence of e
base like calcinm carbonate, and that warmth
und » certain proportion of moisture are factors
favoursble to the

That the process was due to & living agency
was first demonstrated by Schlocsing end
Mintz in 1877. These investigators showed
thet the action ceased if the soil was hested to
the temperature of boiling water or was kept in
contact with vapour of roform and similar
antiseptics, and further that it only took place
between the temperatures of §° and 55°

Warington, who continued the investigation,
further showed that there are two stages of the
oxidation lﬂm, oneé bei.ng the formetion of
nitrite  followed by ita oxidation to nitrate.
Caltores were obtained capable of cffecting cne
onll')"hoiofthm ch.lnfu, but owing tt’l? the diffi-
enl growing the organisma on the ordinary
gelatin moedium, it mrgzr: until Win s
n 1890, devised & medium of silica jelly con-
taining no combined nitrogen that the organisma
were finally jsolated in & pure state. Winos
gradeky obtained from goils in all of the
world a gingle organism whioh he called Nitros
bacler, capable of transforming nitrites into
Ditrates, t he obtained two orgeniams,
Nitrogomanas emropea in the soils of the old
world, snd & second Nirococcus javanesis from
the aoils of Jave, America, and Australia, which
will transform smmonia into nitrites, The
conditions of the sctivity of thess isms
appear to be the abeence of excess of organic
tattet, & neutral or faintly alisline medium
with some base in reserve o combine with the
nitiio acid uced, and the absonce of en
exvess of ine carbonstes or chlorides. It
bas been found possible to scenstom the organi
mm cooazive cfu.ltintion? to & toleration of
¥ and o i¢ solutions much stronger
than would normﬁ;u inhibit its development.
The organism derives the carbon neccasary to
its growth from carbonsates in the ture
il:lsl_imm oll;h e:ibo%gioﬁidae in the air with which

i suppli trifying organisma are
tonfined, as indeed are all ia, to the
wmrisce Inyers of the soil, being rarely present in
eeheoils at greater depth than 2 ft. ey may
bo catirely absent from the soils of heaths of
peaty bogs which are acid in their reaction, but
e & t in waters of shallow wolls and
rivers, Their development is promoted by
warmnth, by stirring the soil, and by free seration.
It was formerly considered that as the higher
plants obtain their combined nitrogen almost
euiirely in the form of nitrate, the fertility of
the a0il must be determined by the activity of
the nitrifieation going on in it, but it is
how congidered that the nitrification process iu
only the end term of the oxidation of organic
m&mxds of nitrogen, and that it a8
mpidly aa ammonia can be supplied by the
Smonis-making organisma above described.
It is foond, for example, that smmonia nover
scumnlates as such in normal soils, whereas
nitratesdo. Thus the activity of the ammonia-
mh:‘g otganisms is the factor determining the
Iato of production of nitrates, and therefore the
ltility of the soil.
& ification. It was observed by
Watingon that when o soil contsining organio
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matter and sodium nitrate was water-logged so se
todeprive it of air, there was a conaiderable de-
velopment of nitro se accompanied by a
loss of nitrogen to tﬁ:n aa?]. Gayon and Dupetit
isolated two organisme from sewage which would
' reduce nitrates to ni goes in the presence
, of o;ﬁmio matter, the action being chiefly
carried on when oxygen was absent, but coming
to & standstill when plenty of air was supplied
80 thet the o;g:nim no need to attack the
nitrates in order to obtain oxygen. This pro-
¥ of reducing nitrstes in the sbaence of

ree oxygen has sinoe been found to be common
to a large number of isma, To the process
the nsme of denitrification has been given, and
it explains the fact observed in wany oxperi-
ments, particularly in pots, that when large
quantitics of organic manure like dung aro used
in conjunction with sodium nitrate, smaller
retwrns are obtained than when either of the
fertilisers is employed singly. In ordi ficld
practice, however, losses of this kind are hardly
to be feared, because the soil rarely becomes
sufficiently rich in active organic matier, nor so
sealsd from the access of air, 88 to lesd to any
attaok upon the nitrate. At Rothamsted, for
example, it has been found with tho mangold
orop that of the nitrogen applied s um
nitrate, 78 p.c. is recovered when no organio
of other nitrogencus manure is appliod, while
6l R.c. is recovered when the nitrate is added to
s plot which also receives dung at the rate of
14 acre per anaum, the recovery being
reckoned on the excess of crop over that pro-
duced by dung alone. The lower recovery,
when nitrste is used in connection with dung, is
no more than might be normally expected under
the law of diminishing returns. In ocertain
circumstances, however, a8 in rice growing oo
water-logged soils contsining much organio
matter, it is insdvissble to spply eodium
nitrate becauss of the denitrification that takes
lace. The term 'denitrification * is also more

ooeely aipl.ied to the loss of gessous nitrogen

which ﬁlwa whenever soils are brought
into very high condition by excess of organic
manures, ere eXist in the eoils various groupe
of bacteria deatroying i

:;%&me maiter with
evolution of nitrogen gae, the activity of the
organirms incresses with the amount of organic
matter with which the scil is supplied. Thus s
very highly manured soil tonds to reach a con-
dition of equilibrium in which the supply of
nitrogen is balanced, in part, by the output of
crop, but also by the accelerated activity of the
organiams getting fres nitrogen gas. For
oxample, on the wheat field at Rothamsted, to
which dung is applied at the ratoe of 14 tons per
acre per annum, it has been found thet during
the 50 yoars, 184483, of the 200 lbe. of nitrogen
snnually applied, only about 26 p.c. was re-
covered in the crop and 25 p.c. was accumulated
in the soil. Thus nearly 50 p.c. was wasted,
and though some of it would have been removed
by drainu&o water as nitrates, the greater dpsrt
has been dissipated as nitrogen gas formed by
bacterial action in the very rich soil. The
condition of water logging which leads to
denitrification may slso be sccompanied by
the reduction of sulphates and the formation of

black ferrous sulphide in ordinery soils. | For
the bacteria of sulphate reduction and)other



sulphur organisms, also for iron organisms, v.
T, $nfra. .

The grest extent of the litersture existin,
on soil organisma precludea the setting out o
roferencea, but further details, ther with afull
bibliography, may be found in Lafar, Techniache
Mycologie, 2nd Auf,, Jena, 1904. A D. H.
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SOLDERS. Solders consist of fuaible alloys,
which are used for joining metals together and
are of various kinds, depending on the nature
of the metals to be joined. ey wre distin-
guished by apecific names, as hard., soft-, white-,
speolter-, silver-, gold-, aluminium., copper-, tin-,
ﬁmbers’-, pewterers’s, and button-solder, &c.

or Whatever purposes they may be intended
they shoukl always be rather more fusible than
the metal or motals to be united ; and, to give
the maximum strength, they shoull have about
the same hardnces and malleability as theee
metals. Solders may be divided into two classcs,
hard and solders,

Hard 4 are commonly called {a
name which iz also in technicsl use for omst
ginc). Hard soldering is usually termed brazing,
sinee the solders most commonly emﬂ:yed are
similar to brass in composition, zing ig
used where tor strength is required ¢
can be given by soft solder, or when an article

bhas to stand a temperature that would cause .

soft solder to melt. Hard solders contain such
metals as copper, silver, &c., and require & red
hest to fuse thom. The heat neceasary is
derived from either a forge fire, a benzoline or
paraffin brazing lamp, or & brazing hearth,
which in an srrangement of gas blowpipes (v.
J. Boc. Chem. Ind. 1002, 21, 258). A brazed joint
is commonly considered to be stronger than the
sdjacent metal, and is generally cheaper, oasier,
aimgler,and quicker to make than s welded joint.
aft solders aro composed of lead and tin in
I's 'Froportions; sometimes bismuth is
added.” The following table (Tomlinson) of
wclting-pointa of & scrics of lead-tin slloys shows
that soft solders melt below 300°; numbers
4 to 8 represont common solders :—

TI®-LEAD SOLDRRS.

varyin,

Molting- ; Melting
No. Tin Lead puint [ Ko. Tin Lead point
11 26 %o |7 I} 1 168
2 1 10 283 | 8 20 1 1
3 1 5 286! 9 3 1 180
4 ) 3 260° |10 4 1 )88
5 1 2 22PNl 5 1 192°
6 1 1 188 |12 0 1 104°

The tll;dditi.on of bi:muth lowers t.h? tri:ell,i.ng-
point ; by varying the proportions of the con-
stituents wuch Aﬁoys may be made, within
certain limits, to melt at sany desired temperature,
even below 100°, thus admitting of various ap-
El;'?tions for clectrical and other purposes.

mples are shown in the following table :—

BismyuTH SuLDERS.
Patte Parts Parte Parta Parts Pana

of of of Melling- of of of Melting

tin  lead bismuth point  tin  lead bisrnuth point
3 5 3 94-4° 1 1 123-3°
1 1 2 e 2 2 1 143.5°
1 2 2 n2s- 3 3 1 1544°
2 1 2 133, 4 4 1 1800°

8S01ILS.

Soft solders are usually weaker in tensile
atre;lfth than the joinod motals,
b though soft eolders are sometimes em-

ployed in conjunction with a mouth blowpipe,

they are applied by means of & suitably

shaﬁd oopper bit, miscslled s soldering iron.
preparing solders, care must be taken to

avoid two faulte, want of uniformity and loes of
& oonstituent that is either volatile or readily
oxidised. Thus where copper, silver, &eo., are
to be mixed with tin, zino, &o., it is necessary
to melt the least fusible metal first ; the zine or
tin is finally sdded, and after stirring, the mass
is quickly oast. Efficient stirring, preferably
with a pigoe of wood, is necvssary (o
sooure nniformity of composition. Boft solders
should be melted under tallow; they are cast
in sticke, or run out into stri Hard solders
should be melied under po charcoal or
borax, ‘They may be granulsted, or cast into
small ingota and reduced to powdoer by filing.
Gold and silver solders are generally rolled out
into thin sheets and cut into narrow strips or
else drawn into thin wire. .

In the tical application of soldere it is
necessary that thoe metal surfaces to bo united
should be heated to & temperature sbove that at
which the solder meltes, and that tho surfsces
should be bright and olean, both mechanically and
ohemioslly. They may be cleancd mochanically
by scraping or filing, and chemically by waahing
rwith » suitable acid or alksli, Bince most
. metals tarnish when heated, owing to surface
| oxidation, it i3 necessary to protect the metal

surfaces from ait during the period of heating,
or the solder will not wot the metals and adhere
to them. Hence the uso of fures in soldering.
The flux used in hard soldering is borax. For
| soldering small articles, it may be prepared for
“use by rubbing a lump with water on a clean
{ slato to & cresmy consistency, and is thew applied
to the surfaccs with a brush. When heated, the
water is first cxpelled ; at & red heat the anhy-
| drous borax melss, and, flowing over the sur-
- fased, it not only prevents acoesa of air but alsu
: dissolves any surface filma of oxides, preducing
i double metaborstes which remain dissolved in
the exocss of borex. It has been propoeed to
{ carry out brazing in an atmosphero of hgd.mgun
or earbon monoxide (J. So0o. Chem. Ind. 1911,
30, 695).
I Soft soldors melt at tem
: fusing point of borsx and other fluxce are
 therefore neccsssry. Zine wde solution is
r commonly used with moet shect mctals, brass,
; copper, gun-metsl, and bright iron. Hydro-
| ehioric acid v used with zine and galvanised
iware; ammonium chloride with copper and
viron; resin with soft alloys and tinwsre;
} Venice turpentine or Gallipeli oil with pewter or
* Britannia metal ; Russian with heavy
: lead and galwol'l candle with light lead work
; Lactic acid 1 pint, glycerol 1 pint, water 8 pints

raturcs below the

| makea s flux, as also does a solution of
| phoaphoric acid in aloohol.
Reri an advantage over scid

in

, Auzes like hydrochloric acid or zinc chloride
as it does not induce subecquent corromion.
All excess of an acid flux should bo thoroughly
washed awsy. When it in neoessary 1o use soft

" solder for repairing waellery, resin_ cannot bo

. usod a& it spreads all over the eurfaces and is
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difficult to remove ; zinc chloride should be

wed. The common judioe inat, using
tino chloride when somg oleetag::l joints is
stated by Lippmann to be groundleas {Zeitaoh.
angew. Chem. 1909, 22, 2%]. For a com-
rrison betwoon several fluxes, v. SBamter (ihid.
909, 22, 729).

Soft solders can be obtained in the form of
narrow bore-tubes, with the ceniral portion
filled up with resin or other material, so e to
obriate the neceesity for using  separate flux. '
They may also be obtsined, mixed with ﬂux.in|

8O
2 parts of fine silver and edding 1 of spring

brass, or by employing silver 4, copper 1, zinc
1 part, Whﬂa snplnl{(‘:l;'gof silver 16, zino 1 part
forms & very hard, white solder. A ve?r

common solder contains ailver 1,
sreenio 1 part.

lwh.l.sny other silver t,;oldm aro in useu blA
selection ig given in the scoompenyin e,
with remark%lu n their uses, Jee nlsso Gee,
The Silveramith’'s Handbook.

SovER SoLDERS,

itbe form of & e, .. (1) ulated soft solder | —— Py T Toe
is wized with beeswax mﬁ?mpre ted with Bomarks on use Farts .P:.,r,tfnzfl’&ﬂ' of Pm}“
tin¢ chloride (J. Soc, Chem. Ind. 1908, 25, 269) ; silver] brass COPPOT: gine
{2) powdered solder is mixed with borax, am- - —_———
monium chloride or other flux that leaves 10 ! Jowellers’, hardest .| 4 | — 1 l —
scid residue snd incorporsted with glycerol or w hard . .| 18 — o+ 851 05
other inert and not too volstile substance (id. | woo YL ad s 36 ' }2
1905, 24, 32); (3) powdered tin or solder is no OO, . 15| — | 66| 2
mixed with zine chloride and celluloid and | , . easy,forchalne| 10 5 o+ - 1
spplied with a brush {idid, 1903, 22, 1052). f£°" stoel . tal’ bromee 1 2;3 1 .=
For practical details of the art of soldering | /2% GuD-melal, hronge 1) 7 s !B
and descriptions of the requisite apparatus, | Germansilvergun-metal,
Sldoring, wadl Hobart's Brasig and Boldering. o 218 = | %
ing, sad Hobart’s Brazing a ering. " + VLU s 7
Bard solders. Gold eolders. Articlos tho | Jroayamall srttlor °. 0 2 °1®
fineness of which vary from 14 to 22 carata, may |  makers’, very tough
be aoldered with alloys of lower fmde repared | and fluid e T
by fusing 2 gre. of silver and gr.o?oopper e e b - -
with | pennyweight of gold of the same Bneness Coin silver, rolled out thin, is au excellont
as the sm«:L eso alloye are used in dendal | solder for iron, copper, and very difficultly

work. li’-g rephcinngl the 3hgrs.{of silver
wpper by an eq weight of sprin
{2 of Cu, 1 of Zn), solders of

obtsined, guitable for uwee with ornamenis and

Jewellery,
of Corn gﬂdsis usually soldm ;vith an alloy
pure gol , spring part,

Gold of a finenesa of 12 carats or lees ma
be soldered with 10 or 12 carst gold to whic
one-twelfth its weight of zino has been added.
A gold solder should not contain less than one-
third ite weight of gold. Lower grades of gold
sre best solderod with silver solder,

A good solder for general use contains gold 18,
silver 4, copper b, zino 2 parts ; auother can be
readily prepared by fusing 1| pennyweight of
18 camst gold with 5 gm. of sprinf brasgs.
Among other jowellers’ TO d solders, the following
may bo mentioned ; (1) best solder, gold 12},
wilver 4}, copper 3 parts; (2) medium solder,
golﬁie:l], ?gvseir G.I copper 4 parta; (3) oome;:en
solder, , silver 6}, copper § parta ; v. s
The Goldsmith’s Ha: E

Antimony, arsenio, tin and-lead should not
be used in solders for gold.

Siloer solders. ‘Theso wre employed a good
desl in the arta; owing to the careful, sparing
way in which they are used, moat work roquires
but little finishing after soldering. The use of

and | fusi
brase |
colour are | of silver haa beon adde

silver solders is mot therefore unreasonably
expensive ; the resuitse are extremely sati-
hctod r{ Bewides being employed by jewellers
and miv

joining brees, copper, and vren iron and stecl.
Hard solders for jewellers and for general uase
contain : {1)silver 18, oogper 4, xine | part ; (2)
silver 15, copper 4, zino 1 part. A good solder
may be prepared
ldi;ng one-third ita weight of apring brass.
An easy melting solder is propared by fusing

erstmiths, silvor solders are also used for '

by melting coin silver and ! tho two picces together is maile to

|

i

ble brass.

Brasa, bronze or copper to which 4 to 10 p.c.
ﬁ;rms a solder for thin
sheets of mild steel (Dicgel, Chem. Zeit, 1809, 33,

' 427).

A very full discussion of hard solders for
brase is given by Schwirkus (Dingl. poly. J. 203,
4, 89), who recommends copper-zine-silver slloys
containing 40-50 p.o. of copper and 4-12 p.c,
silver. For general use and ropairs, an slloy of
copper 43, zinc 48, silver 9 parts is best; for
first soldlering, copper 48, zinc 48, silver 4 parts
should be uscd. .

Copper-zinc-tin solders.  Ordinsry brazing

are carried ont with spelier r, B
mixture of cqual parts of copper and zine, It
mny be nsed on brass, copper, tron or sieel. . For

le brass, tho rtion of zinc in tho solder i¥
creasod, whilgmor ircowork ihat has to be
hammered afterwards tho propurtion of copper
should bo increased., Tho composition of a
number of brazing svlders is given in the follow-

ing table.
Partsof Farts Parts

Remarks on aeo coﬁper of zine of tip

Soft epolter for brass . ! : —_
Hard |,  gunmets],iron-
gm:rork . § { —
" " copper . . —
. L1 »‘Ppc . a 7 3 2
Soft ' s ond brass 4 3 1
d o, braus (white or
buiton soider) . . . 1 75

Ferrofix brazing process. 'This process for
brazing bruken iron paris, cepecially cesl iron,
wap invenied by Pich; the brass that cementy
alloy with the
iron surfacos as deep as , inch. The fluz used
is & mixture of equal parts of sodium carbonsi
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and borio acid, with a little sodium chloride. :

‘T'he brazing liguid in prepared by boiling cuprous
oxide with oconcentmatod borsx solution and
allowing the mass to cool down to & sort of

The methed of ure ja to act the casting to
be brazed on firebrick, in perfect alignment ;

mix fluxing powder with the brazing liquid and ;

apply to the surfaces with a brush; heat, and
apply wore flux until it runs through the joint.

en apply ordi spelter with & little flux
until it Hows through thoroughly, Remove the
source of heat and continue adding spelter to the
joint until the heat of the caating is insufficient
to melt it {U.8. pats. 688030, 647632),

The spelter must not melt below 650°;
henoe braas must be used. The cuprous
oxide of the brazing liquid transfers ita oXygen
to the carbon contained in the surface layers of
the iron, which become decarbonised, whilo
fincly divided copper remains diffused through
the joint. The hard solder quickly slloys with
the copper and the new alloy immediately
combines with the red-hot decarbonised solder-
ing surfaces of the cast iron.

Solders for platinum. Fine gold, laminated
and cut into , is employed for solderi
platinum. Pure pilver may be used also an
the following alloya have {ooen proposed : (1)
platinum 12, gold 7, silver
gold 2, silver 1 part.

tinumn joints are
usually welded.
Soﬁerfor small sieed springs. 18 carat gold

lﬁ:rt; {2) platinum 1, |

SOLDERS.

Boft solders should be kept oarefully freo
ir:cm zine (v, % . Boo, Célem. Iné.'i.ml-;wﬂj 2186019 13397).

ording to { . and Min. J. , 87,
1140} the a.ddft:;? o!ncﬁdmim to soft wolder
makes it stronger and more fusible ; wn alloy of
tin 2, lead 1, cadmium 1 part melts at 144:5°
and van be used op 1 pewter, Britannia
metal, &c.

Chemical solder. Tinfoil, cut to the size of
the joint to be made, is painted over with s solu-
tion of sal-ammonige, then placed between tho
two portions to be soldered together, and heated
upon hot iron, or over & apirit lamp, until the
, 8older melts, the pisces being held together by

the hand during the operation. On cooling, &
| firm joint is the result. This method is very
) uaafuj for the soldering of small articles together
“ without a soldering iron—e.g. pioces of braes or
_oop) ﬂrwire,l.heendaofwhic should first be

ab.

Solder for aluménium. No really good solder
| for aluminium is known, although considerably
rover fifty alloys have been proposed. The
| difficulty, which was known to Devillo, srises
*from two causes, (1) the ense with which a film
+ of oxide forms on surface and the difficuity
yof properly removing it, and (2} the h.i%}j:ii
' electropoeitive nsture of aluminium, w

| causes electrolytic action to be eet up, parti-
cularly if the eoldered joint be wetted, and
inevitably leads to disin ion at the joint.
- Ordipary soft solder will not do, but either pure

|£or

may be used for repairing small, freahly broken | tin or zino may be used ae solder. The zino
mprings ; the spring must then be hardened and | joint ie very brittle, however, and the tin joint
tomgemd. | disintegrates mince it slowly absorbe oxygen
older for Germon  silver. An &llo;’ of | from the air. Aluminium-.zine alloys oon- -
German silver 5, zinc 4 parts may be ; v, taining respectively 8, 12, 15, and 20 &c. of
also Silver solders (p. 89). aluminium, may be used (Tissier Bros.}, flux
Solders for aluminium bdronze. (1) Tin 900, consisting of copaiba balsam 3, Venice turpen-
copper 100, bismuth 2 to 3 parts ; silver chloride ' tine 1 part, and a fow drope of lemon juico.
is used for flux; (2) gold 89, silver 4-5, copper For beavy work, aluminium 12, zinc 80, copper
6-5 parte; (3} gold 64-5, silver 27, co 1856 ' 8 parte may be used ; for light work, aluminium
parts; (4) the zinc-alominium alloys given for 6, tinc 90, copper 4 parts (Dagger, J. Soc. Chem.
alomipium 50. infra). , Ind. 1891, 10, 438}, Mourey’s solder, for blow-
Hoft contain tin, lead, snd pipe work, conteins tin 6, rinc 3, aluminium 2,
somstimes biemuth; for their melting-points, | copper 1, ailver 1 part. Frishmuth recommends
v. p. 88. The following table gives the com- ' tin 05, bismuth § parts, or tin 97, bismuth
position of & number of solders, with remarks on ' 3 parts as good soft solders.

their use. . Richard's golder (J. Soo. Chem. Ind. 1898, 15,
200 ; of, sbid. 1909, 18, 281) is largely used; it

Sorr SoLDERS, contains sluminium 1, zino 11, tin 29, 10 p.c.

| T msphog-ﬁn ll( gurt: No flux wm tho

Parte] Parta |Parts of 8 er boing self-fluxing o to Tus

Remarks onuse  ofyin i of lead bismutd. 2 | it contains. For nomerous otber sclders v. J.
— .z i Sn:«:f Chgl:: Ind. iﬁm 1892 onv:]arcls. It appeary

. , erable to weld or rivet sluminium )oints,

O ndretts plu‘mborf I 1 1 U ?:ether than to golder them.

Plumbers’, coaroe . | 1 $ - | - Cold svidering, Thia may be adopted
s un‘“:l:c{r";tl;;g when the article to be soldered cannot be hested.
Dhléﬂ . . 1 o — — Thoﬁuz consists of sodium sm&lgam {1 part of

Tinmen's, ;ome . .‘zi f -— — . sodium to “2’2] or 60 of mercury}. uTha solder is

" ne . L - — & copper gam prepared as follows: copper
" mm,jomigs 4 3 — |l _ i p?ol:.-?pitawd fm£ a solution of its sulp P:e
+ _ blowpipe work 4 u 1 — by means of zinc, and the spo metal is

Solder for tinned iron , | 1 7 — — " washed, drained and shaken w;lg’ twice its
m e eone | 1|18 1 |7 |woight of mercury and s little dilute sulphuric

Pewterers’, wsual 1 1 - ~ i scid. The posty amalgem is quickly formed

- BOIL 3 4 2 | — !into smell pellete; in a few hours they sct to
” ” » 3 H 1 | — intonacly hard lumps. The process consiste in
. A T 4 b T 1 heating a pellet until mercury oozes from its
w  Tough work | 2 1 1 | — !eurface in amall beads, wiping these off and

. rubbing tho pellet into & saft pasie inl & mortar
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s s s pasty prepsess paie then sppied

ax, ¥ et 6 i

and the surfaces prl;sod tightl togetherpp

Eﬂectly hard joint iz o in about three
urs.

Autogenous soldering. In this ess, 80l-
dering takes place by the fusion of the two edges
of metal themselves without the interposition
of a metallic alloy as a go-between ; the metal
acts a3 ita own solder. Joints thus made are
loas Liablo to rupture when submitted to varying
temperstures, &o., than when the common

i roceas ia employed; moreover,
corroaion of the joint owing to electrolytic action
does not occur. The process is adopted for the
manufacture of sulphurio acid chambers and
concentration pans, and the soldering is effected
by directing & jot of burning hy: or coal-
%n upon the edges to be Joi together.

rasg may be aimilarly soldered. For copper,
il:oo. steel, platinam, a.iad aluminiam, the oxy-

ydrogen or oxy-acetylene Hnme is necessary.
Care must be taken to allow no excess of
oxygen in the flame ; with platinum, however,
excoa of hydrogen must be avoided, es it is
abaotbed by the molten metal.

SOLEIII{'E v, EXPLOSIVES.

BOLIDE JAUNE v, A70-COLOUBING MAT-
TEES.

SOLUBILITY. The term *solubility® de-
Dotes the extent to which difierent substances,
in whatever state of tion, are miscible
with each other. That constituent of the re-
mlting solution which js preeent in X005
is commonly known a8 the * solvent,’ other
constituent being the ‘solute.’ This, however,
Is merely & convenient distinotion, not an
ecasential ope, sad in cases where it cannot be
easily drawn, the teym ‘ miscibility * may be
wsed a8 gynonymous with ¢ solubilisy.’

1% is proposed to give in t.hjsart-icge an outline
(1) of the methods available for the determina-
tion of solubility or miscibility, (2) of the general
tesults ob and their significance. For thia
Purpose it is convenient to arrange the materisl
scoording to the state of aggregation of the sab-
mse:‘a.bi.l’:‘vnlved.

. lily of gases, Two gasea are miscible
with each other in all proportions, that is, no
definite value can be assigned for the solubility
of one gas in onother. The question of the solu-
bility of gases in solide has discussed eloe-
where; such casee of absorption t
Eecu.h.n features, inasmuch ss the absorbed ges

not nniformly distributed throughout the mass
of the solid, but is concentrated in the supetficial
Inyers, v, CoLLOIDS,

The sclubility of gases in liguids is o subject
to which much sttention has been deVoilod.
The extant to which a given gas will dissolve in
& given liquid is o fanction mhe temperature
and re. At any given temperature, the

weight of the gas dissolved by % definite volume
of the liquid is directly proportional to the
This law was formalated by

eory {Phil. Trens. 1803, 93, 20, 274), and its
geteral validity has been confirmed by subse-
quent investigators (for example, Bunsen,
Annalefn.’ 1855, 93, 1 ; Khanikof and Louguinine,
Ann Chim. Phya 1867, 11, 412; Woukuloff,
Compt. rend. 1889, 108, 674 109, 81). Strict
cooformity to the law, however, is cxhibited

ol

only by those gases which dissolve in the liguid
to a comparatively small extent. If the gus in

A | highly soluble-~for instance, ammonia or hydre-

gen chloride in water,-—then the weight dissolved
is no longer proportional to the pressure.  An
important extension of Henry's law was made
by Dalton (Mem. Lit. Phil.” S8oo. Mancheeter,
1808, 1, 273}, who showed that when s mixture
of two indifierent gases is absorbed by s liquid
cach dissolves proportionally to its partial

Ppreasure.

The extent to which o gas is absorbed by a
Tiquid iz expreesed by the * absorption coefficient,’
or, asimply, by the ‘solubility.' The abeorption
coefficient is defined as that volume of the ges
{reduced to normal temperaturo and er)
which is absorbed by unit volume of the liguid
under normal pressuro. Thus, if experiment
shows thatat # C. and p mm. pressurev cub. chi.
of the ges are absorbed by V cub. em. of the

liquid, then the absorption coeficient 8=y, ( l:—' o)

Tho solubility A of & %as in & liquid, on tho other
hend, is defined aim yaathevolumeoibheLE:u
absorbod by unit volume of the liquid ; sv that

x=‘{-,-. In the lfollowing table are recorded. the

abasorption coefficients for various common gates
in water at different temperatures :(—

Carbon

Temp. O o. K . Ni n. dioxide,
oo Sosts oozar 1913
5° 00434 00204 042]1 1-424
10° 00385 0195 090191 1-194
16° 00348 00188 00173 1019
20° 00314 00182 00159 0-878
25° 00286 00175 00147 0769

The aotual determination of the solubility of
& gos in 8 liquid msy be carried out in varioua
ways. The method most commonly employed
is to bring together kmown volumes of the gas
and the gas-freo liquid, to sgitate them until
saturation baa been attain and then te
determine the diminished volume of the gas.
Many forms of apparatus, based on this principle,
have been suggested from time to time (Bunsen,
Annalen, 1855, 83, 1; Maskenzie, Ann. Physik,
1877, 1, 438 ; Miiller, dbid, 1889, 37, 24 ; Timo-
féofl, Zeitach. Phyaﬂml. Chem, 1860, 6, 141;
Winkler, Ber. 1891, 24, 89; Setchenow, Ann.
Chim, Phys. 1802, 25, 226; Steiner, Ann.
Phyaik, 1894, 52, 275 ; Gordon, Zeitsch. physi-
kal. Chem. 1895, 18, 1; Roth, 2id. 1897, 24,
114 ; Estreicher, sbid. 1899, 31, 176; Broun,
®id. 1900, 33, 721; Just, ibid. 1001, 37, 342;
Skirrow, ibid. 1002, 41, 139; ngg, sbid. 1904,
48, 97 ; Geffcken, sbid, 1904, 40, 257 ; Christofl,
i3, 1008, 56, 622; Usher, Chom. Svc. Trans.
1910, 97, 86; Drucker and Moles, Zeitsch,
phyaikal. Chem, 1910, 76, 405). An alternativo
method is to saturate the liquid and then
messure the volume of gaa which is expelled on
exhausting and boiling out (Hiifmer, Ann.
Physik, 1877, 1, 632; Ditimar, *Challenger’
Report, Physics and Chemistry, 1, 161 ; Potters-
son and Sondén, Ber. 1889, 22, 1430 ; ‘Bohr and
Bock, Aun. Physik, 180), 44, 318). Instead of
expelling and measuring the gas present in the
saturated liquid, it may be detormined chemi-
cally if & suitable method is available (Schinfeld,
Anpalen, 1856, 95, 1; Cariue, shid, 1966, 99,
129; Roscoe and Ditimar, Chem. Soc, Trans
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1860, 12, 128 ; Sims, ibid. 1862, 14, 1; Watts,
Annalen Suppl. 1865, 3, 227, Winkler, Ber.
1884, 22, 1764 ; Bohr, Ann. Physik, 1900, 1,
241. Fox, Zeitach. physikal. Chem. 1002, 41,
458 ; Clowes and Biggs, J. Soc. Chem. Ind.
1904, 23, 358). ln certain cases en aspiration
method of finding the partial pressure of a gns
in jte solutions may be utilised in the deter-
mination of solubﬂitgﬁeoeﬁoienu {Gous, Zeitach.
anorg. Chem. 1900, 25, 236 ; Abe?g and Riesen-
feld, Zeitach. phyeikal. Chem. 1002, 40, 84;
McLauchlan, sd. 1903, 44, 600 ; Jones, Chem.
Soc. Trans. 1811, 99, 392).

An » genersal ruls, the solubility of a gas in &
liguid diminishea as the temperature rises, and
a oonnection has been treced between this
diminution and the viscosity of the liguid. It
appears that the diminution in the absorption
cocfficient t:ft nnyrﬁtom m::;e int.«au-v‘:,ld1 ia
o ximately proportionsal to the corresponding
dfrin?.{onution in the viscosity coefficient of the
solvent (Winlder, Zeitach, yaikal. Chem.
1892, 8, 171 ; Thorpe and ger, Chem. Soc.
Trans. 1894, 05, 782), Casce, however, are
known in which the solubiliEF of » tﬁs increases
as the temperature rises. Thus, existonce
of & mipimyum solubility haa beon established for
hydrogen in water (Bohr end Bock, Ann
Piyai.E? 1891, 44, 318) and for the rare gases in
water (Estreicher, Zeitach. physikal. Chem.
1899, 31, 176; von Antropoff, Proc. Roy. Boc.
A, 1910, 83, 474). Further, Just (Zeitach.
physikal. Chem. 19001, 37, 342) has found that
the solubility of pitrogen, hydrogen, and carbon
monoxide in a number of organic solvents ia
greator at 25° than at 20°,

The factors which determine the solubility of
a gas in a pure liguid are not clearly understood,
bat it is at least bighly probable that, ceteris
paribus, the greater the compressibility of the
solvent and the emaller the volume chan,
associated with the abeorption of the qzs:.
greater is the solubi].itg) (see Ritzel, Zeitsch.

hysikal. Chem. 1807, 60, 319). In this con-
nection, it should be pointed out that the re-
lative volume change in a liquid resulting from
absorption of & gas is x?port.ioml to the con-
contration of the ges (AngetrSm, Ann. Physik,
1882, 15, 207 ; 1888, 33, 223 ; Mackenzie and
Nichols, id. 1878, 3, 134 ; Nichols and Wheeler,
Phil, Mag. 1881, 11, 113; Ritzel, L.c.}. Furthor,
the study of the solubility of in mixed
organio solvents has revealed the exjstemce of
pointe of mazimum solubility, such points corre-
eponding with the occurrence of minimum
wirface tension (Skirrow, Zeitsch. physikal.
Chem. 1902, 41, 139 ; compare Christoff, bid.
1608, 55, 822),

Much attention hae been devoted to the in-
fluence of salts and other dissolved substances
on the sbsorﬁ:ion of gases by water. Provided
there is no chemical action between the gas and
the other dissolved aubstance it is genernlly the
case that the gos is less soluble in the solution
than in pure water at the same tomperature
{see, for example, Steiner, Ann, Phyuk, 1804,
52, 275 ; Gordon, Zeitsch, physikal. Chem. 1895,
18, 1; Roth, sbid, 1807, 24, 114; Braun, ihid.
1900, 33, T21: Knopp, rbid, 1904, 48, 87;
Gufleken, shid. 1904, 49, 257; Usher, Chem.
HSoc. Trans. 1910, 07, 04).  An inporiant result
deducible from these and other investigations is

SOLUBILITY.

that when s number of eslts are

acoording to their power of lowering the solu-
bility of one gas in water, the order is very ncarly
the same as when they are with re-
ference to their influence on the solubility of
snother gas. It appears, therefore, that the
diminished solvent power of a salt solution as
compared with pure water is mainly determined,
not by the apecific nature of the dissolved ga
but by some factor involved in the relationship
of the water and the salt. What this factor is,
has not yet been determined with cortainty. It
has been suggested thet the influence exerted by
salta is & function of the internal gmumre or the
compreesibility of the solution (Euler, Zeitech.

hysika]. Chem. 1809, 31, 368; Geficken,
d. 1904, 49, 257; Ritsel, tbid. 1907, €0,
319). On the other d, interaction between

the molecules or ions of the dissclved substances
has been sssumed to account for the influence of
salts in lowering solubility (Levin, Zeitach.

bysikal, Chem. 1908, 66, 503 ; Rothmund,

. 1908, 69, 623). Aﬁ;in, it has been eug-
gested that the lower solvent power of & snlt
solution aa compared with water is connected
with the hydration of the salt (Rothmund,
Zeitaoh. g;lg'aika.l. Chem. 1900, 33, 413; Bawr,
Ahrens’ mlung, 1903, B, 466 ; Lowry, Trans.
Faraday Soc. 1905, 1, 107 ; Philip, Chem. Soc.
Trans, 1907, 91, 711 ; Hudson, Zeitsoh. Elektro-
chem. 1908, 14, 821).

Solubility of lquids in liguids, As rds
their mutusl solubility, a pair of lignids is
commonly sssigned to one of three classes.
They may be miscible in all proportions, they
may be only partially miscible, or they may be
Emctioally immisoible. Such a clsasification,

owever, has only & general value, for the
difference betwoeen the second and third cleases
is merely one of degroe, and tho line of division
between the firet and second clesses is displaced
by altering the tempersture. .

In finding the aclubility of one liquid in
another when the aolubility is very small, as,
for instance, in the oase of chloroform or carbon
disulphide n water, two methods may be
adopted. One consists in bringing to‘fe cr &
Iarge known volume of tho first liquid with a
small lmown volume of tho accond, shaking
until saturstion hss been reached, and then
finding the volume of the second liquid re-
maining undissolved (Schuncke, Zeituch, phy=si-
kal, Chem, 18684, 14, 331 ; B&dtker, sbid. 1807,
22, 611; Herz, Ber, 1808, 31, 2660;: Rex,
Zoitach. physikal. Chem. 1906, 65, 355). Another
method 18 to shake quantitiee of the two liguida
together until they are mutually sstursted, and
then remove portions of each layer for analyais
{Chance] and Parmeatier, Gom‘rt. rend. 1884,
99, 892; 1885, 100, 713; Waelker, Zeitach.
physikal. Chem. "18%0), §, 196; Klobbie, ibid,
1897, 24, 616; Euler, ibid. 1899, 31, 364 ;
Osaka, Mem. Coll, Sci. Eng. Kyoto, 1908-1910,
2, 21}. Determinations arc naturally made a¢
various {omperatures.

In the case of liquids the mutusl solubility
of which is greater in the afore-mentioned
casea, the method commonly employed ia &
synthetic one., That is, weighod quantities of
the two liquids are put in & tubo, which is then
sealed and wuspended in & bath of water or other
suitable liquid. The temperaturs, of the bath
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is altered onti! the contents of the tube become
uniform and determinations of this point are
then repeatedly altermated with determinations
of the temperature at which, es indioated by the
appesrance of turbidity, the uniform contents

of the tobe in to separate into two layers
(Guthrie, Phil. Mag. 1884, 18, 22, 405 ; Alexéefl,
Ann, Physik, 1 28, 305: Rothmund,
Zeitach.

hyaikal, Chem, 1898, 28, 433; Bing-
bham, Amer. Chem. J. 1907, 37, 540; 38, 918;
Flaschner and MacEwen, Chem, Soc. Trana.
1908, 93, 1000). Experience shows that theee
two points, the one obeerved with rising, the
other with falling temperature, are erally
very close together, and the mean of the ob-
served temperatures may be taken aa the point
at which the liquid is saturatod,

For each temperature there are generally
found two satursted mixtures of djfferent com.-
position, corresponding to the two layers obtained
when the pure liguids are shaken up together.
As a rule, the mutasl solubility of two liquida
incresses as the temperature rises, and the
compositions of tho conjugate layers approxi-
mate more and more to each other, In such a
oo (Fig. 1), the two solubility curves, f.c. the

iy

smpostiion  wmis
P, 1,

carve representing the solubility of b in A and
that repreaantinﬁ:ho solubility of 4 in B, join at
s point above which the liquids are comﬁetely
miscible, Aa sy by Magson (Zeitech,
physikal, Chem. 1891, 7, 500), who emphasises
the perallelism between the casc just deacribed
sod the ual approximation in density of a
liquid and ite saturated vapour, the temperature
above which two jally miscible liguide
become miscible in sll proportions is the
*eritieal solution temperature.’ The existence
of this tempersture limit haa been recorded for
such ceses as phenol and water, aniline and
water, bengoic acid and water, earbon disulphide
and methyl sleohol, methylethylketone and
water, In these and other instences, it is
forther found that the middle points of the
horicontal chords cut off betweem the two
branches of the solubility curve lie on » straight
line——another analogy with the denaity-tempers.-
ture curve for s pure liquid and ite saturated
vapour (se¢ Rothmund, i.c.). It is noteworth
that bismuth + zine and lead 4 zino fum.l.si'
exam of limited miscibility in the fused
streteé the sclubility Tgrve for e:ich ir is ?‘t

opegoing t pring an manoff,
Zeitach, anorg, Chem. 1897,§3, 1.

In a few cages—ior instance, triethylamine and
water, 8-collidine and water, -methyl piperidine
sod water—the change of miscibility with tem-
peratute is the opposite of that described above.
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The mutual solubility inoreases as the tempera-
ture falle and there is & limit, kmown sa the
‘lower eoritical sclution tempersture,’ below
which the liquida are miscible in all proportions,
sud sbove which soparation into two layers
takea ﬁ‘lwe increasingly as the tomperature
rises, The relation betwoen solubility and
tﬁmp;nture in such a cage is represented in
g =

Termperalure

YA Tompesilion.  Iwis
Fia. 2.

In two cases, nicotine and wnier {Hudson,
Zoitach, physiksl, Chem, 1804, 47, 114), and 2.
methyl piperidine and water (Flaachner and
lla.ogwan, Chem. Soc. Trans, 1908, 83, 1000),
both upper and lower critiesl solution tompera.
tures are kmown, snd the complete solubility
curve is a closed ring. According to Rothmund
{{.c.), thia ia the normsl type of aclubility curve
for a pair of pertially miscible liquids. There
necd not, however, bs an upper critical solution
temperature in every such case (Kuenen and
Robeon, Zeitach. physikal, Chem. 1809, 28, 342),
and the occurrence of s lower critical solution
tomperature has been held to be abnormal
{Dolgolenko, ib<d. 1908, 82, 409),

‘ls:e mutua] solubility of two liquida may be
materially modified by the addition of & third
substance. In this way two liquida which are
miscible in sll proportions may be made to
undergo at least partial separation : for example,
a homogencous mixture of prolel aleohol and
water, which aro miscible in all proportione st
ordinary temperatures, separates into two
layers on tho mddition of salt. In tho caso of
two liquids which are only partially miecible, the
area of non-miscibility may be notably extended
or reduced by the introduction of a third sub-
stance, and a measure of this influence is found
in the effect of the third subetsnce on the
eritical solution temperature, According to
Timmermsns (Zeitech. physikal, Chem. 1007, 58,
129), who has made an exhaustive study of this
phenomenon, the upper critical solution tempera-
ture is lowered when the solubilities of the third
subetance in the two liguide are of the same
order of magnitude, If the third substence is
much more soluble in the one liquid than in the
other the critical solution temperature is mised,
i.e. the area of non-miscibility is extended, It
is noteworthy thet when different salte are
arranged sccording to their ability to causo the
system water + propyl alcohol to sepamste into
two phases, or according to their power to raiso
the critical solution temperature of water
4« phenol, the order ia sppro:ima.t:liy the same
as when they are arranged according to the
magnitude of their influence on the solubility
of gasea in water. These effecta have an obviour
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hearing en the well-kmown practiee of “salting
out’ organic compounds from their aquecns
solutions.

Bolubility of solids in lquids. The equili-

brium between a solid and a liquid is established
more alowly than that between two liquids, and
this faoct explains the precautions that must be
taken if the sclubility of & solid in & liquid is to
be determined with rapidity and yet with
sccursey. 'The solvent and the finely divided
solid aro put in a suitable glass veasel and shaken
together at constant temperature, either inter-
mittently by hand, or regularly by some mechani-
cal arrangement. This is continued until the
solution is saturated, when samples are extracted
and analysed, The time necessary for the
attainment of saturation varies from one case
}o another, and should hehaseert-smedh i luby{pr;]a-
iminary experimenta in which samples of the
polution are taken out atb intervala until the
quantity of subetance in seolution is found
constant, A tee that the value so found
for tho solubility is the correct one at the tem.
persture of obeervation may be obtained by
approaching the saturation point from the other
side. A satursted solution is at &
highor temperature (on the supposition that the
solubility increases with ri temperature),
and is then put in a bath at the desired tempers-
ture, when the excess of solid in solution
graduslly separates out, the attainment of
cequilibrium being preferably facilitated by
shaking or stirrig. The analyzis of the satur-
ated polution obtained in this wey onght to
give the same result as the previous method {see
Andreac, J, pr. Chem. 1 29, 458).

In the extraction of samples of the saturated
solution an ordinary pipette may be used, with
an suxjlisry tubo contsining a plug of glase
waol or cotton wool to k the solid. If
the temperature at which the solution has been
satursted is higher than the temperature of the
room, the pipette may have to be warmed
slightly to avoid o isation of the solid, It
is, howover, preferable in such cases to carry out
the operation of filtration into a weighed veasel
ingide the constant temperature bath.

Many forms of apparatus for earT’.ng out
these various operstions have been described
(wee, for instance, V. Meyer, Ber. 1875, 8, 998 ;
Andreae, l.c,; Camelley and Thomson, Chem.
Soc, Trans, 1888, 53, 782 ; Meyerhofler, Zeitach,
ﬁ)’sikul. Chem. 1890, 5, 99 ;: Reicher and van

venier, bid. 1800, §, 560 ; Nicol, Phil. Mag,
1891, 31, 374 ; Noycs, Zeitach, physikal, Chem.
1892, 9, 606; Arrheniua, ibid, 1893, 11, 392;
Uoldschmidt, ibid, 1895, 17, 1562; Pawlewski,
Ber. 1899, 32, 1040; Lumsden, Chem. Soec.
Trana. 1802, 81, 350). For very high tempers.-
tures, such as the boiling point of the solvent
and beyond it, the solubility apparatus must be
apecia {\Imod.lﬁed {ace V., Moyer, Ber. 1875, 8,
1000 ; Tilden and Shenatone, Phil. Trane, 1884,
175, 23; Goeckel, Chem. Zentr, 1807, ii. 401;
Thicle and Calberla, Zejtach. angew. Chem,
1006, 19, 1263 ; Schroeder, Zeitsch. anal, Chem,
1909, 48, 349 ; Tyrer, Chem. Soc. Trans. 1910,
87, 62]1). Attempts have been made to deter.
mine solubility by finding the temperature at
which s minute quantity of the solid in contact
with ita solution neither increases nor diminishes
in amount (Andreae,

le.; Alexéef, Ann,
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Phynik, 1886, 28, 3056; Schroeder, Zeitach.
physikal. Chem, 1893, 11, 453).

In the case of very sparingly soluble solida,
such as the gilver halides in water, the ordinary
method of determining solubility is impracti-
oable, because the amount of solid in the satur-
ated solution cannot be estimeted with any
accuracy, For the silver halides in water, it i
true, Whithy (Zeitech. anorg. Chem. 1910, 87,
107) suggeste heating the saturated solution
with sucrose and sodium hydroxide wunder
standard conditiona and cetimating colorimetri-
cally the quantity of colloidal ailver produced.
g:t varions plllnysitialb]r?ethods are svfnilab]e for

termining the solubility in water of sparing]
aoluble saits generally. us the electrical egn{{
ductivity of the satnrated solution may be com-
pared with that of pure weter, and the salnbility
of the salt deduced therefrom (Holleman,
Zeitech. physikal. Chem. 1883, 12, 125; Kohi-
rmusch and others, sbid. 1893, 12, 234; 1904,
50, 365; Bitzungeber. K. Akad. Wiss, Berlin,
1901, 1018; Béttger, Zeitachwphysiknl. Chem,
1003, 46, 521 ; 1004, 56, 83 ; Weigel, 4d, 1907,
58, 283). A lnowledge also of the potential
difference between a suitablo eleotrode and the
saturated solution of the sparingly soluble salt
in question permits a caleulation of the solhu-
bility (Goodwin, Zeitach. physikal. Chem. 1894,
13, 641; Morgan, ¢bid. 1895, 17, 533; Thiel,
Zeitech. anorg, Chem. 1900, 24, 49 ; Immerwahr,
Zeitach. Flektrochem, 1901, 7, 477). Another
method haa heen ted by Biltz (Zeitach.
physikal. Chem. 1007, 58, 238), who shows that
in the case of two salta giving s sparingly soluble

compound by double decomposition, the nltra-
i indicates when the solutions have
been so diluted that no precipitate forms.

From such sn observation the solubility of the
precipitate may be calculated,

In the majority of cases, the solubility of a
given molid in & given liquid increases as the
temperature rises, and as & rule the solubility-
temperature curve is convex to the temperature
axis, No general law, however, is kmown which
comnects solubility and temperature. A de-
crease of solubility with rising temperature over
the whole ov:‘}»rt of the bem}mrntum range, has
becen observed in a nmmber of aases, ¢.g, caleiam
sulphate, caloinm hydroxide, sodinm sulphate,
forrous sulphate (Tilden and Shenstone, Phil.
Trans, 1884, 176, 23; Etard, Compt. rend.
1888, 108, 206, 740 ; Lieben and others, Monatah.
1894, 15, 404; Lomsden, Chem. Soc. Trans,
1002, 81, 350). In some of these and other
inatances, points of maximum and minimum
solubility occur on the solubility-temperature
curve, ¢.g. for the caloium and barium salts of
the fatty acids in water., Maxima are ohserved
also in numerous cases where the dissolved solid
forma a compound with the solvent : this occurs
most commonly for the combination salt + water
(see, for example, Roozeboom, Zeitach, physikal.
Chem, 1803, 10, 477). Discontinuities ocour on
the solubility-temperature onrve at ints
where tho so eh in wn&th m';t.l];age solution
undergoes & chan © msy be
aasociated with thge. dissppesrance of onz hy-
drate of & salt and the a of another
{#e¢c de Coppet, Ann, Chim, . 1883, 30, 429 ;
Roozeboom, Zeitach. E‘ansih . Chem. 1890, 5,
198 ; 1893, 10, 477; nn&n end Burt, Chem.
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30c. Trana, 19083, 83, 336), or with tho transition
of one crystalline form of a substance into
snother {Rabe, Zeitsch. physikal. Chem, 1901,
38, 175; Miller and Eaufmann, #id. 1003, 42,
497; Bteele and Johuson, Chem. Soc. Trana.

1 thoagh 1h ersl law enabling
thoogh there is no w enabling ue
to predict the relstion between solubility and
tempersture for & given solvent and solute,
there is & close connection, deducible thermo-
dmmically, between the heat of solution and
the variation of eolubility with temperature {Le
(hatelier, Compt. rend. 1885, 100, 441; van "t
Hofl, Eongl. Svenska Vet. Alkad. Handl. 1886,
2, 1. rding to this, the solubility of a
wlid in a liquid must increase with rising tem-
pereture when the process of dissolution is
swompanicd by the absorption of heat, and
decresse with rising temperature when there is
ewlution of beat, qI'Im validity of thia relation.
ship has been confirmed by experiment {see
Reicher and wvan Deventer, Zeitech. physikal.
(bem. 1890, 5, 5560; van Deventer and van de
Btadi, ibid. 1892, 8, 43; von Stackelberg, +5id.
1808, 26, 533). 4 licuids
As in the case of gases and liquids, the
wlubility of & solid in & liquid may be pro-
foundly modified by the presence of & third sub-
stance, This may be due to definite chemical
setion ; jodine, for instance, is more soluble in
potassium iodide eolutions than in water,
and silver chloride, almost insoluble in pure
water, dissolves readily in potassium oyanide
molution, In other cases the solubility change
sppears 1o be conneoted with a displaccment of
equilibrium, es when the solubility of a salt is
diminished by adding another electrolyte with
s common radicle, or when it in increased by
adding another electrolyte with both radicles
different. The influence of salta on the solu-
Wlity of non-electm:ftes is more difficult to
:ﬁhin. the general, although not the universal,
being that & non-electrolyte isl ees soluble
i » palt solotion than in f;ure water at the
mmo temperature. The solubility of a non-
electrolyie in water is sometimes raised, some-
times lowered, by the addition of snother non-
electrolyte, {For s detailed discussion of thig
whole guestion, s¢ Rothmand’s Lialichkeit und
Limlichkeitsbeoinflussung, vol. vil. of Bredig'e
Haadbuch  der wandten Phyniknlische
Egt)nie; also Eyre, Brit. Assoc. Reports, 1910,
As regards the factors which determine the
solubility of & given solid in & given solvent,
little is known. m the mass of data available
s number of regularitioa have been deduced, but
theso are of Jimited scope. Thus, for instanoe,
it is known that, with water as solvent, the
wlobility of the monohydric alochola diminizhes
@ the nderance of the alkyl radicle in.
maln thstanmmin the number of
XY introdnced into & molecule
leada to ﬂctusedp. solubility. For isomeric
suimtances, certain rules have been deduced,
soch a8 that the more fusible isomer is also
the more soluble in & given solvent, and that the
ntic of the solubilities of two isomers in
diffrrent solvents is wﬁmatel_v the same.
Se¢ Lumaden, Chem. Trans, 1902, 81, 303 ;
Rothwund, 7.¢. and Eyre, Lc) JCPR
BOLUTION. The history of chemistry hos
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besn marked by conmstant speculation on the
nature of the system formed when a subatance
dissclves in a liquid. The theoriea hold at one
time or another in regard both to the process of
dissolution and to the constitution of solutions
may be roughly classed as chemioal or physical,
sccording to t{e nature of the forces supposed
to be at work. In either case, however, the
experimental basis is turnished by the physical
gropertiu of solutions, and the utility and

tnees of any theory of solution must be Judged
by the extent to which it is capable of inter-
preting theso properties.

It is impomible within the limits of this
article to deal exhaustively with the physical

pertice of solutions, but it is proposed to
ggﬂuﬂ the rimental results which have
been wohieved in connection with some of the
more salient characteristics, and then to sketch
the modern theoriea, based on these properties,
which bear on the question of the nature of
solution,

Dennity, 1t has been found that when
aqueons solutions of different salts of the same
molecular conoentration (for example, 1 mel.
salt to 100 mola, water) are com the denaity
of the solution increasea with the molecular
weight of the dissolved salt. 'This rule, however,
is not strictly valid unless the metals in the salts

belon%tothome ?'oaﬁtg) {#ee Kremers, Pogg.
Ann, 1854, 92, 497 3 , 94, 87, 255 ; Mende-
1éeff, Ber. 1884, 17 (Ref.), 155 ; Gerlach, Zeitach.

anal, Chem. 1888, 37, 271; 1889, 28, 200, 466 ;
my, Compt. rend. 1892, 114, 539). More
tely quantitative in character is the ob-
servation made by Valsop, that if sclotions of
two salte AB and AB' are ocompared, each
solution containing 1 gram-equivalent in 1 litre
of water, the difference in density is ically
the ssme whatever the acid radicle A may be.
Similarly the difference in density of eom-
parable solutions of two salts AB and A'B with
a vommon positive radicle is independent of B.
There may thersfore be aseigned to each radicls,
tive or negative, a vertain figure or * modu-
us,” guch that the density of a normal solution
of any ealt can be calculated approximstely by

simply adding ther the two velues for the
rad.lolza contained in the salt (Valson, Compt.
rend. 1871, 73, 441). This additive character

of the density of dilute aqueous salt solutions
bas been cong-mod by subsequent observers (see
Ostwald, J, pr. Chem. 1878, 18, 353; Nicol,
Phil. Mag. 1853, 16, 121 ; 1884, 17,150 ; Bender,
Ann. Physik, 1883, 20, 560). Bender was able
to extend Vason’s law of moduli on the strength
of the obmervation that if A represents the
difference between the donsities of two salt
solutions, each containing m equivalents of salt
per litre of solution, then A/m is & constant for
the two aalts at & given temperature.
Investigation has shown that the density of
& salt solution increasea less rapidly than the
concentration and that sccordingly the value of

the expression 9;; —l, where #is the specific gravity

and m is the concentration in gram-equivelents
per litre, decreases as the concentration of the

solution increases, LI ’:,;',l in plotted against m,
the decrease is often found to be exceptionally
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marked in very dilute solutions, although the
curves obtained by plotting a;_l against m? are

practicall strsigli;t lines (Kohlrausch and Hall-
wachs, Ann. Physik, 1803, 50, 118). More
recently it has been found that within certain

-1 .
concentration limits the quantity ’m is a linear

function of the degree of disavciation as defined
by Arrbenina {see ie, Phyaical Roview, 1807,
26, 171 ; Heydweiller, Ann. Physik, 1809, 30,
873; 1910, 31, 1063).

Much attention has beon devotod to the
oharaoter of the density-concentration ourve in
the case of aqueous solutions of sulphurie acid
and ethyl alocohol. When the first or second

i,

differential of the spgr.—‘;; or :—Isk—is plotted

innt the percentage composition p, 6 serics

straight Jines is oblained in place of the
continuous curve which results when 4 is plotted
agninst L It is maintained by some investi-
gators that the discontinuities thus exhibited
corregspond with the formation of definite com-
pou betweenn water and tho dissolved sub-
stance (s¢¢ Mendeléeff, Rer. 1886, 19, 379;
Zeitoch. physikal. Chem. 1887, 1, 273; Chem.
800, Trans. 1887, 51, 778 ; Pickering, ibid. 1890,
67, 64 ; compare Crompton, sbid. 1888, 53, 116 ;
Arrhenius, Phil. Mag, 1880, 28, 30; Pickering
and othere, Chem. Soc. Proe, 1891, 105).

Closely related to the subject of denaity is
the question how far the process of dissolution
is sccompanied by change of volume. A study
of mixtures of organic liquids from this point of
view has shown that the differences betwesn the
deneities directly determined and the values
calculated on the assumption that no change of
volume ocours on mixing are considerably
greater where associated liquids are involved
than where both liquids sre ‘ normal.” Tn the
majority of cascs where the mixed liquids belong
to the latter class the cbeerved density ie leas
than the ealculated value {Linebarger, Amer.
¢ Chem, J, 1896, 18, 429),

Tho inveatigation of solutions of such sub-
stancee as paraffin, naphthalens, anthracene, di-
nitrobenzene and benzil in  oon-sssociated
organio solvents has shown that the volume
occupied by the solute in solution is approxi-
mately & constant, independent of the concen-
tration and, with certain limitations, of the
solvent. Thie volume, further, ia approxi
mately oqual to the volume which the pure
solute would occupy in the liquid state at the
samo tempersture {Beilby, Chem. Soc. Trans.
1883, 43, 138 ; Nicol, sbid. 1896, 69, 142 ; Forch,
Ann. Physik, 1905, 17, 1012; Lumeden, Chem.
Soc. Trons. 1907, 01, 24; Dawson, bid, 1810,
97, 1041, 1806 ; Tyrer, shid. 2620),

The ohanges of volume which accompany the
disgolution of a substance in water are much
more notable. For some anhydrous salts and
other substances, such aa sodium hydroxide in
dilute solution, the volume of the solution in
actually less than the volume occupied by the
pure sulvent {sce Macgregor, Chom. News, 1887,
55, 3). Attempts to tind the volume ocoupied
by & solute in aqueous solution are generally
based on the assumption that the volume of the
solvent in the solution is the same as if it were
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in the pure state. On this baais the molecular
solution volume v_, that is, the volume oocupied
by 1 gram-molecule of the diasolved substance,
is given by the formuls v, = m+w_u_:' where m
is the molecular weight of the solute in grams,
w is the weight of wator in which the gram-
molecule is dissolved, d and 8 are the densities
of solution and pure water ively (wee
Nicol, Phil. Mag, 1883, 16, 121; 1884, 18, 179 ;
Kohlrausch and Hallwachs, Ann. Physik, 1893,
50, 118, 1804, 53, 14 ; Kohlrausch, sbid. 1895,
59, 185; Traube, Usber dem Raum der Atome,
Ahrens’ Sammlung, 1899, 4, 258). The value
of the molecular solution volume for & non-
olectrolyto in squeous solution doea not vary
much, as a rule, with ths concentration {sec also
Wanklyn, Chom. News, 1892, 65, 122). For an
clectuf;c. on tho other hand, the molecular
solution volume diminishes na the soncentration
of the solute diminishes and, in many casce at
loast, si»proaohna a constant value in very
dilute solution. From those valucs, Traube has
deduced rea which represent tho atomic
solution volumes and he finds that for a non-
eleotrolyte in aqueous solution the molecular
solution volume is equal to tho enm of the
atomio volumes, pus on increment of 124 c.c.,
which is termed the: ‘ molecular co-volume.’
He further concludes that the contraction
sccompanying the dissolution of a gram-molecule
of any non-electrolyto in water {a dilute solution
being formed) is 136 o.0. at 15° and that the
contraction for each gram-ion of & binary
electrolyte is the sasme as that for the gram-
moleculs of & non-electrol

Qsmosis and relaled properties. i a layer of
conocentrated sugar solution is put at the bottom
of a tall jar and the jar is then carelully filled up
with water, diffusion sets in, with the result that
the conoentration of the suE:r ultimately bo-
ocomes uniform throughout the jsr. The exist-
cnce of the force which thus brings about the
intermixture of the sugar and the water could he
rendered evident by i ing between solu-
tion and solvent mome surface which would
differentiate between and water, pre-
vonting the of the former, but freely
pormenble to the Jatter. If & membrane wit
theso prodporties were interposed between the
wator and the strong sugar solution the systom
would seek to reach equilibrium in the only way
left open to it, viz. by water entering the aolu-
tion tﬁough the membrane ; that is, & one-sided
diffusion, or ¢ camosis,” would occur, The result-
ing increasc in the bulk of the solution would lead
cither to the bursting of the membrane or, if
the membrane were nigid and strong enough, to
the production of a hydrostatic preesure op-
posing the further passage of water into ¢
solution. The pressure developed in the sclu-
tion in the latter caso might be taken es a
measure either of the dri foroe under the
influence of which the sugar molecules diffuss ; or,
aimply, of the attraction between solvent and
solu'lt.w"hmn. ndi ble of tal

conditions are capable of experimen

realisation. Membranee are known which may
be desoribed as * semi- ble," ginoe they are
freely permeable to water, but impermeable to
certain disiolved substances. A membrane of
coppet ferrocyanide, for instance, produced at
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the common surfsce of eclutions of copper
de, is per-

is flled with &

The first direct determinations of thie force
{(Plofler, Osmotische Untersuchuogen, 1877)
showed that the oamotio of sucrose
solutions st & constant tempersture is approxi-
mately proportional to the concentration, and
tat the camotis preasure of s given sucrose
wolution varies pearly as the abeolute tempera-
ture {sce van 't Hoff, Fhil Mag. 1888, 26, 81;

burg, Ber. 1889, 1225; Adie, Chem.
80c. Trans. 1891, 59, 3423' 5o and -
biamer, Zei

by ,
J. 1908, 34, 1; 1906, 36, 1, 39 ; 1907, 37, 324,
175; 1908, 39, 067 ; 40, 1, 194 ;
41, 1, 257; 1011, 45, 91, 237, 383, 517,

with dextrose and sucrose solu-

¢ontaining from 0°1 to 10 gram-molecnle

Pec 1000 grmns. of water, thees investigators find

that the cemotic presgure i.sprgmrtioml to the
toncentration, provided that thi i

ferred, oot to nnit volume of the solution, but

strong sclutiona have been made by
Lord and co-workers (Phil. Trans. A,

Berkeloy
1906, 208, 481 ; 1009, 209, 177, 319; see also
Proo. Roy. Soc. 4, 1009, 82, 271). They have
lnvestignted sucroee solutions containing up to
‘wsrumcruesger litre and measured osmotio
Fremures up to 133 atmospheres. 1t is found that
the smotio preasure increases more rapidly than
the copcentration, even when the latter is re-
ferred to wnit volums of the solvent. (For a
L of this work on casmotic pressure, see
Lowry, Progreas, 1913, 7, 544.)
. For the purpose of finding * isotonic * solu-
tions—that is, solutions of equal osmotio
eure—n study of tho water ex 0.%
psce sorces @ semipermeabls membrane
animal or vegetable origin has been found usedal
(sec, for instance, Tammann, Ann, Physik, 1888,
3, 200; de Vries, Zeitsob. ; Chem.
1688, 2, 415; Hamburger, 1890, 6, 319 ;
Hedin, thid, 1895, 17, 164). One ohief result of
investigations has been to show that, for

¢qual molecular oconcentrations, the cemotio
sctivity of o binary salt (e.g. sodium chloride) is
:th:nd%Mtola nl::lelentmlyto auch
sacTOMs, ternary salte (e.g. caloium
chlotide) are still more active.

‘,m”?pon;mre?'of s solution of s non-

a7

volatile solute is lower than the vapour pressure
p of the pure solvent at the same tem
snd the relation between these and t.h;' oonoen-
P—p_ "
tration is expreased by the formuls 7 el
wl:lm'e n u;diwl‘flm the lzimbenianofth?h:zle and
solvent m o8 reapen ation
{se¢ Raoult, Zeitach. phynim Chem, 1888, 2,
353). There is also o quantitative relationshi
between the csmotic pressure of & solution an
its vapour pressure (van 't Eoff, sbid. 1887, 1,
481; Gouy and Chaperow, Apn. Chim. Phye
1888, 13, 124; Arrhenius, Zeitach. physikal.
Chem. 1889, 3, 116; Berkeley and ¥,
Proc. Roy. Boc. A, 1008, 77, 156 ; Spens, did.
234 ; Porter, iid. 1007, 70, 519 ; 1908, 80, 457).
In order to deduce osmotis from vapour
reesure by this relationship it is necessary to
w only the rafio of the vapour of
solvent and solution st the same temperature,
not their abeclute values. The value of the
retio can be found by Ostwald snd Walker’s
method (Zeitsch. physiksl. Chem. 1888, 3, 602
and Berkeley and Hartley, using & i
form of apparatus, have found that the values
of the osmotio pressure deduced from the re-
lative vapour pressuree of solvent and solution
are in good agreement with ths values obtained
by direct measurement (Froe. Roy. Soc. Al
1908, 77, 156 ; Phil. Trans, A, 1808, 208, 177),
The boiling point of s solution of a non-
volatile solute is higher than that of the pure
solvent, the extent of the rise bein%}:vroporhoml
to the molecular conceutration of the solute
&l:‘aoult. Compt. rend. 1878, 87, 167 ; Beockmann,
itsoh. ghymhl Chem. 1889, 4, ; 1800, 6,
1, 8,223 ; 1804, 15, 6566 ; compars, for
other practical methods of finding the rise of
bo point for & sclution: i, Chem.
8oc. 1892, 61, 989 ; Landsberger, Ber.
1898, 31, 458 ; Walker and Lumaden, Chem.
Soc. Trans. 1898, 73, 502; Turner, thid. 1910,
97, 1184). For each solvent there is a charac-
teristio or constant, known as the ' mole-
cular elevation of the boiling point,’ which ia
defined as the riss of boiling point for & solution
containing 1 ~molecule of solute in 100 grme.
of th:o:lvenu This &mﬂl:: can ibe evaluated
ol empirically, {from thoe rise of boiling point
observed with normal solutes of known mole-
cular weight, or from van 't Hoff's formuls
E=0-02T*%/1, where T is the boiling point of the
solvent on the absolute ecale, and 4 is ite latent
heat of vaporisation.
The osmotic pressure P of s moderately dilute
solution can be caleulated from ita boiling point

T by the formula P=!WI-T_T' atmospheres,

L ]
where 8 is the sp.gr. of the solvent at ita bolling
aoint T, and s the latent heat of vaporisation
e 1 grm. of solvent. Foraqueous solutions this
formuls reduces to P==56-8 (T—T,)atmospheres.
The freezing t of & solution is lower than
that of the pure solvent by su extent which is
proportional to the molecular concentration of
the dissolved substance {for details of this, ece
Ceyoscory). The osmotizgmum P of & solu-
tion is quantitatively related to ite freezing point
10008w T, —T
T by the formula P=—2-4;2-5- ‘= stmo-
L)
spheres, where 3 is the sp.gr. of the solvent at
H

437; 18
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its froszing point T, and w ia the latent heat of | The variation of specifio and equivalent con-
foston for 1 grm. solvent. For aqueous solu- | ductivity with dilution for non-aguecus solu-

tions this formula becomes P=12:08 (T,—T)
atm:
The quantitative relationships already re-
ferred to between x:;mofﬁ%o e ag of
VAPOUR preasure, of boi t, an
presaion of freezing point, on the%?:i:hand. and
m conoentration on the othen, are,
generally ing, valid only for solutions
non-electrolytes. For electrolytic eclutions,
notably those of salts in water, the osmotic
value, determined directly or indirectly, is
?bnormslly igh. The oha;:rvoddflep ”] l:iod
reezing point, for instance, for a dilute solution
of oodiugm:ﬁoﬁde in water is nearly twice aa
groat as the depreesion oaloulated from the
aocepted freezing point constant for watar, on
the assumption that the moleralsr condition of
the dissojved salt in reprecented by NaCl, If
jm OO0TTEd dopreesion .. .. go.ng that for

*™ theoretical depreasion
dilute solutions of binery salts such as sodium
chloride or potasgium nitrate, the values of ¢
run np to 2, while for diluta solutions of
ealts such ss caloium chloride or sodium sul-
Efrh,thenlnumuptoS{mAnhenim,
itech, ph Chem. 1887, 1, 636; 1888, 2,
405 ; rd, Froo. Boy, Soe. A. 1910, 83,
464). It is noteworthy that for eclutions of
sodinm mellitate & value of ¢ alinost equal to &
has been recorded (Taylor, Zeitech. phymikal.
Chem, 13988, 27, 361).

Blecirical conduciivity. The significance of
this property in relation to the constitution of
solutions js generally admitted. The acourate
dotermination of the electricsl conductivity of
aqueous salt solutions dates from the investigs-
tions of Kohlrausch (Ann. Physik, 1878, &, 1,
145; 1886, 26, 18] ; sece eapecially Eohlrauach
and Holbom, Leitver der Elektrolyte,
1808, where there is & full list of references to
all the fundamental work on the subject).
These, supported by the work of later investiga-
tors, have shown that whilst for & given aalt the
conductivity referred to stan dimensjons
of the conducting oolumn diminishes ss the
dilution increases, on tho other hand the oon-
duotivity referred to & fixed quantity of the
tlissolved salt sncreases with the dilution. The
* specific resistance ’ of an electrolytic solution is
now defined as the resistance in ohms between
two opposite fmces of & centimetre cube con-
taining the solution, The °‘specific condue-
tivity,” represented by the symbel «, is the
rociprocal of the specific resistance, and dimin.
ishes ma the dilution incresscs. A measure of
the oonductivity referred to o fixed quantity of
the dissolved electrolyte i given by the produot
»x ¢, where ¢ is the volume of solution {in cnb.
¢m,) contsining 1 gram-equivalent of the solute,
‘The product x X ¢ is represented by the symbol
A (or A) and ie termed the *equivalent con-
ductivity." The equivalent conductivity of a
salt {acide and bases included) increases as the
concentration diminishes, snd approsches a
maximum limit at very high dilutions, In
many cases at least, an extrapolation may be
madeand the limiting value A, of the equivalent
conductivity at infinjite dilution thus obtained
{#ce Kohlrauech, Aon. Physik, 1885, 26, 101;
Bredig, Zeitsch. physiksl. Chem. 1884, 13, 191).

preasure, lowering of | Ame

tions appears to be generally the same
character an for aqueous solutions (see Walden,
wid. 1008, &4, 133; 1911, 78, 257; Turner,
J. 1908, 40, 571; Dutoit and
Duperthuie, J. Chim .cg.ys.léoa. 8, 703;
Phi ‘lmalnd Courtman, m, Sco. Trans, 1910,
97, |18
The vsluea of A, for aqueons solotions, more
partioularly those of bi electrolytes, were
shown by Kohlrausch to be itive in cherscter ;
that ia, A, may be ted aa the sum of two
other 1;:;, stt.ributcvl;jle to Ttlfee positive and
negstive jons respectively. '
:ﬁ'ﬂ. where « is the oon{ribution of the oo:il;::
and v is that of the anion, is the algelmaic ex-
ion of Kohlrausoh’s Law of the Independent
monoithe Tons, for it is found that the
ocontribution which any ion makes to the
equivalent conduotivity st infinite dilution is
independent of the other jon with whioh it ia
o St pipsikal. Ch M'iesg.“zb o18)
ornat, Zeitaol i em. y b
The sctual valnes of u and v'are obtained by a
combination of the for Ag and Hittorf’s
a6, 08, Jmfsishé',' 108,5F; 1658, 108, 338, 513 .
reprinted in Ostwald’s Klsssiker der exnkten
iesenschaften ; ses alao Loeb and Nernst, Le. ;
Drucker, Zeitach. Elskirochem. 1007, 13, 81;
Koblrausch, #&d, 333; McBain, Proc. Waah.
Aced. Sci. 1907, 9, 1; Weahbum, Technology
Quart. 1908, 21, 184 ; Denison, Trans. Faraday
Soc. 1909, 5, 185). The relation betweem the
md:f:gvity and the vtilooaity of salt;h solutions
an important bearng on their con-
stitution (see K.oﬁnusoh, Si bar. K. Akad.
Berlin, 1902, §72; Bonusfield ond Lowry, Proc,
Roy. Boo. 1902, 71, 42; Walden, Zeitech.
phyaikal. Chem. 1906, 58, 207; 1011, 78, 257).
Theories of solution, The remarkable way
in whioh physioal and chemical conceptions of
the relation between solute and eolvent have
long struggled for %e-emen' ce has been
sketched in detail by Walden {Ahrens’ Samm-
lung, vol. 15: *Die Lisungetheorien in jhrer
geachichtliohen Aufeinsnderiolge’). The Ilast
fthree decades have witnessed & renewed activity
in the investigation of solutions, resulting in the
sccumulation of & vest amount of material,

some of which has been indicated in the
P pmgn‘phs. Some soientista have
mnterpreted these facta in terms of & chemmical

internction of solute and solvent: by others

hysical considerations have been put in the

i)zcmgmund, to the exclusion of any chemical
tor,

The *hydrate* theory ie based on the wiew
that the formation of mn aquecus solution is
essentislly & prooeas of association, and that the
solution ocontaina compounds of solute and
solvent, the complexity of which incressea with
dilution. The s:ippom of this theory origi-
nally found evidenoe for their views im the
character of the density-concentrstion curves
(sec Mendeléoff, Zoitsoh. physikal, Chem. 1887,
1, 273; Chem. Boe. Trams. 1887, 5L, 778;
Pickering, id. 1880, 57, 84; Watts’ Dictionary.
1804, * Solation,’ second article). Tho method,
however, adopted for deducing the composition
of the definite hydratessupposcd Lo be present
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in the solutions has been subjected to
:rions criticism, eand in ite origi form
the theory is hardly teoable. modified

in harmony with the oonceptions of reversi-
bility aud mass sction & hydrate theory of
wlution has many facts in its favour (see Lowry,
Bciente 1808, 3, 124). 0 oMsO In
support of view which regards the solvent
M enroising an sesociative function has been
mtuhlmﬁy Armstrong {Proc, Roy. Boo. A,
1006, 78, 264 ; did. 1908, 81, 80; Chem. News,

oy A —
2000 st the present time
wd more commonly employed ag & worki
b iz in the investigation of sohutions are
theorice aamociated with the names of van 't
Holf and Arrhemius. By a thermodynemioal
srgament, based on the validity of ‘alaw,
v 't Hoff resched the conclusion t the
osmotio of a dilute solution must be
proportional (1) to the concentrstion of the
mlots and (2) to the absolute tem ture
S o B TR
3 00m 5 ature,
1897, 55, 263; Kol m 2723 Larmor,
®id. 545). He pointed to Pfeffer’s measure-
Denis (seo above) as an experimental vorification
e Y e i
in i s Law and Gay- ‘s Law
todilul':ao ne. ,mw;tﬂoﬂe:s
tended Avogadro’s hypothesis to solutions sn
amumed that at & given tempersture oqual
volomes of two dilute solutions which bave
equal oamotio contain the same
number of dissolved moleculee. Evidence in
favour of this extemsion of Avogsdro’s hypo-
theis wag found in the kmown influence of
different substances on the vepour and
freezing point of & solvent. In snalogy then
with the gas equation pr=RT, the behaviour of
mbstances in dilute solution may be repre.
sented by an equation PY=R'T, where P in the
oamotic pressure and V is the volume of solution
wnhmmﬁ 1 m-molecule of solute. The
hmnmo P, V, and T, for dilute gucrose
wlutions showed that R'ssR, and hence van 't
Hoff concluded that the osmotic pressure of &
ute sugar solution is equal to the pressure
which the would exert if it were in the
gamols state at the =ame tempersture and
octupied the same volume ss the solution.
While this statement ia valid for dilate solutions
it is not strictly socurate for higher concentra-
tions, Under these oonditions the obeerved
osmotic pressure for sucrose solutions is grester
thag the corresponding gae pressure, even when
the conventration is ref to unit volume of
wlvent jnstead of unit volume of sclution (see
Morse and others, Amer, Chem, J. 10ll, 45,
554 ; Berhelef snd Hartley, Phil. Trans. A,
1908, 200, 481; Berkeley, . Roy. Soc. A,
1907, 79, 125 ; Callendar, ibid. 1908, 80, 466),
It should be noted that the quanmtitative
relationabips involved in van ‘t Hoff’s theory
ar independent of the exact way in which the
wmotio originstes. Indeed, diverse
Yiows are aa to the origin and mechanism of
omotic pressure (sce, for instance, Bredig,
Zoitach. physikal. Chem. 1889, 4, 444;
Meyer, B1d. 18900, B, 23; van 't Hoff, idid. 1890,
5, 174; Ber. 1894, 27, 0; Whetham, Nature,
189, 54, 571; Poynting, ibid. 65, 33; Arm-

08

strong, #bid. 55, 78: Barmwater, Zeitech.
i Chem, 1899, 28, 115; Lowry, Kahlen-
and others, Trane. Faredsy Soe. 1907, 3,
14 ; Tranbe, Ber. 1909, 42, 88).

In his original paper, van 't Hoff drew atten.
tion to the fact (see above) that there are certain
sﬂa&nm whjgh in squecus aulutiond gi;o
abnorm igh osmotic pressurea and the
bebaviour ofhv%h.ich oannot be ted by
the formula PV=RT. Thees oxceptional cases
are vory numerous, but can be brought into line
with normal pubstanoes by assuming thet the
abuormal substances are dissociated. Arrhe-

rking ! njus had pointed out that it is precisely those

enbetances (viz. salts, acids and hases} which
give abnormally high osmotic values in aquecus
solution that make water » oconductor of the
eleotric current, and ho proposed & oommon
explanation for the two phenomena by mg-
ting that when a salt is dissolved in water it
_ugmim tod a grestelr or less ex:tvantl into
vely and negatively ¢ icles or
g:;. SBuch a d.i;gociatioi would mmt an in-
creased numberof unita in solution and 5o would
aocount for the abnormally high osmotic valuea
obeerved with salt solutions. The presence of
the ions would confer on the water the power
of conducting the electric current, the of
the current through s conductor of this kind
beinngpoeedwwnsiatinthemmingoi
itive ions in the one direction and of negative
iong in the other, under the influence of the
applied EM.F.

In relation to sonduction, Arthenius olassified
the molecules in & salt solution as active or
inactive, ecoording es their ions were indepon-
dent in their movements or were closely linked
together. Only the active moleoules were able
to take part in the conduction of the current,
but it wea gupposed, in view of the variation of
equivalent oconductivity with concentration,
that st exireme (infinite) dilution all the mole-
cules of the dissolved salt became aoctive. On
this basis, & messure of the exteat of dissociation
in any salt solution is obtained by comparing
the value A of the equivalent conductivity for
that solution with the value A, of the equivalent
conductivity st infinite dilution., If « is the
‘degree of dissociation’ (or ‘coefficient of

ionisation *) then g= %. On the other hand,
if 4 is & measire of the osmotic abnormality (seo
above), it follows that ass '), whero n is the

number of ions into which a molecule of solute
disecciates. Arrhenius was sble to show that
the values of & deduced for a given salt by the
two independent methods were m fair, although
not Kifect, agreement {Arrhenius, Zeitsch.

hysi Chem, 1887, 1, 631:; 1888, 2, 495;
g\htt&’ Dictionary, 1894, *Solution,” first
article ; Whetham. Proc. Roy. Soe. 1900, 66,
192; Noyes, Technology Quart. 1004, 17, 203 ;
Drucker, * Die Anomalie der atarken Electrolyte,”
Ahrens’ Bammiung, 1905; Bedford, Proc. Roy.
Soc. A, 1910, B3, 4534).

The electrolytio dissocistion theory of Arr-
henius has proved very eerviceable in the
qusntitetive study of numerous phenomena
exhibited by agqueous solutions of acids, bases
sand ealts ; as, for instance, in the interpretation



100

of diffusion (Nernet, Zeitech, physikal, Chem.
1888, 2, 613; 1889, 4, 120; Arrhenius, ¢hid.
1892, 10, 51), of the relative strength of acids
and bases (Ostwald, ibid. 1888, 2, 36, 270 ; van 't
Hofl and Reicher, ibid, 770; Arrthenius, ¢bid. !
1889, 4, 226; Walker, itvd. 319; Shields, Phil.
Mag. 1803, 35, 365), of the influsnce of salts on
the aotivity of the corresponding acids (Ar
honiue, Zeitsoh. physilml, Chem. 1888, 2, 284 ;
1890, 8, 1), of reciprocsl solubility influencea
(Nernat, ébid, 1889, 4, 372; Noyee and others,
ibid, 1890, 6, 241; 1892, 8, 603; 1898, 27, 267,
442), of the distribution of an electrolyte be-
iween two immiscible solventa (Nernet, 1881,
§, 110}, sod of the thermo.chemistry of salt
solutions {Arrhenius, Zeitach. physiksl. Chem,
1889, 4, 90; <Theorice of Chemistry,” 1907,
chap. xiii.).

e faot that water is such a dissociat-
ing or jonising solvent is probably connected
with its high dielestrio constant (Thomson, Phil.
Mag. 1893, 36, 320; Nernst, Zeitach, iloal.
Chem, 1804, 13, 531; Walden, sbid, BJ& 54,
129; compare Crompton, Chem. Soc. Trans.
1897, 71, 926; Dutoit and Friderich, Bull. Soe.
chim, 1808, 19, 321 ; Dutoit snd Aston, Compt.
rend. 1808, 125, 240; Brijhl, Zeitach. physikal.
Chem. 1898, 27, 319). This, however, docs not
adoquately explain the cause of jonisation, or
indicate tho source whence the energy necessary
for ionjsation is derived. It has been growingly
folt that in the esrlier tation and applica-
tions of the theory of electrolytio dissooiation
the part played by the solvent was too much
neglected, and at the present time the view is
oommonly hold that, in meny cssce st lesst,
the iong of & salt solution are hydrated. Not
onl&:o; it is urged by some that it is the
hydration of the ions which is the source of
energy in ionisation (fee Lowry, Science Pro-
gresa, 1808, 3, 202), The evidence bearing on
the existence of hydrated ions and the mothods |
available for determining the extent of hydrs.-
tion have been summarised by Washbum
(Technology Quart. 1808, 21, 360). 3 G P

StOHATOSE. An albumose prepatation from
mcat.

SOMBRERITE, A mixed calcium and ahi-
minium phosphste occurring on Sombrero and
other islands of the Antilles (v. FRRTILISERS ;
also PHOSPHOBUS).

SOMNOFORM v. SYNTHETIC DRUGS.

SOPHORA JAPONICA (Linn.). Thisisalarge
and beautiful treo, not unlike an acacia, belouging
to the Leguminca@, which grows abundantly
throughout China.

The undeveloped flower buds constitute an
important yellow dycstuff employed by the
Chinese for colouring the silken vestmonts of
the mandarins. For this purpose the buds are
collected and dried rapidly, either in the sun or
by artiticisl means, usually with the addition of
o little chalk. The methud of dyeiny consists

in simpl; boiling for 1-1% hours in & decoction
of the flower buds, silk which has been pre.
viously mordanted by steeping overnight in a |
decoction of alum. Less froquently it is em- |
ployed in the dyeing of cotton and woel. Its-
price ia about 30s, & cwt. I

This dyestuff has been studied by many |
chemiats, ially by Schunck (Chem. Soc. |
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Trans. 1888, 53, 262; 1805, 67, 30), who
has proved that the gluocaide which it con-
tains formerly called sopborin (Forster, Ber.
1882, 15, 214) is in reality identical with
rutin, the quercetin glucoside first isolated
from rue (Ruia gro él..inn.]) by Weiss
(Chem. Zentr, 1842, 803). (Com also Stein,
J. pr. Chem. [i.) 58, 399; 885, 351; 88, 280;
?ohv.igczk, M.mcgleﬂe: Memoirs, 1858, 2 ser.
5, 122.)

When applied to wool the Sephors Japonica
buds give colours somewhat like those obtained
with quercitron bark, viz. & dull orange with
chromium, s yellow of moderate brillisncy with
aluminjum, o bright yellow with tin and & dark
olive with iron. n%n yeing power it seema to be
equal if not slightly superior to quercitron bark,
and is to be regarded s an cXoellent dyestuff,
quite equal to those of similar character in

eneral use (Hummel and Perkin, J. Soc, Chem.
d. 1806, 468). A G P,

SORANJES, or SURANJI, v, Aar,

SORBITE. One of the constituents of steel.
It is intermediate in properties botween cemen-
tite and pearlite {g.v.), and may be regarded aa

lite in which the lamellm or gran are so
¢ that no microscope can resolvh them {Os-
mond, Revue de Métallurgie, 19004).

It is an important conatituent of structural
steels, v, METALLOGRAPHY,

SQRBITOL v. CARBOHYDRATES.

SORBOSE v. CARBOHYDRATES.

SOUDAN BROWN v. Azo- COLOURING MAT-
TEES.

80Y. A well-known sauce made from oy
beans (Soja Aispida (Moench.); nat, ord. Legums-
nosce), chiefly in Ja and to a lesa extent in
China, Indis, snd the Molucces. 1t is known to
the Japanese as ‘ Sho-ju,” and to the Dutck, by
whom it appesrs 10 have been introduced into
Europe, as * shoys.’

To prepare the sauce, the beans are ground
up with an oqll:al quantity of wheat ot barley,
and boiled with water until soft, when the mix-

ture ia left in 8 warm place for about 24 hours to
ferment. It is then covered with a thick layer
of salt, water poured over it, and the mees
stirred daily for about & couple of months,
The liquor is then poured off, Dz:anmed out of
the sediment and stored in wooden veascls, in
which it clears on standing.

A Chinese sauce, known as * kit-jap * (hence
* ketchup *), is sometimes sold as ‘soy,” and
often the article desoribed under this name is
nothing more than diluted molasses flavoured
to imitate soy. d. C.

S0YA (Scja) BEAN OIL (Soy- Bean ovl, Bean
ofl, Chincae Bean oil). Thia oil is obtained from
tho seeds of Glycine Soja, Sieb, et Zuce., Dolickos
Jojo, Linn., Sojo hispids, Moench, Soja
japonica Sawi, Glycine Rispide, Maxim (* SBachucs
bean *), & plant indigenous to China, Manchuria,
Korea, Japan, Formosa, and Indo-China, where
the oil and the eﬁmsod cake are Iargely need
a3 foodstuffe. e seeds contain 18 p.c. of
oil and about 3040 p.c. of proteine.

The cultivation of the ao‘ia bean has been
for centuries the main agricultural industry of
Manohuris, and the induatrice based on the pro-
duction of soya bean oil and soys boan cake
have formed the most important manufsctore
of Manchuria, and to a large extent of Japan.
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Up to the last Ruseian-Japanese war, the soys
bean and soys bean oil were practically un-
knowa in Porope. Bince then, however,
£0OTIONS m&mnﬁtiea bave been imported into
Furope the oil has in an extremely short
time soquired the position of one of the foremost
oleaginous seeds, rivalling in extent and im.
oo the cotton-ssed o1l industry of Europe,
m to their high proportion of proteins, they
have mpidly acquired grest commercial im-
portance ; especislly so as it is stated that the
woys cake is instrumental jn producing cow-
wilk richer in butter fat than is obtained when
leeding with linseed snd cotton.seed cake. In
this country, however, the cake has not yet
been employed for feeding milk cowa to the same
extent that it bas on the Continent (Denmark,
Holland),
In Manchuris, three varieties of Boja are
known, commercially, namely, yellow, green
and blsck, bat the commercial seeds represent

atleast seven varieties. The almost phenomenal | 209

importance which the soys bean ind has
scquired in the oourse of ytwo years h?:lzd to
the sttempt to cultivate the soys bean for
commnercis] purposes in other countries, and at
present experiments are being made to produce
ooys beans in Australia, Bouth Africa, United
Sates of America, Italy, Spain, SBouth Americs,
s even in this country.

In Manchuria, the beans are soaked in water
over night, then crushed and boiled with a little
water 50 a8 to burst the oil cells. The oil is
ther expressed in the most primitive fashion ;
but owing tothe long time the cakes are allow
to remain in the press the yield of oil amounta
o 13 p.c., whereas experimenta made with
moders machinery are stated to have yielded no
more than 10 p.c. ‘The expressed meal is made
into bean-cakew which constitute one of the
staple foods of the country, and form the most
importantarticle of export. Before the Rossian-
Japanese war, the chief export of beans from
Manchuris wae directed to Japen, where the
bean is used on the moet extensive soale for the
peparstion of the condiment ‘Sheyu’ and
‘M’ (8cja sance).

For the characteristics of soya bean oil see
Oxs, Frxxp, axp Fars.

. The oil must be clagsed with the drying oils,
inasmuch as it {or at least some varietica of the
8oy bean oil) yieldeup to 8 p.c. of hezabromide
inthe bromide teet. The drying powers are,
bowever, weak aa compared with ki o}l‘:

S0ZAL v. SYNTEETIC DRUGA.

S0ZOIODAL v. SYRTHETIC DRUGS,

SPANISH GRASS v. EsPanro and ParEr.

SPANISH OCHRE, Burn! Roman Ochre
r. Piaamsrs,

SPAR (Ger. Spath, Spat). A general term
spplied to & variety of minerals without metallio
lustre which ocour as crystals or which cleave
into fragments with ht surfaces. Such
:nrry minerala are well wn o miners &
gangue of m9u]].ioboreq. Heveral kinds m:{
are distinguished by popular namen,
rterm also enters into certain mineralogical
mmes. For example : Derbyehire-spar (fluor-
spar) ; calc.spar, leela.nd-:lpu. dou:l;lg-mfrwting
spar, dog-tooth.spar, snd onil-hesd-apar (cal-
cite); heavy epar (barytes); satin-spar (gypeum

and calcite); tabular spar (wollastonite);
adamantine spar (corundum); felspar, feldspar i
&¢, Ipspecial trades, however, the term “apar
is often used for one particular kind I:f jpai

SBPARTEINE C, H, N, (Mils, Chem. Boc.
Trans. 15, 1)is the alkaloid of the common
broom, Cytisus Scoparivs (Link), in whioh it
was discovered by Stenhouse (Chem. Boo. Trane.
4, 218), It is produced in greeteat quantity
during the early part of the life of the
plant (Chevalier, Compt. rend, 1910, 150, 1088),
and is p from broom-tops by addin,
canstio to the aqueons extract an
then distilling with steam, or by evaporating
the extract to esn and dissol out the
alkaloid with dilute hydrochloric acid {(Sten-
house). 1000 . of the plant yield 3 grma,

re ¥odnct {Houdé, J. Pharm. Chim, [v.] 13,
gg). 'or other methods of extraction see
Houndé, Le. ; Kerchmann, Arch. Pharm, fiii.] 0,

Sparteine is & thick, heavy liguid, colourless
erts o Tghs o . Tt beila st 1801815
to light and air. It boils at 180°-
at 20 mmn. (gle]mheimer, Gazr. ohim, ital. 13,
451); 287° (Houdé); 311°-3115° st 723 mm.
{Bamberger, Annalen, 238, 368); 326° (Wacker-
nagel and Wolffenstein, Ber. 1904, 37, 3238);
188° (corr.) at 18-85 mm. and 325" {corr.) in &
ourrent of h n &t T84 mm, (Moureu
and Valeur, Compt. rend. 1803, 137, 1%4). It
has sp.gr. 1-034 at 0°, 10198 at 20° (Mouren
and uy, loc. ¢it), 10199 at 20° (Semmler,
Ber. 1004, 37, 2428); the specific rotation
[a]o is —1642° (M. and V.), —140° at 20°
{Bernheimer, l.c.); and the refractive index
n, is 15203 at 19° (M, & V.), 1-520] at 20°
{Semmler}.

1t is soluble in water to the extent of
0304 parts in 100 (Moureu and Valeur, loc.
¢it.), and is readily soluble in aleohol, ether,
and chloroform ; insoluble in benzenme and
petroleum (Houdé, loc. ¢it.).

Sparteine has a strong alkaline reaction and
behaves as a diacid base towards phenol phtha-
lein, &o., but ee & monaoid base to litmas., Jt
haa & very bitter taste and is a powerful narcotio
poison. Administered in doses (as the
sulphats in agneous solation) it strengthens the
sction of the heart and immed.intelgv reaxlatoa
any disorder of the cardias rhythm {Sée, Compt.
rend. 101, 1048 ; see also Maurel, Compt. rend.
Soc. Biol. 1603," 55, 1427, and Arch. Experim.
Pathol. Pharm., 1802, 141).

8 ine is a ditertiary bese and is com-
pletely saturated ; it does not contain methyl
ﬂ'oups attaoched to nitrogen {Herzig and Meyer,

onnt;:. 111895{ ]}3. _m}f Onl t.hfse :;:ln other
grounds, the following formula has pro-
gomdm ]by Mouren snd Valeur {Compt. rend.

41, 281, 328):
CH,— CH, CH,——-CH,
éH-CH,'CH,-)lI 1 CH,-CH,*(!I—I

H.—-EHCH,-CH H,

When oxidised with a strong solution of
potassium permanganate or with silver oxide
and water in sealed tubes it undergoes profound
decomposition, among tho products.) being
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pyvidine, a-picoline snd allied compounds i
{Peratoner, (Garz, chim, ital. 22, 566: Bem-
heimer, ibid. 13, 451 ; ¢p. Bamberger, Annalen, :
235, 368). Hydrogen peroxide, howsver, von-
verta it into oxy- and dicay- sparieins (Ahrens,
Ber. 24, 1005 ; 25, 3607 ; 20, 3035, 30, 195).
e e s Totuiemal sphocracirmn
an ma cglaaemarpa
(Lam.), is » h{drory ne, C;H,N,0,
cryst in long n M:S l§2°' with
decomposition (Bettandier and osss, Compt.
rend. i897, 128, 360, 450 ; ses also WilletBtter
and Marx, Ber. 1004, 37, 2361).

Tests for sporicine, Sodium picrate gives a
yellow oolour which on addition of snlphuric
acid, smmonium persulphate and dg;tasuium

thiocyanate turns orange-red. I the dry residue
obtained by evaporating solutioms of ferric
chloride and potassium thiocyanate together be
touched with & solution containing sparteine an
intense bluish.violet colouration is obtained
(Roéchard. Pharm. Zeit. éﬂ,‘HSBS). H,50,.0H,
parieine sulphate C, 'Y 4 y
pared by dissolving the Jﬁlmd in 10 p.c.
snlphurio acid and allowing the aoclution to
e ise in & warm place, forms colourless
rhombohedral crystals, soluble in 1:1 parts of
water and in 24 of aloghol at 25%, inscluble

in ether and chloroform, In agqueous solntion
at 15°-20° it haa [a], —2212° (Moureu and
Valgur, J. Pharm. cmmrﬁl% [vltgdlrg;d! 5:05).

parteine hydroehloride are
white oryetalline solids, scluble in water ; the

latter has m.p. 226°-228°, The platinichloride
CI‘H“N"E “23‘0 is yﬁllﬂw sod docom-
poees at 244°-267°.

[} CyfHyo N 2C H, 0N, has
m.p. 208° (Mouren an \’falonr, Compt. rend.
1003, 137, 184), 199°-200° (Wackernagel and
Wolaﬁonstein, Le.).

parteine ferriehloride C, H,N,-2HCI-FeCl

sintors st 190° (Scholtz, Arch. Pha )

2415:‘3;)‘.1“ i i hite crystalline
eITOC; in 5 w ory

solid, easily soluble in water (Beckurts, Arch.

rm. 1908,

Pharm. 228, 347).
sso-Sparteine l
CH,- CH, CH,-—---?H, :
(lJHCH,-CH,-ILT IEICH(CH,)-N
|
CH,- CH,CH H,

has beon isolated by Moureu and Valeur (Compt.
rend. 1007, 145, 1184, 1343),
Numerous derivatives of sparteine and tso-
rtoine have been prepared: for an eccount
:r‘tvhcse the original paﬁrs must be consulted—
Dihy: (Ahrens, Ber. 20, 2218;
21, 825),

0 (Ahrens, Ber. 24, 1095; 25,
3607 ; 26, 3036 ; 30, 196). o
Hydroxysparieine C,;H,,ON, (Ahrens, id. |

1908, 38, 3268). ( i, 26, 3030
$ e C.HoN, (Willstatter and Marr,
Beri:tmg:z"m lodide C,H, EtN,I
moniam L] it
(do Coninck, Compt. reod. 104, si3)
Mathyl-derivatives of esparteine and iso-
sparteine (Moureu and Valeur, Compt. rend.
1905, 140, 1846; 141, 49, 117; 261, 328;
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1007, 145, 815, 020, 1184; 148, 79; Mouren
and Valeur, Bull. Boe. chim. 1908, [liv.] 3, 674,
Compt. rend. 1908, 147, 127, 864, 1318; Valeur,
Ball. Boc. chim, 1908, [iv.], 5, 31 e seq.).
SBPATHIC JTRON-ORE v. CRALYRITE.

. This term, taken
ctly, means the ratio of the true weight of
a given volume of & substance to the true weight
of an squal volume of water at the same tem-

ture {°C. ; the ratio is frequently indicated

y the symbol &. The ocorreotion for di
air, however, is not always made, so that the
value quoted for d; often means the ratio of the
apparent weights of equal volumes of substance
and water at the same temporature. The
higher the meiﬁo gravity of the substance, the
greater is diffsrence in value between the
two ratios, as just defined, In the case, for
example, of a liquid with a specifio gravity of
19, differenoe wounld amount to 1 nnit in

the At::d plaos of dm::iala. d
n, * specifio ty * is frequently taken
to mean the ratio of the true weight of & given
volume of a subetancs at tempersture ° to the
troe weigm of an equal volume of water at 4°:
the ratio is frequently indicated by the symbol dt,
In view of the relation between weight and
volume of water in the C.G.B. gystem it. iz evident
that the apecific gravity of a eubstance, as thus
defined, has the same numerical value as its
absolute density, which is the mass in grams of
8 oubic centimetre. "It should be pointed out
that the values of d} recorded in the literature
often refer to the ratio of the apparent weighta
of equal volumea of the mbstance and water at
#° and 4° respectively. The indefiniteness that
pmvaihinthnnnofthntem‘sodﬂnpﬁty’
makes it dexirable to indicate along with each
recorded value (1) whether water at £* or water
at 4° is taken us the standard of reference; (2)
whether & correction has been made for dis-
plac:[ggedr. "is used mainly

term ° specific gravity 'is

in connection with the densities of liquids and

solids relatively to water. Gases are
compared with air or a8 A

snd the * relative density ' of a gas means the
ratio of the weight of & given volume of the gan

at given temperature presgure to the wu%h t
of an equal volume of air {or hydrogen) under
the eame conditions. Owing to the uniform
influence of temperature on the volumes of
differont goses this rstio is independent of
temperature ; whilst, on the other hand, the

: relative denaity or specific gravity of a liquid,

d! is & variable figure.

In all determinations of spetifio gravity or
density, the essential operation is to find the
weight of a kmown volume of the subatance at

! known temperature and, in the case of & gus,

known pressurs. In the followi
account is given of the chief me
such determinations.

sections, an
used in

Dexsrry oF GasEs iXD VAPQURS,

The standard method for the socutate deter-
mination of the density of gases is the one em-
Eloyed originally by ult and perfectsd

later workera, nota von Jolly (Frane.

unich Acad. 1880, 13, ii. 49), Bayleigh (Proc.
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Roy. Soc. 1883, 53, 134), Leduc {Compt. rend.
1891, 113, 188), and Morley (SBmithsomen Con-
tributions to Enowledge, 1895; Zeitsch. physi-
knl Chem, 1806, 20, 68, 242). The principle of

Fra. 1.

ths method may be suitably explained
rdnmtothesyp v uudbillordRo-
iigh (Lo, The glass glbe & which oen
smrrounded with ice in the inverted beil-jar T,
contains about 1800 &, and is co
the rest of tho appamtus b
thick-walled indinmbtilb:rh 0.
= it g b
ns and oonnection is made throng?ﬁm tap W
i ) p T, and forther, through the
vaouum chamber of s special
. 'The side tnbe X leads to the
pressnre chamber of the same manometer.
The volumoe of the globe is escertained by
finding the weight of boiled-out distilled water
which it contams up to the top of the in
the sto After it has been dried 1t is
to the rest of the a) tus ue shown
The globe is then alternstely evacu-
ated and filled with the ges under examination,
its weight being determined between each
operation, During the filling of the globe it is
surronnded with ice, and before the etopeook s
closed the is read off on the manometer,
The temperature and pressure of the ges filling
globe are thus sccurately known., Inorderto
eliminste the effecta of changesin the tempersture
of the stmospg:v, and therefore in
the oy of the displaced air, in the interval
between the weighing of the vacuous globe and
the weighing of the%.l.led globe, & coun ise
mbeemo}ﬂtgv:d. This ehould be s closed
glnes ‘ﬁl:‘be same external volome aa the
dy referred to. The ‘dummy * globe,
farther, should be subjected to the pame treat-

EEF

3

ment, in to washing snd wiping, as the
wor! , 80 that the two glasa surfaces,

vh:n&asbwighingismsde.mu,uisru
possible, be in the same condition. In the
most accurate work it is necessary to make a

~orrection, indicated by Lord Rayleigh, for the
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contraction which the globe undergoes when it
is evacunted. In the case of & globe of 1800 o.c.

capacity, this conteaction amounts to about
043 o.c., and the air displaced by the vacuous
globe is less by this amount than the sir dis-
placed by the full globe, The weight of 0-43 c.o.
of air at the tempersture and pressure of tha
balance case must therefore be added to the
obeerved weight of the gas filling the globe,

The foregoing method, when applied with
sll due precautions, gives results of high aocuracy,
t]1811:Ksemnwm;;:?t datewm.inf ntioﬁ:}ls by hIord hyleig]llod

o weight of oxy, ing his worki be
under oonstant eg::ditiomg gave e the
extreme variation of which was about 1
9000, and this althongh the oxygen was obtained
froml di?‘ennt soumdwl;:m tfhe svsilla'l;‘l;-
supply of ges im emall, and the use of large glo
isegomio:o out of the question, the attafmble
acouracy is not 80 high. Travers has estimated
that in the oase of helinm, for instance, with a
globe of 30 o.c. capacity, it ehould be poasible
to determine the density to within 1 p.o. of the
true valuo, A description of the apparatus used
in finding the densities of tho rare guses has been
published by Ramssy and Travers (Phil. Trans.
A, 1901, 197, 54).

The socurate determination of the densities
of gascs hns sssumed great importance in oon-
nection with certain atomic weight problems,
When allowanoe is made for the extent to which

rt in

by | the different gases deviate from strict adherence

to Boyle’s Law, that is, when the compreasibility
is taken into wooount, it is possible to deduce
from the relative dengity of s gas found for a
ﬂ“““’ of 760 mm. the walue whioh it would
ve ot an infinitely low pressure. It ia then
sssumed that the molecnlsr weights of different
Ewu would be striotly proportional to such
imiting dsnaities {see ID. grthelot. Compt.
rend, 1898, 126, 9564, 1030, 1415, 1501; Ray-
h, Phil. Trans. A, 1905, 204, 351). Tge
uler weights so calculated were in harmony
with the sccepted atomio weights except in one
case, viz. that of ni . Here the applica-
tion of the phywical method of limiting densities
hsa led to a revision of the atomio weight for
this element (se¢ Gray, Chem, Soc, Trans, 1905,
87, 1801; 1904, 89, 1173; Guye and others,
Compt. rend. 1905, 140, 1388; 141, 526; J.
?2'.}31) phys. 1905, 3, B537; Ber. 1906, 39,
Bchloesing’s method for finding the relative
density of & gae depends on certam well-known
hydrostatio principles and can bo used when
only 6-10 c.c. of gas are avajlable (see Compt.
rend. 1888, 128, 220, 476, 888). Two long
capillary tubes, arranged vertically and com-
municating at the bottom through a 3.way tap,
with esch other or with s mercury reservoir, are
charged with air, carbon dioxide and s gas X of
unknown density. The carbon dioxide (sup-
to be the heaviest of the three gases)
oocupies the lower part of the tubes, while the
upper parte are occupied bEa.:ir snd X respec-
tively. When equilibrium been established
between the two tubes, the positions of the two
sarfacea air—C0, and CO,—X will obvious]
depend on the relative densities of air and
These positions can be determined by allowin,
meroury to rise into each tube separately an
drive over the contents into an sbaorption vessel
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filled with cbustic potash. The unsbsorbed air
or X is then brought back into ite tube, and the

ition of the mercury at atmospheric pressure
is read off, Inthiswny,witho:gwei ing and
without reading the barometer, the density of
X oan be deduced from the densities of air and
carbon dioxide.

Another method for the determination of the
densities of wus devised by Bunsen, and

ds on the rate of effusion through a minate
hole in & thin plate of platinum. e dengities
of two gasce are proportionsl to the squares of
the timees of effusion, eo the experiment consiste
in determining the time vocupied by the passage
of & certain volume of air through the aperture,
and then determining the time required for the
effusion of the same volume of the gas, The
density in relation to air is obtained by dividing
the square of the number of seconds recorded in
the seoond case by the aquare of the number
found in tho first.

Buneen’s ag{nntus, described in his Gaso-
metry (1857, 121-127), has gines been improved
by illing, and in this form is emﬂoyui for
controiling the density of coal gas. o resulia
fivsn bl'; this apperatus are reliable to sbount

pert in 500, e Simmance-Abedy epecifio
my bell is ussd for a similar aad in
on the same principle. On appars-

tus has been employed in the study of the
rare gases (Donnan, Phil, . 1900, 49, 423 ;
00 Emich, Monateh. 1903, 24, 747 ; 1905,

28,

The)‘eonhol of the density of coal ges, al.
ready referred 10, ja frequently effected with the
help of & eo-called gas balance. The charsoc.

teriatio m of auch an spparatus ia & hollow
brass ﬁ. which takes the place of one side
of the beam, and which can be filled ¢» &30 with

the a:;nder exsmination, On the other side,
the carries a rider and ends in & pointer
which moves in front of & verticsl scale (aee
Lux, Zeitsch, anal, Chem, 1887, 26, 38; 1890,
29, 13; J. Soc. Chem. Ind. 1890, 9, 415). -
When it is desired to ascertain the deneity
in the state of vapour of a substance which is
liquid uandor the ordinary conditions of tempera-
ture snd preesure, special methods must be

adopted.

E: Dumas’ method of determining vapour
denaities, the weight of & known volume of the
vapour is determined, A light glass flask, of a
capacity of from 100 to 3560 c.c. (socording to
the demit{( of the vapour to be determined),
hae its neck drawn out to a fine point and bent

Fia, 2.

nearly at right angles {scc Fig, 2). The flask
bas 1o be filled with dry air, which ia done by
connecting the point with a enlcium chloride
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tube and attaching the latter to an air-pump,
TMLM i;n:ivhas times e::hausb;d, ]:n fillexd
with air whi passed through the dryin,
tube. The flask full of air is now weighed, thg
temperature and the barometer boing simul-
taneouely resd. The end of the tube is next
dipped into the liquid, or the funed substance, if
the body of which the vapour density is to be de-
termined is solid at the ordinary tempersture,
and by alternate heating and cooling some of
the liquid is introduced into the flask. The flask
ie lowered into & bath of boiling water or of hot
oil ; the liquid boils, and ite vapour expela the
sir. The introduction of the ﬂ&; into the bath
must be done with caution, for & danperoua
preasure might be produced in the flask if the
evaporation were too rapid. When the tem
ture of the bath is well above the boiling point
of the liquid and vapour ceases to escape from
the orifice, the point ia sealed by a blowpi
flamne, the temperature of the bath and the
beight of the barometer being obwerved at the
same time. The flask is removed from the bath,
¢leaned, and weighed. The nexﬂr;s{weas is to
determine the capacity of the For thia
purpoge the d1:»0:'.nt of the flask is broken under
mi:cury, and the meﬁcm;y js forced in by 'it&"'
spherie pressure, the mercury comple
the flask it shows that no air was mi.meg
with the vapour of the substance. The mere
is now poured out into & usted veasel, an
the quantity measured. gives the volume
of the vapour that the flask contained., If a
bubble of air ie observed above the in
the flagk, its volume muet be determined either
by refilling the flask sompletely after measuring
the mercury, or mere convenicntly by renming
mercury in from a buretts until the flaek is quite
full of mereury with the condensed liquid above
it; the volameo of thos introdoced is
equal o the volume of the reaidusl air. The
capacity of the flask ie now determined
measuring the mmu.l}y as before deecri
The data are sufficient for the calenlation of the
vapour density ; the weight of the flaak in the
weight firet obtained minus the weight of the
volume of air at the temperature and pressure
at the time of weifl:.ing oalculated from the
volume of the flask found in the last operation,
The weight of the vapour js the weight obtained
in the second weighing minus the weight of the
flask. The volume of the vapour at 0° and
760 mwn i caleulated from the volume
of the and the wmdpenture and preasure at
the time of sealing, and the weight of an equal
volume of air or of hydrogen is calcolated from
the known weights of & litre of these gases. A
correction maﬁ be made for the increase of the
capacity of the globe at the temperatnre at
which i} is sealed, but in most cases this correc-
i tion is unneoessary. When Dumas’ method ia
used the substance mmst be pure, for if it is
, & mixture the iona with the lower boiling
point e&)aea off first, and the density ultimately
! arrived st is vitisted by the presence of the sub-
stancea of higher boiling point.
i The original Dumas’ method has been
variously modified. Habermann suggested that
: the vaporisation in the bulb should be carried
' out under reduced preesure {Annalen, 1877, 187,
341). Less material ip then required, and the
" bulb need not be heated beyond the ordinary
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iling point of the subetance, Minor modifics~

tions ubemsgoroaodbyMMmd
Ekstrand (Ber, 1880, 13, 1191), Puwlowski (ibsd.
1883, 16, 1293), Schall (Ded. 1885, 18, 2068),
Friedel and Crafta (Compt. rend. 1888, 1086,
1764), Winkier hg(](l)ham. Zeit. 1899, %3, 10)2';& For
we at very high temperstures, the bulbe ma:
be made of porcelain instead of glass (Devi
and ,E:n.Ch.im.Phys.l , 58, 2567)
Instead of determining the weight of
kmown volume of the gasified substance it is
poasible to stert with a kmown weight of the
quid, the vaponr density of which iz to be
sscertained, and then to find the volume occupied
by this in the gaseous stete at known tempera-
ture and pressure. This is the principle under-
lying Cﬁ:{-lm's method, in which s amall
sealed bulb with & known quantity of the liquid
rdastad vabe Blled wieh meroury sad staading
ta with mercury and standi
m & bath of this metal. This tube was sur-
romnded by a oylinder containing » suitable
liquid, and by heating the mercurial trough the
temperature was brought to such » poini that
the substance in the inner tube waa completely

very small preasure. This fact made it ible
to ascertain the vapour density of » su

&t temperstures below ita boiling point,
Tha tube, further, was jacksted with the vapour
of s hoﬂmgmxd, such as aniline or water, sand
tho use of » ato bottlee waa suggested
mutead of sealed bulbe,

Hofmann’s method hss been applied in
varivus modified forme (see Briihl, Ber. 1878, 9,
1368; 1879, 12, 197; Thorpe, Chem. Soc.
Trans. 1880, 37, 147; Capetick, Phil. Trane. A,
1884, 185, 1; Ramsay and Bteele, Phil. Mag'
1903, 6, 492; Blackman, Ber. 1508, 41, 76
4141} and i';'h capable of gi;ing ru:lt'ur ;:f high
CCUTACY. o apparstus dovised is
thown i Figa. 3-1-)&‘ v e

Fuw, 3.—Bzcmiox or MERCURY TROTGH.

Instead of the barometer tube being gradu.
ated throngh its whole length, only one mark is |
etched on it near the ¢ end, The ospacihy
of the closed end to the mark is firet determined,
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in Imown quentities of mercury as in calibrating
a eudiometer, the levels of the mereury in the
tubobeingmdoﬂonsgmdu&bedmlephoed
by ite side, The meroury trough is provided
with a shallow well in which the meter tube
and tho surrounding oylinder stand, and there is
an opening at the bottom of the other portion of
the trough by means of which the mercary may
be drawn through a esoutchouc tube into & tubu-
lated bottle, ugh the bottorng of the trough
and into the well pass two nickel-plated copper
tubes, one of which passes to the bottom and the
other to the top of & copper boiler placed below
the level of the trough, and oontaining the
liquid the vepour of which is to heat the -
meter. When an experiment is to be made tho
two copper tubes are conneated by a short indie-
rubber tube (to prevent the sccess of meronry),
and the bottle of mercury raised so as to fill the
trough, The calibrated tube ia next filled with
mercus and inverted in the trough, and the
wei shubatanoeheinhmduoed. f::be hia
placed in the well, the mercury run out from the
trough, and the india-rubber tube removed from
the copper tubes, A wide cylinder is now
placed round the baromoter tube so aa to inclose
the tubes connected with the boiler between the

Fra. 4—PrLan or MERCURY TROUGH.

oylinder snd the barometer, and to the top of
the wide tube a cap is fitted connected to & ver-
tical metal condenser, which also acts as the
su]l)]g:rb of the glass tubes, The liquid in tho
boiler is now raised to ebullition, and the vapour
which condenges in the cylinder returne to the
boiler by the tube which passes to the bottom,
?&d which is shllitlt;le shorte;;hmhth: ol.hler 3ube.

vapour which passes through the cylinder is
oon?:lensl::i by the vertical con%lonaer ind falls
into a funnel attached to the roturn tube to the
boilor. The mercury expelled from tho baro-
meter flows over the edge of the well, and runa
into tho bottle. In thie form of apparatus the
whole of tho mercury in the barometer tube is
uniformly heated, which renders it possible to
meake an aoourste correction for the pressure,
When the vapour ceases to expand, the lower
end of the steel scale is brought in contact with
the mercury in the well, and the level of the
mercury in the tube is messured by moving
downwards by rack and pinion a piece of brass
which partly surrounds the wide tube. This
gives the height of the column in tho barometer,
and, by reference to the calibration table, the
volume of the vapour in the tube.

A more convenient, if lesa accurate, process
for the determination of vepour densities was
devised by V. Meyer {Ber. 1878, 11, 1867, 2253),
and depends on tl‘;e meagurement of tho volume
of air e from & closed vessel by the
volatilisation of a known weight of the sub-

sod the rest of the tube i ealibrated by pouring

stance. The apparates (sco Fig. @) consists of
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a cylindrical bulb, B, of about 100 c.c. capacity,
attached to the end of a long tube, Near the
upper end of the latter a side-tube, D, s attached

ich dips downwards into a water trough, and
over the end of this delivery tube a graduated

Fra. 5.

cylinder, o, full of water may be ,
of tho vertical tube being closed by a cork.
the bottom of the oylindrical bulb a quantity of
arbestos is placed to prevent the fracture of the
gleae by the introduction of the wvossel con-
taining the substance under investigation, The
bulb and part of the long tube are heated
vapour of a liquid boiling at leeat 20° higher
than the boiling point of tho substance itsel,
or in a bath of molten lead. When the tempers-
ture of the tube becomes constant {indicated by
the cessation of estape of air through the water
in the trough) the graduated tube is placed over
the end of tho delivery tube, the cork withdrawn
from the long tube, and a amall veesel, con.
taining & weighed quantity of the substance, ia
allowed to fall into the apparatus and the cork
imrmediately replaced. Instead of falling directly
to the bottom of the bulb B, the small veasel
may be allowed to rest on a movable rod (see

i Fig.
h 'm;gd

the top | usi
At , Neu
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@), until the cork haa been replaced. The
veasel may be a small atoppered bottle or
pealed bulb: in the latter case the capillary
end of the bulb must be broken off before it
is introduced into the apparatus, The volatile
body is rapidly transformed into vapour, and
air is expellog and oollected in the gradusted
oylinder. ~ The evaporation takes place ao
rapidly that none lof “the vapour has time}to

—4
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diffuse into tho oooler parta of the » tus,
and the air expelled, when mdunufpﬁ;. tho
normal temperature and ure, is equal to
the oomected volume of the vapour produced
from the weighed quantity of the substance.
From the data thus obtained the wvapour
don;:i;y is wm . .

o air displsced from the apparstgs ma;
ba collected and measured in Eguburette{
instead of in s gradusted tube over water, while
the reduct{‘on to N.T.P. E&y be f?ii]ihted bz
a Lunge volumeter (Lunge an

, Ber, lg:ll. 24, 729). This latter
apparatus has the further advantage that it
mits the determination of vapour demsity

in the 1
| 1887, 20, 1827, 2127; Richards, Chem. News,

¥ V. Meyer's method under reduced pressure
s¢¢ aleo Meunier, Compt. rend. 1854, 98, 1268 ;
Coste, Ber. 1888, 18, 2122; Schall, Did.

1889, 50, 39; Bodlénder, Ber. 1894, 27, 2267).
Various devices have suggested which
permit the introduction of the substance into

t the heated s without o&ning the apparstus

I {L. Meyer, Ber. 1380, 13, 901 ; La Coote, Le.;

. Bott and Macnair, Ber, 1887, 20, 016 ; Biltz and
V. Mever, Zeitech. })hya.ilml. Chemn. 1888, 2,

+ 189 ; Eykmsn, Ber, 1880, 22, 2754 ; Patterson,

" Chem. News, 1908, 97, 73).

- In determining vapour density at atmo-

" spheric pressure by V. Meyer's method, the

! temperature of the bath should ordinarily be
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wmewhat higher than the boiling Ri;t of the
mbstance examination ; but uth and
:?u have ahown (Ber. :hssllll. 23, 311) t-ént if
apparstms is fllled with hydrogen and pro.
vision is made for rapid diffusion and dilution
of the vapour, the density may be satisfactorily
determined at temperstures below the boiling
point. Egi;in degired to ﬁalli vapour densities
at very high tem tures the apparstns must
be made of aomew. material, snch ae
g:tinum. poreelain or iridium (see V. and C.
ver, Ber. 1879, 12, 1112;: V. Meyer, ibid,
1890, 13, 304 ; Crafta, Compt. rend. 1880, 90,
183; Nilson and Pettersson, J. pr. Chem. 1886,
3, 1; Zeitsch. phyrikal. Chem. 1589, 4, 211;
Biliz and Meyer, ibid, 1880, 4, 249 ; Bi
1696, 19, 385; Meyer and Recklinghatisen, Ber.
1897, 30, 1928). ¥or vapour demsit:
minations in the neighbourhood of 2000{ Nernst:
nses o small irjidinm veasel, costed with magnesia
std asbestos, in whioh 0-1-10 mg. of the s;g

il
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It is one of the advan of V. Meyer'a

i ment method that the temparsture at

veporisstiom takes place need not be
Imown. certain casee, however, notabl
thoss in which the va density varies wi

temperature, it ia desirable to Jnow the tem-

perstare of vaporisation. This can readily be
ueeminedeitgrby uaing the vapour densit;

balh itself a8 an sir thermometer (Nilson

Pettersson, J, pr. Chem, 1888, 33, 1; Biltz and

, Zeitach. phgys?k.;;l. Chem, la?,g' 4;01 249),

or ing ou meaguring the volume

of nm absorbed such as carbon

h chlonde, which filla the

tempersture of obwervation (see

Meier, Compt. rend. 1850, 90, 608 ;

Zablin, Ber. 1850, 13, 2021 ; Mon.

Meoyer, Zeitach. physikal. Chem,

3 both these methods the un-

ising from the unequs! temperature

of ﬁw wapour densty bulb ia elimi-

the uwse of » *compensator,’ s blind

the game dimemsions as the stem. The

tor is to the same conditions

, and the gas it gives up or containa

fﬁﬁ the corresponding volume for

been already pointed out, the va;

» cubatance may be deduced from

incresss in volame due to the vaporisation

* kmown wﬁg}:t at _constant pressure. It

poesible to deduce the va: density

croase of pressure due tothe vaporiss-

aof fding. vapout dentty

[ vApour ty is

the principle that equimoleoular

qoantitien of dlﬂm:m substarices, vaporised

i 8 given gpace and at » given tempersture,

moe the same increase of preemmre. Many

of spparatus, based on this principle,

ome of them ada for working under_ re-
duced presure, hav[:?een proposed (Pfaundler,
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Ber. 1879, 12, 165; Dyson, Chem. News, 1888,
56, 88; Bott and Mwcnsir, Ber. 1887, 20, 916;
Schall, Ber. 1887, 20, 1435, 1759; 1888, 21,
10¢; 1889, 22, 140; 1890, 23, 910, 1101;
Malfatti and Schoop, Zeitach. i Chem.
1887, 1, 159; Eﬁkmnn, Ber. 1889, 22, 2764,
Riohards, Chem. News, 1889, 59, 87 ; Bleier and
Kohn, Monateh., 1860, 20, 505; Erdmann,
Zeitach. anorg, Chem. 1902, 32, 425; Lumsden,
Chem. Boc. Trans. 1003, 83, 342; Haupt,
Zeitach. phynikal, Chem. 1904, 48, 713 ; Black-
man, Chem. News, 1009, 100, 13, 174). Fig. 7
shows the spparatus used by Bleier and Kohn.
The vsporisation bulb 4 is connected with &
manometer, B, and, through the stopeock A, with
s pump., By adjusting the height of the
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Fia. 7.

Teservoir B, the mercury in the right-hand limb

of the manometer is brought to the same level a

before and sfter vaporisation; the change of

due to vaporisation is read off on the

-hand limb. fine adjustment of the
mercury at ¢ is effoctod by the screw clip m.

Dxxverry oF Liqumpa.
One common way of finding the density of
a liquid is to detormyine the mass of the liquid
whiglenotly fills a ve?e;egffho:p volume,
The vesscls usually emplo or this
are known ea spociﬁs gravity bottlﬂ and
pyknometers. The simplest form of specifio

vity bottle is & thin glass flask with a flat
g;:.tom and an acoursiely-fitting, stopper,
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through which s fine hole is drilled {ace Fig. §),
The dry, clean flaak is carefully weighed and

then filled with the liquid, the
tomperature being noted. ‘The
stopper is then placed jn the
nu&, the excese of liquid
eacapes through the perfora-
tion in the stoEper and is
wiped off from the glass, and
the flask is again weighed.
The flask is now emptied,
cleaned, filled with distilled
water, and agsin weighed, I
the temperature of the water
ie the samo as that of the
liquid at the moment of put-
tincf in the stopg-er, then the
weight of the liquid (1) divided by the weight
of the water (w) givea the relative demsity of
the liquid to that of water at the partioular
temperature £, If the absolute density is re-
quired, a oorrection must be made (1) for the
quantity of air displaced by the liquids and the
woighta, (2) for tho deviation of the denaity of the
water from unity, If I is the abeolute density

. w _w
of the liquid at @, then De="5a+s (l W,).

where 4 i the density of water at °, aud « ia
the density of the air at the time of the observa-
tions. In most cases it is sufficient to take
e=(-0012, and a table may therefore be oon.
struoted giving the values of the correction term

,(1 _g) for various valuea of the uncorreeted

Fra. 8,

density g. (For a discussion of thess eorrec-

tions see Wright, J. Sec. Chem. Ind. 1892, 11,
297: Wade and Merriman, Chem. So¢. Trans,
1909, 65, 2174.)

The wpecifio gravity bottle juet described is
not free from objection, for evaporation takes
place at the top of tho perforated
stopper, and further, if the
temperature of the balance case
ie higher than the temperature
at w%:u'ch the bottle was Alled,
there ia an overflow., The first
diffieulty msy be avoided by
having a osp ground to fit the
nock of the bottle (Louie, J. Boc.
Chem. Ind. 1804, 13, 322). The
second difficulty may be met by

inding into the neck of the
& tube which is contracted

in its middle to a capillary
and ie provided at the top with
s small roservoir closed by a
mper (Fig. 9. To use this
ification, the flask in filled
and the tube inserted. This
forces & emall quantity of the liquid through
the capillary tube into the reservoir above,
The flagk is now placed in & bath of lnown
teraperature, or even in wster at 4° and
left there until its temperature is constant, If
the liquid contrscts ao as to empty the reservoir
above the capillary tubo, s small sdditionsl
quantity is introduced. When no change of
volume is
or a fine glass tube ie introduced into the reser-
voir 80 as to reduce the level of the liquid to a

Fio. 9.

reeptible, a thin picce of filter paper | 45
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mark, a, whl;;:el: is Tlt::dc on tho outa;id'::i:l of tll::
capillary tu stopper ma; en
in?mduood into the mvolzf,ethe ﬂa{k removed,
from tho bath and ita outside dried, and it may
now be left until it has resched the temperaturo
of the balence case whore it is to bo weighed.
Yarious modifications of this form of specifio

vity bottle have been {#ee Bquibb,
. Amer. Chem. Soc. 1807, 19, 111 ; Leimbach,
J. pr. Chem. 1902, 66, 476;: Bodnjakovié,

oo propose, tos, that the cbpllary bubo

, Yoo, 08 u
ahoulrﬁ; provided not with a ain re mark, but
with regular uations, the values of which
are determined once for all {Tribe, Chem. Newsa,
1873, 28, 211; Bquibb, J, Amer. Chem. Soec.
1897, 19, 111 ; see algo Louis, J. Soc. Chem. Ind.
1864, 13, 322).

The Sprengel ;)yknomeber {Chem. B8oe,
Trans, 1a7gfege. 577) is & U-shaped tube ter-
minating in two capi tubeabentinoppoeiw

directions (Fig. 1¢). The liquid is aspirated

5
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into the tube, which is then sunk in a beaker of
water, the oopi].la‘?r tubes resting on the ed
of the beaker. Whon the tempersture of tﬁ:
contained liquid is oonstant, as showm

the cessation of movement of the liquid in the
capillary tube, some of the liquid 18 removed
from one capillary, which terminates in a fine
point, 4, by means of a piece of filter paper, until
the liquid in the other oapi reaches a mark,
b, near the bend. Bhould the smount of liquid
in the pyknometer be insufficient a litile is

conveniently added by bouclnn%’ the point o
with & drop held on the end of & l;uouﬂ.
¥ -

Sp I's pyknometer was modi
wald zJ r, Chem, 1877, 16, 398), who made the
limb of the U-tube next & of narrow-bore tubing
throughout. In the case of volatile or hygro-
scopic liquida, it i advisable to closs the ends
of the capillariee, after the adjusiment has been
made, with glasa cape.

Immediate oontact of the liquid with the air
ia avoided, and determination of the deneity st
temperstures below that of the laboratory is
F e p?mbkl; by Per:?’:g’l mcéziﬁoation oiatalr

prongel pyknometer (Chem. Soc. Trans,
, 443 ly , 69, 1043), In this the narrow
tubes are bent at obtuse angles instead of right

angles, and & small bulb is blown on the tube
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sdjoining the shorter limb (see Fig. I1). A
mark, g, is made just below the s bulb, the

othey Limb terminating in & fine opening at b.
After the liguid ha?ieen introduced into the
tube, the Iatter is immersed in a beaker of water
uniil the temperature of the liquid ia constant.
"li'lhe tube is then tilted, and th.thpleo? to{
ter paper is placed in contact wi e poin
until the liquid in the other limb falls to the
mark a; the filter paper is withdrawn, and the
tube restored to the verticsal ition,
liguid recedes from the end b of the tube and
rises in the other limb, snd if the temperature
becomes ki before weighing, the amali bulb
offers sufficient space to contain the
liquid and thus prevent overflowing.

Various other modifications of
ithe pykmometer have been
{Minozzi, Gazx. chim. ital. 1880, 290,
i. 406; Leimbach, J. &}- Chem.
1902, 66, 475; Pischer, Chem. Zeit.
1904, 28, 359; Stanford, Phil, Mag.
1905, 10, 269; Bousfield, Chem. Soc.
Trana. 1908, 93, 679; Hartley and
Barrett, did, 1911, 98, 1072).

In chemical technology the
densities of liquide are most usually
determined by meana of the h x
meter, This instrument is |

Fia. 11.

Fia, 12.

on the fact that whon a eolid fosts in & liquid,
the weight of the liguid displaced is equal to the

ight of the foating body. The general form
of the h meter is 6 s&eﬁml or cylindrical
glass bulb, with & narrow stem, and the bulb
s weighted ot the bottom so that the in-
!itrnment- flcate vertically in the liquid (Fig.

2},

When the hydrometer ia placed in a liquid, it
snks until it has displaced » quantity of liquid
equsl to the weight of the instrument ; it ﬂlen
flosts in & position of equilibrium. If placed in
a liquid of higher density it will not sink so deep,
for the volume of this latter liquid poesessing
the samo weight a8 the hydrometer will be
smaller then in the first case.  Again, when

in & liguid of lower density, it will aink

, for volume has to be displaced
before the weight of the b meter is su
ported, The density of the liquid is found by
readings of the graduations marked on the stem.

The | reliance should not

‘| & mot of aix instrumenta js ge
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The atem may be divided to give densities
lengih. the ifercncos af length being proc
, the ces ing -
portional to the differences of the remptoeal‘; of
the densities. Hydrometers, however, are fre.
quently nated with divisions of equal
, tables being employed to convert the
ings into dengities if desired. In any case
it should be borne in mind that a hydrometer is
& comparatively mugn apparatus, and too much
i on the readings of
any particular instrument, until its scale has
been checked st one or two pointe.

In technical work, hydrometers indicating
the specific gravity directly are often used for
liquids lighter than water, but almost never in
the case of liquids heavier than water. Twaddell's
hydrometer, commonly used in this country, is
graduated on the same principle as those giving
the specific gravity directly, but the readin
on the scale are in de , each one of whi
©0 ds to a difference of 0005 in the
specific gravity. The zero of the nosle is at the
point to which the hydrometer sinks in wuter,
80 that s reading of 9°Tw., for example, corre-
sponds to & gravity 1-000+0-005 x 9=1-045, and
one of 53°Tw, ool nds to the gravity 1-205.
To cover the range of specific gravity 1-00-1-85,

y gu
An instrument based on the ssme principle as
Twaddell's hydrometer is the densimeter de-
?‘3:)0(1 by Flejscher (Dingl. poly. J. 1878, 222,

The chief hydrometer with a ecale gradusated
in divisions of equal length is Baumé’s, commonly
nsed on the Continent and in the United States.
The scale waa fixed ascoording to Baumé’s
original directiong in the following manner.
For liquids denser than water, 15 of pure
sodic chloride are dissclved in 86 perts of water
at & temperature of 10° Résumur {12:5°C. or
854-5°F.)., The zero of the instrument is the
point to which the hydrometer ainks in distilied
water, aud the point to which it sinks jn the
15 p.o. solution of asslt is marked 15. The
distance between the zero and this point is
divided into 15 equal parts, snd the whole stem
Fudustod with aimilay divisions. For liquids
ighter than water the xero of the hydrometer is
fixed by a 10 p.c. solution of ic chloride,
distilled water giving the divigion 10. This in-
strument is, of course, graduated in the opposite
mle.dim“ion’ the zero being at the bottom of the

Much confusion and irregularity, bowever,
arose in connection with the in tion of
the Baumé dogree (s¢e Gerlach, Dingl. poly. J.
1870, 198, 315; Chandler, Acad, Nat, Sciences,
Philadelphia, 1881), Recently the practice has
been to mark the hydrometer G6°B. at the point
to which it sinks in * English sulphurio acid®
(93-95 p.c. H,50,) at 17:5°C., and to divide the
interval between this and 0° into 66 equal parta.
Obviously, this definition of the Baumé
is not satisfactory, and accordingly attempts
have been made to construct a ‘rational’
Baumé hydrometer, If one of these instru-
ments sinks to 0° in water and to »° in a liquid
of specific gravity d, it is easy to show that

a—-[=C, & constent. If now for des1-842, n is
L d=
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taken as 668° at 15°C., then C=144-3 and hence

d=m% {sce Puchs, Zeitach, anal, Chem,
1899, 38, 333). The Baumé hydrometer with &
soale based on this formuls is commonly used in
Gérmany, but elsewhers other formuls are em-

ployed for the svalustion of the degree. Thus,in
Holland, the formuls a-u'%:.n is taken 88 the
basis of the Baumé ecale, in the United States
the formuls dewisd_ (sec Emery, J. Amer.

145—n
Chem. Soc. 1889, 21, 119). If Gerlach’s deter-

minstion (}.¢.) of the specific gravity of a 10 p.c.
palt solution at 15°C.P§:.t.aken a3 & basis, the

resulting formuls is d=rrecd

46:3—n
Iuﬁ the following table du:;e % th?
specifio vities corregponding to i [
tE:eBaug: imltﬁl;ont, deduced (1) from the
formula d=l“44-3—n’ (2} from the formuls
d: l‘5---'
146—n
Do go 143, M5 |De-y_ 143, 15
~144" =25~ T1448=n"T 146 -n
O 160, et O E [ Cn atib0. at 60T,
1 1-007 1007 | 34 1-308 1:308
2 1014 1-014 { 35 1-320 1-318
3 1:022 1-021 | 38 1-332 1:330
4 1-020 1028 | 37 1345 1-343
5 1-087 1036 ; 38 1-3567 1-355
.3 1-046 1043 | 39 1370 1368
7 1452 14061 | 40 1-383 1-381
8 1-080 1-088 | 41 1-397 1-394
] 1-087 1008 | 42 1-410 1-408
10 1076 1074 | 43 1-424 1422
11 1:083 1082 | 44 1-438 1-436
12 1-091 1080 | 456 1:453 1:450
13 1100 1099 | 46 1-468 1-466
14 1-108 1-107 | 47 1:483 1-450
15 1-116 1'115 | 48 1-488 1-496
18 1-1256 1-124 | 49 1-514 1-510
17 1:134 1-133 | 60 1-530 1-626
18 1:142 1:142 | 51 1-647 1-543
19 1152 1-15]1 | 62 1-663 1-6569
20 1162 1-160 | 53 1-580 1-676
21 1-171 1-1689 | 54 1-597 1-693
22 1-180 11179 | 56 1-615 1611
23 1:1980 1-189 | 56 1-034 1-629
24 1-200 1198 | 57 1-852 1-648
25 1-210 1-208 : 58 1471 1-867
26 1:220 1-21% | &9 1-681 1-388
27 1-231 1226|180 1711 1708
28 1:241 1-23% | 61 1732 1-726
28 1-252 1-260 | 62 1-753 1-747
30 1-263 1-261 | 83 1774 1-768
31 1274 1-272 | 64 1-796 1-790
32 1-285  1:283 | 85 1-819 1813
33 1297 1-295 | ¢6 1:8342 1-836

The Baumé hydrometer for liquids lighter
than water is nated in two ways, the rela.
tion between degrees and gravity being given
by the fornn:ls. Bexpng o OF the Ametican
formuls d= -1-3—025 {se¢ Emery, J. Amer. Chom.
Soc. 1899, 21, 119). The following table gives
the values of the specific gravity oorreaponding
to the readings of tjﬁz instrument.

SPECIFIC GRAVITY.

. 140, e _ 140, 148

%g 8= 18y im =58+ §§ =130en =i38%n"
&z at80F, at1Z5C.| A% stér'F, at125%
i 10000 1000 | 36  0-843  0-849
12 0-986 0987 | 38 0-833 0-839
14 0972 0973 | 40 0-824 0-830
16 0950 0981 |42 0814 0-820
18 0-946 0948 1 44 0-805 0811
20 0933 09368 | 46 0-7068 0-802
22 0921 0924 |48 0787 0704
24 0909 0913 | 50 0778 0-785
26 0-897 0001 1 52 0-769 0777
28 0-886 0890 | 54 0-781 (-768
k11 0875 0-880 | 56 0-763 0-760
32 0854 0860 (58 05 0753
.7 0854 0859 | 60 0737 0745

Other hydrometers designed for liquids
lighter than water are cocagionally used. = In
Cartier’s hydrometer 21° comesponds with
21°B., but above and below this point 15 degrees
Cartierm]1¢ degrece Banmé. In Beck’s hydro-
meter the zero corresponds with d-=1-000 sod
30° with d==0-850 : the thirtieth of this interval
is 1° and equal divisions are continved in both
directions as far as desired.

In addition to the general hydrometers just
roferred us:?l gem are :al number of inatru.
mente r oertain apecial purposes, such aa
;iikas’ hydmmeterhnnd Tralles’ ;Ieoholomatm'
or asoertaining the strength of spirite (see
ALOOROLOMITRY), and various ssocharometers
for finding the specific gravity of saocharine
solutions (sze SBUGAR),

All the forelgeoi.ng hydrometers are instru-
ments of variable immersion.

Nicholson's hydrometer, on the other hand,
is & constent immersion instrument, and con-
sista of & oylindrical metsllio bulb connected st
the bottom by a wire to & cup, and slso an in-
verted oup pierced with holes. The top of the
float is connected by a wire to a pan, on which

i umybe{mad. This wire has & single
mark on it, which is brought to the surface of
the liquid by weighta placed on the upper acale
g::. The instrument, is so adjusted that when

ting in distilled water at 62°F., 1000 gra,
placed on the sosle will bring the mark on
the stem to the aoe of the water. When
El:ced in » denser liguid, more weighta have to

sdded to the 1000 grs. in order to bring the
mark to the level of the liquid, end as the same
volume of liquid ia di as in the case of
the wator, the weighte st once give tho densit
of the liquid referred to that of water at 62°,
The cupa below the float are used in the deter.
mination of the densities of solids, and will be
referred to subsequently.

Another somewhat similar hydrometer con-
sista of a oylindrical glass weight suspended from
the arm of a balance, and 18 s0 counterpoised
that the balance iz in equilibrium when the
plunger is sunk in distilled water. This is tho
%i;mple of the Mohr-Westphal balsnce { Fig. 13).

en placed in liquids of other densities the
weighta have to be altered to bring the balance
to equilibrium, and the weights, which are

used in the form of riders, sre o
that the density of the liquid is reed
off directly. A thermometer me

be
within the glass plunger with ita bu{b Projecting
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befow, &0 Lhat the tempersture of the liquid can ! E:smed. When the ooefficient of expansion

be determined simultaneously,
Another method of determi

of liquids

two ki

al

.

Fia, 13

from 0 near the open ends is employed ; at the
bead of the tube there is sitac » tubulure

closed by a stopeock, or by s piece of cavutchouo
tabe with screw-clip. One of the open ends of

the tube in m water, and the other into
the liquid of which the density is pought, and
suction is applied. The liquids rise in the tnbes,
and sfter adjusting the outaide levels to the
210 marks, t of the columns are read

off In order to avoid capillarity effects the tubes
ahoul be not less than 6 mm, internal dismeter.
Varions forms of apperatus based on this
rmple have been deseribed (Hare, Silliman’s J.
828, 11, 133; Alexander, Ann. Chim, Phys,
1847, 70, 137 ; Tate, Fhil. . 1869, 17, 204 ;
Schiff, Annalen, 1862, 121, 82; Weber, Bei.
blitter, 1879, 3, 770; Girardet, Bull. Soc, chim,
1901, 25, 036; ece also Wateon’s Practical
Physim, 20; compare Lefebyre, Chem, Zentr.
130;. ii. 402),
or some the density of s liquid
hTr_“to be bggi“nf;."f?&’u ita own {mhng pginh
ma’ ne by sus ing a specifio gravit,
fsak filled with ghe m&dtinfn al::thergmveaae’i
wntaining some of the same li%ui«:, which is
nldtothebothng"msoint. This heats the con-
cxpod the stosper Is piaces o the: bortl,
eXpan 0 pper is in the bot
;hnhfgzn remlgiu}é.mgmml, allowed
€00 woig Ber. 1884, 17,
2201). Instead of s specific gravity bottle one
Tuay conveniently use & pylmometer of the shape
whown ie Fig. I4 (Neu Zeitach, physeikal.
ge;a 1887, 1, 66'12). Another instrament em-
in finding denaities at high temperatures
is the dilstometer, which is & EKind of thermo-
meter with o nated tube, the capacity of
the tnbe ard bull; being accurstely kmown. The
thz of the ligwd is frat llioefﬁ:mmeg
ordinary specifio vity bottle, an
?l‘:vm some of the l.iqujds;: introduced into
the dilstometer, the tempersture of which is
gradually rajsed, and the incresse of volume

one another, the lengths of the columna | precautions
ill be inversely as the densities, An inverted nipulation, see Th
glaas U tube with tho limbe graduated upwards | g‘gus 1880, 37, 165;

been thus determined, the density st any

0

mining the densities l temperature may be calculated. For
depends on the fact that if columne of | 8 complete acoount of the methods
quids of different densities are made to ; of using dilatometers, and all the

in their ma.
{Chem. Soc.
1893, 63,

or the determination of critical
densities and of the densities of
liguids in econtact with ssturated
vapour at temperaturea np to the
oritical fempersture speoisl methods
are em%ed {s¢¢ Ramsay and
Young, . Trans. A, 1886, 177,
123 ; 1887, 178, 57, 313 ; 1889, 180,
137; Young, Chem. Soc. Trana, 1889, v,
55, 488; 1891, 69, 37, 125, 9ll;
Proo. Phys. Soo. 1885, 13,617 ; Phil. wya, 14.
Mag. 1900, 50, 201; A t,
Compt. rend. 1892, 114, 1083; Young and
Thomas, Chemt. Soc. Trsns. 1893, 63, 11990;
%ngng;r}?xwer. Zeitach. physikal, Chem. 1904,

\_/

Dexsrry op SoLiDs.
In determining the density of & solid it is
n to find jts mass, and also the maes of
an equal volume of water, or, what comes to the
same thing, to find the volume of thesolid, from
which the mass of the water can be caloulated.
In some fow casea this may be done by measure-
mant, a8, for exsmple, the measurement of &
cubic foot of & hody,’hliko st.otne, which may be
out into s regular shape. It more generslly
happens, however, that the solid is irregular in
shape, or is even in the form of powder: other
methods musat then be adopted,
Oneofthesim_plestmetﬂodsistophoesome
water or other liquid of kmown denaity in
uated tube measure it, and then intro-
uce s weighed ﬂumtit- of the solid, and ob.
serve the rise of level of the liquid in the tube,
Or the tube may be weighed before and after the
introduction of the aclid, the increase of weight
m the quentity of the eolid introduced.
% iff, AnnS:m, 107, 59; Osenn, Ann,
Phys., Chem. 1850, 106, 334; Dobbie snd
Hutoheson, Phil. . 1884, 17, 450; Exd-

menger and Mann, Chem, Zeit. 1893, Suﬁlpl.
289 ; and Blount, J. Soe, Chem. Ind.
1804, 13, 458; MoKenns, J. Amer. Chem.

Soc. 1809, 21, 80; Jacobeen, Bull. Soo. chim.
Belg. 1904, 18, 108; von Wrochem, Chem.
Zentr, 1903, i. 1577), Gentilé (J. Pharm, 1867,
[iv.] 5, 401) uses s small bottlo with a bulb
at top of 1 ¢.0, capacity. The bulb is con-
neoted to the boitle by a narrow tube with a
mark on it, and there is another mark on »
similar tube above the bulb, The bottle is filled
with liquid to the lower mark and weighed ; the
solid is introduced until the liquid reaches the
g;p;r mark, aud the whole is again weighed,

l.;d incresse of weight is that of 1 e.c. of the
solid.

A pimilar grooeea that may be employed
when the aclid is in small fragments or in
powder is to fill a specifio gravity bottle with
water, and counterpoise it on a balance. Bome
of the solid is then placed on the pan of the
balance and weighed ; the solid is now placed
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in the specific gravity bottle, and the level of
the water adjusted. Om again weighing, the
quantity will be found to bo less than the
previous amount, the difference being due to
the quantity of water expelled by the mtroduc-
tion of the solid, thie water, of course, ocoupyi
the same volume as the solid. The tive
density of the solid to water at the eame tom.
perature is at onoe found by dividing the weight
of the solid by the weight of the quantity of
water expelled. Some precautions are necessary
in this method. Many solids, eapecislly in the
form of Mer. en lo & quantity of air,
whioh rep some of water in the bottle,
or may even cause some of the solid to fleat in
the liquid. This may often be removed by

lacing the specific gravity bottle containing
the water and the solid in an sir-pump receiver
and exhausting the air; the diminution of pres-
gure causes the entapgled air to expand and
form large bubbles, which readily escape from
the sarface of the water,

In the oase of solids that are soluble in
water this method is obviously in.uflp].ioable,
and it is necessary to use another liquid of
known density which does not act on the
solid.  Petroleum or alcohol may be used,
oare being taksn to determine the density of
the particular sample of liquid uwsed. For /s
desoription of the precautions necessary in thie
method, ¢ee Tutton, Chem. Soo, Trans. 1884, 65,
060; 1897, 71, 865; Earl of Berkeley, ibid,
1807, 91, 56.

‘When the body of which the density is to be
determined is of such & shape that it can be
suspended by a pioce of fine platinum wire, the
piece je first weighed and then atiached by
means of the fine platinum wire to the hook at
the bottom of a small scale pan. A vessel of
water ie placed under the scale pan, and the
solid immersed in it. When a golid ia thue
immersed in water it displaces its'own volume
of water, and there is at the same time an
apparent loss of weight; this is due to the
surrounding water producing a pressure on the
solid which is emtly;%l to the pressure on
the volume of water which the eolid hes die-
placed, and which R:viously kept the water in
the vessel in equilibrium. The apparent losa
of weight in therefore the weight of the quantity
of water d:srla.oed by the solid, that is to say of
an equal volume of water, so that we obtain the
necessary data for ining the relative
density of the solid at tho tempersture of the
water at the time of the observation, the maas
of the solid divided by the loss of weight in
water being the deneity.

If the body is less dense than water it is
obvious that ite density cannot be determined
R_reoisely in this manner, for the solid will float.

‘0 cause it to sink, it is attached to a piccs of
metal of known weight and density. Om weigh.
ing the two bodies to r in water part of the
apparent loss of weight is due to the displace.
ment of the water by the metal and to the
displacement by the light body. The losa caused
by the einker can be calculated from ite known
weight and density, and thia deducted from the
total apparent loss of weight gives the weight of
the water dna&lwed by the body of which the
density is to be determined,

In practice it is, however, better to determine
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the amount of water displaced by the sinker
than to calculate it. The substance may first
be weighed, and then the sinker attached by
thin platinum wire to the scale-pan and weighed ;
then & vessel of water placed under the scale.
pen, and the sinker immersed in it. The
apparent loes will give the quantity of water dis-
Fiaced by, fhe sighor, The misianco e nov
al © Wire an .

with the sinker, in water, and the difference
botwoen the weight and the sum of the weights
of the wire, sinker, and substance is the weight
of the water displaced by the zinker and sub-
stance, As the weight of water displaced by the
ginker has been determined, the di o6 be.
tween these two weighta is the amount of water
displaced by the substance alone, and the weight
of the substanocs divided by this number gives
e e bt of water displaced by the ligh

o weight of wa i ight
body maylﬁt obtained by the employment of
three i wheress the method just de-
scribed requiree four. It dependaon the follow-
ing facta: when s body floats on o liguid it
dis s & weight of the liquid equal to ita own
weight ; if the body is now totally immersed
there is an upward due o the additional
quantity of the liquid dieplaced ; this flotation
pressure, determined by weights added to the
weight of the body, givea the weight of the
liqaid displaced by the whole sclid. In deter.
mining the density of such & body it is therefore
necessary to kmow its weight, the apparent
weight of I;t;e ’!mgh‘rhx lm&me% abl::dd the
apparent of weight when ight body is
attsohed to the sinker and ]‘Jﬁ:ed under
water, The difference between the two last
weighings, added to the weight of the body in air,
gives the qusntity of water displaced the
solid, Thus if P is the weight of the light body,
P’ the weight of the sinker in water, and 2" the
weight of sinker and the light body in water,

lonsi P
theNoho:syoD=hy§;”+?. ( usl
i n’s meter (a8 previously men-
tioned) may be nsed for the l:gt:rminotion of
the densities of solide. Weights are placed in
the apper soale-pan until the instrument sinks
to the mark. weights are removed, and the
substance is placed on the pan, and hts
added until the mark is again at the level of the
liguid ; the difference between the weighte is
the weight of the solid in air. The solid 18 then
on the lower scale-pan if of & higher
ity than water, or underneath the inverted
cup if of & lower density, and weighta are Elnced
on the upper scale-pan to restore equilibrium,
From the numbers thus obtained the amount of
water displaced by the solid can be ecalculated,
and from this, together with the weight of the
body in air, the density is determined.

There are gome solids which must not be
wetted by any liquid, in consequence of a possible
change of composition, and in thees cases the
ususl methods of determining densities are of
course not available. Others which are porous
retain air so persistently that errors may arise
by the presence of quantities of air which
cannot be removed.
ment similar to Bay's stereometer (Ann. Chim.
Phys. 1797, 23, 1) may be omrloyed.
apparatus is pow known se ths volumenometer,
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in & glass bulb snd adjoining
at atmospheric re ; the
at the disposal of the sir is then increased
ot decreased by & kmown smount, and the new

i off on s manometer connected
Thess operstions are re-
space containa & known

date obtained the density of the solid is
aloulsted, Many forms of apparatus based on
this principle have been described (Miller, Phil.
Mag. 183, &, 203; Kopp, Annaelen, 1849, 35,
17; l}'agnnult, Aqnn. Chim. Phys, 1845, 14, 207 ;
Grasei, J. Pharm, Chim. 1847, 11, 184 ; Baum-
haver, Arch, Néerl. 1868, 385; Riadorfl, Ann.
1?3’!1 1879, 8, 288; Paalzow, ihid. 1881, 13,
; Dremer, Rec., trav. ohim, 1898, 17, 283,
405; Mameli and Sanns, Gazs. chim, ftal. 1902,
X, il 211; Zehnder, Ann. sik, 1903, 10,
#0). A description of one of more recent
modifications (Bremer's) will make clear the
mdnn of the volumenometer. The wide-
flask r (Fig. 15), immersed In & small

-

water-bath, is connected through the three-way
sopeock Bwith the tubes ab and ed, which son-
i Om ob there are two marks or
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leave ? and ab in connection but shut off from
the air. The tube ¢d is now lowersd until the
top of the meroury meniscus in ob is at ¢, and
the difference & in lovel between the mercury
in the two tubee is determined with & catheto-
meter. A similar operation is carried out when
the flaak » containg » wel uantity of the
solid under examinstion, the difference in level
now found being ». From these data the
volumezofthelso].idoanbeoulcnlstedbythe
formula z=v _“‘M'h * where H is the barometric
height.

e volumenometer obvioufl.f cannot be
employed for the determination of the densities
of solids which give off any gas or vapour under
reduced pressure, such as eflorescent ealts, for
m increase of vlolnge ;fwldtl;h due not on.l,);’ to

‘expansion of t in the apparatus, but
also to the production of aquecus vapour. It
anawers very well for porous bodies like cotton
wool, the entangled air from which st once ex-

pands on the ro being diminished.
Omwonﬂlgr:.: nwe:glytodeteminethe
densitiea of amall fragmenta of

crystals or
minerals,andiorthisﬂpurpou liquids in which
the aolids will j oat may used. The
densities of the liquids may be afterwards deter-
mined, or a number of solutions of known
densities mey be kept in readineas. It is
obvious that the method is valid only when the
polid is not meted om or dimsoived by the
liquid. For the application of this method see
So%aﬁgouoh, Pogg. Ann. 1882, 116, 279,
Sonstadt, Chem. News, 1874, 29, 127; Church,
Mineral, Mag. 1877, 1, 237 ; Goldschmidt, Jahrb.
Minersl. band, 1881, 179 ; Klein, Gompt.
rend. 1981, 93, 318; Rohrbach, Anu. Physik,
1883, 20, 169 ; Brauns, Jabrb, Mineral. 1884, ii.
73; Retgors, Zeitsoh. physikal. Chem. 1889, 3,
280 ; 4, 189; 1893, 11,328 ; Jahcb, Mineral. 18840,
i. 212; ii. 183, Among the heavy Hquids used
}:y'theag authors are an:l solution of ht.lc E doubkl.:
jodide of potassium mercury, w can
obtained of the density 3-198; a solution of
cadmium borotungstate (density of saturated
solution 3-281); s eolution of mercuric and
barium jodides, which can be obtained of the
density 3-588, but is unstable on mixing with
water ; and methylens iodide (density 3:33), In
the first cases, water is added if a liquid of lower
density is required, while benzene iz similarly
used with methylens iodide. Liquids the
density of which is varied in the way desoribed
are used not only for determining the density
of minerala, but also for separating the con-
stituents :lt n:in;d minerale, Fused so]i(d.s lmi?
been emplo or a eimilar purpose (see, for
example, Tgoulet, Compt. mnr 1878, 86, 454 ;
gg;u, le.; Bréon, Compt. rend 1880, 90,

The flosting method of determining the
specifio gravity of solids has been utilised alao
in the examination of fats (Hager, Zeitach, anal.
Chem. 1880, 19, 239). In this cnse the liquid
medium is & sitable mixture of water and ethyl
aleohol.

It has been su {Andrear, Zeitasch.
physikal. Chem. 1911, .76, 491) that the fore-

method may be adventageously varied by

putting the cryatals under examination along

with & mixture of mothylene ioditle and-benzene
L
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of about the same ific gravity in a dilato-
meter. Thisis no:gei; & bath the temperature

of which is alowly altered until the orystals float.
From the weight and volume of the dilatometer
the density of the liquid can be soourately
determimg J. C. P
SPECTRUM ANALYSIS. I Introdustion.
When Fraunhofer investigated the solar
he designated the moat strongly-marked lines
in the isible region by the lettera of the alphabet,

GRAVITY,

bel.nﬁ used. Owing to the absorption exertsd
by the great thickness of air through which the
light has to pass, the sclar epecirum does not
extend much beyond the limit of about the
wave-length ten-milliontha of & mm.
Recent investigation has shown that oxygen
hes an absorption band for light of very
wmavoil.ongth.fand that even with h:?l extremely
n layer of oxygen st astmogpherio pressure
this absorption extends up to st least as far as

starting from A at the red end with & wave. | 1800 ten-millionths of a mm,
length of 7600 ten-millionths of & mm. to K Tt is evident that this o ion sets o lower
at the violet end with a wave-length of 3930 | limit beyond which it is im) o to investigata
tep-millionths of & mm, When the extension | the ultra-violet spectrum s vYaounn
of the solar spectrum jnto the ultva-violet | spectrograph is employed.
region was discovered by photographio methoda Owing to their great convenienos sa land-
this Jettering of the principal Jines was continued | marks in the spectrum the Fraunhofer lettering
into this region as for as the wave-length |of the cipal lines is siill used very .
2950 ten-millionths of & mm., the letters L to U ! and in ¥ig. 1fs shown a diagram in which

wuoan MMCE  YRASW  GATEN  RME vRUY woouay

(OUTY JUPRE S o VO © S x Y WYY, o NN S ‘?u,mm-ﬁ-.-a-.-,-.-j-

13 N 3 TH ] lc':. : .'i (2]
Fua. 1.

principal lines are set out sssording to their | and Perot then, by somewhat similar interference

wave. The elements to which thess
liies are due ate marked at the bottom of the
disgram. It may be remarked that A and B
ate, in reality, absorption lines dus to the
atmosphere. As the extension of the
speotrum into the invisible
red, usually oalled the infra-
portion haa been investigated by

thods uging specially tes.
ﬁ:liationuim pored Dl

of
of the nature of mand Mmgmrudﬂy
be investiga

ted by instroments* seamtive to
heat rays, such as thermopiles, rediometers,
rediomicrometers, or bolometers, With these
inatruments inv tions have been pushed to
an e i and in one case
ra.d.!m'omofhave detected in thehm emiagio ul:
gpootrum of & quarts mercury vapour wi
& wave-length of 3,180,000ten-milliontha of & mm,
Owing to the fact that within the Inst
or two & new spectroscopio standard has been
et i it eforemoe epparsi 1 il pertipe
ength wi apparstus it will perhape
be sdvisable to define the warious nmpt: now
used in spectroscopy. The original unit .of
wavo-length used b; m himseelf in his
meagurements was ten-millionth of & mm.,
which is often ocalled the tenth-metre eince the
wnit is 10-1° metre. About the year 1380 s
new standard of wave-lengths waa introduced
by Rowlsnd who, besing his measuremeats
upon the well-known cofncidence method with
gratings, determined the wave-lengthe of s
very great number of the Fraunhofer lines.
From that time until quite recently all epeciro-
scopic measurements were reforred to these solar

ot dong siter Rowland published his

ot ter Row] pu map,

Michelaon.n% means of interference metbods.

determinod the wave-length of the red cadmium
ly great acoursoy with

hotographic
s he

line with exoeedi
reference to the standard metre in Paris, Fabry

determined the wave-length of s number

of iron lines snd solar lines in terms of Michelson's

value, and showed that there s a periodic error
in Rowland’s ecale.

Asg the result of Fabry and Perot’s work the

International Unfon for Solar Research have

pod h
values obtained by three indopenden
of the wave-lengths of various lines in the
:mnmoithemnm. As all these obesrva-
are determined in relation to Miohelson's
value of the red cadmium line, the Intermastional
Union bave decided that the primary standard
{or apectroscopio mesgarements shall he the wave-
length of the red line of cadmium A—=6438-4722
ﬂnsstn‘ims, and that the
so defined. This unit only
igi ngstrSm unit by leas than one part
has alao been agreed that
expreased in terms of this stand-
denoted by the symbol LA.
teediﬂerenoo between the new unit and the old
Angstrém unit is so amall it may il be epoken
of as the tenth metre, and therefore it;l:;r be
said that the wave-length of the red cadminm
lins ia A=0438-4722 Xngnumm or 10-'* metres,
or 643-84723xu or 0-643847224. The units u
and pu are more jally used in casem of the
Jong wave-lengths which, of course, cannot at

E

wave-le

]

for the iro m
or D-810
may therefore bo used in

ks s
cases where great acouzracy is

IL. The cgutruoon. The limite of &
tion exerted by various materiales aregiven below,
and from these it may he seen that in
scopes, designed for the examination of the



SPECTRUM

bls spectrum, the optical parts may be made
rioﬁn’ whilet for the examination o{ytho ultra.
and infra-red rays some other materinl
transparent t¢ one or other of these regions
must be substituted.

cisi
of

{0} Direct msion The simplest
form of viswal ope is the direct wision
instrament in w the dispersion of a very

wide-sngled dense flint-glase prism is partially
corrected by crown- priems. Bince in this
¥ay it ia poasible entirely to correct the deviation

of the mean rays of the spectrum and only
partially correct that of the extreme rays a
spoctrom will be produced.

The neual arrangement of suoh an instru.
meat is shown in Fig. 2, where the centre prism

Fia. 2

¥ is made of dense flint glass, and the two outer
prisma p, p, of crown glass. In Fig. 3 is shown

Fua. 3.
the complete instrument, which is provided with
s alit and eye-piece. 'This direct-vision spectro-

wope is very wseful for the gualitative investiga-
tion of flame spectrs or s ion spectra in
the visible region, but al in some casea

smangements are made whereby readings of the
position of lines or » ion bands can be
made upon some form of yot it is clear that

such measurernents can only be very rough
(:) Bpecirometer. For mors acourate visual
wotk mome form of spectrometor must be used,
the term spectrometer being applied to s spectro-
wope in which eoms device 18 at band for the
more accurate reading of the deviation of the
lines or their actual wave-l Io the first

o can
direetly. ‘This instroment is shown

- 4, and is of the fixed arm type, that is
the eollimator snd telesoope are rigidly fixed,

ANALYSIS.

snd the spectrum is made to pass across the
field of view of the telescope by rotating the
rism, The rotation of the prism is ied out
¥ means of & micrometer screw carrying
a drum head, which is so divided that the wave-
length of any line under obeervation may be
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directly read off. Tn the beat form of the instro-
ment the accuracy of the reading is about

1 Kn%-strﬁm
{¢} The specirogra; In nccurate work upon
messurement of the wave-lengths of spectrum

lines it is necessary to have recourse to photo-
graphic methods for two reasons, firstly, a perma-
nent record of the spectrum is thereby obtained
which may be messured st leisure ; and in the
second , the photographio plate is sensitive
to the ultrs-violet region, which indeed is of far
greater imtgortanoe than the visible region,
since the former generslly containe the most
oharaoteristic lines l(:lf the e;ilemem:.ho hl;tgrisﬁhg:
ocourse, posmible to fit a &
ettechment to either of the spectro
mentioned above, yet it is far preferable
that the optical parta of the instrumenta
be made of quartz. It would seem from
the limits of absorption of the various
substances referred to below, that fluorite would
even be better than quertz; but unfortunately
it is almost impossible at the present time to
obtain this material in sufficiently large masses
iro?i‘l::hich to out prist:‘a and lenses. b with
oonstruction & gpectro, wi
glass optical parts is eim liﬁocn:;tgagctthat
oo & oot Beid upon o photogearhie pate. Tt
ve a Hat upon a t
Eﬂ& also been foun%om%le to make achromatic
lensea with quartz-calcite or quartz-Buorite com-
binationa, To the firat of theee there is the
objection that celcite exertsa an ebsorption
inning at A=22004, and to the second there
is the objection, already mentioned above,
ariging from the ecarcity of fluorite. It will
geoerally be found, therefore, with a apectrograph
thelemesmdpr’mmsofwhiohmmsﬁraof
uartz, that the foci of the various spectrum
lise upon & ourve, so that photographic
films mnst be used. Recently, however, there
have been introduced with
El:r&prismandlemesmcutinmhﬁonto
o] axes that the whole spectrmm from
A to A=2000A may be photographed
on & flat plate in good focus.

An eseentinl point is that the photographic
plahemust-besatatanwmsngle& °) with the
axis of the telescope lens. An illustration of
one of these instruments is shown(in Fig. 5.
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It is oonvenient in any apeotrograph to have
a wooden screen placed in front of the photo-
aphio plete, end in this soreen to cut s narrow

tal dlot to allow the passage of the
speotrom to the photographio prnte. The dark

Fia. &,

glide carrying the plate may then be so mounted
s to be capable of movement up and down by
meana of & tack-work adjustment so that several
photographs may be taken upon the same plate.

Since the determination of wave-len in
general praotice is always cerried out by inter-

pohl:t.ion between litg:a of known.tvyave‘-l
i upon the samse plate, it is necessary
&am l:&zdsp&?tm, the w wn one and the

standard, be photographed in juxtaposition.
This is most oogvonien carried out bm use
of draw-alides fitted over the alit, g0 that any
portion of the slit may be exposed at will. The
two speotra to be compared are successively
photogmphﬁl through two adjacent portions of
the slit, when, of soutse, it will be found that they
are in jnxtaposition on the photograph.
K musi not be forgotten that, unless prl:
cautions sre taken, errors maey readily
introduced owing to the lphericaly aberration of
the spectrograph lenses. Unlese the seme
portions of the lenses are used in comparing
two speotrs, it will generally be found that theee
are not in correct relation to ons ancther uFon
the phmoﬁnphio plate. If a ona
is used to focus an image of the scnrce of light
upon the alit, then it is easy enough to obtain
photographs of the two tra in oorrect rele-
tion to one another. eond lens is
fized in such a poeition that ite axs passes
through the centre of the slit and the contre of
the collimating lens, and also at such a distance
from the glit that an image of the source may be
focussed upon the slit. When the speotrs of
two sourcce have to be accurately com .
one of theee in plased in such a position that its
image is thrown upon a portion of the alit of
the spectrograph. A photograph is then taken
of the speotrnm and, without elosing the dark
slide onrryiﬁetho plate, the first aource is re-
moved and ssoond so placed that its image
is fooussed upon the alit & little above or below
the position previonsly oocupied by the first
source, and the eecond photograph is
taken. In carrying out this procedurs it will
be seen that the draw-slides mentioned above
will prove of excellent service,
very convenient form of spectroscope is

one in which & graﬁn%)il subatituted for prisma.
A grating may be obtained which bhas been
aocurately roled on ag:liahsd surface of glass or
spoonlum metal. The former are used o3
transmission instruments, whilst in the latter
case the spectrum is obtained by reflection.

In a prism apectroscope the dispersion in-
creases with decrense of wave-length, and mo
the blue and ultra.violet regions sppesr more
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| oF'a grating whieh ‘produces the >
of a grating which produces spectrum by
diffraction, as the diffraction is a function
of the wave-length, it will be found that the
i distribution of rays in the spectrum will be moch
more nearly proportional to Wave-

| ional to their

Thus, for example, in the visible spectrum it
| will be found that the yellow rays occupy the
' middle position. For this reason the dispersion
givenml:f & gra is relatively greater in the
red yellow than that given by s priam
spectroscope,

In the case

and hemce there i some sdvan-
tago in using » grating for the stndy of these
regions.
Qwing to the diffculty of successfully ruling
6 {:‘ting the coet is necessarily rather high, but
it been found poesible to produce exocellent
ol :odvx by ms:.ingl‘ ocelluloid
e are o a oast
of aﬁrub-olg.nmledgmting. The casts aro
then mounted upon a flat glass plate, and may be
sy o i "3 T
. o ew
l words may be maid abont P phic
used in spectrum work. For the
lue and ultra-violet regions any good make of
late may be employed, but it 18 $o be remem.
Eemdthatingenerdbomdoﬁniﬁon is obtained
with slow than with rapid plates. U very faint
mom have to be photographed, Wood advises
exposure of the plate for & few moments to
s very weak light, such as thet obtained from
o emall gas flame. The wctual time for this
t exposure must be found by trial for the make of
: plate used, and in one cese Wood found that
iimondsetpmmo!thsphtowthe ight from
s gas flame turmed down until the w tip
isonly 3ord mm:rl;l;'gh st & distance d&mma
Wes DeOessary. SIpOSUTe ey ¢
either before or after the spectrum photograph
is
For the red snd yelow regions Wratten
and Wainwright's alloohrome, pano , OF
spectrum penchromatic plates may be used
acoording to the limits of sensitiveness required.
The sllochrome plate gives excellent reemlts
from the ultra-violet up to the beginning of the
yellow. The sensitivensan of tlloeogmchmmtic
plate extenda to about A=T000, while the
epec penchromatic extends to about

"1 it be vequired to ph the rogi

i Teq TN regions

of wave-length MA=M A, qggial

m have to be employed for the production

of platea sengitive to thi mﬁn.

Three different methods have been used for
First Abn

lates to

made more practicable by Rite.
method depends on the inv

infra-red rays upon sn ordinary photogrmphi
plate, whicgspmg?omly has PM

raysTol destro the
sufphide. yiog
! eXPpo
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so arc light, a second screen of a satursted
salution of cng:ic ammonium sulphate being
to the

interpoeed. The acreen is then
gpoctrum for 28 mins,, and then brought into
contact with the pho hie plate, which

after 2 hours is develo n this way it has
been found possible to reach as far as 20000 A.

IV. Becognition of lines and
of wave-lengths. In any work upon qualita-
tive apalysis by apectrosoopio methods, or in
the quentitative estimations deecribed below,
it is sesontial to ise the linea in any
known spectrum, which may most essily be
carmied out by a determipation of their wave-
lengths. This is aimople enough for the lined in
the vigible spectrum when a direct reading
wave-length spectrometer is nsed.

In the older form of spectrometar, in which
the devistions of the linea are read, or their
poiition on some arbitrary soale noted, it is
wecessary to reduce the values obtained to wave-
leagths, Thia may be done either by the method
of graphical interpolstion or by the use of Hart-
mann's interpolation formuls. In the former
o ihe deviations of certain wall-known

gjtmm lines, or their scale ATO
ted sgainst the wave- on squared
pepst. s mafficient number of suoh pointa
am obtsined & curve is drawn through m;
the wave] of an unknown line may at
once be read from this curve if ita deviation or
acale reading is known., For drawing the disper-

oD curve in the visible region Collie has pointed

ont that s vacuum tube oontsining helium,
:Pi_rogon. and mercury vapour gives a number
lines suited for the

emine:‘t;lg
ysu:lenﬂhs oscillation frequencies of the
lines in this spectrum are s follows :—
Wave- Osclllation
Jeugths

. trequencies
Belivm . . red 7065 14197
Hydmgon . red  ass  lodes
. 5232
Mercury . . orange 6152 16250
w . . ;ﬁnw 5?33 };gég

. . ow §

Mercory . yellow 5770 17320
Mercary . . green  B46l1 18307
Helium . . green 5018 19932
gulimn . . loen 4922 20311
ydrogen . blue 4861 20564
Heliumn . . blue 47113 21211
Helium . violet 4472 22357
¥ . violet 43890 22087
H violet 4341 23031

1t will also b;:onnd that & vacuum tabe con-
taining neon shows a spectrum oontaining a
great mumber of lines in the red, whioh are
exvoodingly convenient for the calibration of
the red region.

1t will be foand that if instead of the wave-
lengths the oesillation frequencies of the linea
be mﬂm shape of the ourve becomea flatter
and to draw. By the oscillation frequency
is meant the number of wave- contained
in 1 cm. #m wacwd, i.e. the reciprocal of the
wave-length reduced to vacuum. In order to
reduce the wave-length of any line measured in
wir to ite real value in vacwd, it is necesasry to
waltiply it by the refrastive index of air for the
ptrticm[vn.r wavelength. In making this cor-
wection in sctual practice it i simplest to add o
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small number to the wave-lengths, A table of
these corrections oan be readily oconstructed, and

they lis between 2'6
07

.&ngstram at A=8000, and
Angstrsm at A=2000. Such a table is given

complete in Watte’ Index of Speotrs, App. E,

p- 51

If it be desired to draw the calibration curve

from photographic

it is aimply

neceasary to measure the distances between the

lines on the plate, starting

from a chosen line at

either end of the apectrum, and plot thesongsinst

the oscillation frequencies ce wave
As in this case the photolg;:.phio
no doubtinclude the ultra-viol

.8
record will
region, the above

list of wave-lengthe will not, of course, be auffi-
cient. A very oom:h:;iantsetoflimah;rdﬁs
P 3¢ is given in spark tram of gold,
omelollo ing table oonh.im% wave-

and oecillation frequencies of the principal

of

ording; ity. As
fies of 5ol 1

gold and eilver, such as are given by gold of
there are not man,
gold in the red, orange,

strong
_groon,

one or two lines of lithinm, sodium, and nitrogen

have been included.

¥

E'Element and

+~ intensit;

-2 16379 Li 10
2. 64570 15483 Au 5
3. 6378-4 15927 Au 4

58962 16055 Na 10
58902 16973 Na 10
4. 58377 17127 Au 6
5. 5679-8 17601 N 12
6. 54866 18291 Ag10
7. 5230-5 19114 An 8
8. 50057 18978 N 10
60027 19083 N 10
9. 4792-8 20863 Au 8

10. 4488-4 22273 Au 8

11. 43154 23167 An 8

12. 4065-3 24502 Au 15

13. 3898-0 25647 Au 10

14. 35867 27873 Au 7

15. 3383-0 20551 Ag 10

16. 32807 30472 Ag 10

17. 31229 32013 Au 10

18. 30203 33001 Au 6

19. 29136 34311 Au 9

20. 28256 35381 Au 6

21. 27483 36375 Au 5

22, 26761 37368 Au 12

31, 24132 41427 Ag 10
32, 238749 41865 An 4
33. 23648 42274 Au 10
$4, 23528 42400 Au
35. 23313 42881 Ag
36. 23040 43377 Au
37. 2283-4 43781 Au
38, 22427 44576 Au
30. 2229-1 44848 Au
40. 22014 46408 Au
41, 2189-0 45663 Au
42. 21666 46141 Ag
43. 21457 46500 Ag
44. 2125°3 47038 Au
45. 2110-8 47381 Au
46, 20821 48013 Au

SO NS

For thorecognition of thelinesin the spectruim
and for a messurement of their wave-length
's interpolation formuls will prove of

t service. In its original form this formula

as followa :—

A=Apt

(Rg—n)*

where Ay, ¢, 7, and 6 afe conatants, and n is
the linear distance of the line measured from
gome line ohosen as origin. Hartmann showed,
however, that aince a is neatly =1 it may be
omitted, which simplifies the formula consider-
ably., As may readily be seen, the values of
Ape €, and n, may be cbtained if the wave-lengths
and scale readings of three lines in the spectinm
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be known, It is edvissble, of course, that one

of theee lines be chosen near the middle of the
region of the epectrum which is being dealt with,
and that of other two lines, one be chosen

at the beginning and the other at the end of
the region measured. When the values of the
three constants have been fonnd, the wave-
lengtha of any line can at once be calcalated from
its pcale reading. Although the formula gives
he ypostrurh v hekte deals withe yot 1ty be

8] m are wi ot it may
spplil:ic over & congiderable 3ibh very fair
acouracy, and if it only be required to recognise
the ns lines in & :Fectrum, the accuracy
theu given is quite sufficient.

If, however, it is required to moeasure the
wave-length of any new spectrum lines, or if
for any other reason greater acouracy is required
than ¢an be obtained from Hartmann’s formula,
the measurement of the wave.length of any
line may be found by & simple interpolation
betweon two known lines in the comparisen
spectrum.  Sinoe in a prismatio sggct.mm the
digpersion steadily increases as the shorter wave-
lengths are approached, it is advisable in the
interpolation to ohoose two standard lines of
known wave-length which are npear together,
and, of course, one on each side of the line, the
wave-length of which is to be measured.

ximately deter-

A !i:.iaph metlfodgss oximately det
mining the wave-leng lines from photo-

ovioed
This method consiata in

hs of prismatic spectra has been
iw"““ ﬂ":gBuu”r‘ of interf fringes
p! a eeries of interference
ﬂw;‘;:tothespecm to bo meagured ; theso
interference fringes are produced by Fabry and
Perot’s method, which consistsa in cavang e
beam of white light to through » film of
air bounded by two pu'a.lggﬁides of half-gilverad
glasa, When this light iz examined in a spectro-
scope, 8 ocontinuous spectrum is sean, orossed by
& seriea of interference fringes, A suﬁcienﬂi
;ocursbe interference a| P:;.&m can_ be o
¥ taking two pieces of g plate-glass ahout
3 ins, sguare, which are each balf alvered on
one face ; the plates are then carefully dried and
mounted together, the two silvered faces turned
towards one another. The plates are fastened
together by a little wax placed all round the
edges, when perfeot adjustment can be obtained
Engorn? K pretminary adlostmst o parsies
ors. sry adjustment for -
ism i made as follows: & spot of light or an
incandescent electric lam vis through
the silvered surfaces; & long train of images
due te multiple reflectiona is y visib
Thess images are brought into coincidence, and
then, on examining a sodivm flame through the
apparatus, interference bands will generally be
visible, The final adjustment for paralleliam
is made with the help of these bands, which
should be made as broad as gimaible. in carry-
ing out this adjustment the flm in held as close
os pogsible to the eye, because for & parallel air
film viewed normally the intorference bands are
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circumstances the & um will be foand to
conaist of a series o brig lines separated by
black intervals. The t results will be
obtained when the plates ars in puch & position
thattheslitisxmﬂalwthodimﬁon of the
interference seen with sodium light. The
¢loseness of the bands depends upon the thickness
of the film between the silvered surfaces. By
moana of draw alides, or screens npon the alit,

f | these interference bands are photographed .

cont to the apeotrum which ia to be measured.
I the interforence fringes on & graph
be numbered consecutively, starting from either
end, the oscillation uencies of all the fringes
will be in linear proportion to their order number.
The oscillation frequencies of one or two
lines at each end of the photograph are plotted
against their readings on the interference fri
ecale, and a straight line is drawn throngh the
points thus obtained. From this etraight line
the oacillation frequency of spectral line
can be found at once from ita scale reading.
. Methods of lllumination. Except in
case of phosphorescent spectra all subgtances
are caused to luminesce when in the state of
gas. The following metheds of illumination

are most usally emdployed : Flame, electric arc,
electrio sperk, snd high potential discharge
under reduced preasure.

through

{a) Im apecira. in the case of
flame spectra the most convenient flame ia that
ﬁven by the Mecker burper. If it

possible to use an aqueous sclu.
tion of the salt to be examined, o

'oF tho spparacas v designod
use s tna egign
by Hitsoharljgmd whioh is shown
ii: Fig. 6. Thlg Ell;ok at the hottom

composed of fine platinum wires
or A little sm
montum acetate added to the
solution of the salt ix uselful in
order to make it run wall along
the wick. In ths cass of aclid sub-
stances Huﬂemends a8 sup-
port for the su thin strips of
cyanite or a mixture of carborundum
and in clay, whioch has besn
fired at a high temperature. It in also-convenient
in some cases to use o small spoon made of fused
gilica. Hartley also recommends feeding the
burner with gas containing a Jittle chloroform
vapour in order to obtain & lasting chloride

ron.

Again, a very convenient method of obtaining
fiame tra is to introduce into the flame very
finely-divided icles of the eloment itself or of
the solution of a salt. In the case of the former,
:11 hes It:lo;en shown ll:zdﬁemaﬁl:ch and de Watte-

ille, the air supplied 1o the burner is passed
through & smnlf %mlb in which is maintained
either a series of electric sparks, or the electric arc
between polea of the element to be investigated.
In the latier case, the coal-gas supplied to the

b
Fuwa. 6.

formed at an infinite distance. The perfection
of the results finally obtainod will depend greatly |
on the scourscy of this adjustment.

The dlit of the epectroscope is illuminated by
a alightly convergent beam of light from an arc
lamp, snd the plates are placed in front of the
ulit, and a8 near o it a8 possible; undor these

burner is passod through a flask containing =
solution of the salt., This solution is made
ntrongly acid with hydroohloric acid, and » few
it oo el By bl 3

ogen ovalved carry wi m into
the burper a very fine epray of the sclution. An
alternative method is to uese some form of
* vaporiser * or ‘atomiser’ by means of which
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the contral holp of which has been packed the

may be eliminated by comparing the photographa
'bonomtakenoithombetweeitwopgm
car Bolu.

(¢) 3park espectra, The third method of
lemination is to pass electric sparks from an

of
metallic salte which have been melted on to
the ends of platinum wires or botween sn
dectrode of ofolq,..dphunnm,' or graphite, and
& salt,

In the first case, it is advissble to use a
condensed discharge, which may be produced by
the introduction of & Leyden jar or plate con-
denser connected in o] with hha:gr'
apparstus. It may pointed out t the
most mitable capacity of ocondenser dependa
very largely on the aize of the induction coil or
trangformer, and no very definite directions can
be given. The condenser should be so chosen
that tha gize of the spark obtained between iron
elootrodes in air is of the order of 2-3 mm.
Fot the study of the spark spectra of melted
als do Gramont uses two platinum wires, one
of which is mounted in s horizontal position,
and the other is et above the fimt, making &
wmewhat narrow angle with it, so that the two
extremitics are close together. The two ends

pper
sparks are then passed between the lower wire
and the melted bead.
Yor the study of epectra of eclutions a con-
venient form of apparstos is shown in Fig, 7.
- In this spparntus the lower platinum wire is
mrounded by a narrow, thin glass tube up
L e S i
orm of apar 8 tus due
to Hartley is shown in '.&pﬁmt.hiathe
electrodee are mede of graphite, which is cut
ioto the shape of wedges about } in. long and
#th in wide, The wedgee are set with their
to one another, and to the colli-

gasm tubes. lower wedge dips into the
solution, which ascends by oapillary attraction
up the deep grooves or BT 5

. A third apparatus, especially designed for the
Investigation of quantitative spectra, wus used
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by Hartley and by Pollook, and may be thus
described. A piece of glese tube about 6 ips.
long and with o oapillary bore is bent into
the form of a U-tube with the limbs of unequal

Fia. 7. Fa. 8.

length, and a small cup, like a thistle funnel, of
about 2 o.c. capacity is blown st each end as
shown in Fig. #. A gold wire is then passed

king | thwough the oapillary of the tube so as to project

& little sbove the rim of the lower cup, and &
small piece of thin-walled cepillery tubing is
plipped over the end of the gold wire, and ia
just 80 long as to reach the top of the wire and
thus draw up the solution snd keep the top of
the wire well wetted when spugmg It ie
necossaty to employ fairly
thiok gold wire, and it
may be found economical
only to use & short piece
of gold attached to o thin
Flaﬁnnm wire snfficiently
ong to pass through the
capillary. The electrede
in the sclution must be
E&cla the negative, and
6 upper or tive
elestrode mey bom:l in
any convenient msnner,
and the spark should not Fia. 9,
be too long.
Two v:g oonvin.ient piezfea s:lf appamt:t:l: fo:
obtaining the spar! utions withou
alli m are deecribed by
Krulla, the prineiple being that the spark is
made to pass between two jeta of the solution.
This me eliminates the spectrum lines of
the metallic electrodes from the spectrum of
the aalt. .
The phenomens which may be scen in &
spark discharge are somewhat complex, for the
oondensed spark consists of differont zonee,
there being a central part which is very brilliant
epd is surrounded by an eureole. spectro-

scopic examination of the spark shows the rays

, emitted by the whole spark, aureole, and central
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portion, and also the rays which are emitted
only by the contral portion. Theso two different
seta of rays oan be ax long snd short
lines in photagngh of the m.

Generally when dealing wit k spectra
it is advisable to use s condenser, but in some
cases, as will be reforred to below, advantageous
resnlta are obtained by using the uncondensed
spark discharge. It must not be forgotten that
in any spark spectra will be found many of the
spectrum lines of air. These latter are more
pronoupced, the less volatile is the substance
under examination; for example, the air lines
will be found to be very in the spectrum
of the between platinum  electrodes.
These air li e may readily bemwd from
& gpectrum by comparing it wi spectrum
of the k, eay between platinum electrodes,
when, of course, the lines common to the two
gpectra will be thoee due to air. It was shown
by Hemsalech that the eir lines may be entirely
eliminated from any spectrum by intmducing
salf-induetion into the seoondary cirouit.
self.induction coil may be made gnite readily
by winding wire round s bobbin, the coil eo
prepared beinﬁaput in series with the sparking
apparatus, amount of self-induction to be
introduced of course varies with the size of the
induction coil used, Such a self-induction coil
for use with a large Rubmkorff induction coil
is 50 c.c. long, &b om. internal diameter, and
contains 8 lsyers of wire each consisting of
150 turns,

{d) Spectra of gases. The most convenient
method for the lumination of gnses is to pasa
the discharge from the induction coil through
them under a pressure of from I to 3 mm. T
goaa ia encl in & wvaouum ‘ tube,” which has
two electrodes and a capillary portion, as firet
designed by Pliioker. Tt will be found that the

ge through the illary portion of the
tube is exccedingly be:-i'.ﬁj.mt. the ultra-
violet region of the apectrum is required, either
the whole vacuum tude may be made of quartz
with no electrodes, or the discharge through the
capillary may be viewed end-on through a
e The ethods mployéd d
or the met employed for ing an
filling these tubes reference must me to
books on manipulation.

{ey P orescent epectra, An important
method of illumination, ufeoid.ly in the study
of the rare earths, is that of the cathede atreama
producing phosphoreacence in the substance
under examination. It hos been found as a
result of ressarches by Crookes, Lecog de
Boisbandran, Urbain, and others, that very
many minerals and artificially-prepared sub-
stences give oharacteristic phosphorescent
spoctra, but this method of examination finds

its chief practical use in conpection with the |

seporation of tho rare earths from one anothor.
The rare earth under investigation in the
form of oxide or sulphate is placed in a bulb tube
provided with two eloctrodes consisting of flat
plates of nluminium, the normals to which lie
in the direction of tho centre of tho heap of
material to0 be examiped. Sinee the ca
rays leave the electrode normal to ite surface, it
is ovident that this construction will give the
maximum brilliancy, The exhsustion of the

.lines are prevent at or close to the r&sition
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degres of exhaustion being judged by the
maximum of horcasence obtained. For
the examination of the epeotrwm the tmbe is
set at o plight angle, so that the phoaphorescent
rays can directed into the sgetrognph.
W{en the ultra.violet region is to be examined
the phosphorescence tube ie provided with a
uartz window comented on and through which

o phosphorescent: speotram may be photo-
m‘%dhhsorpﬂon spocira. By an ion

spectram is meant a continuous spectrum from
which certain definite rays, or groups of n&
have been absorbed during the passage of
light through the smbetance to be exsmined.
It would appesr from thie that the best source
to use for absorption spectrum observations
would be one giving s perfectly continuous
trum. It must remembered, however,
that it is necessary in all quantitetive obeerva-
tions of absorption to make accurate measure-
menta of the position of the sheorption lines or of
the limita of the absorption bands. If, therefore,
a continuoua gpectrum be used it will be
that some oconvenient method of wave-l
determination bo at hand. Beveral series of
investigations have been carried out in which a
souroe giving & continuous spectrum is used, but
it will generall{sbe found that the determinstion
of wave-lengths of the absorption maxime i
unasti and troublesome. By far the
bestmerthodistou:oisaoum wh.lchgig:o}
spectrum consisting of & very great number
h":;s closely situsted to , and not difl
very much in their relativo intensitien. 8
ok e Shemouhly Tmprogaaced with. 15
which are tho pregna wi
oxides of molybdenum and urenium, 43 described
by Jones. e two carbon rods, sbout 1 om.
in dismeter, are filed to wedge-shaped edges,
care being taken that the odge of the wedge is
et right angles to the axin of the rod. Th
carbon wedgea are boiled in a solution of uranium
nitrate and then dried and heated to dull red.
nese. This process is repeated three tires,
They are then boiled in a strong solution of
ammonium molybdate and again hested to
dull redneas, this also being repeated
three times. In mounting theee eloctrodes,
just asin the case of the spark spectrum described
above, the wedges ate mﬁo t0 one another,
and to the axis of the colli .

The electric spark between cadmium elec-
trodes has been used by Hartley and by Purvia
sa a source for a on spectrs observations
Although the cadmium spectrum consists of
only a few very bright lines, tiet the region
between these lines is filled with s continuous

d which servee exiremely well for
the observation of fine-line absorption. It
must not be forgotten, however, that errors may
be introduced if it hap that an absorption
band lies very close to the position of one of the
bright cadmium linea. For this reascn, in dealing
witgh fine-line abeorption, it is advisable to uee
alternately two sources, the cadmium spark and
one other, the second one being used morely for
the purpose of finding whether any absorption

oocupiod by the cadmium lines. Hartley has
also used the spark betweon eloctrodes made of

tube is carried to & very high point, tho cxact ! an slloy of cadmium, tin, lead, and bismuth,
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the metals being melted ther in atomio
gopod_iona. mm&:m.mmwa.

an
stisfactory epark betwesn pure

eadminm
The use of one of these sources whioch givea
;?“mdﬁbﬁgh:mﬁm“w’uy saperior
source ¥ & continuons specirum,
becanse mEﬁﬂrdlines, being of Imown wave-
length, serve as [and-marks from which the wave-
lengths of the aheorption lines or bands may be

. Owing to the enormons multiplicity of the
lmcinthennniu.mandmolbmgmud

ety may bo. fonsd 1o reooening those

‘ may o o

livs and finding their wave- . This

g‘h-un may, however, “gloi bei brated by
hp‘l In juxta to it & spectrum

containing & few mofol::.ouﬂvo- » 88,

for example, the cadmium spectrom. the

pPhotograph then be measured with s tuvd.lins

by means of ndensing
s oo

slightly converging beam of light is thrown
tes, W are placed
the dlit of the spectro-
. oacillation frequency of the
is very eadily obtained they may readily
observation of sabeorption bands.
for simple qualitative measure-
n in the visible region it may

be mfficient to make visual measurements by

y its centre ; furthermore, it in
when possible to determine the Mmits of con-
centration over which the abeorption band
pettiste. In such accurate work it is obvious
that virgal work must give plave to photographie
methods, In order to obtain the position of

maximam ;lnom:'on i to an
absorption band oonoentraﬁon of absorby-
ing substance is steadily decreased. It will be
found that, the ion band or bands bacome
carrower and narrower until they finally vanish.
In this way the head of the sbsorption may be
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sbeorption of a compound by dimsolving it in
some suitable lolventl,” when lie mole;‘uln‘;r oon-

oentration may be decressed sim leasening
:t_o' thickmyof b? oollltioad fgnl%:d. For

ms used an adjustable absorp.
ﬁonxﬂushozninh‘s. 10, which consiste of

<c
Fia, 10,

two glase tubes which fit locsely one inside the
other. Both of thess tubee are ground fiat st
one end and square to the axis, and have a
quartz plste cemented in each case sa shown at
aapd B. ¢ is s bulb tube sealed to the aide of
the outer tube, and serves to take up the solution
when the thickness of the layer is decressed by

in the inner tube. At » & broad indis-
rabber ia alipped over the junction in order
to keep it water-tight, and this may be about
1in. broad. The outer tube is about 1 in. wide
and 6 ins, long, and it haa & millimetre soale stohed
upon it, this scale being so roled that its zero
divigion coincides with the inner aide of the

Ia_n

quartz plate 4, and thus the reading of the
inner side of the plate » upon the scale gives
the thickness of solution, The inner tube

is prefersbly lined with black paper, so as to
mpumimblemmam{:a' t from
the glass walls. In actual practice s solution of
h of the substance in a suitable

ug|
thickpeas ; the laier is then reduced to 25 mm,,

and a photogrs: taken, this hein% re-
peatodgu: the 20, 158,12, 10, 8, &, 5,
and 4 mm. If, as is most probable, the 4 mm.
layer of the aclution is not entirely disctinic, the
ution ja diluted ten times and the spectrum
B:’ntogng‘hod through the same thicknesses as
ore. necessary this may nlso be repested
for solutions of N/1000 and N/10000. xcept
in certain peculiar cases it will be found that
there is no need to dilute beyond N/10000. The

pho phs thus obtained will give a complete
record of the change of absorption to be observed
in ing from 30 mm. of N/10 to 4 mm.
of N/) ,  If it be desired, of vourse, a normal

aolution of the substance may aleo be examined,
though this in the case of orgenic compounds
is very rarely necessary. The wave-l or
oscillation frequencies of the absorption lines, or
of the limits of the absorption bands, may be
read in the osse of thees phs either by
comparison Witk & calibrated photegraph of the
spectrom of the source or by intérpolation
botween any standard linee in the spectrum.
Theae wave-longths or oacillation frequenciea are
plotted against the equivalent concentrations of
the substance under examination. Hartloy, to
whom we are indebted for most valuable work

ad, and this correeponds to the poaition
of maximum abeorption in the case of each band.
It will be found most convenient to examine the

on the absorption of organic compounds, in
his earlier papers used the equivalent volume of
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solntion of a fixed quantit{moi the substance,
and later an equivalent thiokness of solution of
fixed concentration. In the first case the effect
of a given relative change in the amount of the
substance was more marked at smaller than at
greator concentrations, and in the second oase
exactly the opposite is true. If, however, the
ithms of the relative thicknesses be used, it

I be seen that s given relative in
dilution or thickness will be represented by the
same distance on the disgram, whatever be the
actual strength of solution. In actual practice
the logarithms of the relative thicknesses of the
weakeat solution weed (in the above oase
N/10000) are put on ths ordinates, and the
measurements of the absorption limits on the
abecisam, snd the line drawn through the
pointa 80 obtained il;:as the absorption curve of
the substance un examination. Such sn
absorption curve is shown in Fig. 11, which

Cscitlation Frequencies.
WO % S b 54 uee az a1 s
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photograph is taken, this bei
sufficient concentration is

remembered that in order to guard against any
condensation of the snbstence in quartz
abeorption tube this must ba kept at a conatant
temperature, which is at least 30* higher than
the l:uﬁhmt temperature to which the sub-
stance is to be heated. Tha concentration of the
substance in the quariz absorption tubo may
readily be caloulated from the vapour preesure
curve of the subatance under investigation.
Theeo obeervations will give a complete record
of the a ion of the substance eimilar to
that obtained for solutions, and from which the
abaorption curve may be dra

oontinued until
It must be

wh.

For the absorption of pure organic compounds
it in evident that thin layers musat be used,
and Purvis has devised an apparatus for this
purpose, in which & amall gquantity of the liquid

m gquestion i between two y
el quartz plates, and by means of & micro-
meter scTew plates may be brought closer
and closer together, end the thickness of the
layer read off at time, Withthisr:‘fpamtm
the thicknees of layer may be reduced to
0003 mm.
YIL A n of speotrosoople methods o

amalysis. Spectroscopic methods have fonnd
oonsiderable spplicstion in many directions.
Although in moet cases the wse of the s otro-

&

B U

s

5

Relative Nechocsses in mm of ik Solulien,

Logorines o relatire Mok

Fia. 11,

represents the absorption of acetyl scetone in
aleoholic solution.

As will be ghown later, the influence of &
solvent upon the absorption exerted by a sub-
stance in often very marked, and it may prove of
i.mmme. to observe the absorption of the
substance in the absence of any solvent. This
may either be done with the substance in the
state of vapour or in the liquid state. Hartley
and Purvie have both examined the absorption
of the vapours of & number of organic eubstances,
and the method adopted wae as follows: A
glasa tube about 2 cm. wide and 20 em. long,
with quartz plates fastened at each end, is filled
with the vapour of the substance by sapirating

& current of air previously saturated with the .
vapour by bubb it through the substance
contained in a wash bot:

fince this method dees not easily allow the
concentration of the snbstance to be changed,
which is necessary in order to obtain the com- |
Plete abeorption curve, e zimilar tube made of
quartz with the ends sealed on may be substi-
tuted. To this quartz tube is attached a side
tube connected with s small flask containing

the substance, and the whole apparatus is
exhausted to the highest possible point. The !
bulb containing the substance is now heated to

certain known temperaturca at each of which a |

po is restricted to the gqualitative {:Il: of
subetances, yet it has been found poesible to
develope certain of quantitative analynis
by its means. ap‘g.iutlom may con-
veniently be tmw the t.hmd x of
emission spectra are, and spark), phos-
phorescence, and absorption. .

(a) Emisrion apectra, Qualilative analysis.
Although in the qualitative spectrum i

of & anl some knowladge may be gained if
the substance give a flame spectrum, yet for
complete analysis by the s'momscopo Tecourse
must be had to the arc or the apark as a moans
of illumination, preferably the latter.

In general, owing to ite wider application,
the spark is most suited to & goalita-
tive analyms of substances, because they are
mors often sufficiently good conductors for the
high potential current of a spark di .
Then, agein, arc spectza are not possible in t!
case of solutions. In dealing with solid sub-
stanoces such as, for example, native minerals, it
will be found perfectly poesible to obtain the
spark discharge between fragments of euch
minerals, enté may be
attached by means of fine platinum wire to iron
or steel wires, or may be held in amall clipe
which are mounted in any oconvenient form of
sparking apparatus by means of which the
gpark | can be varied.

In dealing with the spark of solutions
it is important that the aolution be made tha
negat-ive pole, and it is most convenient to use an
induction coil giving & 2 or 3 in. spark in air.
A oonaéder:]l:ie advantage isbofb;: g'amked b
comparing spsctrs given by the spark wi
or without & con . When no condenser is
used it will be found that the shows
the bands of mitrogen. The solutions of the
ohlorides of the alksline earths, metals, and of
certain rare earthe show with the non-condensed
spark, spectra of bands and lines, ; This is also
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tros for chromium, iron, lead, bismuth, mercury,
mﬂver. snd gold. The chlorides of tge
alkalis, tin, antimony, Zine, cadmium, thaflinm,
idinm, niokel, cobalt, and the platinam
family nlin:ir?otn. The condensed spark
givee almost entirely line spectrs, but su)
oo these will bo the line epectra of air, platinum,
and sometimes of chlorine. Considerable differ-
eoe are often obtained between m
given by the spark with or without a .
aud the ual sensitiveness of the spectrs
olten sffords decided edvantages. It is possible
for this resacn to detect the gmonoo or the
shamoe of various substances in very complex
miTtures, which with the condensed spark give
sach complicated as {0 make the indi-
vidual lines very difficalt to pick out.
On this it is sometimes very useful
e a condenser, the capeoity of which can
be varied at
made out of two
y smaller

will. Ench a condenser can easily
tubes, one of which 18
: the other, a0 a3 to alide
y m and out. The tube may be
bout iuthi:diameur.md th the tubés are
hl

o
be

easi] :
8l
ooated on outside with tin-foil. It is advie.
able 10 have s wooden handle fitted to the inner
8 that it can be moved without
ha tl?:m ' expanded
ve
lictle, 30 a8 to against any damage to the
innet coating when it is moved in or out.
wlthbm%bydeb?mntb:htif
condensed harge be passed botween
fragmenta oiq:;nerds the spectrum abo
bright emission lines, not only of their metallio
componenta, bot also of the non-metallio oom-
porents in & number of cases, se, for example,
chlorine, iodine, sulphur, phosphorns, arsenic,
and aptimony in the vase of antimonatea and
thio-aptimonsies. In the epark spectrum of no
mineral up to the present tite have the lines of
ﬂ and flnorine been noted. We are
to de Gramont for sn exhaustive
stady of this method of qualitative analysis of
mADY minerals.

ta
o 8

following :
h are b on.ll{ in very
tected. the con-

not used tmtrs of the non-metals
themselves only show

: of the lines. Those minerals
which ui: :I:: modk mmw& butoovshich are
Tolatile sperk give equally reaulta,
Fused salts also showstlhe;p.m;k spgotm both of
their motallic and non.me elementa.

1

different eamples of blende, and
was ablo to detect quite easily the presence of
grrmaninm, ium, and indinm,

It is known that the arc and spark
spectra of the eame eloment frequently differ very
considerably. There have been found lines in
the latter which are not present in the former.
Tothese Lockyer has given the name of enhanced
lines, and has i.ndeei that they are
Yo simpler forms of matter produced under
conditions of great strees existing in the
k. the other hand, the flame spectrum,
general rule, is much simpler than that of

-
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ws | The solution in the
eleotrolysed.
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the arc epectrum, this attributed to the
fact that the temperature of the flame is lower

than that of the arc. Agsin, each particular
type of spectrunm, whether Same, arc, or spark,
is unn?h\:: to chi:n in thzt exoitiixg oauso,
m&“ is this true osse spectra,
w thyn relative inmtenn'ty g:n !.hem in f:unoc}
to ¢ very markedly w! oapacity
the mser or the amonnt of self-induction in
the cirenit is varied. It will be evident, there-
fore, that in such work ms quantitative ro-
phic analysis great care must be n to
m'g the conditions constant throughout the
whole eeries of exparimenta. X
Detection of mercury in ves. The
basis of this method is the electrolysis of a
properly prepared solution of the osive,
using » platinum wire as cathode. The platinum
wire ig then put into & vacnom tube and gently
heated, whon the meroury msy at once be
detested by ita oharacteristio spectrum. If the
::iplocive is completely soluble in the ordinary
vents, ether, alcohcl, or acetons, 2 grma
of an aversge sample are dissolved in a suitable
solvent and a sufficient quantity of sulphuric or
hipdroshloric acid is added to give & fain {acld
reaction, and the solution is then electrolysed.
If the explogive is only partially soluble 2 grms.
are first extracted by g&ntat.ion, the residue
is then dried at & low tempersture and
evaporated with strong nitric acid to destro
all orsr]nio wmeiter. Ii is then taken up wi
very dilute hydrochloric acid and a.laolrogyaed.
organic eolvent is also
Binoe the test for mercury is
exceeditngly delicate great care must be taken
to avoid any contamination during the process
of extraction and sclution. It is best to use
the same dish for sclution and for electrolysis.
The electrodes are made of platinum wire
0-016-002 in. in diameter and 1 in. long.
The dish is nearly filled and is carefully covered
with Flasa or cardboard, the el e bein
ge t this cover. A current o
ampéres at 10 volts ia used, and may be con-
tin all n.iﬁ:llt. The cathode is then taken
and oarefully dried and dropped into the vacuumn
tube, This tubs is about 2§ ips. long by ith
in. in bore. A platinum wire § in. long is
sealed in &t one end, and the other end is drawn
out ready for sealing, but leaving sufficient room
to allow the entrance of the cathode. The
second eleotrode also is a platinum wire § in.
long, and sealed in a gide tube.
exhaustion the tube is scaled off and the current
from an induction coil passed through it. It is
then gently heated, and the presence of mercury
in at onoe recognised by the green line at 5461

be Angstrom, and also by the two yellow lines st

5790 and 5678 Angstrom.

By this method the presence of as little as
0-000001-0-0000001 grm. of wmercury may be
detected.

The same piece of platinum wire must nover
be used twice, for it, has been found impoasible
to remove the mercury by the action of heat
8o that it will not still continue to give the
mercury spectrum in & vacuum tube. The
amount of mercury present may be eatimated
quantitatively by placing the cathode in & test
tube with a & quantity of iodine and gentl:
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heating it. The mercury is converted into
meroury iodide, which then may be treated in

sy convenient manner.
iative analysis. Hartley haa shown, in
the firat place, that the apark apectra of solutions
of metallic salte show the lines of the metallic
radiole, and further that the effeat of dilutin,
these solutions is first to weaken these lines an
then to shorten them until they finally disappear.
1t has been found on further investigation that
sll the lines of & metal do not disappesr st the
same dilution, and further that, given the
same oonditiona, the same lines always disap;
at the same dilution, These investigationa have
been ocontinued by Pollok and Leonard and by
de Gramont, and the neme of residual or ulti-
mate lines has been given to those lines which
ist the Iougt when the substance is diluted.
he method adepted by Pollok, which is based
on Hartley’s investigations, is to use eleo-
trodea and to compare the photogrs
apeotra given with s 10 p.e., 1 p.o, ¢1 p.o.,
0-01 p.c., and 0-001 p.c. solution of a metallic
salt. In taking any photograph the spectrum
of the spark between the gold electrodes alone
is pho phed, using a long elit ; then the length
of the alit is shortened and the spark spectrum
of the partioularsolution required is photographed
without moving the photographic plate. In
%.iswsy the gol hliml:o mey at oneogb:nmo i
comparing the photographs taken at varions
i utiong.onfngxe uﬁ. the tive istence of
the various rays is obtajned. e moat per-
sigtent, that is to pay, the residual lines, bave
not neocessarily any connection with their
intensity. It is evident that in the apectroscopic
examination for the presence of traoces of any
element it is by these reaidus] rays that sn
element msy be recognised when ent in
very small quantities. Inasmuch as it is quite
possible, has indeed been done in very many
casea, to determine the dilutions et which the
varioua lincs disappear, it may be seen that we
have herein & quantitative method of apectrum
analyais.
en photographs of the verious dilutions
of the solution of s particnlar metal have been
taken, the noxt etep is to obeerve the lines of
that metsl, which appear at each partioular
dilution. For the sake of convenience, Hartley
indioates the persistence of the various linee by
means of the letters of the (reck slphabet in
the following way. By o lines only seen in a
0001 p.c. solution, by ¢ those seen in & 001 p.c.
solution. and not in & {001 p.c. solution, by x
thoso lines seen in a 0-1 clp.o. solution but not
in & 0-01 p.o. solution, and by ¢ those seen in a
1 p.o. solution bat not in & (I p.o. solution,
then by o thoee seen in a strong solution and
not in a 1 p.c. solution, whilst by = he denotes
those lince which are seen in the metallic spark,
but not in any solution,

In actual analyuisl,lthemfm, it in «;l;l% naee;;
sary to compere the s m grap
taken of tho unknown solution witg tho photo-
graphs of the particular metale in the various
dilutions, whence the peroentage of each par-
ticular metal in the substance under examina-
tion raay be srrived at,

It is hardly neceasary to point out that in
every photograph the conditions of exposure
must be the same, and also in cxamining the

of the | gra
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solutions that exaotly similar apparatus and
electrodes be employed.

The apparstus recommended by Pollok for
this partlonlupurpoaehaaalreagybean de-
scribed in the section de‘ﬁ:‘njg with spark specira.
A condenser ahould be , and if it be desired
to remove the air-linea & self-induction coil may
aleo be insarted.

As a result of the method described above
the gold lines may be easily recognised, and the
wavé-length of the other metallic lines may be
obtained by interpolation between the gold
lines, waing either &n interpolation formuls or
an interpolstion curve,

A very large number of these gquantitative
observations have been mede by Pollok and by
Leonard on the speotral estimstion of the ele-
ments, but as yet the investigations are not
sufficiently complete to warmot their detailed
clescripti::&l a8 & bagia of quantitative speoiro-
o
is method can be applisd to the gquenti.
tative analysis of mi and slloys; for
enmg:le, de Gremont hes shown that it is
posaible to eatimate by this method the silver
in spesimens of

Hartloy describes the application of thia
method to the quantitstive snalysis of alloye ;
for example, old and rare ooins, which, a& he
points out, saves the ocutting and destruction
of the coin. He checked his results by making
an alloy of the eame composition as the coin as
found by the speetrographic mothod, and proved
that the spectrs of the two were in every way
id“t'i?',;l's 5111 onefcue he fol;l?l’% 1398 :g.n of
lead, 72:35 p.o. of oopper, 12:70 p.c. o €,
and 0-86 p.o. of iron. He sfterwards found
that these were oorrect by the ordinery
methods of chemical analysis,

Mothods have been devised for the quanti-
tative eatimation of lithium, sodium, and potas-
aium ding on the persistence of the cha-
racteristic lines in the flame speotrum of theee
elements, For example, Ballmen found that
if a solntion of lithivm ohloride be diluted until

the lithium line (A =€708 3) disappears, then
there is oontained in every 3348 o.c. of the
solution 0-001 gr, of the Lithjum salt,

Mottram has devised a method of gqummti-
tative eetimation of potassium and sodium,
which he applies to the analysis of animal
tissuea and blood. He uses s direot vision
spectroecope, with a fixed alit in front of which
a piece of oobalt glase is fixzed, A Bunsen burner
is used, guarded with a blackened metal eylinder
having & hole in one side through which the
flame is viewed and s slit through which a
glati.num apoon oan be introduced, is Buneen

urner js provided with s platinonf geuge nozxle,
snd in o ertokaepthogn‘ai)r:mmwmtanto
toluol mancmeter is naed m ing the
recatre and a gas tap with a long arm attached
or delicate adjustments, The following pre-
cautions were found neceasary. The distance
at whioh the :fect.msoopa and ocobalt glasu is
fixed in front of the metal cylinder surrounding
the flame must siwaye be the same. The
position of the n in the flume must be
constant, and in Mottram’s experiments it was
a0 placed that the bottorn of tho spoon was just
above the apex of the biue jnner|zone of the



BPECTRUM

flame, The gas pressure was very conatant
- mensnred?; the diﬁemoeb?u’;theig ts of the
tolnel columns in the manometer (03 om.),
The amount of diffused light in the room must

bo amall snd congtant, It is best to carry out
the iments in & dsrk room lighted by an
8 power electrio lamp. & spectro-.

scops must always be directed to the eame part
o“tll's:thtl?e; it was directed above the spoon
0 ¢ continnous spectram produ
the mosndescent espoon wms just inviaible,
The Bret dsfimite cbeervations should be poet-
until the eyes become sccustomed to the

light of the room (sbout half an hour).
The method for the estimation of sodinm
m:s ::l ptll:: faotwhthat different qu;;etitiea of
te when placed on 8poon

% Etr?duwd into t»hoﬂﬂ:;e take different
of time to burn off, the time being pro.
portional to the amount. Mottram recommends
the use in this case of & second cobalt glesa,
When the platinum heas been oleaned

with strong hydroohloric scid snd the blow-
pipe until the D line can no lo be seen
through the two cobalt glaases, 002 o.0. of the
wlution under examination sontaining » mown

weight of the substance in whioh it is required
the sodium is in t.t;.?oon
) rly soen, gradually
it disappears. The time is then
o this time ni:l;ompned with almt.ablo
been previously prepared when known
weights of sodiom rhatewwephoedontho
mon under jdentical conditions. From this
m:go of sodium can be estimated.
gives & table showi
taken by known quantities of inm, which
vazy from 84 minntes with 0-000001 gr. of sodium
to 13 minutes at 0-000003 gr.
The estimation of potassinm depends npon
the least amount of potassinin sulphate that will
ive the red (potessiom line A==7689-3 A).
Mottram’s & tus this amount was
ly one cobalt wad used
in this cans, and just ae before 0-02 o.c. of the
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and acid radicles other than mulphate
materially slter the constanoy of the results,
great care must be taken in thees cases to destroy
tﬂmbommnsmtit:ro;lndtom:umﬂnt‘the
wdium or potassiom ly present sa sulphate.
Ploapbormﬂoﬁm Amongst the many
substances which show phosphoreecence under
the influence of cathode sireems perhaps the
most interesting are the rars eartbs, This
pheoomenon has been frequently ueed aa
s means of testing the progrees of the frac-
tional separation of the rare earthz from one
. ery suoh method is based on the
sswamption that the phosphorescent spectrum
is & charscteristic property of each rare earth,
This, however, is not the omse, becanse it has
been proved by Leonsrd and Elatt and
Urbain and his popils that phosphorescence is

the timea | The
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a phenomenon oharascteristic of mixturee of
two o]: mors substan‘;ois. No rare etr‘l'ih ives
any phosphorescence when it is pure, and i

it would seem thst no substance what.
m:er h::n phosphoresce. Urbain lm; (f:.lhot?i

phosphorescencs ia & property of dilu

matter, and that in order to oh’m’ﬁ the phos-
phorescence of a substance it ia n that
it be mixed with & large quentity of some

by | diluent. To the active principle of such mixtures

has been given the name of phosphorogene,
and for evof-iy m of substanoes, phoepph &

and diluent, there is ozfe definite mirture '(1;];
ves sn optimum phonphoreacence,
gther side or phe

this optimum, that is if the

phampﬁune be either increased or deuremcfhtt
phosphorescence is weakened, Morecver, a
phosphorescent ppectrum as e rule containa
severs]l bands, and there ia an optimum oon.
dition for each of theas bands ; these oon-
ditionnmmttho;:mofoi:llth:hrmdsui:
RDY one speotrum. may happen that aa

quantity of phoephorogens ia incressed in a
given wixture the oonditions sre sucoessively
arrived st for giving the optimum for each of
the bands in tarn, with the reeult that the ocolour

of the phosphorescence a) to the
ma y to alter. Gmm?ﬁ;nlpeahng,m

optimum condition corresponds to the presence

s very small quantity of the phosphorogene,
It will be understood from this that the varia-
tions in the phosphorescence observed durin
the fractional separation of the rare carths, wiﬁ
be ¥ :Ir;ned a8 the optimum oomiisition for
each osphorogenes preeent is passed.
L i variations which can be
m«_l in the relative intensity of the various

in sny one phoreecent spectrum
explain why ithumtho b some
peophthatmhsegunbobm is tho cha.
recteristio spectrum of a single element.

Urbain’s investigations have proved con.
clogively that this theory is completely un-
tenable, and they also show the great care that
must be exercised in the in tion of any
phoaphorescent s; m that 18 observed.
the same time, in the fractionsl ssperation of
the rare earths, owing to the very small differ.
ences in their atomio weights, it is to
use eome physico-chemical obeervations (such as
gpectroscopic) to characterise the elementa,

In this connection may be used emission,
a/ ion, and phoaphorescent spectra, all three
of which are given by the rare earths.

In carrying out any fractionsl separation on
the rare , if the order num of the
frection is mede the abecissa and the atomic
weight the ordinate, the curve drawn through
thege pointe at the beginning of the fractionation
will of course a oontinucus and regular,
As the fraotionation advances the onrves will
begin to give indicationsa of horizontal stepe,
which become more marked ss the process is
continued, Theso steps, as & rule, correapond
to the exiatence of pure sabetances. They may,
however, be miztures similar to constant boil-
ing mixtures in a distillation. It is evident from
what hes been ssid above, if these horizontal
steps give sny evidence of phosphorescence
that they must correspond to a mixture, and
that if they correspend to single purc substances
they will not phosphoresce,
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Tt will be seen, therefore, that althongh

osphorescence cannot be utilised as s tes
or ¢ ity of a substance, yet it may within
certain i)j‘:;ta be of great value for the charao.
torisation of an element. But for the complste
identifioation of such an element it is necessary
also to make use of its emission and abeorpion

Absorption specira. Perhapa it may not be
out of place before dealing v£ apecifio abeorp-
tion spectrs observations to deflae the limita of
transmission of the various materials which are
used in different branchea of spectroscopy.

Substsnce Transmits all rays batween
Heavy flint glase . . 2 and 035004
Flint glaes . . . 2u and 03300u
Crovm glass . . . 2u end 0-3200m
Light orown glass . 2u end 03000
Quertz . . . 4 and 0-2000p
Calcite . . - + 22u and 02150y
Fluorite . . . T-68u and 0-1230
Rock salt o+« 18z aad 020004

uently in conetructing spectroscopes it

isneoestasry]?ml gomkemofmfroﬂectm' mirror
of some kind, It may be pointed out that a
gilvered surface has very poor reflecting power
in the ultra.violet region. maximum of
transmission by a ailver layer lies between
3300 and 3100 ms, snd such a layer
oonsequently cannot reflect light of this wave-
length. A speculum metal purface, however,
seems to have the power of reflesting ulira.
violet light down to the shortest wave.
yet observed. Bimilarly a nickelled surface
exoellent reflecting power in the ultra.violet

jon. Nickelled mirrors may easily be ob-
tained by exposing the surfsce to be coated to
the cathode streams from a nicksl oathods in &
hjgt:lbmhmvmn?h apectra of ic salts and

of tnorganic

their lakes with atkannin. Many metallic salts
which give ooloured solutions may be recognised
by their sbso?tion speotra, i{on, however,
w{.ioh give colourless or only weakly-ooloured
solutions, with the expeption of yminm,
neodyminm, “biglﬁé ];:imanum& o lmium, th;-
linm, europium, injum, and dysprogium do
not give sufficiently charsoteristic al
for tEair recognition. It is possible, however,
in many ocases to oonvert these subetances
into compounds whic;h give a chamcteristic
abeorption speotrs, for example, manganese
salts,rp\:hjch slthough rose wll;l::ed, give no
characteristic absorption, but if they are con-
vorted into pema.e:gln&m by oxidation with
nitric acid and I peroxide the abeorption
spectrum becomes highly characteristic. Simi-
larly aqueous solutions of cobalt salts though
red possess no characteristic abeorption, but
their solutions in the prescunce of concentrated
hydrochloric acid give again a highly charscter-
istic abeorption.

ForméAnek has made » careful investigation
into the abeorption of the lakes formed
by metallic salte with the dye.stuff alkannin,
which may be used in the qualitative testing for

the presence of the metals, It is neocasary to
use a rathor dilute solution of the alkannin in
alcohol, The powderod alkatma root is extracted
in the cold with 83 p.c. alcohol until & layer of
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the solution 10-12 mm. thick showa all the

test | abeorption bands sharply scparated. About

8 o.0, of this solution sre then put into a cell
sbout 10-12 mm., thick and two or three drope of
the neutral agueous solution of the metallin
salt are sdded. If after a short time no change
in the apectrum is noticed s small drop of
dilute sammonis is carefully sdded and the
absorption spectrum observed. The sali solu.
tion must be perfectly neutral, and in case of
the heavy metals great care must be taken in
adding the ammonis to agaiast sny
inaoluble ipitate being formed. The solu-
tion of the in in aloohol shows four
abeorption bands at the following wave-lengths
5037, 5443, 5227, and 4872 ms., The
addition of dilute asmmonia to this solution
changes it from red to blue, and it then shows
only two bands at Aa=08428 and 6048, If the
chloride of the metal is added to the neutral
alooholic solution of tho dye-stuff the absorption
changes in the case of the following metals,
jron, aluminium, glucinum, yttriom, erbinm,
zirconjum, thorium, vanadium, indium, molyb-
denum, nickel, copper, jurs, rhodium,
and umniom. In the remsining metals no
change is observed ontil after the addition of
ammonia, In the table on p. 127 are given the
maxima of the asbsorption bands obtained with
the j‘srious meat:’?]:;;c of nd
in the in and their alive estimation.
Wbeorpho“ ml,i Nlaml:%uger:[}ngo ﬁ'r'o N,O “lg
& e | e N, N0, an
O, in the infra-red, snd find that all these gases
exhibit, very well marked and oharsoteriatio
sbeorption bands between the limits 27 aad T,
® sppnnt;:l]: used wl'uﬂs fixed arm

szeter with a single fluorite %:,mn .

e source of ﬂluminsti:l;g wes a Nemst lamp,
and the ebeorption bands were deteoted by
means of & vacuum bolometer, whilst the wave-
lengths of the abeorption bands ware calculated
from the kmown dispersion curve of fluorite,

In the following table are given the wave-
lengths of the abeorption bands, in each case the
most important band being marked in heavy

Sabstancs Absorption maxims In

N,0, - 273 283 333 386 427 451 581
N,0; . b5

NO,' . aas eut

NO . 524 0540

N0 . 278 $5¢ 388 402 (420) 446

0, .47

The abeorption of these gases can be utilised
for the quantitative analysis of the gas mixtures
which contain one or more of these gases, pro-
vided that their quantities are not too t.
A 30-cm. long abeorption tabe is used, it is
necessary to determine the intensity of the
abeorption band in each case corresponding to
definite percentasgoe of the gess in question.
Thess percentagea should be soc small that the
r.rtial preesure of the gee liea between 0-3 and

mm. When thess relations between intenaity,
and abseorption and pertisl pressure of t{o
absorbing substance have been determined for
all the above gases the estimation of the amounts
E;e;:mdi.n any given ges mixtures may readily

it
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Element Principal band Bocondary Bands Bamarks
iom . . . 70 0315 _ Without NH
Tron .. e 6030 —  Ferrio ohloride with NH
- N+ 5475 —  Perrous chloride with NI,
Palladinm . . 6418 5876 547  Without NH,
" . . 6084 5a2e 5234 With NH,
Catgiom . . . 8410 5022 — With NH,
Rabidinm . . a307 5014 —_ With NH,
Potassiom . . 6387 5910 —_ With NH,. Nitrate gives the
’ same spectrum
Cobalt . - . a370 5845 5408 Chloride with NH,
" . - - 6354 5832 5386 Nitrate with NH,
Bodmm . . . 6337 5357 - With NH,, Nitrate gives the
same m
Thalliom . - 8288 5770 — With NH,
Bariom . . 6281 5805 5306 With NH,
Titsninm . . . 6271 5782 5350 With NH,
Strontinm - 6223 8767 5348 With NH,
Lithiam . - . 6210 5745 5340 With NH
Nickel . . 102 5725 5320  Without NH,
T A
. . 1! 3
Caleinm . - . 8147 o8z 5278 With NH,
Lanthanum . 8120 5662 5262 With NH,. Nitrate gives the
same spectram
Cerium . . . o115 5658 5258 Chloride with NH,
" . . . o123 5665 5268 Nitrate with NH,
Yanadinm . . 8080 5643 5250 Without NH,
Praseodymiom . . 6000 5636 5240 Chloride with NH,
" .. 68117 8660 5200  Nitrate with NH,
Magoegium . . 6064 8614 5213 With NH,. Nitrate gives
same m
Neodyminm . . 4058 5603 222 With NH,
" .. 0065 5601 5220  Nitrate with NH
Thorium . . . 6081-6085 50145509 8213-5198 Chloride without.NH,
" . 3 . 5825-86814 5222-5213 Nitrate without NH,
Zirconinm . . 6030-8018 85815570 51955186 Withont NH,
" . . $058-6030 ] 56036581 5213-51056 Nitrate without NH,
Yitriom . . - 6021 5681 5185 Without NH
” . . . 6016 5670 8177 With NH,. Nitrate givea the
same trom
Zine . . - 6016 8681 5108 With N
Erbjum . . - 4010 5569 5177 Without ﬂ'H,
Indiom . . . 5861 5637 5168 Withont NH,
Copper . . . 5653 8518 5128 Chloride without NH,
" 3 3 . 5045 5509 5123 Nitrate without NH,
Aluminiom . . 8857 5425 5048 Without NH,, Nitrate gives
the same trum
Molybdenum . . 5845 5415 5040 Without Nﬁ,
Ghcinom . . 5820 53as 5008 Without NH,
In making use of this method of investigation it ia not advisable to nse the metallio galts in
too dilute & solution.

Absorption of nitrogen peroxide in the
chﬁzﬁfnﬂm . Nitrogen
peroxide, a8 is well kmowp, exhibits a very
characteristic & on spectrum, which oom-
gists of & large numnber of fine lines in the visible
region and & eral B jon in the violet.
Bobertoon and Napper have utilised this
sheorption for the gquantitative estimstion of
mmall quantities of nitrogen peroxide in sir or
earbon dioxide. ‘The absorphion spectrum wae
ﬂotognphed in each case with & spectrograph
ving a single demse flint glasa prism. A
Welsbach incandescent mantle was used as &
waree of light, and the & ion vessel was a
glass tube 40 om. long with the ends closed by
discs which were attached by cement.
estimation of the nitrogen xde in any

gas is done by comparison of tho Ehotogmpha
taken of the abeorption exerted by the gus,

with s peries of photographs of tho & on
speotrs of carbon dioxide or air contsining
Imown definite smounta of nitrogen peroxide.
It was found possible to estimate quantitatively
an emount of nitrogen ﬁro:ido as low as
0-05 p.o. within 0-02 p.c. the case of greater
ooncentrations of nitrogen peroxide the accuracy
ia abont 0:05 p.o.
gauﬁau've estimalion of the nitrogen evolved
m decomposstion of gun-coton and nitro.
glycerin., The above desoribed method for the
eatimation of nitrogen peroxide has been applied
to the Will test of decomposing gun.cotton and
nitr;gleycerin.

moat satisfactory results in the case of
gun-cotton, and also of nitroglycerin, were ob-
tained by heating the subetance in & measured
current of pure carbon dioxide, and passing
the gases through an abeorption . spectrum
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eseri bove, snd sfter;rlrds peroxide is spectroscopically estimated by the
:h?r?l hua. dtubabagon.amnﬁ’ in ‘; heated | method described for thet substance.
to e0s. The gasea from this decomposition The decomposjtion of l'utmgl_yceﬂ.n° was
tube wero into potassium hydroxide solu- * studied between the temperstures of 90° and
tion and the total nitrogen measured. In the | 135° and it was found that this decomposition

cage of gun-cotion 2} are heated in
an oil-bath to 135°, end & stream of specially
pure carbon dioxide is at the rate of
1 litre per hour (controlled by obeerving the
number of bubbles per minute in & small glasa
wuhing bottle containing sulphurio acid)
through the vessel containing the nitrocellulose.
The current of f:rbo;lhedignde containin ttl‘:e
gases reeulti m ecompodition of the
nitri:r-«:«allulob:g ia through the abeorption
spectrum tube and the spectrnm pho!_fﬁ?phed
at intervals of & quarier of an hour, gases
are then passed through & combustion tube con-
taining two spirals of reduced oodppw gaure and
Iayers of Kreusler's copper oxide asbestoa and
reduced copper asbestos. The oxides of nitrogen
are thereby reduced to ni and the organio

oxidised to carbon dioxide. The gas ia
then passed through a mmn’x:ig burette con-
taining strong oaustic potash, and the volume of
nitrogen is resd at intervals. A ourve is con-
strocted showing the amount of nitrogen per-
orxide and of nitrogen evolved each quarter of
an hour, and the character and slope of the
ourve is & measure of the atability of the

umal:.

inoe certain preliminary imente proved
t]g:; water vapour hes :;o influence upon _tg:e
[ on speotrum o xide,
whi]s?uthe oa of liquid water g:'nt;es a
mﬂd absorption of this gas, grest oare mugt be
taken not to sllow any weter to condense in
the apparstus., It was found that about 40 p.c.
of the nitrogen evolved by the gun-cotion is in
the form of nitrogen peroxide,

In the case of nitroglycerin, Jena glaas wool
soaked in 0-3-0-5 grm. nitrtg}goerin is placed
ERoppery whioh 1 pressed: o mercary-ssalod.
stopper, whic and mercury-sesled.
Topg;h end of the horse-shos is conneoted a
apiral tube 8, and 3, in Fig, 12, The ourrent
of carbon dioxide mey be passed down the | substance o‘l:n‘eotmt in any given mixture may be
right-hand spiral through the giaes wool and | determined by taking & pho ph of the
up the other spirsl or vice verad, sccording to the | absorption exerted by the mixture, and com.
way the three.way cocks are turned. The whole | paring this with a eeries of standard photo-
apparatus can be rotated round the axis, and, | grapbs which have boen takep of the abaorption

en starting, the spiral 8, is immersed in wn | of the eame substance at certain definite and
oil-bath of known tempersture, and so the  kmown oconcentrstions. That standard which
esrbon dioxide rocoives a previons heating | exactly matchea the sheorption given by the
before it reaches the nitroglycerin. Bpirsl s, | unknown mixture will, of course, give the oon-
is protected by an asbestos sheet from the heat | centration of the sbsorbing substance in that
of the oil-bath, and is cooled by an wir blast. | mixture.

Any volstilieed nitroglycerin ia condensed in this An example of this method has already been
spiral. After » ressonable time has ela the | given above in conneotion with the estimation
apparatus is rotated through 180°. The two | of nitrogen peroxide in the gases evolved on
spirels now exchange their functions, and any | hea -cotton and nitroglyoerin. It ja
nitroglyoerin in s, is to the syatem. | manifest that exsctly the same principle may be
gaases are then passed, as .described sbove, | applied to subetances in solntion, provided that
first through the abeorption sgctmm tube and | standard sbeorption records can be obtained of
then through the hested tube of copper and | known conoentrstions of the ssme snbstance in
wopper oxide, In order to guard against any | the same solvent.
presence of nitroglycerin in the gasos they are In the second method the amount of absorp-
made to pass through a worm cooled with ioo | tion exerted by the substance in 8 given mixture
immedistely on leaving the decomposition |is determined quantitstively by means of a
apparatus. As in the case of gun.ootton, spectrophotometer, these obeervations i
escribed above, the current of carbon dioxide ' made at that region of the specirum where the
passes at s moasured rate and the nitrogen | charasteristic absorption by the substance vectirs,

SOCKET JOI m\
CO, STREAM
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prooceeds in as uniform & manner as that of a .
stable gun-cotton. Further, the whole of the
ni is evolved as ni peroxide,
Between 05° and 125° the rate of decomposition
is & function of the tomperature, and is doubled
for evu]—:v inorease of 5°.
VIIL 8 . In dealing with
the quantitative snalysis of eubetances which
exhibit abeorption two general methods may be
employed. Firstly, the amount of an abeorbing
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Belore giving an sccount of the instruments
and employed, a few words may be said
about the laws of & tion and their applios-
tion to quantitative yain,

if light of intennaity I enters an abeorbent
medium having » thickness ozgml to 1, the light
which emergeehwill be r;dl: oti"o I{l:i and after
peasing through » secon or of equal thickneas
ihe intensity will be mduzod to 1/n%, i the
thicknesa oF the layer be denoted by d, the
intensity of the liﬁl;t will ‘be reduced to 1/a.
e e neekere g B eogpenon

yer increases in arit! progresaion,
ihe transmitted light will decreass in geometrica

, therefore, the intenaity of the incident
lightd:I put equsl to I h:ggh bf: the o?m&m;t
logt, during its passage t & Iayer of thick-
nees dr, ?; have d1=—kldz,

If we in between the limits z=0,
when the mtensity of the incident light:h
wnd zwmd, when the intensity is I, then it wi

follow that
Iwhe™ . . . . (1)

where i ia & constant de ing on the sbeorbi
medium and the wave. of the light,

:isthehoeofnamnltlzfnﬁtbm
TUeally e—* is denoted by the symbol g, and
is known a8 the absorption coeflicient, so that

e mAY Write
wadildm], w0 have o /Lo 00 tha'  rspremsas

il d=1, wo have a=1/1,, so that a representa
the fraction of the hghtﬂ' which is tranamitted
by s layer of thickmesa I This relation is
mgmboﬂ’s law. Bunsenof and Rosooe
3 e ahesorption power of a given region
of the spectram in terma of the * ocefficient of
extinction,’ and defined this ss the reciprooal of
that thickness which causes the reduction in
intensity of the light to jth of its original
waiue, If this cosfficient of extinction
expresmed by « then, when in eqmation (2)
1/1, =y, dasa, therefore 6= g, whenoo a=10""

Bulwtitating t.]:is in the general equation (1)
wo have I=T1,107", and if I, be put equal to 1
then —logl=ad. i

In sctusl practioe it is simpler to wse a Inyer
of mnit thicknese (d=1 om.) the coofficient
of extinction can st once be obtained, For
exampls, lot us au that & beam of light ia
ruinoulllti)]t.hsoff lumﬁmmmmitud
through 1 cm. of sn abeorbing solution,

From this it follows that —

= —(log P=log 6—log 2

:'0'001%%"—0%103 s
a=0-39704.

The determinstion of the extinetion oo-

elficient is thexefore e aimpls,
In order to apply this t0 the quantitative
estimation of sbeorbing subetances we une

of the relation kmown ae Vierordt's abeorption
mtio. ing to Beer’s law the absorption
of » given solution is inversely proportionsl to
the conoemtration, thet is, if the abeorption were
obeeeved of & given thickmess of & asolution of
concmntration ¢, the same & tion would be
exhibited by half that thickmess of & solntion of
evnoentration 2e.

It follows, therefore, that in solutions of
di%went;’ atr;:"xgths of the same substance the

ot. V.—T.

be | get £=
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extinotion ooctficient i proportionsl to the
concentration c.

If the conoentrations of a eeries of solutions
of the same substance be o by ¢, ¢,
€y « « o RDd the oorreaponding coeofficient of
extinction by a, 8, ay, . . ., then it follownthat
i—:{' =z—’ == A, From this we have generslly
c-&. when A is called the absorption mtio.
A may be determined onoe for sll for any sab-
stanoce in the given solvent, and the concentra-
tion of a solution of the asme substance in that
solvent may at once be determined by finding
the extinction coefficient and subetituting it in
the formula cemaA.

It must be remembersd, of course, that the
sbove relation is only true for any one wave.

leagth.

en?; is evident aleo that the above relation
only holds good when a single a.haorbingl enb.
stance is examined in & non-absorbing solvent.
sad that if two abeorbing substances are present,
such aa ooour when the solvent exerts absorption,
or when two absorbing substances are dissolved
in a disotinic solvent, thecheervations become s
little more complicated. It is necessary in suoh
» oase o determine the extinction coefficient for
light of two different wave-lengths, If, for
examplo, we have a solution of two coloured
subetances of unknown concentration,  and y
reapeotively, it is n to determine the
extinotion ocefficient for two different parte of
the m. Let these be o and a, respec-
tively, Then if A and A, and B and B, be the
abeorption ratios for the two substances st the
two different wave-lengths, it follows that

=%_.¥ =%, ¥
e=%+g sad a, A + B,

Bolving these two gimultaneous equations we
AbaB-aB) ., BBicA—wA;)
A,B—AB, ¥="AB,—A,B
from which, of course, the conoentrations of the

two substances may at onoe be caloulated.

The measutements of the amount of light
abeorbed by or transmitted through substances
such aa are required for the determination of the
extinotion ooefficient are made with a apectro-
photometer, which js an instrument by means of
which the relative intensities of two difforent
beams of light may be compared at any required
wave-length in the visible spectrum.

The Vierordt instrument consists in the main
of an ordinary s meter, the elit of which
is divided into two, an upper and lower portion,
which are provided with eseparate micrometer
screws for adjusting the wid If both halves
of the slit are et st equal width, and are illumi.
nated with a beam of whitelight, and in frontof
one half is the absorbing meterial, there
will be seen i the eye-piece two slpectrn, one
above the other, one of whioh is less intense
owing to the absorption which has taken place,
The difference in intensity between the two
spectrs at any given wave-length may be doter-
mined at once by decressing the width of the
half of the slit corresponding to the brighter
sgeotmm until the two appear equal in the field
of view of the telescope. the original widths
of the alit were, eay 100, and the ono half had
to be reduced to 75 m order to establish equality,
then clearly the relativo intensities were as 4 : 3,

E



. BCTeWB,

130 BPECTRUM

In order to guard agwinst the eye being confused
by the intensities of the s regions on
cither side of the lﬁiﬁn dealt with, the eye-piece
is provided with adjustable sereens in order to
shut off all the rays excopt those actually to be
com: .
ore are, however, seversl pointa of import-
ance which must be attended to in order to make
accurate messurements, and these necessitate
the apparatus being more complex tham the
above gimple desoription would foreshadow.
In the firat place, the original ides of Vierordt
depends upon the assumption that the intensity
of illumination is directly proportional to the
width of the alit. This cannot be true with s
slit of the ordinary gpe in which only one jaw
o slit widens une;

is movable, so that otri-
oslly, This difficulty wea surmounted by Kriiss
who subetitnted for the Vierordt donble slit

one in which both jaws of each alit are equally
moved in opposite g.veot jons by the micrometer
¢ ]!hég slit.lc?efed the inﬂmm:ﬁ. is, there-
ore, opened or ¢ symmetrically. in,
the intensity of illumination is only pmpoft?:ml
to the slit-width when the Iatter s small. If,
therefore, the difference in intensity between
the two apectrs is very large, it ia not possible
to measure this only by altering the slit-widths.
The intensity of the brighter m ja first
reduced by introducing a plate of neutral tinted
Iass, and the final adjustment made by alterin
the width of the slit. 8everal of theee platea o
timted should be on hand, the absorption
of which for the various spectral regions has been
carefully determined.

In the second place it must be remem.
bered that the loss of light suffered when a

beam of light thro an abeorbi
layor is nlt.‘)fhon]y that dueugtl: the a.beor;;;gg
of the medium, but that a very Bl;l:)mmble
amount is logt by reflection at the nndsrﬁ
surfaces. For example, if an absorption oe
half full of the absorbing sclution were placed
in front of the slite of the Vierordt instrument
?o l:h.tf the lower slihtm w:'h :l]lal.lmlfub:oted by] the
ight after passage through the abeorbing layer
while the upper slit received the Hgbtl;swhgch
passed through the upper and empty half of
the cell, then the differences observed between
the two spectra would not be that due to the
sbsorption alone. The loss by reflection of the
light would not be the same in the two cases, for,
on the one hand, the reflection would be at a
glase-solution surface, and in the other oase it
would be at & glase-sir surface. As the indices
of refraction for air and the solution are different
the amount of lose by reflection would also differ.
This difficulty msy be removed by means of
whet is kuown az the Schultz correotor. This is
a block of glass of the same qual.iliy as that of
the walls of the cell and is shown at’a in Fig. 13.
The internal thickness of the cell is made
11 mm., and that of the Schultz corrector 10 mm.,
and the depth of the latter is half that of the
cell. The cell is filled with the absorbing solution
and s set up in front of the slite of the instru-
ment 0 that one alit receives the beam after
passage through 1 mm. thickneas of solution,
and the other slit receives the baam afier passage
through 11 mm. If the cell and corrector are
made of the whitest Hint glass no appreciable
absorption is introduced by the latter except in
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the extreme violet, whilst the difference in loss
by reflection is reduced to & minimum,

The third goi.nt, and the most difficult of
reslisation, is the necessity that the two ™
should be in optical contact in the field of view.
The eye is exceedingly sonsitive to differences in

Fu. 13,

intensity between two axutml images,
that there i no sharply defined line of
between them. It may be readily un
that however carefully the above cell be ad justed
in front of the Vierordt slits, it will practically
be impossible to obtain the two apectra in
contact without a dividing line. In order to
bring the two 8 into contact H. and G.
Eriiss applied the so-called Hifner rhomb to
the Vierordt instrument, the arrangement being
shown in Fig. 14

The two beams coming from the abeorbing
coll with the Bohulte corrector enter the rhomb,
and emeorging thence they enter the alit and
give two s in contact.

In the Vierordi instrument the inteaaity of
the spectrs is altered by varying the width of

, provided
tion

Fia. 14.

the alit, the assumption being made that the
intensity is portiocnal to the alit-width,
}:vrovided that thig latter is kept small. Many
orms of spectrophotometer have been devised
from time to time, and & different method of

altering the intensity adopted. In the Glan

type the two beama are polarised st right lee
tgpgne another by suitable means, ga.ndu:ﬁey
finally paas { s Nicol prism. A rotation
of this will, therelore, decresse the intensity of
one and incresse the intensity of the other, ‘and
the relative intensities of the tgm m:{ be calen.
lated from the angle # through which the Micol
ia rotated, for 1 =tau? ¢, In the Hiitner instru.
[
ment only one beam is polarised, and the
in mtons?t’y is altered by the rotation of & Nicol
ism ea in the Glan instrument. In the older
}orms of the Hiifner instrument the brighter
beam, that is to say, that light which has paased
through the thinner layer of sbhsorbing soluticn
waa polazised by reflection from two plane mirrors
get at the polarising angle outside the slit, In
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the modern form the beamn of light after trans-
i mzh the thinner abeorbing layer ia

by & sscond Nicol, the angular rotation
of which can be measured, and, if again ¢ be
the angle of rotation neomsary to bring about
equality of the two spectrs in the field of view,

ints

out that the principal source of error lLies in the
fact that the reye of light in passing through the
iam system are ially polsrised.
Pccthuml::n the beam w doesp:otpnm
throogh the Nicol outgide the alit will
become partislly polari and, therefore, will

Jte in intemsity when the seound or snalysing
‘Tmlismhhd?
is corrected to a certain extent by the use of
the Hiifner rhomb owing to the faot that
tbe principal planes ofh&hil ﬂf;mtg and thelclhn-
pn=m are st right one another,
mn shows that ;'sth:gﬁe of a thomb made
of the smme glass as gjﬂm.mﬂmmtthﬂ
the angle of incidence on the face of the rhomb is
the same as that on m&rhmfam,theermris
entirely eliminated, for the polarisation caused
the two, thomb and dispersing prism, sre
exactly equal and in planes at right angles,
mu two exaotly counterbalance one

Further, the instrument is made with »
omstant devistion prism so that the telesoope
and sollimator are fixed and the oansed
:;g:mt]l:eﬁaldotl:iew tﬁl:toa&ion

prism, the principle being the same as
that of the spectrometer shown in Fig. 4. The
scouracy obtained with this improved form
of spectrophotomster is exceedingly grest and
far superior to that obtained with the ordinary
form of instrument. In sctual practice the
mstrament is adjusted es follows. The best
saree of illumination ia & Nernst filament
Lmp, s0d the mys from this are dirsoted into
the mutroment, and the analysing Nicol prism
is set ot the zero reading, Owing 1o the noces-
ary loss of light oansed in the one beam by the
ising Nieol the two beams will naturally
sppear of different intensities, In order to
correct this error & of neutrsl tinted
glais is mounted outaide the slit in the path of
tlult&l;terbeam. This wedge is slowly moved
nntil two Y

! exactly equal in
intepsity in the The instrament is
th in adjustment, and in determining the
extinciion ooefficient of & given solution, the
solulion is pnt in en sbsorption cell with &
Bckulty ] perly mounted
ising Niool and alit. When
‘l:;:gﬂn : oot into’:quh " ‘:lw
two spectrs aga ity, snd aa
siaied above, the angle of rotation is #, the ratio
of the intensities of the two beams /I, will be
given by cost &,
In addition to the sbove.mentioned t
of spectrophotometer, which are particularly

[

of view.

As & matter of fact thia error-
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adapted to the quantitative messuroment of
sbeorpiion sinoe only one sonrce of light is used,
there have boen meveral instraments devised
more snited to the spectrophotometric com-
parison of two different light sources. These
are more suited to apectropyrometry or the
meamrement of temperature by comparison of
the emission spectrom of the body, the tempers.
ture of which to be measured with that of
some stendard source, One of the moat con.
byvmhr:o:f theud 111:(:1—1:‘1J ments bas been devised

, &nd & disgrammatic arrangement is
shown in Fig. 15. 4 snd B are two exactly

AN
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Fio. 18,

similar right-angled prisme whick are cemented
together, Before they are cemented, however,
that surfece of B whioh is to bo cemented to a
is heavily silvered, and this oocating is carefully
removed 30 a8 to leave & narrow horizontal strip
acroes the oentre of the prism face, two
prisme sre then cemented together. Ome source
18 placed at ¢ and the other at D, the rays from
ench paseing through a alit and collimsting lens,
The rays from ¢ are refracted at the first surface
of 4 as shown, and pass through the junotion of
the two priems above and below the silver strip.
The rays from D enter the prism B and are re-
Beoted from the silver strip, Both beams
underseenoﬂy the same smount of deviation,
with the result that when brought to a focns a
strip of spectrum from D will be seen between
two strips of spectrum from ©¢. When these ars
brought to equality the boundary lines betwesn
them diseppear. The necessary varistions in
intensity may be brought about either by altering
the elit-width, as in Vierordt's instrument, or by
the use of a rotating sector with openinge of
i i nt of the light source.

It is hardly neceseary tc poiné out that
speotrophotometric measurements with ordinary
instruments are limited to the wisible region,
and therefore only those aubetances "the
abecrption bands of which s in the visible
region can bo dealt with. Although H. A,
Kriiss has desoribed & method by meens of
which two intengities in the ultrs.violet can be

tometrically compared by the use of a

oresosnt screen, yet this seems to be inoapable
of extensive nse, seeing that the brightness of
the fluorescence ia generally so small.

It would seem that the only.method of
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©0 n is by pho phy. This comparison
bypﬂztog;mph must of necesgity be very tedious,
because it involvee taking a series of pha
of the two ra, the intensity of the standard
spectrum being reduced by a Enown amounnt in
each case, From a comparison of the reeuiti
negatives the particular intensity of the stand
o —

] ible applications of g photo-
metry to the mti&ation of mbam with
abw?tion bands in the visible region, as msy
readily be undersicod, are very numerous.
In the bibliography desling with this seotion
will be found references to many of theee ag)li-
dcstioulm, for they are too numerous to describe in

ctail.

I1X. Qualitative and quantiiative esiimation
of blood. Blood contsins the highly complex
iron-containin e oolouring matier
called heinoglobin. Thisa hmmoglobin hes the
power of readily lmln.n,g iteelf to an stom of
oxygen, which i8 in sueh & labile state that it
0&n ily be given up and oxidise the waste
roducts of the tissues of the body, While
iving blood iunm.l]y contains both the og'-
genated and the deoxygenated hemoglobin, the
former is easentially s constituent of i
and the latter of venous, blood. Thia Iabile
OXy, may, therefore, be oconmidered aa the
respiretory oxygen of the animal syatem.
Hoppe-Seyler hae shown that hemoglobin ia
decomposed by scides, and by alkalis in the
absence of air into hemoohromogen (sometimes
called reduced hsmatin), and fnally into
hemstin.  This process is slgmantly s hyclml{-
sis, whereby an albumen, globin, is eplit off, If
ydroohlorio seid

in this h; be used, an
intermedi product kmown as hmmin is
formed, which 1s the h oride of hmmatin

{sce Br.oop). Agsin, if hematin is heated with
concentrated nitrie acid or ia dissolved in ocon-
contrated sulphurio eecid, it dissolves, giving a
svlution of hmmato yrin. This substance
containa no jrom, the iron atom having been
withdrawn es a ferrous salt from the hsmatin,
According to Nencki and Siober the following
equation expresses the preparation of hmmato-
porphyrin from hematin—

(3 HyoN FeO+3H,0m sy Hy N0+ Fe.

Two reactions of hmmoglobin are of congiderable
jmportance, namely ita oxidation and its resction
with carbon meonoxide. When oxidised by
a mild oxidising agent such a» nitrites or potas-
sium ferricyanide it i converted into a brown
substance, methmmoglobin, the same substance
being produced when hemoglobin is exposed io
air, aa may be seen on the edgea of wounds
and on blood stains on eloth, &e.

The second reaction of hmmoglobin is the
power which it poesesses of abeorbing carbon
monoXide, a new eom,:and being ghrolguoed
¢alled earbon monoxide hmmeoglobin. i is of
great importance in dealing with casea of carbon
monoxide poisoning,

The various derivatives of hwmoglobin may
be pared as follows: The blood is first
defibrinated and diluted with 1 p.c. of caustic
sods, when it ia found to show the spectrum of
ﬁxyhsmf:lobin. To reduce fg; : back xedt?

» in we may use y-prepa:
ammium hydrogen sulphide, or better still,
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hydrazine hydrate, since in this oasc only nitrogen
and water are formed
NH.’NH‘+0'=N.+2H300

The addition of & few drope of conoentrated
potaasium ferricysnide solution to diluted blood
shows at once the spectrum of methmmoglobin,

If a drop of blood be warmed on a slide with
one or two drope of glacial acetic acid and the
mixturs boiled over & small fame and then
allowed to evaporate, the residue, when examined
under the microscope, will show reddiah-brown
crﬁt&la of h@min, known a& Teichmann’s crys-
tals. Ewven an old blood stain gives the same,
but betier results are obtained in such a case
if & emall erystal of sodinm ohloride is added.

To prepare hemin on & large scale, 1 volume
of defibrinated and strained blood is added to
4 volumes of glacial acetic acid previoualy hested
to 80°. As soon as the temperature has fallen
to 55°—80° the blood is again heated to 80°,
and on cooling the orystals of hemin separate
out with characteristio silky lustre and dark-
blue colour. These are allowed io settle for
12 hours, then decanted and washed with water,
after which they are filtered off and waahed
with alocohol until the runnings are no lomger

coloured.
If the lg are dissolved in very dilute
osustic potash and then heated with dilote hydro-

chlorie acid hmmatin is precipitated. is is
then washed with water until free from chlorine.
Both hsmatin snd hemin disolve in cold
concentrated sulphurio acid to give hmmato-
porphyrin, which is precipitated on the sddition
of water. ‘Theabeorption of the different
O ey ormesioin. show I o whoorption bands
in shows two absorption
m dilf.lyte solution which coalesce into one band
when the solution is more concentrated.

Forminek B5850-5850A 5E50-5260A
Nanmann 5890-5680A B570~6270A  (maxi-
mum at 5500}

In stronger solution one band st 5840-

513.?5!‘A~ in. This only sho band
@emoglobin. only shows one "

a ruls, though in very dilute sclution a weaker
band has been deseribod a8 appearing on the red
side.

Proyer (1871) . 5080-5400A (maximum at 5520)
Qamgee (1880) 5960-5380A (maximum at 5600}
Forménok . 5930-5700A snd 5700-54004.

Carbon monozide hamogiobin. Formének de-
seribes two bands, 5810-5610A and 5500-5230A.

Hdhamzloln’n. The neutral or faintly acid
solution is chocolate-brown, whilst when made
alkaline with ammonis it turne red. The former
shows & well-marked band in the red, and two
othors which are very weak and may not be
seen. ‘Tho latter gives s principal band nearer
to the blue and two faint bands. The fainter
bands in both casea seem to agree with those of
oxyhsmoglobin,
Neutral or faintly scid bands, Formének, 6400
62504, 5780-50804, angd 5540-5300A.
Alkaline, Ziemke and Miller, 8050-58904A,
5890-5790A, and S580-5350A,

Hamatin, Alkalige solutions are red and

acid solutions brown-—

Alkaline solution (Nsumsan) L 0240-57004A.
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Acid solution shows a principal band in the red

and & weaker one— principal

Neumann . .8600-6300A and 5800-5270A.
Hmlopw{\yﬁs. Acid alooholic solutiona

are purple to bluish.violet. Alkaline solutions

are red to red with a violet tinge—

Aad, 2 bands (Naomann), 6080-5010A and

58005440 A,

Allnline, 4 bands (Formdnek), 6330-68160A,
580080004, 5200535604, snd 520040804,
For the quantitative estimation of blood the

followi ues of the aheorption ratios of oxy-
hemgllgbin, bemoglobin, and carbonic oxi

bemoglobin may given for the spectral
tegious ppecified {Hitner).

: Limits of Absorption

Salwtance [) ratio
Oryhemoglobin . . A 0-002070
" . . 5425-5315A 0-001312
Hemoglobin . . . 55B0-B540A 0-001354
" . . . 5425-5315A 0001778
Catbonicoxide hmmoglobin 565055404 0-001383
" " » . 5425-5315A 0-001263

In the detection of blood staina, such se msy
oocur in medjioo-] cases, the stain is either
wuhed out with water or digeeted with warm
10 p.c. sodium carbonate eclution. The apeo-
trum s noted and then the solution is trested
with & reducing agent, for exsmple ammonium
hydmg mllg.ide ot hydrazine hydrate, as
described above, when the spectrum of hsmo-

bin is formed. Thnmsnemeadmg Iy
b test ; shaking with air restores the

m.pu&um, but & fresh addition of the | follo

t reproduces hmmoglobin.

Agun‘ﬁ hemin and hamotoporphgin test
described ahove can be employed.  In the detec-
tion of carbon mwonoxide poisoning the blood
shows the spectrum of carbonie oxide hemo-

bin. This ia eomewhati similar to the oxy-

bin m, but it is quite unsltered
by ammonium b en sulphide, and in thia
manner may be y differentisted.

X Pyromeiry, An important appli-
estion of the spectroscope lies in the measure-
ment of the intensity of the radistion from an

t source by direct comparison with
that of & standard, for by this mesns the tem-

m of the former may be arrived at.
jmerally this comparison is cerried ont for
ted light, because, in the first place, the colour
of the light emitted by s body varies very con-
ly with the temperature, and in the
scotd place it allows the measuroments to be
made at lower temperstures. It must be
remembered that the intensity of the radiation
emitted by an incandesoemt substance is not
mld‘;;nd.m of the tomperature, but also that
i upon the surisce and composition of
the In dealing with the radistion
from any subwtance it is necessary, therefore, to
lows e e aepromod.Toin s st Sns by
Wi can be o . in was first done
KirchhoHl, who defined the abeolutely *blacl
body® as that which would absorb every
mdistion without reflection or transmission.
He pointed out that the mdistion of the * black
ure,
Al

> is purely » function of the temperat
tough no substance is known the surface
hudiation of which is exnotly equal to that of the
black body,’ yet it is poesible to realise
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the condition by maintaining a veseel at & oon-
stant tempernture, and obeerving the rediation
from the imside tnrough a» small hole in one of
the walls. For high temperaturee a porcelsin
tube may be electrim:.lg heated to & known
temperature (determin biea thermooouple)
and the mdiation from the ocentrs] portion
examined. Such an apparstus is used in the
oalibration of optical pyrometers. It follows
that in the optical measurement of temperatures
the instrument will always give the *‘black
body ’ temperature oorresponging to the in-
tensity redistion dealt with. This temperature
will, of course, only be the true temperature of
the incandescent body when the Iatter is behav.
ing s & ‘black body.* BSuoh a condition may
frequently be realised, as, for example, in the
determination of the temperature of a furnace
by the examination of the radiation from the
inside of » porcelain or metal tube ijecu'ng into
the furnsce. If, however, the ' black body*
oonditions are not obtained the optical pyrometer
will ususlly give a temperstare lower than the
true value. In technmical proccesees this error
may not be of t imporiance, s8, for example,
when it ie only necessary to reproduce certain
given conditiong with acouraoy at any momont.

Bofore dealing with the methoda of working
with the various forms of optical pyrometers
it is o speak of the laws of radiation.
The Btofan-Boltzmann law states that the total
radistion emitted by the ‘black body’ is
directly proportionsl to the fourth power of the
absolute temporature, and may be expressed asg

WK —
| I=HT'~T3)
where I is the totsl radistion from the black
hodz at the sbsolute temperature T to the body
at the absolute temperature Ty, and & is a con-
stant, It is well known that as the temperature
of & body changes the wave-length of the maxi-
mum of the radiation varies, and Wient coneluded
that, if A,, be the wave-length of the mazimum
energy, AnTms oconatant. Combining this with
the Btefan.Boltzmsnn law, Wien obtained the
rolation I T =constant, where I is the
energg oorresponding to the weve-length A, end
T is the absclute temperature of the ‘black body.'
Even slthough these relations were deduced
for the ‘black body ' they hold good for other
radiating surfaces, but, of course, tho values of
the constants are different. Wien’s socond

equstion is then modified to I, T™ *=constant.
Somo further investigations of Wien led him

to the following equation :—

&

]=bx-"-n"

where 1 is the en corresponding to the
wave-length A, ¢is the base of natursl logarithms,
T is the absolute tempersture, and b and ¢
are oconstants. Although it has been found
that this expression does not hold good over
long ranges of wave-lengths, yet it is sufficiently
acourate for the ranges deslt with in optical
pf-mmetry, end may be used for the calibration
of these instruments, In practice the method
of work with the optical pyrometer io as follows :
Bome standsrdl of illumination is chosen, and the
intonsity of the red light of chosen wavo-length
emitted by the incandvscent body is varied by
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some means until it becomes equaltothat of the
standard. For the oalibration of this type of
pyrometer Wien's third equation may be used—
£
I=ba"c %,
This may be written—
1og1=1ogb—5loga-»ﬁ. loge
or 1ogr-c+,i,K

where C=logh—5 log A, and K=—; loge.

Evidently, since we mre dealing with the
radistion of only one wave-length, there iz &

lincar relation between Jog I end 1/T. The | ¢Tigm

instrument may be oalibrated, therefore, from
meagurements of I at two known temperatures,
A similar relstion will hold if the radiation
be not that of the * black body,’ but the constants
Cand K will then be different.

In the Lo Chatelier pyrometer the radiation
from the incandescent sotiroe passes through an
iris disphragm, and j»s brought to & focus by &
lene and examined through s soreen of red
with 2 Ramaden oye-piece. The reys from the
standard of compari paes down & tube at
right anglee to tI{e first tube, and are reflected
from a e mirror into the eye.piece. The
iqm%it.y tw;en the two r{adti;tions :u produced
altering the aperture of the iris diaphragm.
lr the ﬁat&on from the incandeecent body
i too great one or more plates of tinted glass are
introduced, the coefficients of sbeorption of
rhictﬂo are lu::.wn, and the Tﬁ;ml adjustment done

iris diaphragm. e effective ‘{“““”
o Lhnduphrsgl':noan be obtained from the scale

In the Wanner pyrometer the prineiple is
the polarisation of both raye, as in the case of
the Glan spectrophotometer described above,
The radiationa from the two sources are focnmsed
on to two adjscent alite, and then after being
rendered paratle]l by a oollima tinglemtheyﬁn
through a di vision prism system. ey
then ﬁ through a Rochon prism which resolves
each beam into two portions polarised at right
an Iei;ent: each ‘gdther. By means t.etif s biprism
a two images o itely polarised,
one from each source, are focussed contiguous

to each other on & third slit. The two bosma ) ¢

then pass through a Niocol prism into the eye-
iece, If the tgo i.nbenaitiel:rt: equal, and the

icol set at 48° with the f1:>l.me of polarisation of

each, both will appear of equal brightnees. If,
however, the two mtensities be not equal, they
may be equalised in the field of view of the eye-
piece by rotating the Nicol. If the neceasa:
angle of rotation of the Nicol is 8, the ratio
between the intensities will be given by—

;—1 =tan® 0.

1
For the standard source of light in these
inetruments s Hefner standard amyl acetate
lamp, a gasoline lamp, or an clectric filament
lamp fed with constant current may be used.

n the Féry instrument the total rsdiation
from the incandescent object is measured, The
rays are fooussed upon » scnsitive thermocouple,
and the encrgy of radiation determined from the
readings of a galvanomeler connected with the

thermocouple. In the calibretion of this instru.
ment the -Bolizmann law is employed.
F. ]%no:nu. ol
slitution. In ing with the sbeorptiom of
radiant energy e by chemicsl substances it
may be pointed out that the obeervations which
have been made extend over » very long range.
Whereas, perhaps, the most familiar resuits are
those which have been om the vmblt:
region, the obeervetious have pushed
the extreme limit of A=mI200A in the ultra-
violet on the one hand, and on the other to
a groat distence in the infra-red {(A=15000A).
Now, whatever may be the view taken of tho
igin of abeorption bands, there is littlo doubt
that selective abeorption in the infra.red is due
to a different cause from that of the absorption
in the visible and ultra-viclet regma- This
may at once be understood from the fact that
characteristic absorption bsnds in the infra-red
may be traced to definite stomio groupings,
while such ia by no means the case sa
the ultra-viclot absorption bands. It has been
found that the OH group and the 80, group,
for example, alwsys exhibit < io
a bands in the infra.red. Binoce the
extreme infra-red region is beyond the limits of
vision and of photographic sensibility it is
noccessry to employ s bolometer, radiometer,
thermopile, or rediomisrometer, and to measure
the intensities of the radiant en: st any given
point of this heat apectrum ite means.
although it may be remembered that, as has been
o s i e e
phiv reco) ar beyon mi
Pvit.:i?b' ty.

A grest number of obeervations have been
made upon infra-red absorption by Abney and
Feating, Spring, Puocianti, and others, t it
can hardly be said that many oonciusions can be
deswn from the work of these investigators as

the relstion between abeorption and
constitution. Coblentz, however, has publiahed
some important results on infra-red aﬂ)rghon
in relation to constitution. It was found by
him that the following atomic groups exhibit
charscteristic ahsorption bands at the positions
[}
Com having Sbwmmth:bluwon

‘

CH, or CHy ": 349, 6:86, 136, 13, and 14
NH, . . 296, 61615k

CH, . . 325675868,98,11-8, 1295
NOo,, . . 747,908 (N

oH . .30

NCS . . 478

80 .. 485,87 01

. wh;ro a=(-001 mm, =10 A,

A hae portion of Coblmte’s observations
dealt with minerals and other compounds oon-
taining b and oxygen, snd it was alwaye
found possible at once to determine whether
theﬂkﬂd‘:gm and oxygen exist as watar of
crystallisation. Water exhibite abeorption bands
at 15, 3, 4'75, and 8y, snd these banda are always
shown when the compound contains water ‘of
urﬁstall.iution. The band at 3u ia due to the
OH group in the water, and if the compound
only contains the OH group, and not water of
crystallisation, this band only is obeerved, A
single cxception was noted, namely cane sugar,
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which ahows distinct evidences of the water
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oauses the sppesrance of well-marked absorption

bands, and a0 the absorption would indicate | bands,

that in this substance some of the and
orypen exist an water and not enti -~
hydroxyl or water of constitution. ¥t is
mteresting that this subetance is the only exoce
tion s a great number that were cxami
ical evidence agsinst this oon-
strong,
argumenft based on
the prosence of the ahsorption bands of water
camot be lightly laid on one side, Coblente, in
sddition to cane esugar, haa investigated the
alworption of d-fruotose, & maltoee,
mffnose, and -arabic. Of these
P ates ol eromotintion, o it 3
possess water o isation, end, in , i8
the only one which shows no trace of the water
bands. * This disposcs of the poasible contention
that the number of hydroxyl groupe in the
osrbob; moleculs might conceivably give
rigs to bands similar to those of water.
The results of the observation of the abeo:

tion of tale and tine were inhemtﬁ' s
and confirm the gemiml oonomna, for
shows no evidence of the hydroxyl band st 3,

] tine shows & large
pmt.  Coblentz concludes from hig exsmination

The resulte obtained by Coblentz show very
conclosively that the abeorption bands in the
inits-red are due to mpecific atomio groupings,
In the case of abeorption in the visible and ultra.
violet regions it is equally manifest that the
beorption bande catnot be sttributed to groups

atoms as such, because the position and
mby smgl:f tllu:;tbsnds are pmfounlgl.ly modified

s substjtution process. For example,
bmzene in alcoholic solution gives e‘iﬁ.t:};eabaol:'lp-

bands in the ultrw.violet, ilo nitro-
in the same solvent gives only the
trace of a single bmadTa.nd. On the
hand, wl aund sniline give vmzewall-
24 snd shogion bands just beyond
region. No obaracteristic abeorption,
ple, therefors, can be attributed to
s group, seeing that the lagt three bodies
much: in their abeorption spectrs.,
that selective absorption in the
is due in the main to the preeence
tion in the molecule. For example,
found that s satursted hydrocar
t Il:;llu:mr any selootive sexln tion. The
ydrocay ibit 1
iom, which extends and m
the red with increase of molecalar
This is also true for the fatty acids
their utel;rn and for .tlftehoaloiholl:edeﬁved
¢ pars peries, there is e
alight inerease i the genersl a.huu.ﬁ'ption in each
o b:mm with the corresponding hydro-
car

The introdnetion of unsaturatod u

i

L
e 2H

=

gL §=a§
i

A

]

of selective o) ion in the ultra-violet region.
Thes, for example, the ketone group in acetone
sd its bomo and in compounds of the

type of scetylacetons and ethyl acetoacetate

The same is true as the saturated
bydrocarboma of the sromatio series, for
hemedob:'nqy showﬂl;any morethmh' 13
genersl o n, Bimilarly bensene hexs-
chloride (CyH,Cl,) only shows general absorption.
On the other hand, benszene iteelf shows strong
selective ahnolrion with as many es eight
absorption bends. Agsin naphthalene, phensn-
threne, and other condensed ring hydrocarbons
slso show complicated banded abeorption. The
sbsorption of sll these compounds tends to
diminieh and the bands to disappear aa the com-
pounds are reduced snd become more saturated.

The subsetitution of one of the hydrogen
atoms of the benzene ring by a halogen atom or
group of atoms very profoundly modifies the
sbeorption, snd the type of spectrum now shown
depends upon the nature of the substituent
atom or atoms, Thus chlorobenzene showsseven
bands which are in quite different positions
from those of benzene. The substitution by
methyl or any satursted radicle produces a

trum showing one of the benzeno bands,
while the others ate amalgamated into one broad
bend. The hydmxry;i amino, and other :l)rtho-
d;racnnﬁ grou) uce ono broad an
sistent band v?l:l is nearer the red thanptel::
bands of benzene itself. The nitro group, on
the other hand, almost entirely obliterstes the
selective absorption of benzene and shows strong

gﬁ:“l abeorption with only & very shallow

There secems to be no hard-and-fast rule as
the type of absorption induoed by the
substituent group, for benzaldehyde shows &
small band nearer the red than the one in nitro-
benzene; snd, further, benzene sulphonio acid
shows several well-marked wbeorption bands.
The aromatic nitrogen bases, such as lg);ricljmz,
%z.i:dc;]h:e, &c., ull show well.-marked absorption

When the benzene ring iz sascciated with
groups ing strong reaidual affinity such
as, for example, 1s the case in agobenzene or in
oinnamylideneacetone

CH CH:CH-CH:CH-CO-CH, o
the position of the a tion bands, com
withpfﬁloseof benme,md towards theparei
80 that they may lie in the visible region, with
the result that the compound appears visibly
coloured, Visible colour may, therefore, be said
to arise from the aasocistion together of un-
saturated groupa in the moleoule. ~ The benzeno

& type of residusl aflinity that i
mm to this purpose, and o the
aromatic oompounds are more frequently
coloured than the aliphatio oomfaounds.

It doee not eeem to be abeolutely necessary
that the associated oontreg of unssturation be

ent within the same molscule, for it is possible
in certain cases to obtain the shift of the absorp-
tion banda into the visible region by the inti-
mate mixture of suitable compounds, such
mixtures frequently developing striking colours.
Such intimate mirtures are uced by dis-
solving one substaneo in the other, when, a8 may
be understood, the residual affinities may
mutuslly influence one another in very much the
same way as if they were present within the same
molecule. It is manifest from this thet the
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influence of the solvent is of extreme importance
in absorption spectrs obeervations, and it is &
frequent cocurrence to find that the sbeorption
spectrum of a substance in one solvent is very
materially different from whai itin in the cane of
another soivent. Although great care must be
taken, therefore, to againet errors arisin
from the influence, yet it may at onoe be sai
that absorption apectra obeervations are capable
of throwing great light upon the problem of
chemical constitution, and thers are now many
cases kmown in which the constitntion has boen
settled when the chemical evidence haa failed.
Further than this, it may be ssid that since the
presence of abeorption bands must be traced to
the play of foroes between the centres of residual
sffinity within the molecule, so there must be
expected an intimate relation between abeorp-
tion and chemical reastivity. Thin intimate
copnection haa been proved in many cascs, and
it is not too much t{o hope that abeorption
spectra will serve to mdvance very materially
the study of chemical reactions.

It has already been emphasised how important
en influence the solvent may have upon the
absorption tram given by a compound in
solution, ari from the fact that the residual
sffinities of the two may form & oombined
system such as cocur when smoh residual affi-
nities ere present within the same molecule.
It follows st once that the conclusions drawn
08 the constitutions of ovompounds
from the similarity of their abeorption with
that of their derivatives of known oconstitution
can only be looked upon strictly s being definite
for the compounds whem in solution in the
chosan solvent., Thin, however, for two resaons,
nood not cause apprebension, for, provided that
the eolvent used be one of no very decidedly
markod residual sffinjty, there is no resson to
expect that any esror will be involved by the
sasumption that the constitution is the same for
the pure substance iteelf. Alcohol in & very safe
eolvent to wse, beoause, with perhape the excep.
tion of hexane and heptane, it has the least
effect upon the systems of reeidusl sffinities
greoent in the moleculea of the compounds

jesolved in it. In all the cases given below
sloohol was used unless another solvent is speci-
fically mentioned,

y oases are known in which it has been
found possible to elucidate the chemical con-
stitution of substances by ocomparing their
aheorption with that of an anslogous compound
of perfectly kmown conatitution, and the follow-
ing examples may be given :—

Phloroglucinel may be expressed by either
of the two following formule—
COH 0
HC7 \CH H,¢” \i%,

HO-C, lcom * “o¢
N O,

a8 far as the chemical evidence is concerned.
Now, the coustitution of the trimethyl ether of
phloroglucinel is known to be—
U’OC}I‘
Ac” ‘H-(‘H
C'H,O-C\\\ /C‘OCH.
cH

ANALYSIS.

The abeorption curves of phloroglucinol itself
and the trimethyl ether are shown in Fig. 18,
and it may be seen that they are almost exactly
similar, and therefore there is no doubt thst
the two substances are of aimilar constitution,
ot, in other words, phloroglacingl must exist in
the trihydroxy form.
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A seoond case in the proof of the constitution
of carbostyril. Chemical evidence alone is not
capable of differentisting between the two
formula—

CH=CH

=CH
C'H‘<‘:1!1—!30 sad C'H‘<N ~lom

The methyl ethers oorreeﬂonding to the sbove
possible formmle ere both known, namely,
- CH=CH
methyloarbostyril C

¥ Fril C, ‘<N - ‘]; ocH,

CH——=CH

CeH, |

¢ <N(CH.)—OO
The former of theee is oblained by tho action of
methyl iodide and sodium hydroxide upon
carbostyril in methyl alcohol solution, whilat the
Iatter is propared by the action of methyl iodide
upon the sif):er salt of carbostyril.

The abeorption epecira of the two ethers
are shown in Fig. 17, and tho s tion curve
of oarboatyril is practically identical with that
of methyl);mdowboat il. It thereforo fol-
lows that the comatitution of oarbostyril is to

CH=CH
be ted by the formuls C,
represen ¥ ‘H‘<NH-1].'O
Although it might be urged that both forms
may bg pmel:nlls in dynsmie equilibrium, still,
even if this were true, the amount of the ketonic
form must be far in excess of the enolie form,
In exactly the same way the constitntion of

o-oxyocatbanil was proved to be CH, < %H>CO

and

methylpsendoosrbostyril

l
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for the sbworption curves show that ita constitu-
tion is the same aa that of the lsctam other.
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The oonstitution of the lactam and lactim
ethers is known to be
Ol MO e, 00 and CH <D >0-00,H,

respectively, .
The sbeorption curves of the two ethers is
shown in Fig. 18
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In a perfectly similar way isatin was
to have the oonstitution represented
formula—

(7

ved
the

CH L G>00

By a comparison of the abeorption spectram
ﬁ;{muﬂo acid with those of the two l:).;aible
yl ethers, namely, methyl cysnurste and
methyl sspoyanurste, it haa been shown that
acid has a constitution saalogous to
former sabatance. It may be pointed ont,
bowever, that none of these substances exhibit
an sheorption bend, a fact which is not in
with a formuls so annlo?ous o that
of pyridine and atill more closely allied to
yratine. It is, therefore,
. o constitation of cysnuric
acid in rightly understood.
It may be seen st once that the ebove con-
clusions are bssed on the fact that no change

i

in the abeorption spectrum is produced when
s methyl or ethyl up is snbetitoted for
s h stom, Elothough this hes been
shown 10 be true by Hartley in several cases
. Eocapiions are. o, patocuarty
ouae, i are Imown, perti in
mehmthehydrogmstmgis

Iabile or where the hydrogen atom is directly
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attached to the benzeno ring. Basing his
Tounk ‘has-mventigutod tho sboorption spestry
bas investigs abeorption &
of the hydroxyaro compounds, and has been
able to determine the econstitution of theee
substances. In his first paper he deslt with
benzeneazophenol and benzeneaso-m-cresol, both
of which are p-hydroxyazo compounds. The
sbeorption of these substanoes was compared
with that of their benzoyl derivatives and their
methyl ethers, The ohemiocal evidence leaves
no doubt, that the methyl ethers and the benzoyl
derivatives of these hydng:m oompounds
are true ago componnds, and thaet their formule
are a8 follows—
Benzene azophenetole C,H ~N=N-C,H OCH,
Eenzoyl bmmesmﬁhenol
¢ H,-N=N-CH,0-COCH,

The close similarity between the abeorption
of the parent substances and that of the others
and benzoyl derivative shows oconclusively
that theso parent substances are true hydroxyazo
compounds, and have formule of the type
CH—N=N—C,H,OH, and not

CeHy,—NH—N=CH,=0.

This conclugion is strengthened by the fact
that the abeorption of the sorreaponding quinone
ifferent.

&nylhydmne derivatives is quite diff

compound investigated wss p-benzo-
quinonebenzoylphenylhydrazone, which has the
fo C.H,—N—§I=C.H.=0
CO-C.H,

In the case of the corresponding o-hy-
droxyato-compounds Tuock found that theee
are o-quinone phenylhydratones. The actusl
compounds exsmined were 6aL0-p-crescl

and p-tolueneszo.p-orescl, their methyl ethera
and benzoyl derivativea, The s tion curves
of the ethers agreo with those of ethern of

the porg-compounds and with that of azo-
bengene, Th.ils)ow to be , 88 the
ohemiosl ovidence has proved them te be azo
derivatives, The benzoyl derivatives, on the
other hand, give very different s , and
their ourves show & very mar sad close
relationship with that of benzoquinone benzoyl-
goheny]hydnsono. There is no doubt, there-
re, that these benzoyl derivativea are in the
quinone hydrazone form. Since the absorption
curves of the parent substances show & marked
t with those of their benzoyl derive.
tives and oonsiderable disagreement with those
of their ethers, it may be concluded that the
parent. compounds are quinone hydrazones, and
are dorivatives, ore, of o-benzoquinone
CH,—~NH-_N=C/H,=0.

One of the moat important theories of tho
oolour of ji¢ compounds is that known es
the quinonoid theory. It is well lmown that
p-benzoquinone ia e strongly yellow coloured
subatance, and the general theory has genersally
been held thet visible colour of compounds,
especially aromatic compounds, is to be explained
by their having a guinonoid structure, that is,
tgey contain the linking =< ==, It may
bo seen at once thet this theory only takea
account of visible colonr, Now, every compound
which exhibits selective abeorption is ured
in the phyeical sense, and it would acem there.
fore that any attempt to connect, ¥isible colour
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with & partioular structure need not neceesarily
be eound. [t has already been stated that the
sasocistion of residusl affinities tends to shift
the abeorption bands towards the red, and it
follows that if the centres of unsaturstion are
sufficiently at; in charaoter and suitably
asaociated, the absorption band can eeaily be
oaused to shift into the visible region with a
result that the compound will become vizbly
eoloured,

Evidently, therefore, there is no necessity for
the assumption of the quinoncid structure in
order to account for visible colour, thouw
clearly such » structure may give rise to it.
There is a tendency on the part of organio
chemists to write & quinonoid structure wher-
over it is possible in opder to acoount for
vigible colour; but it may be said at once
that spectroscopic obeervations have shown
that this quinonojd bhypothesis is entirely un.
neoogsary, and have indeed proved that the
particular substances examined do not exist in
the quinonoid form.

As » definite example of tho sssociation of
residual affinity with the production of visible
colour without any pomsibility of a quinonoid
configurstion, the o discetyl may be
quoted; the absorption spoctrum of this sub-
atance is shown in Fig. 1%, and owing to the
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association of the two CH,CO groupes, each of
which alone shows selective sbeorption (compare
abaorption bandt ppears n tho visible segion a0
a jon a in the e [
tho :tl:lt:sunoe is ;l;el.low. The case of samphor
quinone is perfectly anslogous. The following
results show clearly that the quinonoid theory
in entirely fallacions and unnecessary es regards
visible colour.

It was pointed out sbove that benzene snd |
the condensod ring hydrocarbons of the aro-
matio series show ocomplicated absorption |
apectrs with many bands, There in little doubt
from the chemiocsl evidence that in the case of |
benzene the carbon ring ia pcrpetu:llﬁr in & state '
of vibration, and it was suggested that the
various absorption bands are in all Frobubility !
due to phascs in the configuration of the mole- |
cule produced by ils vibrations. Although at
thoe time only seven bands were described, while
cight are now kmown, this does not invalidate
the principle then put forward, It is evident

SPECTRUM ANALYSIS,

that tho vibrations of the molecule snd the play
of forces thereby resulting will be altered wiren
the hydrogen atoms of benzene are subetituted
by other stoms or groups of atoms. This
teration may be due to two causes ; firstly, the
ohange in the vibration of the ring induced by
the weight of the substituent group may play
o part; and secondly, the change in the phg of
foroes due to the mutusl influence of the residual
sffinitiss of the benzene ring and of the sub-.
stitnent gronp must uce some effect.
When the suhutitnuhont ggﬂp ]LSHOf ttl’lhee ortho-
directing t; ouch as or » [
tion band yp?t;'dueed is always suo:tngly n::l)g:
and is nesager to the red then are the bands of
benzene itself. When phenol is dimolved in
caustio sods solution, the incresse in besicity
resulting from the conversion of OH into ONe
osuses & still further shift of the band towarda
the red. An exaotly similar shift towards the
red is shown in the case of aniline when the
bagioity of the ni stom iz increased by
the substitntion of the amino hydrogen atoms
by alkcyl grou‘g:.r

On the o band, the substitution of the
scid NO, group decreases very considerably the
sheorption of benrens, so that veryamsll, if any,
selective absorption is observed. This effect is
l:hw1 to th3 Ent‘i?(l) influence v?z{uhth;ncu m@{;
nuclens an o s group,
neutrslise one another, with the result that a
condensed system is formed, showing little or
1o selective absorption,

It would appear from the above that there
must be slmost perfect balance between the
residusl sffinities of the C,H, nuoleus and the
NO, group, snd consequently the introduction
of a second group into the o ring, snd
one whioh has an oppoeite cheracter to t of
the NO, group, will tend to destroy this balance
with & result that the new compound will again
show eeleotive abeorption.

This has been proved in the case of the thres
nitrotoluence and the two mononitronsphtha-
lones, as well as for cortain other commpounds
of the same ¢;

A v
nitro an

teet case wee found in the mono-
-nitro fluorenes
CH, CH,

G0 = 2

for tho former compound, where only one of tho
rings has s nitro group, should w & well.

marked abeorption bend owing to the ogen.ing
up of the closed system of the one ring the
residusl affinity of the other. In the lstter
compound both rings have sa NO, group, and
ag there is no unsaturated group present to open
their systems up, this compound should exhibit
no selective absorption. e absorption spectra
of thest two compounds agree perfectly with the
prediction, for mono-nitrofluorene shows o
strongly marked band, while the dinitro com.-
pound ehows no band at all.

I the second group introduced into nitro.
benzeno be more markedly different from the
NO, group, if, for exanmple, the absorption of the
nitroanisoles be considered, then the absorption
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E

are very decided, and are nearer to
red than in the osse of the nitro-toluenes,
effect ia still more marked in the csse of
i incldimethyl ether, which has two OCH,
the a ion band ia now so far
wards the red that the substence
yellow to the eye.
An interesting point is to be noted with this
compound, for ite molution in hexane or »
astarated hydrooarbon is colourless. This
lactn;g:;lt firet sight tempt one to believe
in & di t structure for the compound in
tll_;tw solvents aloohol{:l?dh ros bon,
absorption spectra of the two eolutions,
however, are very similar, the only difference
Iﬁg:htthehndianmrerthe in the oase
of the alcoholio solution, ¥t ha that the
band given by the aleoholio solution just lies
within the limits of vinibility, so the sclutions
sppear coloured to the eye. The abeorption
bend with the hexane solution lies just b:j‘ond
the visible limit, and therefore the eye fails to
detect any colour.
If, now, the eecond oconstituent group in
nilrobenzene be atill more atrongly basic, the

it

g

18

almr&ion bands of the resulting compounds
th
more stromgly colonred. Thas, for example,
s shown by the full curve
m of nitrobanzene the

will be still further ahifted towsrds the red,
:;ﬁ' e result that theee gubstances will be
00l
the sbsorption banda of p-nitrodimethylaniline
4 mF);?g It in
heorption band I e to the spening ap of the
s ' is due to the opening up o
:tondansed syste Koot
electropositive group.
Lm;'ythesmp::l ion A

as may be seen by
the dotted curve in Fig. 20 is shown by pars-
nitrosniline itself, and consequently in
Oxcriolfion Fraguinmewes
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not the ali posaible doubt that the con-

stitution of this body is the same as that of ite
dimethy? derivative, The constitution of the

Iatter is of course CHYSN-GHNO, snd

therefore the t snbetance muet have the
constitution mC.H.NO,. This at once is
opposed to the quinonoid theory., A i
to this theory, the constitution of the o an
itrsnilines wre to be represented by a quino-
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noid formula ; that is to say, the formula of
p-nitrosniline would be—

= OH
E ] - /
= -

The quinoncid theory has also 00l
siderable support from the fsct that mela.
substituted compounds as a rule show less
colour than that of the isomerio orfho. and
para. bodics. An a static mefa-quinone struo-
ture in a simple compound seems to be impossible
the case for that structure he;;fd. theA.lth ghmd
paro-isomers was strengt] ough it
m&ueth;:lﬁhespmmwmp&zndsm lees coloured,

ot, ing, their absorption curvea
Zhowg?;nds jn;imjlltr tcg» those of the ortho. and
pora- substances, though they are leas pro-
nounced. As a result of this it is evident that
the upholders of the quinonoid theory ought to
accept & quinonoid struoture for theee mela-
derivatives, As & matter of fact, however, the
abeorption band of mels-nitrodimethylaniline
is distinctly nesrer to the red than the band of
mela-nitroaniline itself and so the substance
in still more strongly coloured. This of course
is due to the fact that the basioity of the nitrogen
sto?: has hesen incm;seilhlsy thehslllbstitntion c:{
ite hydrogen atom by methy P8, A0
the shift of the absorption bandgzuemt-ly
anslogous to the shift oEoerved on methylating
aniline, 8a has already been notpd.

The three nitroanilines and their dimethyl
derivatives therelore show exsotly soalogous
sbeorption, and clearly they must possesa the
eame constitution.

The explanation of the abeorption and colour
of these six compounds must be the same, and
80 it must be concluded thet all three nitro-
snilines cannot have 8 quinonoid struoture.

Exactly similar conclusions must be dmwn
m)ecﬁng the constitution of the nitrophenols

their eodium ealts, A ocomparison of the
absorption of the nitrophenols with that of their
vorresponding methyl and ethyl ethers shows
at once that the nitrophencla themselves are
certainly not quinonoid. The change in colour
obecrved when these subetances are trested
with sodium hydroxide must be due simpl
to the shift of the abeorption band to -
en.

the red which is always uced when &
is converted into ite sodium ealt, Ashas ¥
been said, phenol itaelf shows the same shift in
itaa ion, and, moreover, the sbeorption of
sodium phenoxide is the same as thatof aniline,
The similarity between the absorption of
the sodium salta of the nitro-phenola and the
corresponding witro-anilines is very decided,
and consequently there is no room for any doubt
that the sodium salts of the mitro-phenola do
not exist in quinonoid form. This conclusion
is emphasised by the fact thst the abeorption
apect.mm of the nitro-phencla sud their salts
o not show that marked difference in character
which would of necesaity ensus if auch & radical
difference in constitution existed es required by
the quinonoid hypothesis.

e quinonoid theory has been used to
oxplain the colour of the alkali metal salts of
mch compounds as the nitro-benzene azophenols
and the nitro.-benzene ezo-z-naphthols, The
spectroscopic examination of these)substanecs,



140

usitg the same argument as detailed above,
shows quite clearly that these subatances do
not ezist in the quinonoid form. As oon-
clusive evidenoe in support of this it is to be
noted that p-bengoquinone agine—

o~ o Como

exhibits sn wbeorption curve which is abeclutely
and entirely different from that given by any
of the above vompounde.

One of the most important applications of
the guinonoid theory is the explanation ebri‘its
means of the colour of the dye-stuffs. Perhaps
the most familiar case is that of rosaniline

hydrochloride with the suggested formula—

onoid formul® have been sug-

for the other dye-stuffs of this type.

in, the same theory been applied to the

azo-dyestuffs which oontein the azo-linking

ore ey b atommplited By that proposs fo e

Ure Inn; exempli t pro 'or the
hydmo&nde 4

ide of p-smino azo-benzene—

<:>—NZE —N= <:>-=NH,HCI

and in this case the formuls haa been supported
by the fact that the absorption of the above
salt bears no resemblance to that of—

= N{}—N{c;.).

80 that the hydrochloride does not seem to exist
in the form

Omvmn -vm,za

Some investigations, however, into the in.
Huence of acid upon aromatic bases such as the
aminoaldehydes and aminoketones show that
the above guinonoid formule are unn

Similar qui

and improbable. It has been found that the | ETOUP

addition of smasll quantities of hydrechloric
scid to the slcoholic aclution of these bodies
producea a marked oolorstion which
givos rise to & new absorption band in the visible
region. [kt is neceasary that leesa than one
equivalent of hydrochloric scid be added for
the colour to be produced, and the sddition of a
further quantity of acid destroys the colour
and forms the true hydrochloride. Thess
001;3::8 ul:h;t;o ;:'o tl:c-u1 fo::htlm];ltiog ol;:: inter-
mediary t. which the passes
mm ite oonvem}i:::g mtI; theblmlh h'I;his inter-

iary phase is perfectly atable in the presence
of the small guantity of acid. In the egse of a
mon-acid base such as p.sminobenzaldehyde,
1 e‘?. of HCI produces the best results. ith
& di-acid base ms Michler's ketone (ietra-
methyl diaminobenzophencne ) —

Gy N~ 00— >N <y

one equivalent of acid is beet. As it is known
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that the colourcd compound is not & true
hydrochloride, therefore in this latier case it
must be concluded that the hydrochlorio acid
distributes itself equally between the two
nitrogen stoms. The analogy with rosaniline
hydroohloride is quite apparent, for in this salt
the affinity of the acid radicle influences all the
nitrogen atoms, and eo the colour is due to the
fact that the intermediate phase happens to
exist as » stable ine mtbstance, This
view ia borne out by the fsot that the trihydro-
ohloride haa fsr less deep s colour than the
monohydrochloride. Again, it must foliow if this
view be ocorrect that it should be possible io
produce a highly coloured intermediste phase of
the leuco base of & dye by means of a suitable
acid solvent. Such, indeed, ¢can be done, for
if the leuco base be dissolved in nitrobenzene
the solution is highly coloured. For example,
if the leuco base of melachite green

(CH,),N.

(BN

be dissolved in nitrobenzene the solution ahows
a tz:lgn.iﬁoent red colour, which is discharged
on 'uti:ln wt}:,h aleohol s apply to the
Exnc e same argnments spply
aminoazo j;ola:ﬂ.l.m, for in b::xm bodies there ;::
t at least two o groupe amon
?wmme acid madicle distribmtes itaclf with the
formation of an ‘intermediate pbase,” which
is 8 stable crystalline substance. .
B It sh]:olution of l:mw treated wuﬁ
chloric acid, the al ion spectrum wi
, and & new & l-l:"t:rnhmdw'il.l be
obtained nearer to the than thet of azo.
bengene itself. The phenomenon doubtless is
due to the same cause as in the case of the
aminosaldehydes and ketones mentioned above,
the only di o being that owing to the far
loss pronounced basic charsoter of nitroges
atoms & much ter concentration of soid is
required. In the case of the sminoazo com-
pounds when in acid solution s much less con-
centration of ecid is required, since the amino
up acts as & * carrier,’ and the affinity of the

CH,

acid then is distributed between ¢he amino
end azo pe with the formation of the highly
coloured intermediate phase. It has already
bean pointed out that the formuls of the hydro-
chloride of aminoatobenzeme cannot be cx.
pressed by the static formula—

O s

but, sa now may be understood, the formuls
is preferably to be written—

(Osmmipo

The quinonoid formula

<—>—NH——N-=<:>=NH.H(1

may be ruled out, of course, because the sbsorp-
tion spectrum given by aminoazobenzens
hfrdrochloride beazs no resemblance to that
ol either of the sjmilar substances which are
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known to possesa a quinonoid structure, namely,

0=§i>=u_u=<:>-o
and <_>_iz;-1v= (_>=0

La,

These two substances have already been deslt

with above.
mentsa might be ex-
and appli
of which have been ox-
the quononoid hypothesia, but
alrea%y been paid to show that
i i negatived or

overy

appled. In the bibliography dealing with thia

i branch of spectroscopic work a very

complete list of papers is given, and perhape &

sceming discrepancy may inted out so 85
sible phqono:ptign.

e in

jion spectrum of pyridine and ita
Vo soIne wnsidemm sapport to
the view advanced sbove of the vibrations of
the ring in the aromatic compounds. As was
fust shown by Hartley, pyridine gives an abeorp-

tion band with ita head at i=3900, and the
sddition of hydroohloric seid to the solution

enormously increses the d or persistence
af the I:znd withont chaﬁ;.?gl ite ition.
Latar obeervations show that this ia true

with the picolines and with lutidine. The
brati p

¥i t in the benzene are
modified restrained by the residoal ity
of the nitrogen stom, which has beem aubeti-

tuied for ome of the carbon sioms of benzene,
and when this remidusl sffinity is almost entirely
removed by the addition of sn exoess of hydro-
chlorio acid the restraint is considerably reduced,
and the vibrations become less restricted. The
constitution of the three pz;idonuor hydroxy-
pyridines waa determined from their absorption
10 the following way.

pound it was found that an alooholie solution
shows & well-marked band, and the eddition of
hydrochlorio acid only shifta the band s little
oearer to the ultra-violet without inereasin,

its persistence., Furthermore, the addifion of
sodium ethylate does not shift the position of
the band, The subetance cannot therefore be
phenolio in charmoter ; that ia, it cannot have

In the oase of the a com.

N
N
the formuls gﬁ(iggﬂ for if it bad this

ovastitution, sodium ethoxide would shift the
beud towards the red, ss always happens with

pplied to many other |
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phenola; and further, since suoh s compound
would be a true pyridine derivative, hydro-

chiorie acid would incresse the

persistence of
the absorption bands.

Cleaxly, therefore, the
NH

N
formuls must be gil /[g% s conclusion which
“u

is confirmed by the close analogy of the absorp-
tion spectrum of N-methyl 2.pyridone—

Gl o8
NS
W
Exnctly the converse is true in the oase of the
of this com.

B-isomeride, for the smﬁon band

pound is shifted to the red by sodiu

ethoxide, 5"5‘11 the effect of hydrochlorie acid

very markedly to increase ita persistence,

compound, therefore, must be phenolic, and

true pyridine derivative; thet is, jt has the
N

m
in
o
Y

N,
ted | formuls g]l/\g%ﬂ Moreover, the position of

k4

the abaorption bands shows considerable analo,
il el ol i e

© y-iso is pec y in . the
compound showing an » tion band which
is entirely removed by the sddition of sodium
ethoxide, This observetion is analogous to
the case of the sliphetic monoketonee. The
inference may be wn from this that the
substance is ketonic and hae the formuls

NH

cH \CH
cul lcn

This is strikingly confirmed by the mction of
[ oric acid, which entirely slters the
a tion, a8 may be scen from the full curve
{Fig. 21), where the dotted curve is that of the
- ﬁdone itself,
e hydrochlotic acid should lock the com-
H(l

H
pound in the form -~y I/\’CH send ez the CO
cH! LcH

group is between two ethylenic linkings s new
absorption band should be produced.
It was found that phorone, in which thiy

CH, CH, CH, CH,

linking occurs || ]
HC

.,

gives a very

1
o

similar absorption, Clear;f, therefore, the
pyridone formuls is confirmed.
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Exaotly similar conclusions are to be drawn
from the abaorption curves of y-lutidene—

NH
med von,
7
BC CH

'

|
0
evidence was fortheoming
xylutidine—

/N

H.C'C/x'CH,
f
ud fu
'
d—cym,

shows no absorption band, and therefore must
have an entirely different composition from the
parent lutidone,
Bomewbat similar ergumenta have to be
applied to the elucidation of the constitnenta
of the;]:ﬂronu and certain applied compounds.
It is Imown that the pyrones do not form
henylhydrarones, and Collie pointed
out that this fact could not be reconciled with
the ordinary formula for the pyrones, for

0
Hﬂﬂ

example, HC CH, and he suggested the

and here confirma
in the fact that

oximes or

2
)
bridged ring structure for dimethylpyrone—
H‘CC| 6"*‘&3,
HE 6.~

The absorption curves of pyrone iieelf,
dimethyl pyrone, and tet.romethylpzmna show
no abeorption bands, but only a “ﬁ t step-out,
as ia shown by the full curve in Fig. 22. The
aheorption onrves of the hydrochloride do not
even show this step-out, as can be seen from the
dotted curve (Fig, 22). It is not possible to
reconcile these o ations with the ordinary
formuls, which contains a CO group between
two ethylenio linkings, but they are just what
would be exE‘e:teﬁ‘ from llie’s bridged
formuls, in which case the formula of the

]
bydrochloride would be H,%CI/H(’)}\I(CJ:SH .
¢
Ny 7

and the step-out in the abeorption curve of
the dimeth: e iteelf may be traced to
the residual afimity of the oxygen atom in the

i which is noutralised by the addition of
tlf:a The addition
o

pdrochloric acid mo! N
inm ethoxide to the alooholic solution of
these bodics introduces a greet change in the

to that of y-lutidone in the
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abeorption, as can be seen from the dot-snd-dash
curve in Fig, 22, which is that of dimethylpyrone

Oscillation Frequencies,

$ _"(\ o
’g ; N =3
;:T TN

. ™, \ a?
3. (A - §
P
'E,; 1\ g
i : 't \ £ "
b H

~\.__.,.-»\ b
Fu. 21.

in the presence of 87 equivelents of sodium
ethylate. This curve is very atrikingly similar
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os of hydro-

chloric acid, and se the chemical evidenoe abhows
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that an addition eompound of dime'thylpymnel

and sodium ethoxide is formed, this

suggeats
st once an analogous oonatitution for that |

C,H0O N
#,0c>0<cen,
compound, vie. Ht[‘,‘\(/gH

The addition of caustio saods to an squecus
wiution of dimet.hylp{mne gives an entirely
Kmshylpyrond 1 aquecus oeustio soda. solo-
i in squeous osustio solu-
tion gives the sodium salt of discetylacetone,
and indeed the abeorption corve of dimethyl-

under these oonditions approximates to

t of diacetylacetone in aqueous alkali, so
oo doubt a considerable quantity of this smb-
stanoe in formed.

The determination of the comstitution of
discetylacetone iz complicated by the fact
that the subetance might bave one of the
following constitutions s—

3¢ H
cH—c— 9 > ccH, HOCr OCH,
H.0-0H ]

HC: cn CH._, ~CH

~¢
1, 2.
CH,—00—CH,—C0—CH,—00—CH,

and of these (1) is at once ruled out by the fact {

that discetylacetons in no case shows an abeorp-
oo tuem{h’ng that of dimethylpyrone h{dm-
chlorids, In order to gain mome ides of the
sbeorption likely to be given by formuls (3),
tetracelylethane—

CH,—00 CO—CH,
CH;—00->CH—CE<0_cq,
wap examined in neutral! and alkaline solu-
tions, The constitution of thia body is per-
fecily well known, and it was to be expected
that its abeorption will be analogous to the
open chain form (3) of discetylacetone. It was
thn bmcrption of the Sieetyiestone, i maiee
15Y jon of the discet; e in wa
and tetrmeetylethane. The conclusion follows
a{ once that in aqueous solution diacetylacetone
¢xists in the chain form.

The alooholio solution of discetylacetonse is
different, for it exhibita & very absorption
regions covmpiod by the banl of £ha opan chaln
Tegions occtpi y the the open chain
form of the subwiance and by the band of the
sodinre ethoxide compounds of the dimethyl-

PpyroTes.
It may be concluded, therefore, that in alco-
# lavetone

bolic solution di exists ap & mixture
of the forma (E) and (3), and this conolusion is
the fact that the addition of

wdivm ethoxide to the alooholic solution cauwes

the broad band to be resclved into two bands,
one of which is the same a8 that of the sodinm
ethoxide compound of dimethylpyrone and the
other is that of discetylacetone in aquecus
allsali mobution.
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From similar argumente it was found that tho
oolourlesa solution of ethyl xanthoohelidonate
in ohloroform correeponds to the form—
GH 0 0C—C(OH)=CH—00—CH=C(0H)—C0O
wl:ifat the yellow slooholio solution contains
the olosed form—

H

H
HCy 0-C,H,
T

¥

0
Finally, the resulta obtained in the examina.
tion of the absorption of dehydracetio acid and
some closely allied subetances would seem to
argue that Collie’s formula for this substanco

is the oorrect one, vig.—~—

om=c/ NC—CH,~—00-—CH,
sk Jo

The eimplest cuglanio compounds at preeent
Imown which exhibit sslective absorption are
the aliphatio ketones and allied compounde of
the type of ethylacetoacetato and scetylacetone,
A fow words may be said about com-
pounde, beoause the subetitution of the hydro
atom by the methyl group here induces a mﬁﬁ
ohange in the absorption curves. A comparison
of the sbaorption of ethyl acetoncetate with the
well-known alkyl derivatives othyl methyl-

aﬁa.t;smtate (L) and ethyl g-ethoxycrotonate
CH‘ CHS
ob Loc,m,
B! (I and (‘!ll:l (I

doooys, dooc.m,

showed that the parent substance does not
sgree in ita abeorption with either of the twe
derivatives, Substances (L) sand (II.) do not
show any absorption band in alecholic sclution,
whilst ethylacetoacetate alone shows a tendency
towards & band, and in ca of one or two
equivalenta of sodium ethoxide shows a well-
merked band, From this it waa concluded
that othylacetoacstate in alkeline solution is
in a state of dynamio equilibrium, and that
the abeorption d is due to the reversible

AO - JI;,—ONa

CH

Process and also that the
éHNa. <

I |
strongly marked band of scetylacetone in neutral
solution is due to a similar process. Since that
time investigations along two different lines
have neceasitated a alight modification in the
sbove explanation of the absorption band. In
the first place, it has bean shown that all tauto-
merio changes of the above type are very much
slower than is required by the above theory;
and secondly, that absorption bande are shown,

too, when such tautomerio( equilibria are
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impossible, se, for exsmple, in as’-substituted

Br
camphor derivatives C,H,./(’\ !<GH'

There iz no doubt, however, that ethyl-
poetoacetate can react oither in the ketonio or
the enolio form corresponding to L. or L1 above,
and also that there can be no doubt that the
difference in the o,hamxtion of the body from
that of the two fixed derivatives 1. and II. ia
to be attributed to this csuse, although it cannot
be aid that the abeorption band is due sctuslly
to the dynamic equilibrium. Seme recent and
as yet unpublished experimenta have showm
that the compound 1. and the atill more rigidly

SCIHS

well-marked band in presence of & great exoess
of scdium ethoxide, whilst the corepound IL
shows a band in preeence of excees of acid. From
this it ie evident, were such evidenoe required,
that the band cannot be due to tautomeriam
slone. It must originate in the mutual influence
of the residual affinities of the alkali or acid
upon L or IL, ss the case may be. The extrome
easo with which ethyl acetoacetate gives s band
with alkali therefore must be connected with
the ease with which this compound can pass from
the ketonio into the enolic form and vice versd.
Bince acetylacetone gives an abeorption
band when dissclved in alechol alone, it follows
that the keto-enol change is even roore eesily
brought about than in the cese of ethyl aceto-
wcotate, The absorption band in these corme-
pounds, then, ia s messure of the amount that
the closed systems are opened up by the in-
fluence of the solvent, and in certain respects
may be oonsidered as bein(F snalogous to that of
the wesk aromatic bases above.
Although the abeorption band is not due to
the presence of & tautomeric equilibriurs, yet
the difference in the ease with which the absorp-
tion band can be developed forme a measure of
the labile character of the hydrogen stom in
the parent compound.  For thia reason, although
a new explanation of the origiu of the absorption
band is introduced, it may readily be understood
that apectroscopic resulta give s method of

testing the presence of & Iabile or potentially
lsbilcghydrogen atom,
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SPECULAR TRON ORE » Imow; slao

TITE.

SPECULUM METAL. An slloy of 1 mole-

proportion of tin and 4 of copper and &

small guantity of srsenic, used for making the

mirrors of reflecting telescopes,
SPEISS v. CoBaLT.

SPERMACET] v. Waixzs.
SPERMACETI, VEGETABLE, Inseci wax v

AXRS,
SPERM OIL v. 0113, PFIXED, 4ND F4iTS.
SPERMIN v. BYNTHETIO DEUGS.
SPERRYLITE. A mineral of intemtdl;
ocurring compound o
It is tho diarsenide PtAs,, sg?l forme
n;ehute, tin&:vhite , which sre cubic with
the same of symmetry as iron-pyrites
ges,). It w%??oun::;?l 1889 as & loé:oo cl:-yy:lta]
o powder, filling a in decomposed
pytitio ore st the Vermillion gold mine in the
ma district (22 miles weet of Budbury),
Ontario. The platinum detected in ema
amounts ((-006-0-24 p.c.} in the pentlandite
and niokeliferous pyrrhotite clﬂf Bud birys Ontario,
in perha ent ss sperrylite. ew minute
wgrmsg? l?;:ry].ite have been isolated from the
platiniferous copper ore (covellite) of the Rambler
mine in Medicine Bow Mouniains, Wyoming.
Other localities sre in North COsrolina and
Britizh Columbia, but the mineral is alwayn of
very sparing occutrence. The frequent presence
of trases o tinum in sulphide oree of nickel
and copper is, however, &« promising indication
for future discoveries (o. F. W, Clarke, Data of
Geoohemistry, Bull. U.8, Geol. Surve;i:No. 330,
1908, 810). J. B

BPESSARTITE v. GAEKDT.

SPHACELINIC ACID v. EBaOT OF RYE.

SPHEROSIDERITE v. CHALYBITE.

BPHENE v. CaLcronm; also Trranrom,

SPIEGEL-EISEN v. IEON.

BPIKENARD OIL (Valeriona eedtica [Linn.])
is » thick vellow oil with an odour resembling
that of valerian and hazelwort oils. It hes
sp.gr. 0-9693 at 20°; [a),—42° eaponification
walue 62-5; ester value (after saponification and
acetylation), 71'9. It containe palmitio acid
and a sedquiterpene, b.p. 286°, sp.gr. 0-0359 st
20°, [a],—30-88° {J. , Chem. Ind. 1909,

platmum.

T2
SPINACH, Spinacia oleracia (Linn.). Soveral
varietics are wn, The leavea are used ne &
vegetable.
Average composition (Kdnig)—
Water Proteln Fat Sugar Other N-free axtract Fibre Ash
802 27 05 01 35 09 20
About half the total nitrogen exists es real
teid, and the N-free extract includee abont
-9 p.c. of pentosans.
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Bpinach ja remarkable for the high rtion
of iron which it contains, largely in the form of
organic compounds.

Kénig givea, as the composition of the ash—
K0 Na,0 Ca0 MgO ¥o,0, B0, 80, 810, (1
16-¢ 353 119 64 34 102 69 4§ 63

Berger (Chem, Zentr. 1904, i, 1648) found that
winter spinach contained from 88 to 80-5 p.c.

of water, 05 to 133 p.c. of combustible matter, °

and 14 to 31 p.o. of ash. 100 grow. of the
dry substance contained, on the av , 0104
grm. of iron. From 100 grms. of fi winter
spinach, dilute sloohol extracted 443 grms. of
substance which contained 0-179 p.c. of iron and
gave 20:23 p.c. of sah, while the residual material
ielded B-7 . of dry subetanoe containing
<086 p.c. of iron, and gave $-18 p.c. of ash.
A considerable amount of the iron was siso
t in the matter exiracted by & mixzture
of bensene, ohloroform, and ether from the
fresh loaves.

The amount of iron in spinach may be con.
siderably incressed by tho eddition of ferric
gizdlo to the soil { ek, Chem. Zentr. 1904, i.

For the § increase of orop resulting from
tho wso of sodium nitrate snd other artificial
manures, v. Dyer and Shrivell, J. Roy. Hort.
Boo, 1903, 27, part 4). H 1

SPINEL (Spinelle, Fr.). A double oxide of
magnesium and aluminium or & magnesium
aluminate, MgO-Al, 0, or MgAlO,, i
in the cubic system. The name is also applied
to & Iarge isomorphous group of cubic minerals
with the gene formula R”R°0,, where
R"*=Mg, Fe, Zn, Mn, and R"=Al, Fe, Cr, Mn.
Other members of this up are magnetite,
chromite, franklinjte, gahnite {(gg.v.). Spinel
proper is of importance as a gem-stone. en

red it is lmown as *ruby-spinel,’ * sapinel-ruby,’
or * balss-ruby,” and isbj;hgn miaum for the
true ruby or corundum (g.v.), from which it is
distinguished by its optically isctropic character,
iack of plecohroism, and lower sp.gr. &3’6—3'7)
and herdness (8). Large numbers of small,
water-worn orystals are found in the gem-

vels of Ceylon, These are octahedral in
orm and often twinned on a face of the octa-
bhedron (hence the term spinel-twin for this
type of twinning). Blue spinel (*eapphire-
spinel’} ia much less common; stones of
excellent quality have been made artificially
(v. (GEMS, ABTIFICIAL), Spinel J» much used
for the jewelled pivot-supporte of clocks and
watches, L

SPIRIT OF AMMONIA v. AMMORLs,

SPIRIT OF HARTSHORN v. AmMonLa.

SPIRIT OF SALT v. HYDROCHLORIC ACID.

SPIRIT OF WINE v. ALcoBRoL.

SPIRIT VARNISHES v. VARNISHES.

SPIROSAL. Trade name for the glyeol ester
of salicylic acid OH-UH,CO-OCH,-CH,OH.,
A colourlese oily liquid, b.p. 169°~170°, at 12 mm,
Soluble in water, alcohol, snd ether, and readily
nircible with oils (v, SaL1CYLIC AciD and SYN.
THETIC DRUGS)}.

SPLENIN v, SYNTHETIC DEUGS.

SPODUMENE (Triphane, Fr.) A member
of the pyroxene group of minerals consisting of

SPINACH.

and orystallising in the monoclinic system.
This formuls l:legquires 84 p.o. of lithia, but,
owing to partial replscement by potash and
sods, snalyses show only sbout 6-7 p.c. The
miners] is otossionally mined ss & source of

lithium salts, 8p.gr. 3:1-3:2, hardness 6§-T.
The name * umene * (from pwodedperes, SOMmce-
thing burned to ashee) has reference to the

agh-grey oclour shown by the common, opaque
material. t ure, however,
colourleas or often beautifully coloured, and are
cut aa gem-.stones. These are strongly pleo-
ohroic, but they have the disadvantage of
readily splitting, owing to the presence of a
Ee.r!oot prismatic cleavage. Clear yellow (rarely
lue) menta come from the gem-gravels of
Bregil, ight emerald.- ‘stals, colonred
by » trace of chromic oxiﬁ are found sparingly,
with | (emerald), in gneiss at Stony
Point in Alexander Co., North kins ; this
highly-prized gem-varicty is known as * hidden-
ite * ior somotimes erroneously aa ‘lithia-
e ). *EKungite’ is another gem-varicty
of a delivate lilac or violet shade of colour, whi
has revently been found in the p?mtites at
soversl places in Ban Diego snd Riverside
Madagasonr. Largs prismatio srysials of ‘dul
3 ismatio o
spodumene are well ﬂzwn Irouﬂ Huntin
{(lormerly Norwich) in Massachusetis, whilst in
the Etta tin mine st Hamoy Peak in the Black
Hills of Bouth Dakots enormous crystals, meseur-
ing as much a8 42 ft. in and with & croas.
section of 3 by @ ft., have found ; 37 tons
of umene have been, it is said, mined from
s single crystal (F, L. Hess and R. C. Wells,
Amer. J. 8ci, 1911, 31, 433). L J 8
SPRUCE OCHRE, Brotomochre v. Praumars.
SQUILL. (S8cilla; Scille, Fr.; Meerzwiebel,

The fleshy bulb of Unginea Scilla (Steinheil),
& lilisceous plant found on the ahores of the
Mediterranean (Bentl. . Trim. 281). It has
been employed in medivine from ancient times
& B ?:?aﬁe , and e ti::t‘ The lml:).
slready dried, is imported into this country mostly
by way of Malia. Under the microsco: thfa
ocella of ita modified leavea are seen to bo loaded
with mucilage, in whioh numerous needle-ahaped
or sguare E:.:mtio crystals of calcium o te
are suspen: (Fliick. a. Hanb. 690).

The mmn.l.? of aquill contains a gum, which
mitated y basio lead scetate, an w 8~
ta H 5 (g;g]rlar (Hiﬁk. az.ellh?lb.) and simistrin

H,a miedeberg, Zeitsch. physiol. Chem.
3U11S Bor 15,100 - o sinstiin of Sehmapectn:
berg is probably s distinct substance from the
constituent of is root described under the
same psme by Marquart {Annalen, 10, 91).
After removal of the gum from squill roucilage,
by treatment with basic lead acetate, milk of
lime is added, when an insoluble calcium com-
Eonnd is formed, from whioh free ginistrin may be
ibersted by carbonio acid. It is purifed by

i auccessive solution in water and precipitation

by sloohol, Sinistrin is a white smorphouns
Eowder, soluble in water, insoluble in aleo-
ol, is Ievorotatory (¢f. Kiibneman, Ber. 8,
387), and does not reduce Fehling’s solution.
Disstase is without effoct upon it, but by
boiling with dilute acid it is converted into

lithium and sluminium meta-silicate LiAl(Si0,),, l Imvulose and insotive iglucose. ) The *scillin *
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of Riche and Rémont (J. Pharm, Chim. [v,]
%, 291) appears to be nearly related to

_ By treating an alooholio extract of equill
with tannic acid, a compound is obtained ocon.
taiting the bitter and more active constituent of

wpEill,” This has not been satisfactorily isolated, | The

alt under tho name of scillitin or aculein
it haa much investigated., Seefurther Man-
det (Compt. rend. 51, 87), Sohroff (Neues H;;r
Pharm, 14, 241), Righini (Rep. Pharm. 63, 87),
13]]0{ {J. Pbarm. Chim. 12, 635 [iii.] 28, 408),
Vogel (Site. Ber. K. Akad, Wien. 8, 101), Lebour-
dais (Ann. Chim, Phys. (iii.] 24, 62), Marais (J.
FPherm, Chiw. [iii.} 30, 130), Landerer (Rep.
Pharm. 47, 442). A 'tterpnlvmlenteolsponn s
xillatn, has, however, been obtained by Jarmer-
sted, which, in its physiologicsl action, ressmbles
igitalin {J. 1879, 914}, ﬁlil # glooosids, diffi-
soluble in water but solublein sloohol. The
nemes * acillipierin,” * scillotoxin,” and, * seillin ?
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partly roplaced sn squivalent proportion of
wine (0-0 p.c.). ’qmolrusooﬁzmmo;
they are scaleno) -tetragonal, with the same

degres of symmetry and very nearly the same
:nglu_ thewpwmm ;undes'}’bi b‘}t o
winning ive to o~cubic forms,
material ia iron-black with s
bright metallio lustre (sp.gr. 448); but the
maagive mineral is yellowish or bronze.
coloured (hanos the miner's name bell-metal-ore),
owing to an intimate intermixture with copper.
pyrites. Stannite wus formerly found in some
oantity in several of the Comish tin mines
&g Rock at St ea; Carn Bres),
and hes also been mined at Borah Creek in New
South Wales and Zeehan in Tasmanin. Crystal-
lied stannite has been found in some of the
uilver-tin mines of Bollvia (I« J. Speicej. gln

Ma%.TIQOl, 13, 54).
ANNQ-FLUORIDES v. TIxn saLts uxp
OXIDES.

have been sp?had commercislly to condensed STAR ANISE, OIL OF, v. O1s, BS2ENTIAL,
g:r:oeuﬁu gpmmutm of squill (Merck, STAR SAPPHIRE v. CoORUNDUM.
J. [#i.) 9, 1H038). A. B. STARCH (Lat. Amylum: Fr. Amidon,
STACHYDRINE CyH, o NO, Mahyl belotne | Fécule; Gor. Starke, Stair Farina).
of Mygric acd, or dimefhid betatne of a-proline, 1. Occurrence, In some form or other starch
is an alkaloid whioh was discov. by Planta | ie one of the most widely-diffused substances in

and Bchules in 1880, in the tubers of Stachys
teberifera (Naudin) (Ber. 1893, 26, 039), It in
also ehid(l:nic o;nstimunt of the lum
bitter orange (Citruz Aurantium [Linn.]) (Ja/
bw. 1808, 29, mshs)l hl't has been nylltheaist;d
¥ converting ethy to into ite meth-
jodide and then mntingg::e latter with silver
oxide (Schulze and Trier, 4d. 1900, 42, 4854).
Stachydrine forms oclonrless, transparent
Th e & o e B
opaque M oea of water -
lisation. It melts at 210°and may be identified
by ita charecteristio ichloride, w.p, 226°,
and by the fact that when heaied in a
tube, the vapours evolved turn a pine splint
moistenad with suiphuric acid, red (B‘::’lfulse and
Trier, Zeitech, phynicl. Chem. 1910, 87, 58).
Whea heated with potash stachydrine evolves
dimethylamine, and when distilled under reduced
Er-mu it yields 66 p.c. of the isomeric dimethyl
yerate, thoe—

" e ™ i

together with some trimethylamine and »
litile hygrio acid (Trier, id. 324).

The platinochloride (in 3 forms), the Aydro-

chloride, sulphate, oxalale, picrate, nitrale, and
the ethod derivatives have been E:pmul.
For forther litersture on the oonatitution
and salta of atachydrine, see Planta and Schulze,
Amh. Pharm. 23{ 308; Engeland, id, 1909,
AT, 463 ; Zejtach, phymiol. Chem. 1910, 87, 403 ;
Schulee and Trier, iivd. 1908, 59, 233).

STACHYOSE, Lupeose, v. C4ABBORYDBATES,

STAGNIK ¢. SYNTHETIC DRUGS.

STANNATES, Compounds of stannic oxide
with bases (v. T1v).

gamc ACID 'l'lvn T s.ua? AND meg‘:} \

ANNITE or Tin-Pyrites (Zinnkies, 3
A slphide of tin, copper, and iron, or & sulpho-
#annate, Co,FeSnfl,, whioch has cocast
been fonnd ip sofficient amounts to be mined as
an ore of tin (276 po. Sn). The iron is often

organic nature, occurring more or less abun.
dantly in every plant that has, up to the present
time, been examined. It is d in
guantitice in some femilies of plants then in
others, and ocours in different in different
planta; for instancs, it is alwaye found in
great abundanoe in the wseeds of ull the
cereals, as well an of the inoem, in the
stems of various epecies of and Cyeas,
in the roots of meny plants belongi
the fnmlgﬁof Euphorbicoe and Z4 ace ®,
and in the tubers of the potato, cenns, and
oaseava,

Starch is also tound nnder ve conditions
in different of the same plant ; forinstance,
it ie found in the green leaves of all planta
duﬁﬁ' the daytime, the proportion varyinlg
8000 'lﬁ{to the weather and time of day. It
is generally preeent in greateat quantity towards
the evening and least in the morning, whilst
during the night the starch almost or completely
dieappears from the leaves, ially during
the summer montha. Btarchis found in the
pith of tress and shrubs and in the various
woody tisenes; but its presence in these
an in the leaves, in not constant and equal, the
same tissnes st certain seasons being fully
charged with starch and at others almost
entirely devoid of it.

2. Nomenclature, In this country the term
“ gtarch ’ appears to be applied generally to that
obtained from all sources, with the name of the
subetance from which it is prepared usually pre-
fixed 1o it, such a8 * potato etarch,” * wheat
etarch,’ ‘rice estarch.’ In a few instances
the affix starch is dropped, a8 in ‘asago,’
* srrowroot,’ or the product is known by some
name given it in commerce, aa * tapioca,’ * tous-
les-mois."

In France the term * fecula * (fécule)is spﬁied
to the starch obtained from roots and tubers,
such as potato, manioc, arum; from stems,

onally | such as ssgo; and from fruite and seeds, as

borsechestnut, acorns, &¢.; whilst the starch

, obtained from sall the cereals'is defined es
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Tasrz I.—Relative

proport
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sons of starch per

cend. in variots planie

— ! Erocker O'Ballivan
Wheat . . | 53-56 B4-85-5
Barley . . 388379 48-2-464
Osts . . . 279369 35-38
Rys . . .| 4647 4440
ize . .| 0667 5458
Rice . . . —_— 75=77
Buckwheat . .| 44 | Erocker
illet . . 537-55B "
Harioot beana . 377 o
Peas . . ., 358 "
Lentils . . 39640 "
Potatos {air-dried) ' 16-23 ’
s . .' &5 | Gzubsta
Popillenn of common 71 | Yon Planta
]
Green bapanss . 12-1 ‘ Riocciardi
Bojs bean  under 650 | Meissl & Bocker
Leaves of ocaout- 54 —
choue tree .
Liquorice root . 20¢ | Hestini
.Nc:zgﬁm offies- 29 | Churoh
Tubers of yam . 262 | Moser
Dried mpples . lgg Bertram
» & . T ”
Parsnips . . 10 | Corenwinder
Kola nuts . . 337 | Heckel & Schlag:
denhsauffen

amidon or staroh. Most of these producia are
known in Germany as ‘ farina.’

3, Phymcal characteristice. To the naked
nts the aipearanoe of &

eye pure starch
white glistening

able powder,

aving & harsh

fzel when rubbed befween the fingers, withont
taste or smell, is uncrystallisable, and undor-

goes no

ohange under ordi A
conditions. Under the microscope it is seen to  of rice and oat, whilst in other

nary stmospheric

TaBLE II.—Diameters of the commoner varieties

of starch granules,
Starch from | Millimetre
Rhizomes of Canna giganiea . .| 0175
w o+ Morania  arundindces

{arrowroot) . . 0140

Tubere of potato . . . . 0140
Broad beans . . . . 0075
Sago . . . . . . 0070
Lentils . . . . 0087
Harioot beans . . . . 0083
Peas . . . . . 0050
Wheat , . . . . . 0050
Tubers of Bataia edulis . . . 06
g‘{aim . (JM . h'o!) . . 04030
apioca mani . . 0028
Ba.gey . . . . . . 0026
Rice . . . . . . 0022
Millet { Panscum miliaceum) o 0010
Buackwheat . . . . . 0009
Parenip . . . . . 0007
Seeds of beetroot . . . © 0004

| same cell—the aize of the starch gran

consist of granules of varions forms—in moet
pms._léod\;e}'er.ﬁn;:'r% or less ;void—-—md diﬂcc‘:r—
ing wi n orm, and eppearance, de-
modent- on the sonrce whence they are derivexd.

rding to Payen, they may vary in sive
from 0002 mm. in diameter to (-185 mm.
These wide differencee are tht;fpﬁmi means
by which the various kinds mey be
differentiated one from another se they occur
in commerce,

It must be noted, however, that the aizs of
the starch ulea varies very considerably in
different plants, being in some immeasarably
minute, as in certain iess of cactum; in
others, sa in the potato and tous-les-mois,
attaining & ocomperstively large aize, the
several grains being readily visible with a
simple lens.

the same plant—and, indeed, often in the
ules will be
found to , being ohiefly depepdent on the
relative age of the grains, so that when messures
of starch graing from various sources are given
they must be taken only to represent an average ;
but although the dimensions of the starch
grannles produced by any one species of plant
Sopars vory midely trom this avcrege, and 60 by
& vory widely from this e 8O
rence to such s stapdard the starch granules
of diflerent ta may readily be differentiated
microsoopi one from the other by an
expert.

4. Formation of darch in the living plani,
Staroh granules in the growing plant are formed
in the homogeneous solid sibatance (protoplasmm)
of the chlorophyll corpuscles. They are at first
visible s merp points, and graduslly increass in
size, so that eventnall the{ may o completaly
fll np the space of the chlorophyll corpuscie
that this may be repreeented by a mere covering
film, and at last slmost entirely disappear.
| These etarch granules are sometimes sxiremel

minute and very pumerous, and so oloealy'fuxbg
| together ea to fill the cell cavity, as in the case
instances they
ate of mnch larger dimensions, po that only
& ocomparatively emall number of them are to
i befound in each oell.
| Starch only grow and inorease in size
| 8o long as they are in contact with the protoplasm
snd are exposed to light at & favourable tam.
Er:t-ure in the presence of carbon dioxide.
728 plant must b eEaTdod 88 & product of
1 growing m TOgA] " ct of
Isuim'ht?on.andm be supposed to take place
| somewhat in the following manper, It is well
| Xnown that carbohydrates osn be oxidised to
| aldehydea, and aélgn.ing from thjs Basyer sug-
'gesbeci {Ber. 3, 63) that formaldehyde is the
iimmadiate produot of sedimilstion, and by jte
condenastion gives riss to the polymeric wub-
stance glucose—thun: (CH,O)ymCH, 0, and
hence to the aubiydrids of if, stazch Yt this be
the which sctually ocenrs in the plant,
the function of chiorophyll iz simply the de-
composition of carbon dioxide into carben
monoxide and oxygen (Vinea, Chem. S0c. Trans.
| 33, 375). That such is the case would a
from experiments recorded by Bokomy (
Zentr, 1888, 858; 1891, 120), who found
that alge (§: F ), When
in a culture soluticn containing 0-1 plc. methylal,
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or O-1 p.c. of sodinm hydroxymethyl snlphonate,
01 p.c. E,HPOQ,, and 1o remain in

air free from carbon dioxide and exposed to

the light, contained, at tho end of five da;

very conaidersble quantities of starch, the

wodium hydroxymethyl snlphonate being broksn
into sodium aulphite and £

ich by condepsation becomes converted into
carhoh; te.

Browm and Morria {Chem. Soo. Trans. 1808,
623), in repeating e?rimenu carried on b
eraoulen Dot obty form sareh by the proo
gran nob o orm stare e procesa
of amsimilation, but can also ela{nmte starch
from nutritive solutions of certain sugars. It
is difficult to imagne that a complex substance
mich as starch is the first product formed in the

of assimilation, and evidence goes to

process
peove this. The rile starch takea in the living

plant is that of a ressrve material, and the fact
of its being of a ocolividal natore gives weight
tho plans 1 is rondered actable 13 the agvncy

t it is u agency
of epzymes, e.g. diasiase, and converted into
readily dilusibﬂa ary,

Under favoursble conditions of sssimilation
the leaf cells are supplied with more than
mfficient freshly sssimilated materials in the
form of sngars, and this excess of material is
deposited as starch. The starch in only called
upon when sesimilation ceases. Thess suthors
concluded that cane sugar is probably the first
sgar to be synthesised and may be regerded as
the atarting-point of all the wetabolic changes

i in the plant. It has the function
in the of a tem) Tessrve material,
and aocnmulates in the sap when the procoases
of assimilation are proceeding vigorously.
When the degree of concentration reaches a
certain limit starch commences to be elaborated

the e.l:.loromata, the starch forming a some-
what more stable and permanent reserve material
than the cans sugar, which oan be drawn wpon
when the more eadily metabolised cane sugar
has been partially nsed up.

The investigation E. Fouard on the
colloidal properties of siarch (Compt. rend.
1907-1908, and Int. Cong. App. Chem., 1009)
caused him o modify some of the views
hald by Brown and Morrie on the functions of
the living plant in respect of ita starch. Hia
examination of the mineral constituents of
starch reveals the existence of mineral matters
consisting chiefly of acid or basic phosphates,
and in view of the action of acid and baaic ealts
on the tion of the starch solution pointed
out by A. Fernbach {Ann. Brass. et Dist., 1008,
11, 4371—480). and of the fact that the vegetable
cell eontu‘;n: bi.e jg? wu::h vilariable reaction, it
atoma t rhoephatio impurity
in t.hap:arch may play an ix:‘ponnnt part
in the changes of condition the latter,
and in its migrations within the vegetable

organiem. :

He holds that the hypothesis that starch
miust be hydrolised to the condition of sugar
before it can migrate is no longer necessary, gince
an  opalescent -solution, when filtered
through a ion brane, yields a clear
filtrste containing starch in a state of perfect
solution, which may be the form in which the
migrstion of starch goea on in the plant.
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1 5. Structure of slarch granxles. Btarch gran-
ules, when examined under the microacope with
a sufficiently high , are found to consist
lof & series of distinotly stratified concentrio
| layers, the outer ones being demser than those
jDearer the pucleus or hilum, which »
a8 o dark spot and generally occupies an
ecoontrio tion. This is well seen in potato
" gtarch, iopally two or more nuclel
i appear in one ule, and concentric layera
may be obse sumnnd.h&i:wh, a8 in the
icue of the haricot bean. outer layer is
the oldest in point of growth ; the starch granule,
:according to Nigeli, increases in mige from
- without inwards, so that each interior layer
is yo and less compact than the one
| which immediately surrounds it; and aince
; thess layers are {or the most part of variable
thickness t.he’y cause the granule to deviete
graduslly in form from the origin.nllr spherical
}molena and assnme s more or less ovoid
orm.
The inveatigations of R. Whymper (VIL Int.
Cong. App. Chem. 1909 on they?ction of heat,
mineral acids, and disstass, on the starch
f“““h’ support the theory of N:lgvli. The
act that the mmall immature grapulee ere not
oo easgily attacked aa the larger onea atren,
the view that the layers form intenmlah
wth, the older ones expanding to m
E:thoso pewly formed, and consequently as the
atarch granules become larger, the outer Iayers
become thinner and more easily penetrated by
.tmmwu
8 granules when intact are abeclutely
nnacted on by cold water, and this was atin.
buted, according to the earlier theorisa, to the
co of & protective coating of a different
oconstitution to the other part of the ule.
Water is sbeorbed to a very large extent by the
‘intorior contents of the grenule, but none of
! the mabetance, whioh is to the highest degree
I colloidal, is able to diffuse into the snrrounding
medinm.
] Tf, however, the outer layer of the grancle be
{ ruptured by atirition, water is rapidly abeorbed,
" the call contents become swollen to 8 very great
jextent, and a small quantity of matter goea
ipto eolution. By treating the ruptured starch
' grains repeatedly with water, the whole of the
" cell contents may be removed, whilst the outes
. coating remains behind in the form of extremely
! thin layers; treated with a solation of iodine
: thia outer coating gives s dirty yellow colour,
whilst the cell contents are coloured an intense
blue ; this reaction, which is most characteristic
of all etarches, will be referred to agein
later on. .
For many {ean the substance Iormmﬁgo
outer layer of the starch granule has been
kmown a8 starch cellulose, and the interior
contenta as ulope. They oan be soparated
lr?mboa&h other inh:he fol‘lﬂowinfg Bevel mlwgyu:
a igesting + es for seve AYA
(wit.h{ utuntgd d;:ai:n of sodium clslorige
vonlaining 1 p.o. of hydrochlorie ecid, the
cellulose remaining undiseolved ; (b) by digest-
ing starch with saliva at 45°-55°, thus dissolving
the granuloss oply ; (¢} by the action of certain
achizom which decompose the granulose
of starc and leave the oellulose un-

ena
nring
room

touched ; and (@) by the action of malt extract
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on starch peste in the eold (6-6 grms. starch
per 100 c.c. water).

In the latter case Limpidity is produced in a
fow minntes, the lignid is filtersd, and the
reasidue, which consiste of starch cellulose, is
washed well with cold water. Starch cellulose
obtained in this way is perfectly insoluble in
cold water, or in water heated up to 80°C.; it
is not acted ?onb;i diastase in the cold, nor
up to 80°. By boiling with water it is con-
vorted to a t oxtent into soluble starch;
s portion of it, however (about one-ffth),

ista the repeated action of boiling water,
but is readily dissolved in a dilute solution of
potassium hydroxide, from which the greater
portion of it can be re-precipitated by the
addition of acetic moid. If, however, the
alkaline solution be heated to boiling, the whole
of the cellulose is elowly converted into soluble
starch. Well-washed potato starch contajns
from 2 to 5 p.c. of cellnlose, A considerable
amount of sttention has been directed to the
structnre of the starch granule, and the theory
of Nigeli has been somewhat modified.

A, Mayer throws doubt on the existence of
starch cellulose in the starch granule. He con-
siders the ule to be homogeneous, for he
Pointa out that the delicate transparent skeletons
eft when the gelatinised ez are acted on
by saliva, dilute acide, &¢., are produced by
the action of the reagent on the starch, and are
identical with amylodextrin. The writers in-
cline to the view that starch granuloee differs
from starch cellulose in being less dense in
consequence of containing less water of hydra-

tion.

Magquenne and Roux (Ann, Chim. Ph
1904, [viii.] 2, 100-135; 1800, [viil.] 6, 179-2%
brought forward fresh views on the strmoture
of the starch granule which would seem to be
contrary to those of Nigeli and others that
natural etarches are 8 mixture of granuloss and
amylocellulose or starch cellulose, the latter
being in a sense regarded as extranecus to the
sctual constituente of the starch grepules.
Maquenne and Roux stated that amylocellulose
in different astates of condensation forms the
principal constituent of granules {about 80856
p.o.) in sdmixtare with another substance to
which they ssserted the viscosity of starch paste
ia due, snd which they called amylopectin. This
latter substance is of s mucilaginous nature,

ives no colouration withiodine, and is dissolved,
t only very slowly saccharified, by diastase,
producing non-reducing su only.

Amylocellulose or amylose, as they prefer
to call it, separates when starch paste or etarch
solution is allowed to stand. It is partly soluble
in boiling water, and oom&:;latelg 80 in water at
150° ; it solutions ars devoid of gelatinising
ggwer, and give a blue colouration with iodips,

ing converted by diastase almost inatantly
and quentitatively into maltose, Amylocellu-
loss can exist in a liquid form by heating
under preasure to 150°-165°, or can be made
to separate out, by cooling the concentrated

solution, in granules resembling nstural starch
{reversion).

Fermbach and Wolf (J. Inst. Brew. 1004,
10, 218) showed that cereals contain an en-
tyme—amylo-coagulose—which causes & very
rapid reversion of starch paste ot solution to
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solid starch, having propertice identical with
amyloee.

Z. Gatin-Gruzewska (Compt. rend. 1908, 148,
540~542) claimed to have sernwd amylopectin
and stated that it forma the envelope of the
gtarch granule, and consists of a series of sace
fitting one into the other, which are insoluble
in oold water, but ewell up in hot water, form-
ing gelatinoua pastes; it constitutes 40-45 p.c.
of the starch. .

Amyl in gives an opalescent solution
with i and water, which has an a::lpl.iaal
rotatory power of [a], +221°; the eolution

ves a purplish-blue colour with iodine, leas
gtenae tE:n amylose

Amyloss dried to a fine powder partially
diesolves in cold water, and entll:g.lyin hot waler,
iving t solutions which give a clear
ue colour with iodine; it dissolves rapidly
in the presence of amall quantities of alkali, and
hes an a?tical rotatory power in sach solution
(el + 184-4°.

Maquenne (Compt. rend. 1908, 148, 542)
atates that the amylopectin isolated by Gstin-
Gruze was impure and still conteined
amylose insoluble in boiling water. He holds
the view that amylopectin and amylose cannot
be regarded as homogenecus, but must consist
o a oot:g:ex mixture of homologona or difler-
ently condensed products. There is a likelihood
that in the natoral formation of the starch

unle the amylopectin ia derived from sm{rlgae

oonde%tion jmal" amylose is ?‘lll.ge:rplu m
SUZRIR, in Frndn trapsition w in
the difficulty seg;nt.i theee two substances,
Ethere app?:i-;gtl;)u ncimhl tui:siﬁonbetwgen

e group o ¥ soluble amyloees occap:
the endpof the series, and that of the m
registant amylopectins.

A, Fernbach (Ann. Brass. et Diet. 1008, 11,
481) is of opinion that solid starch should be
regarded an o ooﬁ'u.lated substance, which in
nature has probably passed from the state of
afpamt solution to the solid form, snd all
the changes that starch can undergo without
chemical alteration should be regarded w»s
changen of thie or the opposite ldnd. The con-
version of solid starch into starch-paste or
with so-called soluble starch is, in & sense, o

jchange of the latterkind; the pertial reverasion

of ntarch-paste to a solid substance is a change
of the former kind. Attention is drawn to the
fact that natural starches, like malt extract, are
acid to phenolphthalein and alkaline to methy]
orange, and he considers that the properties
of starch ddepend alrmmt'-f exﬁﬂmively on the
nature and proportion of the accompanying
mineral subetances. These conclusions are
based on the resulta of hisinvestigation on amylo-
coaguloss, the enzyme present in cereals which
coagulates starch-paste, which he found to have
a maximum ectivity in a medium which is
neutral to phenolph in.

Under polarised light starch assumes a most
characteristic _appearance. When examined
under crossed Nicol prisme the field remains dark,
bot each granule assumes a glistening grey
appesrance, as if self-luminous, and is marked
with a black cross. If, then, the object be
alowly rotated in the field of view, the cross will
remain fixed with xﬁf“d to the field, one pair of
its armes being parallel to'the principal plape of
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the palariser, and the other parallel to the!
privcips]l plans of the analyser, If mext the
object be allowed 10 remsin stationary, and
the polariset ot analyser be rotated, the croes
will rotate with it, but with only half the
sngular velocity ; if, next, s thin plate of
selenite be introduosd between the polariser
and the object, and whilst the Niools are croesed,
most besutiful ohromatio effects msy be ob-

6. Chemical gmpemu.
inoiuble in cold water, alochol, ether, or any
otber known solvent.

Ordinary air-dried starch usually contains
about 18 p.c. of weter, which may be entirely
driven off by heating for some time in » ourrent
of dry air at a tempersture of 100°-106°. Under
this condition etarch eppears to be a most
highly hygroscopic substance, which rapidly
.th

! x .mois:gre from atiho eimhl it na
its on po.; i 0 8
ntm&ﬂ it is capable of abeorbing as nmog
2 35 p.c. of moisture.

The specific gravity of air-dried starches
waries conmiderably, the variation beinfumooﬂy
due to the moisture content. Btarches that
ettt i
utely the same specific gravity, ydrous
potato having s value 1-680, and anhydrous

aﬂ?? A Sion heat. Freed pletely
. Aetion @ eom; ¥y from
moistyre, mé may be heated t0 a tempera-
ture of 160° without nndergoing sny change ;
at temperatures higher than this it becomes
coloured, and is partly converted into dextrin.
i, bowever, ordinary air-dried starch be heated
to 10° it qoickly ondergoes desomposition,
becoming conv'erlag {0 a greater or lesa extent
into dextrin and reducing sugsrs, the action
nrﬂ‘ngwith the particular kind of starch used
(e, DRXTRING).
Experiments were made by the writers aa to
the eflects of kieat on different varietios of starch.
1o, sago, and rice were heated to 190° for
two hours, cooled down, dimolved in cold water,
and the apecific rotatory powers of the solutions
taken, Potato and sago starch were entirely
decomposed under these conditions, and their
wlutions showed a specifio rote wer of
a, =154:3 for potato, and ap,=193-3 for sego;

! reh N
Phe::c“ﬁon o?m mmonﬁ:rﬁ%y doeo::

poeed at the above temperature.

According to Schubert {Monateh. 1884, 473;
the starch granule, under the influence of hi
tempersture, is altered in soch » manner that
those layers which are rich in nlose are at
whiut e priacipel parkion of she legers rch i

principal portion yers rich in
cellulose only o this transformation after
s time, When which has been subjected
to a high temperature is treated with cold water,
the soluble starch, dextrin, and other products
of decomposition into solution, and an
organised regidunm 1 left, which reeembles the
form and structure of the original grenule,
and conteins small gusntities of unchsnged
mllil dry distiila h  yields bo
. By istillation starch yi carbon
dioxide, gaseous hydrocerbons, water, acetic
m sod empyreomatic oil, and leaves a porous
T,

Starch is absolutely | flame
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On .distilling dry sterch with lime in the
proportion of 1 to 4 it yields acetone, mesityl
oxide, & seriea of ketones, and varioua conden-
sation ucts of acetone {Horvet, Chem.
Zentr, 1887, 38).

By distillstion with manganeee dioxide and
dilote sulphuric acid it yields carbon dioxide,
squeous formic acid, and forfural.

In the open fire it softens, swells up, evolves
choking vapoors, and finally borne with a bright

Distilled ﬁggth ;.Prdmohlold‘, ric acil;l mgod man-
ganese , it yields, smong other products,
trichlor?::obed acetic aldehyde and pentachlorin-
atod propionio aldehyde.

8. dction of Aot water. When starch is
brought into contact with hot water the contenta
of the granules, owing to & large sbeorption of
water, ewell up enormounly ; and, at a tempera~
ng sccording to the varisty of starch,

tare v
ultima rapture the outer layer, forming a
viwon’s iqnid which is known s “starch

The different varieties of starch gelatinise
with hot water at very different temperatures,
a8 is soen in the following table by Lintner
{Brauer nnd Malter Ealendar, 1889), which
gives the temperatures of complete gelatinien-
tion for the commoner varieties of starch :—

Tasre LIL
. | Tomperstars 20
talies place

Potato . . . . . 85°C
Maize . . . . - 78°C,
Barley . . . . . 80°C,
Wheat . . . . . 80°C.
Rye . . . . 80°C,
Rice . . . . < 80°C,
Kilned malt . . . .- 80°C.
Green malt . . . . 85°C,
Oat . . . . . 85°C.

This table gives the temperatures at which
the various gelatinise completely in
the pure state. In the crude condition s much
higher temperaturs is necessary.

Under the sction of boiling water the starch
gzmu.les do not sll swell up and burst st once—
the younger ones being attacked first, the older
last. This progreszive action of heat can be
veory well oheerved when potato starch has been
m?endod in 12-18 timos its weight of water,
and graduslly heated on the water-

th ; hardly
any change is & t up to 58° at 57° the
Younger ules begin to show signs of rupture,
and as the temperature risea this process of

swelling snd bureting of the contents through
the outer wall of the granule mon inereaging,
the earlieet-formed granules being the last to
ive way, until, at & temperature between 85°-
0°, a thick viscous Hquid, of uniform econ-
sistenoy, is obtained.
rding to Bruckmer (Monatsh. 4, 889),
staroh and granulose are ideatical, and no
slwul'%I ction can be drawn between swollen
starc
potato starch swells distinctly, at '59° it begins

grapules and starch ; thus at 46°
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to lose ite form, end at 62-6° it is converted !

itgto a paste and shows no trasce of its original

YT,
On oooling, starch te contracta end
becomes, when very thick, a firm solid mass,
which, after standing e short time, cracks ; ite
maXimum ocontraction is reached at the freeging-
point, when & seperation of the water and
starch takes place to a certain extent. Upon
raizing the temperature, the water which
been n out does not esgain combine with
the starch, and may be drained away, whilst
the consolidated starch paste remains sa a
felty mass which, when dry, has the appearance
of mother-of-pear] (Payen).
pasta spe Sboerved: depending et uly upos
are o L ng 0o y upon
the variety of starch el:}lgﬂo{nd, bat alse upon
the trestment to which the etarch is sub-
%@_«] during the processes of purification and

ng.
Aooording to Brown and Heron (Chem. Soo.
Trans. 35, 506), starch which has been trested
with dilute potash and acid in the process of
purificetion produces a of lees visoonity
than the same starch which hes not been so
treated ; they elso find that t varistions
in the consistency of the ting paste are
roduced by slightly eltering the mapner of

Theee facts are of importance, seeing
thet the technical value of & staroh in certain
industries depends entirely upon the viscosity
produced by it when eocted upon by boiling

water.
Potato starch is used in ] usntities for
sizing snd stiffening yarn an c‘]:.loth. 80 that
it is of importance to the manufacturer to
obtain that sample of starch which will make
the stiffast cloth snd which has the test
tenacity. In order to determine this, the
following method has been recommended b
0. Boare and P. Martens (Zeits. Bpiritusind,
1808, 26, 430-437). An immersion body is
construoted of & circular brasa plate, 22 mm. in
dismeter, to which a brass wire is fixed vertically
at the centre, having & mark at a distance of
3 om. above the disc, and terminated by a

hook at the top. The starch ia prepered
by weighing out 7 grma, starch into
beaker of e.C. rovided with a

e ot
small metal sggon. e whole is tared, and
184 o.c. of boiling water are added with
continuous and gentle stirring all the time.
This may be effected either immediately or after

ad .

immetzion in a boiling water-bath for 2, 5, or
10 minutes. This spoon is then removed and :
the brass diec supported by a clamp is immersed |
in the ® up to the mark; 10 c.c. of |
olive oil are poured over the surface to prevent
the formation of & hard skin by evaporation, ]
and the whole is left at rest for 20 hours,
st s temperature of about 17-5°. A hand!
balance, one of the pans of which has been
roplaced by & counterpoise, is attached to that
of the dise. On the other acale &0 uD-
interrupted stream of esnd ie dmoﬁl?ged at e
uniform rate of about 9 grms. s minute, until
the disc is torn from the paste. 'The weight of
the sand is then taken as a measure of the
stiflness of the paste. Experiments showed that
tho time during which the paste wae heated at -
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the boiling-point had a considerable influence
on the resulta, Certain starches, especielly
those with e high gelatinising-point, such as
wheat and maize atarchee, did not attain their
maximum ptiffness until they had been boiled
for several minutes; om the other hand,
certain potato starch had & mazimam
ptiffness without heating, eny heating beyond
that noccesary to produce the maximum
stiffness, caused a rapid decrease in stiffness.
The values of the various ssmples showed &
htem:lgncy towards equalimation by prolonged
eating.

H. Cappenberg (Chem. Zeit. 1910, 34,
218-220) g

a8 dedigned s viscosimeter for
starch in which a aspherical weight of
stan dimensions is drawn upwerds through

s oolumn of the peste of fixed height and
temperature, the time occupied in doing this,
under the pull of & known load in grams,
being noted. A series of trials are made with »

ly decreased load, these being tabulated
for comparison, as aingle obeervations with »
fixed load are useless for this . In
compering starches it was fou.nd. thet g&ﬁa
containing 5 p.o, of potato staroh and ¥ p.c.
of wheat sterch gave coincident figures, and
it may reasonably be assumed that for thees
samples the thickening powers were in that
atio. :

Erwen (J. 8o¢. Chem. Ind. 1807, 28, 501-502)
makea solutions in the cold with the help of
sodium hydroxide, and determines their visoosi-
tiea in = wood viscosimeter, The weighed
sample of starch is shaken ocontinvously with
230 c.0. of ¢old water, and 15 c.c. of a 10 p.c.
solution of sodivm krydroxide with the addition
of enough water to bring the whole up to
250 c.0., wotil the solution begins to thi .
It is allowed to stand until the next momning
befgrewmemmment.otWhen closs t?hm“ot.'lla £

eonst.ancy proeodure o me
}:Nchimed to give concordant resulta with the
same starch, whilst different starches and
different brands of the same starch sre easily
differentiated.
. As has already been stated, starch paste
is com of ulose or amylose, which
oXista in & smate of partial solution, end
starch celluiose or amylopectin, a mucilaginous
substance to which the viscoeity of the peste is
dus.  The ap.gr. of starch , a8 determined
by Brown and Heron, is 186 at 15:5°
is one of the most perfect colloids known,
an, gince ita solution-molecule is ext.remgl{y large,
its passage through the fine poree filter-
paper is very difficult. It rotates » ray of

light strongly to the right, but owing
to the want of oy in the liquid, the
determination of its specific rotatory power is
exceedingly difficult, it being impossible to
obtain good obwervations with solutions of even
vory starch containing more than 1 grm.
of su ce per 100 c.c. The mean of Brown
and Heron’s observetions from solutions of this
strength give a=208°, but jt is poasible that
this number is too high, owing probably to the
presence of & small portion of soluble starch,
which evidently possesses a higher rotation, for
thle t?bonf autri;:%rities state that il a dijute
solution of starch pagte (1 grm. per 100 c.c.
be boiled for 30 minutes the liquid becorues morg
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tamparent, and st the same time an inorease
in the rotation is obesrved.

9. Soluble sarch, Under certain conditions
starch undergoes s peculiar modification, by
which it is rendered completely soluble in water
From which it can be precipitated as a brilliant
white flocenlent substance by alcohol, or if the
wlntion be somewhat concentrated and allowed
{o stand some time a white granulsr precipilate
slowly tes out. Under theee conditions,
the precipitate is always found by miero-
wopic obeervation to be made up of minute
perticles, entirely without structure and with-
oul action on ised light. Lintner found,
m. tha.t.l when a dilute ao!lut-ion is ‘?:ll)e

10 & low temperaturs, it is possi
o obtain this precipitate in the form of spharo-

Although but sparingly scluble in cold water
(oot more than 2 or 3 grmmﬁt 100 o.e. ever
going into solution), ily dimsolves in
water st 80°-T0°, and separates out again on
cooling a0 & white ﬂoeoulema.morphouspm;g:
tate. To this subetance has been given
oume * soluble starch.’

When washed with alcohol and dried the
precipitated starch becomes very friable, but
after once being dried is slmost completely
insolubls in wa.t]:r diluted with

When starch paste is largely dilu
water and boiled for some considerable time,
s portion of it into solution snd may be
ensily filtered off. A similar reaction may be
sbout more rapidly if starch with abount
ten timas ita weight of water be heated under

up to 130°-150° (Stumpf, Bied.

tr. 1880, 4567). Under these conditions the

greater portion of the starch is rendered soluble,

and to the solutions of Maquenne

and Rouz's so-called amyloss which enters into
wilutions at this temperature.

The eame effect may be brought sbont by
teting potato starch with a 5-10 p.c. solution
of hmhlorio scid for 7-10 days (Lintper, J.
. A . 1888, 34, 378); the etarch granulee
are then washed until free from acid, and on
tresting with boiling water, dissolve oom-
withoume production of the memal

iscid peste. change in
pmgelﬁeo of the granulea in not mocom-
j v the slightest change of structure,
the altered Eranuleahn‘et.home ap-
under the microecope and the pame
iflence on polarised light as the unaltered
Baolubie starch may be red, acoording to
O'Bullivan, as follows : Sm paste is on
with the least possible quentity of the cold
water extract of malt, previously heated to 75°
for 30 minutes, or with diastase solution, or
with dilute snlphoric acid (ep.gr. 1-120) at
fangidny 5 produood by robing ‘the. Dquis
is o raising the
quickiy to the boiling-point if disstase or malt
extract be smployed, or by sddihg barium oar-
bonate if sulphurio weid haz been used, wntil
pectrality is produced. The liquid js then
fllkered ‘and evaporsted until a alight ekin
beging to form on the surface ; when the soluble
starch falls out on cooling ue a brilliant white
ipitate. This is allowed to rest for a few
yv, and then trested with cold water, with

{

f

¥

A
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whioh it is washed well upon a filter. It ia
purified by dissolving it in as small %lmtity
of boiling water aa possible, and agnin hltering,

if pecessary uxing a hot-water funnel.
cooling, the soluble starch separstes from the
filtrate as

Perhs

the readiest way of ing soluble
starch is that rvwonm‘ne‘l.‘n:le-:iy bLmlgwnki(Ghem.
Zentr. 1888, 1060), who finda that sterch dis-
#olvea in hot glycero] and is converted into the
soluble modification ; this, in turn, if the action
ba continued, becoming transformed into erythro-
dextrin and achroodextrin, with the production
atthenmetimeofmdncingn}g&m wgmu.
of dry-potato starch are heated for half an hour
with 1 kilo. of glycerol at a tempersture of
190°, then cooled dowm to 120°, and the
soluble starch precipitated by the addition of two
ecstsary. the peocihtate sty be-fariber puri
n , the tate may T puris
ﬁm1ﬁng agein in the amallest possible
uantity of boiling water, and reprecipitating
&erefmm with 80 p.c. sloohol.

Boluble starch has been prepared by treating
starch ules with & 1 p.c. solution of caustio
aods “krlobilleul:'l,w Ber. 1897, 30, I?1138); snd

i i has repared it treating
poyzet.o starch in water W‘Iyt]l sodinm
peroxide {ibid. 13, 30, 2415). This product is
soluble in cold water up to 12-5 p.c., and dis.
solvee in hot water in any pmgz Boluble
starch in this way, however, appears
to be quite distinet from that prepared socording
to Lintner’s method.

Pure soluble starch prepared by the methods
of Lintoer sod O'B va.n]; Jhen in gl;oltlzuﬁf,

polarised light stron @
right. Brown and Morris find ite ifio
rotetory power to be [aly..0+2108°, {alp, .0+ 195°
Lintner gives it 86 (aly +200% and Brown,
Morris, and Millar give a value in 2-5-4-5 p.c.
solutions at 15:5° of {a];, +202°.

E. Fouard has carried out some interesting
investigations with regard to starch solutions
and soluble staroh, but doea not permit

mgg farther deaen'ﬁ‘tion {¢f. Compt. rend. 1808
}903); Beventh Intermat. Cong. App. Chem.

Soluble starch has no action whatever on
Fehling's solution, and, like atarch peate, its
solution is coloured an intense blue with jodine.

10. Acléion of alkalis. When a moderately-
sttong solution of potaasium or sodium hy-
droxide is added to atarch paate, the previously
opalescent liquid is rendered perfectly trans-
perent without any alteration taking place in
ita viscogity., This inorease in tnn?nency is
due to the solution of the suspended starch
celluloge by the alkali. The iflc rotato!

wer i at the same time considerably lowered,

t resumes its original value if the alkali be
neutralised by scetic acid. These facta point
to the production of a definite compound of
sterch with potash or sods. An interesting
feature in this reaction is that, after acidi-
fleation, the solution remains transparent, and

all or nearly all the viscosity of the

original starch {Pfeiffer and Tollens,

Annalen, 1882, 210, 286 ; Brown and Heron,
Chem, Soc. Trans. 33, 506).

When starch is treated with apalkaline
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solution the granules awell up and form an ex- | TapLE V.—Action of dil slaoren
coadingly tough viscous mass, which readily g{u”j:f NaHO on
gnﬂsolvea fi::)vmﬁr, tor:on;fg c:d sogutic:hn in no '?f -
ering from that produ y the action rdar of Majority
alkali on starch paste, . . Varlety of Ceative pfneu‘iu O e mﬂlﬂ
Symons (Pharm. J. [iii.] 13, 237) has inveati- starch slze of | swollen | EA0NES
gatej?he process of swelling of atarch granulea erenules; with | Ty | with
ander t::d wt;on of heat aﬁ d.iﬁemnotf tempera- — . .
tures, ol alkaline aolutions varyi !
strongths, and concludee that the proe:gl lﬁ Potste .| 2 "“3'%30 ’”‘g’:no "‘°‘<¥-§n°
swelling through the action of these widely- |Ost . .| 8 0-8 08 | 190
differing nEl;nt-s ie one and the same, and, as & | Natal . 4 07 08 | 10
result of hia experiments, pro s methed | Tous.Jos-moia| 1 047 o9 . 190
whereby the ssvera] varieties of starch may be | Wheat . 5 07 09 10
detooted by their behaviour with dilute alkaline | Bermuds . 4 08 09 1+ 1]
solutions of deflnite strength. Sago . . 3 08 09 11
The most suitable are solutions of caustio | Maize . 3 0-8 10 11
soda of 0-5-1-6 p.c. 0-1 . of the starch is | Cassava . 7 08 14 ' 1
re, y stirred up with 1 o.c. of the particular | St, Vincent 4 09 10 12
solution, and, after 10 miinutes, examined | Rice . . 9 10 10 18
under the mioroscope.
Ammonia solution, sither dilute or concen-

trated, has no action whatever on starch or on
starch paate.

If & traoce of starch be sdded o a solution of
& salt of ammonis, and then » solution of sodium

hydroxide drop, the starch remains nn-
oyd nndntiipt:g whgl'a of the ammonie salt
has decomposed ; but the least excess of

sods causes immediately an expansion of the

Tables IV. and V. give the results of
Bymon’s experiments for various starchea.

TapLE IV.—dction of heat on starch granules,

Vartety of |colntive | grecutes | . Of Y o utes

nurgho size of a.r:g“m ":&?’“ E'r::ﬂen
granuales at s “e“ at
Q. o, °C,
Potato . 2 56 60 65
Cassava . 7 58 03 68
Natal . 4 58 66 70
Wheat . 5 40 65 70
Toua-laa-moisr 1 (1.3 88 72
Bermuds . 4 02 69 73
Sago . . 3 %) 68 "
Maize . 8 05 70 77
Ost . .1 B 65 70 77
St. Vincent | 4 ‘ 86 73 77
Rico . ., 9 | 70 75 80

Starch exhibita & peculiar reaction with am-
moniacal copper solution. Dry starch readily
ahsorbe cupric oxide from ammonio-cupric oxide
solution, and decolorises the liquid, the action
being more rapid if the starch has previously
been slightly moistened. Starch paste acts in a
similar manner. A deep-blue compound is
formed, from which water, and even dilute
ammonia, remove only traces of copper. Re-
peated washing, however, with strong ammonis
eventually removes every trace of copper
{Guignet, Compt. rend. 109, 528),

Dijute hydrochloric acid immediately decom-
poses this compound, forming cupric chloride,
which may be readily removed by washing with
water, leavipg the starch granules intact.

Aftor prolonged digestion with strong am-

monis in the cold, the granules swell up
and become converted into the soluble modi-
fieation.

On heating the compound of cuprio oxide
and starch with water at 80° the starch gela-
tinises, forming with the cupric oxide a beautiful
blm:s viscous liquid. " of b

tarch possesses the property of combining
with other bases than ogd.lfonm and inm.
If to the t t colourless jelly formed by
aoting on starch with sodium hydroxide, a 7 p.c.
squeous solution of caleium ride be added,
double decomposition takes plsce, and a thick,
white, inscluble masa is formed, which is & com-
pound of gtarch with calcium. A series of com-
E:undsotstuuhwithotherhmm mimilarl

formed, in which the starch cannot be d
by means of iodine. The starch in such com-

nds is, however, immediately set free by acids

)
Egrch is completely precipitated from a
dilute squeous solution zy 8 oof:ﬁon of lime in
sugar-syrup. The composition of the precipitate
varies sccording to the quantity of lime added.
With baryta snd strontia water similar com-
pounds are formed (C. J. Lintner, Zsitach.
sngew. Chem. 1888, 232).

11. Action of acids. A swelling of the starch

granules, similar to that oocas by sodium or
tassium hydroxide, is Erodueed immediately
¥ all mineral acide, and by some organio acids,
¢.¢. tartaric and ojtrio acids, after being in con-
tact forsome time. No swelling in uced by
acetic or oxalic ecids, no matter how concen-
trated their solutions may be,

When sir-dried starch ie tritursted with
concentrated sulphuoric acid considerable heat
is evolved, smnd, after s short time, ocom-
plete carbonieation takes place. If, however,
the starch be previously freed from moistore,
on addition of the acid the granules swell u
and form certain mucilaginous compounds
the general formula CeH,om05. _ £(850,),. which
are eoluble in water, and rotate a ray of rlansod
light strongly to the right. When boted with

cohol they lose all the sulphuric acid, leaving
s modified form of etarch. Upon neutralicing
the aqueons solution with beses, nucrystallisable
:ﬂ% xaa)re formed {Honig and Schubert, Monatab.
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When diluted eulphuric ncid 1:2 to 1:4 is
wided to sir-dried starch, & ewelling up of the
granules takes place, and the mass mes
thick and viscows. On ing some hours
the viwosity dissppears, the iodine resction
showing the noe of soluble starch only;
but om for some days this becomes
ﬁuﬂly hydrated to maltose, and finally to

Nitrio acid yields with starch various pro-
duota, dqnnd.l.:i on the strength of the acid,
temparature, duration of the action.

starch is boiled for some time with
Dioderataly concentrated nitric acid {sp.gr. 1-200}
it is completaly oconverted into oxalic acid.
Cold concentrnted nitric acid (sp.gr. 1-520) added
io starch causes the tles to swell up, first
into » viscous mage, whioh after & short interval
becomes quite limpid ; if now water be added to
this wlution, acoording to Praconnot {Annalen,
¥, 245), & white powder is precipitated which
when dry explodes upon being strock. Thie
gelmanw bas been termed t? idin, and hes
sme compogition as the corresponding
comy of eaﬁ‘n]i.;:w.

I, however, the salution of starch in nitric
acid be allowed to stand, water precipitates lass
aod less of xyloldin, and at last none, whilst &
substance resembling sacobaric acid remaina in
slution (Pelouze, Compt. rend. 7, 713).

. When starch is heated with s mixture of
nitri¢ acid and faming snlphurio acid contain-
iog some 2-3 p.c. of free 80, at a temperature
o 45°-50° & starch pitrate having e formuls

1H,4{K0,),0,,, and containing abont 165 p.c.

d nitrogen, is formed. It i an orange-ooloured
highly explosive powder, and is soluble in ether-

Surong hydroochloric acid sdded to dry starch
csuss the grapules to swell, and in a very
short time 0 become a thick, semi-translucent,
vieoous mass, If to this a large quantity of cold
water be added, & milkcy fluid reeults, which con-
sists entirely of the soluble modification. I,
however, the awollen mass be allowed to remain
for » fow days, the soluble starch will be found
10 bave entirely dissppesared, whilst at the same
tizae the viscous mass becomes perfectly limpid,
and eoparates into two Isyers, the lower one con-
sisting of the prodacta of decomposition of the
gantiose—namely, achroodextrin, maltose, and
dextrose—whilst the upper layer consists
exclusively of starch cellulose.

I, however, the sction of very dilute (1-2
Pt.) mineral acids, such as sulpharic or h{ddm-
chloric, npon ungelstinised starch in the cold be
(t:lovud toﬂ:mtinun fo)r ?ime oon:iﬁ:msl::z:l:ﬂe

W MOy or more), the gran y
become disintegrated, s ion becoming con«
verted into deXtrose and going into solation,
whilst the! mtfdual's_ubau?u Not?mtie little o;
nothing of the onﬁunl orm gtare
pmle.  Concutrently with these changes, the

wdine reaction undergoes considerable modifica- | f

ton, the original deep-blue colour graduall
.agdthis.throughreddhh’:

g’;‘;lmdw brown, 1o & pale yellowish
- wh, & -
Nd.rhichhnotfnnhormodjﬁod,oz:ni.ttho

starch remunin in contect with the acid for some
yan. This residual substance, after being
washed with cold water until free from acid, is
ewnpletely soluble in hot water, from which it
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may be precipitated by aleohol in the form of
a brillisnt white powder, which is highly orye-
tallinpe in appearance whem the precipitation
has taken place slowly. This, under the miero-
z:z.iamnt.ooomisto(s ®ro-crystals
up of thin needles or plates arranged
radially, and so closely resembling the sphero-
crystals of inalin that the two substances cannot
be distingui by microscopical sxamipation
alone. is substance has been termed emylo-
dextrin by Nageli. It gives an intense reddish-
brown oolouration with iodine {Brown and
Morris, Chem. Soo. Trans, 56, 449).

The further action of acids on starch differs
very conmsiderably according to the degree of
concentration, temperature, and re,

When statch is heated to bomw with very
dilute acide {2 p.c‘:ﬂ. little or no formation of
paste takes , the etarch being rapidly con-
verted first into soluble starch, then into dextrin
and maltose, and, if the action be sufficiently
Ez:long;d;& finally ioto dextml:; If this wn;gn

ato) at various stages by nentralisi o
acid wl'i)th calcium or barium hydroxide, and the
filtrates examined at a very early period, the
liguid will be found to conzint almost entirely of
s solution of soluble starch. Later op, this dis-
appears, giving rise to dextrin and maltose ; and,
acoording to wn, Morris, and Moritz (Eng.
Pat. 19(&)3, 1889}, to a series of intermediate
bodies known as maltodextrips. A little later,
dextrose makes ite appearance, snd this oon-
tinuee to incresse at the expense of the maltose
already formed, the dextrins and maltodextriny
being successively hydrated to this body, until

dextrose only is found in solution, If,
however, the action be carried to this extreme
point, the dextrose in ita turn is acted upon by
the acid, giving rise to condensation cta,
carsmel, and other humous substances { Valentin,
Jour, Boc. Arts, 24, 404 ; Bcheibler and Mitiel-
meier, Ber, 23, 3060).

At temperatures higher than 100°, or under
preasure, the'above take very
mapidly. Tebles VI. and VII give some ides
of these relative changes.

12. Action of cMorine, bromine, and sodine.
Chlorine ges hes no action on starch granules
either in the dry state or when moistened with
water, but when pessed through thin starch
paste for some hours the viscosity disappears,
the greater portion of the granuiose becoming
converted into soluble starch and erythrodextrin ;
this action takes place slowly in the cold, but
quickly at a high temperature,

PBromine colours starch granules yellow, but
doos not seem to form apy definite compound,
aa the yellow colour disappears on repestedly
washing the ules with water.

Very little action is uced on starch
pagte by bromine in the cold, but if heated on
the water-bath for some time the starch

ublo
orm.

is liquefied and oonverted into the

The most characteristio reaction for starch,
wherever it occurs, is the production of a deep-
blue colouration with a solution of icdine. This
colourstion is im by the iodine to the
granuiose in the intact starch granules as well
as when in the condition of etarch paste end
of soluble starch. This iodine reaction was
discovered aa far back sz the year 1813 by
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TasLe VIL.—Achion of sulphuric acid (dilule) on
sarch ot different lemperaiures.

Time | G O! | Lodine reaction [[a]yy-eefEs-se
Seriae A —2 p.e.aold. Temperature, 150°C.
B0 socs, None Fuoll brown, ttace| 142°2 | 488
of starch
2 mina, None Brown 872 |82t
| . Blight None arT | 8l
0, Much - 56'8 | 81'2
[ - - 548|718
Soriss 4.—2 p.o. acid, Temperature, 125°C.
2 mina. Nons Blae All soluble
atarch
5 Nons Brownhh-violet | 1630 l 202
10 None Brown 1286 | 564

Series B—1 p.e. acid. Tempersiurs, 150°C.
80 socs. None 1520 | 322

Full brown
3 mins. None Nome 835 | b6
5 , |Light-straw - 81:1 | 787
Servey B.—1 p.¢. aeid. Temperature, 125'C,
10 mins, None - 1584 ! 343
20 None — 11R-5 ' 558
W . None - 2 I [

TasLe VIL.—Ackion of various acids on slarch
a8 150°C.

&

,  Add Tims | lelpane !x,...

i

. ]
0-26 poo. Bulphuric . | 10 mins, | 1388 | 382
028, H rie | 10, 608 | 84-1
2 p.c. Phosphoric . | 10 ,, [1178 | 561
1°,, Tartaric . .| %, | 17083 248
1, O=mlic . .10, 944 | T6-5

o Aoetic . .| 3% . No action

Stromeyer, and hea been the subject of much
investigation since then,

‘When an aqueous solution of iodine is added
to starch an intense deep indigo-blue

eolouration is produced. This blue colouration Iy

—which is & most cl;.;nchrisﬁio tgt for starch,
not being produced by any other kmown body—
js due to the formation of a deflnite chemical
compound, or probably more than one com-
pound, of iodine and starch granulose, end is
pm;iai_on&yt termed iod}i)de :‘{d%t.arch. ;

ia prepared ng an SX0o8a O
jodine to & thin aolutionyo! starch ; jodide of
starch then separates out ss a blackish-violet
powder, which, when washed, to free it from
exooa;f of 'i’olf:io, and dried, pmta the appear-
anceofa shining maas exhibiting & coppery
lustre. Perfectly jodide of starch may be
heated for several days to & tempersture of
100° without undergoing decomposition; it
may, t.hom&ore,beregud:gua very stable body.
In the presence of moisture, however, it is de-
composed, with, if heated in closed vessels,
formation of hydriodic acid, whilst, if it be
heated in o vessels, pert of the iodine is
volatilised, the remainder being converted into
hydriodio acid.

Iodide of starch is also formed when dry
staroh and an sleoholic solution of jodine are
triturated in a mortar, provided the alcohol con-
tains water; with absolute alcohol a brown

8TARCH.

colour is proddeed, which, on addition of water,
changes to blue. Iodide of starch is not formed
when iodine vapour is over starch,
but by using moist starch the iodide ia formed ;
from this it would ap; that water is neces-
gary to the formation of iodide of starch (Btocks,
Chem. Newn, 58, 212; 57, 183).

1t iz also formed from a mixture of potasgium

iodide and starch paste by the action of such
enta as liberate jodine Irom its compounds.
Such are chlorins, bromins, pitric acid, strong
sulphuric acid, ferric chloride, potassium per-
manganste, &o., all of which cause the charac-
taristic blus colour to & . ‘The blus coloar
of iodide of starch in in presence of
oxcess of chlorine or bromine, owing to the
formation of iodine chloride or bromide.

Starch granules have a greater attrsotion for
icdine than uncrganised starch. Hence a cold
cloar solution prepared from cemshed starch
granules, and coloured blue by iodine, in com-
plote‘.l‘f decolorised by adding whole starch
granules; gimilarly starch granulea atiract
iodine more en oal.lg then dextrin (Bruck-
ner, Monatsh. 4, 912).

Iodide of etarch is soluble oply in a large
?mtity of water, but as ordinarily prepared

rom starch paste it is an opaque mass, mnd
when examined under the microscope presents
the appearance of blue flocculent masses of the
iodide fioating about in the lignid portion. In
this state the blue oolour ia destroyea ;i heat
{8tocks, Chemn. News, 58, 212; Tomli

Phil. M'ﬁ [L.] 50, 168), but the change is
gradual, the liquid becoming first greenish, thea
yellowiah, and finally colourlees, and if st this
point it be allowed to oool the hlue colonr doos
not again appeer, although it does so if the
heoﬁ.:{be iscontinged at the yellowish stage
and the liquid be allowed to oool; this de.
colorisation is das 1o the formation of hydriodic

‘When iodide of starch does not contsin an
exoess of iodine, alcohol, ether, carbon disal-
hide, or benzene fail to extract any iodine from

O,

it ; if, however, theicdide be hisated with aloohol
it becomes rapidly decolorised, ethyl ibdide
formed at the same time.

e colour produced by iodine and starch
grains haa been found to vary elightly with the
netnre of the starch, potato starch giving =
deep blue, whilst wheat starch gives a colour
intlining somewhat to violet.

The exact composition of starch iodide has
not been deflnitely settlod. Aooord.ia to
F. Mylius, iodids of starch contains 19 o
of iodine, and has the formula (Cy H 04 1},HI;
whilst F. rth finds 1856 p.c. of iodine,
formula (C.. 4.0“).1,; and G. Rouvier fixes
the jodine content et 196 p.c., and formuale
(C4H, 04}yl .

Byniewsli deduces the formnls of the jodide
from his experiments, making use of hisformalde-
hyde amylodextrin

Qg0+ 1 HL0M, ]
which corresponds with 205 ﬁ. of iodine.
He auggests that the iodine probably attaches
iteslf to the terminal CH,OH groups (ss
The Constitution of Starch, v. Syniewaki,
Annalen, 1902, 324, 212-268).
Harrison (Chem. Soe. Proc. | 1910, 26,
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252-253) has put forward a new theory teo
explain the starch-iodine reaction. He finds that
the presence of jodides is not necessary for the
formption of starch iodide, but the depth of
culour is increased by the noe of any salt
or weak acid. The gradual addition of

the blue to violet, red, orange, and
yellow, the reverss change uhoﬁowpﬁw on
dilotion with water. The same change
18 produced by carefully heating the blue salu-
tion, the reverse phenomens being obeerved on

He;howuthatallthoiodinembemoved starch

from starch iodide by washing with water,
aod draws the conclusion that the solotion
of iodine and atarch ie & colloidal solution of
iodine, the starch ecting as & protective colloid.
13. dction of other reagenis. Potamsinm

te eXorcises s po i

y acids are produced, which reduce
» solution only to a very alight extent.
Powdered potassium permanganate ia added to
nﬁ p.c.:nt.;rch peste ; md‘.lxcndmbmio m&:
[l N manganess dioxide ipital
The solution ie filtered, neutmlloedpl:'lm aoetic
wid, concentrated lead acetate solution added,
the resulting precipitate washed with hot water,
decomposed with sulphide, the sclu-
tion concentrated and po into abeolute
alochol, when & curdy precipitate is formed.
This is washed with abeclute alcohol and ether,
and dried im vocud over sulphuric acid. The
bodiee formed posscse dextrorotatory powers,
whith vary aocording to the quantity of 'gemnn-
g:te employed, and give reastions with iodine

reddish-violet, through reddish-brown, to
brown. nodmmwsotspmdnct
which wea not by iodine agreed with
the formula €, H,,0,,,C;,He0;y (Lintner,
Zeitech. angew. Chem. 1890, 546}
Formaldehyde cause the starch graina to
grodually » to a thick jelly, which ceases
tw give a colonration with iodine, i
Lmpid asfter seversl days, snd capel
filtrstion after » fow months. This filirate,
when - sllowed to eveporste spontaneously,
wolidifies to o crystalline mess, which is a com-
pound olstamhmdiomnldehydomdm
formaldehyde. When warmed
and combined formaldehyde volatilise,
leaving a mabetance which gives a blue colour
with iodine, and which, on aoalysis, gives
values agresing with the formula

[CesHyeOs+14H,0)s,

of

4

Anpalen, 1902, 324, 201).

chloroform is added to s solution of

starch in zino chloride and allowed to remain

shree months the whole of the starch is con-
vertad into dexirin.

starch paste is treated with ohloroform

i starch similar to that

heco
Mo of | fro

ng | in weter, and which resembles
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On shaking 1 of starch with 100 parts
of s aclution of ohloral hydrate (1om watew
to 7 parta chlorsl hydrate) an clear
visoous solution is obtained, which doee not
give a blue oolourstion with solid iodine or &
solution of iodine in chiors] hydrate.

Tapvic acid gives a fSoocnlent leathery pro-
cipitate with starch pasts, as well as with

uble starch, whioh ia soluble in boiling water
but is ipitated on ing.

14, Acion of
exert & most po

. - encymes
ul action on gelatini

, o0 well as on some ol the varieties
of starch in the raw state. Of thess, the
most active axe the disstase of malted barley,
the paliva, and the pancreatic juioe,

If the action of a solution of any one of these
tﬂ’w be watched, the first

complete liqnefaction of
the pasts, and the produstion, in an incredi 'bl({
short space of time, of & perfectly limpid l;&:;
Atthismstant,iftheﬁuidhowmthi ine,
a reaction for uble starch may be ob-
served ; i intely following this comes the
saccharification of the soluble dium The blue
oolour produced iodine ppeats, gIVIDE
Place w:‘mddiah- [OWh om, mdioa%the
preeence of erythrodextrin, whichin turn mes
transformed into echroodextrin, when jodine
ceases to impart any longer a colour to the liquid.
At the same time, concuwrrently with the disap-
pearing of the starch, the proportion of sugar
goes on incressing, and contintes to do w0 for &
considerable time after the iodine has ceased to
show any reaction.

Althongh starch in some form or other enters
nolargellsintothoioodofmmmdbusl,itm
not until early in the last century that it re-
ceived any attention from the handa of chemista.
Since thet time, however, much attention haa
been bestowed upon the ¢ which it under.
goes under the influence of heat, acida, and
certain vegetable and animal extracts, and
much valuable information has resulted there-

m,
Considering the very important part which
starch plays in seversl industrial processes on
the one hand, and how a careful atndy of its
various transformations serves to throw very
constderable light upon mapy questions con-
nected with vegetable, sa well as animal, physio-
logy, it will, perhaps, not be altogether out of
place to give, ss bnefly as poasible, a history of
the rmations of staroh from the varlicet
up to the present time.

15, History of starch iransformations. In
the year 1811 Vauquelin discovered that when
starch is heated to a high temperature it ia
converted into s substance oom]ﬁztely soluble

of its phyeical rties. t.hmt:%foin
many of its physi roperti ] W
ing year Vogel foun t.hl:. a eimilar substanoce
is fonmed n elaroh is acted u by hot
dilute acid. About the eame time, Kirchoff dis-
covered that starch, when boiled with dilnte

sulphuric acid, yields a erystallisable pugar;
and two later, in 1814, the same chemist
obeerved that a similer transformation is brought

about by the ection of the vegetable albumin
of grain, and also that the action of this sub-
stance is much intensified by subjecting the
grain to the malting process.
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The gummy substance produced from atarch
by the action of dilute acid wee firet carefully
examined in 1833 by Biot and Pernoz, who gave
tohiththe name of wn. from the u&mmoyi
which it posaceses of rotating & polarised ray
light strongly to the right.

Biot and Persoz did not look upon dextrin as
a decomposition product of starch, but considered
it rather as consisting of the contents of the
starch granules freed from their outer coating
by the action of the acid. Payen and Persoz—
sharing the same view as to the formation of
dextrin from starch by the action of an infusion
of malted grain, and which they sttributed to
the presence of a icular transforming agent.
—named it diasiase, from ite su property
of separating the interior of the starch granules
from -their outer envelope. They were the first
chemists who dextrin starch by
the action of , and describe it aa a sub-
stanoo aoluble in cold weter and in weak aleohol,
and as not coloured by jodine. A few years

later Payen stated thai the specific rotatory | di

power of his dextrin was equal to that of starch,
and that ita elementary composition was indi-
cated by the formula C H, 0.

He also came to conclusion that the
dextrins uced by the action of dilute eul-
phuric acid, diastase, and heat respectively were
simply E:lymcal modifications of one and the
same substance,

Up to the year 1860, dextrin was considered
a8 ocoupying sn intermediate position betwesn
starch snd sugar, the starch being fist con-
verted into dextrin, and this, by subsequent
hydration, into sugar. But at this period, Mus-
culus brought forward evidence to prove moeb
conclusively that dextrin and are not
succeasively formed products, but are uced
simultaneously by s eplitting up of the starch
molecule, Thia theory, which met with strong
opposition st first, is now generally admitted to
be in the main correct.

The dextrin described more in detail by
Musculue in 1866 was & body not coloured by
ilodme' s I;r:in did IJ:::;t. reg:;:d ehling’s sglution.

t now to be recognised amongst chemista
that there are at least two dextrins derivable
from starch—the one coloured red by iodine,
and the other giving no colouration with that

ent. These were described by Griessmayer
in 187] as dextrin I. and dextrin I1., and in the
following year O’Sullivan distinguished them as

a and B dextrin. These are now more generally
referred to a9 erythrodextrin and achroodextrin
respectively, namea first proj by Briicke
in 1872 as indicative of their behaviour with
iodine.

In & series of moet interesting and important
ressarchea o ing from 1872 to 1876 (Chem.
Boc, Trans, 28,579 ; 29,479 ; 30, 125), O'Sullivan

roved most sntiafwtori.ly that the sugar pro-

uced by the action of disataes or acid on starch
ie not, as had up to this time been gemerally
m dextrose, but is a sugar of the
type, having e considerably higher

specific rotatory power than dextrose, and a
much iess reducing action upon Fehling’s

solution.

This bodﬁ had been previcualy isolated, aa
far back aa the year 1819, by De Baussure, who, !
however, merely described ite crystalline appear- f
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amll::e.t It wee pre'g:lmd in 1847 by Dubrunfaut,
who, from ita o ropertiea, recognised it as
& distinet. phan nE:ned it mallose. His
obesrvations, however, obtained but little notice
st the time of their publication, snd sppear to
have been entirely forgotten until the re-dia-
covery of maltose Or%oulliva.n in 1872 (Chem.
Boe. ., 25, 579). This investigator also
ve the reeults of his examinstion of the
oxtrine prepared by the action of diastase and
of acid u etarch. Theeo results led him to
the con usionththst the de;trim from both
acurces posseas the same specific rota power
of [a],=+218°, and hsvm elementot:l!;y oom-
ition corresponding to the formuls C H,, 0,
ﬁ‘&l although he d:’lg not succeed in ‘ob}‘-.ui;-
ing any of the dextrina abeolutely free from
a reducing action on Fehling's solution, yet
he adﬂ:gd igl:«:bd_ eh;genoe ﬁd show that
in s o t; oy would pomess Do
reducing wtionmh ofy these dexirine are
alowly converted into maltose by the action of

sstase,
In 1875 Bondonneau, uajﬁparent.ly anawere of
the previous work of O'Sullivan, described three
dextrins, which he denotes as a, 8, snd ¥ dextrins
meérocﬁval . The first of these corresponds to
O'Sulliven’s & dextrin and Briicke's erﬁhm-
dextrin, whilst 8 dextrin sppears to an
achroodextrin. Both of them pomess a much
lower apecific rotatory power than O'Sullivan's,
doubtless owing to not st completely puri-
fied, There can now be no doubt that his
dextrin was nothing more or less than maltose,
and as Bondonnean regarded the reducing sugar
formed throughout to be dextrose, it ia easy
to understand that he should fall into such an
srrot with regard to his y doxtrin.

The properties of dextrin and maltose having
been thus gﬂm’tely established, and it having
been shown conclusmively that theee two sub-
stances were the only products obtained by the
action of diastase upon starch paste under
ordinary conditions, the attention of investiga-
tora wae turned to the influence of time and
temperature apon the reaction by which these
substances are produced, so that in the history of
starch transformstion a new field of research

was opened up in 1876 by O’'SBullivan (Chem.
Boe, . 80, 125). Accordiug to this investi-
getor, starch ules which are intsct are

upon disstase or the ocold water
extract of malt; gelatinised starch, howewver,
either in the cold or st temperatures up to 72°
is rendily transformed. He also established the
fact that the transformation of etarch into
dextrin and maltose is mot a gradual act of
hydration, the dextrin :Epea.ri.ng first and the
maltose afterwards, but that the two bodiea are
formed simnltanecusly, and in certain propor-
tions eccording to the conditions under which
the starch molecule splite up. Om this easvinp.
tion, the t:ﬂ.::.ﬁng up of the starch molecule by
disstage Pplace according to certain definite
equations, r:lie relative proportion o‘i‘h the decom-
poaition ucta depending upon the tempera-
ture at which the transformation takes pls,el: 8O
thet, starting with soluble starch, it is posaible
to obtain a series of squations, esch mccoeding
one containing a molecule less of dextrin mnd &
molecule more of maltose than the one imme-
diately preceding it until we arrive at the fipal
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equation. Acoording to O'Sullivan, the follow-
ing reactions take +=—{(a) When starch is
wicsd on by malt extract at any temperature
below 63°, if the solution be immediately
{6-10 minutea) cooled and filtered, the product
invariably containe maltose and dextrin in
proportions closely ing with 67-85 p.o.
of the former and 32-16 p.o. of the lstter;
K=44-1, [a]‘=l1’0-0°, and this reaction is repre-
sented by O'Sullivan’s equation A.

(C1sH 500y )y # 4H0={Cy g B 4501 )4 +{Cy s H 1y 01y )a _

b} When starch is scted on by malt extract at
any temperature between 64° and 08°-70°, if
the solution be immediately cocled and filtered
the product invariably contains mlfwaee a'ntg
dextrin in portions agrewing o Wi

-5 poo. me former and 0546 p.c.yof the
latter ; K =224, [a] =181-8°, and corresponding
to the equation B.

{clstﬂ.:?u)t*231040111111011)1*{0;!3&.&0}1

{c) When starch is aoted on by malt extract |
»f tamperaturee from 88°-70°C. to the point at ]
which the astivity of the tranaforming b is
demtroyed, if the solntion be vooled and ﬂtemd,
st the end of 5-10 minutes, the product containa
maltws and dextrin in proportions ?euing';
elood‘zowith 17-4 p.c. of the former and 82-6 p.o,
of Intter; K==11-3, [G]IHM°3°, and
eorresponding to equstion C,

(CraH 014}y tH O = C O+ Ol

cll L l.)l t 3 ul‘:l?.?.‘l. i1 (C.‘l&:“nlb)l

O'Sullivan considera that the formula for scluble
starch must be at least six times the C,all..o,,
molecnls, and thet it, a8 well as the dextrins
which are produoed from it by the action of
diastase, are » series of bodies of the same mole-
cular weight in which the difference in their
behaviour to this agent must be accounted for
« difference of relation in the arrangement of
molecules to one another, probably in eolu-
tion alons,
In 1879 Brown and Heron (Chem. 800, Trans.
35, 698), whilst confirming to a extent
0’8allivan’s results, came to the conclusion that
the transformations of starch are to be repre-
seoted by at feast ten equations, of which they
coneidered that their experimenta substantisted
st Jeamt four well-defined molecular transfor-
mations, by far the best-defined and most stable
being the reaction obtained when starch paate is
beated with malt extract at 60° for 30 minutes,

Ky y4=483, [G)1g pq=162-5°

The next fixed point ia that of the dieappear-
ance of the icdine reaction for egmmcgnnn‘
when starch is transf with malt

extract heated to 06°. Thie takes when
E.,&,‘=25-0 mngﬂ,:;. =5t1‘hsa‘5° oF mbgu'ta.
in 00! with varying Quantities
of malt exiract, e et
The next strongly-marked maotion ia that
obhib.l:: with malt extract E?“bdlg?g 7!{“ . 1‘:‘]10
agm OM o L.}
=196°-196°. W8 Sram T ol
The highest stable transformation is obtained
by the action of malt extract heated to 86° and
made ru‘{:lighﬂy alkaline with eodium hy-
dm‘?ide.v ;'ame reaction being slso marked
oL, ¥.—T,

- which pointa these
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in all trensformatiops above B6° by the
appearance of the maximum iodine colouration
for erythrodexirin, the numbers for this trans-
formation K, ,=12-7 and (a)yergq==202°-208°
aTe very nmf} those of O'Suilivan’s equation C.

It was also fonnd that when hi

conver-
sions are trested with unheated t extract at
50°-80° they are very converted into

rs;idl

the lower form K,.,,=493° [a)iy.,,=1625, st
}wtom remain for o time
constant.

Brown and Heron conclude that the dextrine

" are not metameric but polymeric bodice; those

corresponding to transformations of high opticel
activity being of greater moleculsr complexity

ical O.teay‘t. theb tter be‘:;:‘pmd cedl?wr
optical activity, Ul rom
t.g: former by » partial act of bydration with
oonsequent elimination of maltose. About the

- sams {ime Musoylus and Gruber {Bull, Soc. chim.
- [iL] 80, 89) brought forward a aimilar thoo:ly.

look upon starch as a polysaccharide,
having for ita formula 5(C,,H,,0,,), and under-
Eoing under the influence c:t d’fm sucoeasive
ydrstions and decompositions.
An the resnlt of theic experiments Brown
?&dc H On 1 l?dbl:o ad?:pt the formula
9§ 10) for sojuble starch.
The Brat. sotion of the tranaforming agent
upon this complex and unstable moleculs resulta
in the removal by hydration of one of thml:ﬁs
of CyyH 3,0y, thus producing maltose, whi ®
remaining nine groupe, cf,'ﬂ'i.o,., constitute the
first dextrin of the series, erythrodextrin «. This
dextrin, in ita turn, on further hydration splits
gp into & molecule c;t mseﬂmg erythro-
arbrinﬂ.oonmm:ﬁ' ing of eight C,, 10 ETOUPS,
and so in this wa; degradation of the original
molecule , nntil by succeasive stages of
hydration the lowest equation is reached. The
following table representa these transforma.
tions :—

TasLe VIIIL

- _' i
Ko.oﬂ'rmﬂomntlonlm‘ ]3""; {alaae ix,...

Boluble starch
Equation 1

"

0
104
20-8
| 310
" 41-3
i
I
1

0 2180
894 2090
2 2022

- 6890 i 195-4
68-7 - 188+
487 182-1

1389 1758

2840 16940
192+ 162-¢

97 1563
00 | 1500

0
64
12-7
189
25-2
313
' 373
j 433
: 49-3
| 551
610

"
*»
3
"

513
6i-1
i 710
80-8
90-3
1000

I

1]
L1}
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In 1879 Herzleld (Ber. 1879, 2120) found that
in addition to meltose and dexirin & third sub-
stanove, maltodextrin, wea under certain ¢ircum.
stances formed by the action of diastase c?on
starch . This compouund was regarded by
him as being intermediate betwoen schroodextrin
and m;liw”;;fet:l“ finsolubleb]i: bt;}oohol of 90

0., and com; ermenta yeast, pos-
aﬁn a ?eclﬁo )lr'otatory powe:egu,zl'?plo-g.
E=23:5. It waafurther investiga v Brown
and Morria (Chem. Soc, Trans. 47, 527). |They

¥
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found that when the aotion of malt extract on
starch pasto i limited there is always found
amongst the ucta of transformation, besides
maltose and dextrin, & third eubstance which is
mote soluble in aloohol than the dextrins, and has
a epecific rotatory power of [aljy.4y=1931 and a
cupric reducing power of Ki.,,=21‘1, corre-
sponding to an apparent composition of 34-8
p.c. maltose and 6564 p.c. dextrin, Tt is com-
Pletely hydrated to maltoss by the sotion of
roalt extract at 50°-80°.

Maltodextrin is not fermentable by yeast
(8. Cereviiaa of the high fermentation), but is
slowly hydrolysed into maltose and thus rendered
fermentable by certain forms of saccharomyces
of the secondsry fermentation (§. Pasoricnus,
8, ellipticus). Brown and Morria considered that
maltodextrin was not, as supposed by Herzfeld,
a mere hydration product of achroodextrin,
but was produced from starch and the poly-
merio dextrinie by the fixation ?(i] :H moo ’ g}
water upon the terary group (C, 1)
whioh there could not be lees than Ave 1n the
starch molecule, which resulted in the ssparation
from the dextrin reaidue of maltedextrin

CieH440,5c
This by the fixation of two more molecules of
water gave rise to freely fermentable and
crystallisable maltose.

Further sxperiments in connection with this
subject have induced Brown and Morris to alter
their views with to the dextrins (Chem.
8oc. Trans. 53, 810 ; 86, 450, 462 ; Trans. Lab,
Club, 3, 81), which they consider are, after all,
not polymeric but metameric, and from their
investigations they have built up the following
hypotheais, which apgfn to them to be more
in sccord with the facts than any other yet
propounded.

e starch molecule may be pictured as con-
sisting of four complex amylin groups arranged
round a fifth similar group constituting & mole-
cular nucleus.

The first aotion of disstase is to break up
this complex group and liberste all the Gve
amylin groupe. e central amylin nucleus,
consequent on & closing up of the molecule,
withstands the further influence of h, dmlym(lﬁ'

gs, snd eomt%t;luutso the stable {extnn
0. ustion. e four outer amylin greups
are cap.ﬂ:le, when libersted, of bein rapidfyo and
ﬁomplftely m into maltoo{e ¥y mlgoesnive
ydro ugh a eseries of amylolne or
malwcﬁs::rim, the number of which is only
limited by the nsize of the original amylin group.

In 1891 C. J. Lintner (Zeit. ges. Brau.
1891, 284) diecovered & sugar amongst the
products of starch hydrolysis, which yielded
an osazone readily soluble in hot water,
and melting at 152°-153°, which he called
iromaoliose,

Subsequently Lintuer and D@ll found that

after the maltose had been removed from the
prodacts of starch conversion by fermentation,
they were able by repested precipitation with
aleoho] 1o resolve the unfermented matters into
dextrin and fsomaltose, no trace of an inter-
mediary dextrin being found. They describe
i a8 an intenpely sweet tasting body
having an optical rotatory power in a 10 p.c.
solution [a],+139°-140° an

K=5063. Their,
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hypotheaiz of starch, trandormed with diastase,
starting from soluble starch, is as followa :—

L {CyyH4040 )50+ 3H,0
wrwTe "=%(Clﬁ336.0 o)n'CBHuOu]-
L 3[(0111'1“010):1 11430y, ]+ 08H,

=0(CysH0 01005 Cr3H 43014
1L, H, 0,00, € 0. 440 D
q(cli ) 10)3 _ll "ﬂ.lzoll:i;omd

=84C,,
IV, 54C, H,,0,, =Maltose,

They considered that this action proceeded
irregularly, some of the soluble starch molecules
being broken down much more rapidly than
others, the preeence of maltoee and the higher
dextring in high-angled transformations being
explained by this means.

In 1892 Schifferer, working on the same
lines ae Lintner, practically con his views
with re t0 ssomaltose.

In 1893 Lintner and Dill described the
properties of seversl bodies which they hed
isolated from the producta of starch ¢ orma.-
tion after long end tedious fractionation with
aloohol of different strengths. Thess were as
io“ﬁ“;'?;m der elightl

m t y
soluble in cold water, readily soloblein hot water.
[&]p =+ 196, does not reduce Fehling’e solution,
and gives s doep colourstion with iodine, and
iTshthte pnn?:lp&l oonstit?ant cvfosolnble starch.

¢ formula 18 given as (C;, 1e}sa-

Wﬂv i bocliiy.u ma.ily solable

. Aloose white

#, Thia
in water [a],=-198, reducing power, B 1=1
p-¢. that of maltose, and Fm a reddish-brown
colour with iedine. The formuls given ia

o (C,.H"ON)“'C"H“Q“.
and it is formed from amylodextrin as follows :
(CISH'“O it ’“‘3H l0=a[(cl. ‘Hﬁolﬁ’li 'cl IH!!OL'I]

Achroodexirin I, This dexirin ia soluble in
water; [a), 1162, reducing power R.10=10 p.c.
that of maltose, and gives no colouration with
iodine. The formuls given is:

.o (CyyH0,4)9Crsl a0y,
and it is formetf from erythrodextnn
3[(CysH 40010)17CraH 0441 +6H,0

=8{(F15H 030, C15H1301.).

Achroodexirin 11, Only found in small
quantities in transformation products the
action of disstase [a],=-180, reducing power
R 24=24 p.c. that of maltcee,

In 1898 Ost (Chem, Zait. 1898, 1501) investi-
gated the dextrins in a starch transformation,
and isolated & dextrin having a rotato wer
{alp= +180°-183° snd reducing power g g—&.
and gave as itz formula C, H,,0,,. This he
believed to be identical with Lintner and Dill’s
sochroodextrin IL, and 0 be contained in
Brown and Morris’ maltodextrin [e)yyae+171°
{R=m34). He made the observation thst it wes
improbable that dextrine of abeclute purity
could be prepared, ss it is extremely probable
that they msy undergo some little change
during the prooess of i ion.

In 1895 Ling {Chem. Boo. Trans,
1895, 43, 702) published the results of their
investigations on the ssemaltose discovered by
Lintoer, which threw much doubt on the
ex.in:?no:l of this product.

orking with diastase prepared from air-
dried malt on the same ].il}:‘! as Lintper and
Dilll they obtained s substance having & sweet

a8 follows :
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bot by no mesns intensely swoet taste, with an
c]r{hml rotatory power of [&]pye1+144-5° and
=48-00. It yviclded an ceazone having a
m.p. between 160° and 170° and the results
of its nltimate analysis and ita molecular weight
ave figunres which indicated s disaccharide.
m%ﬁhmmmbnﬁttedmw the action of c‘;.l‘asita]ae it
an optical rotatory power alpsse
+131-2°, and K=>57-84, &hs; changes not
ing accompanied by any change in ﬂ:;:zaniﬁo
vity of the solution. They conel that
intner’'s © womaltoss * was a mixture of maltoss
snd a eimple dextrin, having the formuls
CyH 0., +H,0.

When working with diastase obtained from
high-dried malt obtained a substsnce yield-
ing an osazone having a melting-point identical
with Lintoer's ésomaltossrone, which analysis
showed to be an ocsazone of a trisacchande.
They also found a certain amount of glucose
was produced in trsnsformations with
obtained from kiln-dried malte.

In s Ister paper, Ling and Baker (Chem.
Boc. Trans. 1895, 43, 739) showed that the
osszone obtained from the so-called ssomaltose
could be hf:wt.lonsted by recrystallisation é:lto
portions having ing-points ocorresponding
to maltosazone mmmm which apalysia
indicated to be a disaccharide, and which

they wo“tie:l a8 impure l’.lln;lta:vamr.om. The
presence oM Wha Wa n
starch transformations with dnzt.ue from kiln-

dried malt, but the ceazones from the transforms-
tion products soluble in 80 p.c. aloobol were
charncteristio of Lintnet’s ssomaltose, and gave
analytical results between thoee requnired for the
uﬁ::nmoisdiumhaﬁdemdthatoinﬁpwha-

of a simple
dexirin with ope of glucoes under the influsnce

ine.
and Morris, slac in 1895 (Chem. Soo.
Trans. 1805, 43, 702), published results of theic

lavuh‘ja.twm which doubt on the exist-
m isomalioss, first pointing out that it

not oconform to their ‘law of definite | dext:

;

* ‘Thie law was the outoome of H. T.
wn's work in oonjunetion with others up to
is date, and was aa follows: The compoaition
the mi acte of » starch transformation
disstase of of any fractionated portions of
products oan slways be oonsistently
intetpreted in terms of maltose, having sn
Tﬂtj’ of [alyysa-+160° and s reducing power
K, 61, and » non-reducing dextrin having
[ 1] i .ty d [ﬂ]“. .+2lo°.
T's isomaliose has an ogioal activir?r
squivalent to [a);+166° and K 48-8. Accord-
ing to the Iaw this optical rotatory power
ires & redocing power of K 853; and »
m power gfl [ ﬂi%a?dgem optical
fotatory power aly+ 163~ y came o
the oonclusion that &maltone oould be split
up by tractionstion, fermentation, &o., in such a
msnner ss to indicate that it was s mixture of
maltose and bodies of the amyloin type.
A stndy of the ceazons led them to the
belied that it was maltosazone modified in its
¢rystalline structure and melting-point by the

EEY
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presence of wn impnrity, snd they were able to
compel maltosasone to ise in the idso-
maltose form by the addition of a trace of sn
amorphouns groduct of the reaction. They
1 that p.c. of dsomaltose was for
mentable, and their investigations led them to
bddi“t.g t.ha:h the ::\et;er fermented pl::zh maltose,
Bl e unferme portion ap €8 VOry
closely in composition that of an amyloln con-
taining two amylon groupe snd one amylin

group.

Ig the same year Ost {Chem. Zeit. 18505,
1501), following the instractions of Lintner and
Diill, made an attempt to isclate ssomaltoe.
He found that their methods were not satis-
factory, snd after removing the maltose from
the alocholic extracts by means of orystallisa-
tion, he obtained caazones from the residue
gimilar to those said to be chartscteristio of
ssomnltose, but which on further investigation
proved to be maltosszone. He confirmed Ling
and Baker’s views, thet mixtures of maltose and
dextrin, when heated together, produced an
oantone simulating fsomaliceazone. No omszone
was obtained in staroh transformations where the
whole of the maltoss hed been removed by
fermentsation, end from those in which s portion
of the maltoss had been left unfermentsd he
obtained ocsazones similar to <somaltosazone.
Oet's conclusions agreed with those of Ling and
Baker, and Brown and Morrie in that ssomaltcse
has no real existence, and that the iscmaltosazone
of Lintner and Dill is modified maltosszone.

He came to the conclusion, after an investiga-
tion into the products of starch trandormation
by diut.nias; ]t:.[h%st)v:reh it:f has the com.

ition sHsoOples n indicating a
mnnknown number. He oriticises the
results and theories put forward by previous
workers, holding the non-reducing dextrin of
Brown and Mormris to be non-existent, and that
their law of * definite proportion ’® ia not always
foifilled even in their own experiments, and is
certainly not in the achroodextrio II. which he
had prepared. He oconsiders that the theory
of Brown and Heron ahonld have been entirely
abandoned instead of being altered to the
smyloin theory after maltodextrin and amylo-

rin had been recognised as individual
subetances. He threw doubt on the molecular
ight determinsations, especially those of the
l‘:;:fer dextrins, and rded erythrodextrin
as & mixiure of starch schroodextrin.

Mittelmeior (Zeitech. angew. Chem. 1885,
552) put forward a theory based on his investi-
gations that the atarch molecle under the action
of diastase is split up into two amylodextrins,
which he terms primary and secondary erythro-
dextrin, The primary xtrin ia Tapidly
converted into maltose in the time that the
secoD reached the stage in which it gives a
red colouration with iodine, in this way he
ox%lnim the noe of the hj dextrine
ﬁ maltoss In f1:.(}&1» same st:;tsthoonveniom.

e optical rotal power epe erythro-
dextrins is about [Hn+l70°; they both reduce
Fohling's solution and form osazomes. Under
the influence of diaetase primary and secondary
achroodexirins are obtained.

In 1897 Ling and Baker (Chem. Soc. Trana.
1897, 71, 508) gave some further results of an
exsmination of the producta of the limited actior
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of diastese on potato starch paste at 70°
They obtained the lcéllowi deu::m h cal with
todextrin-a Wy U £ w1
that o Do and Mors) having optical and
reducing powers of [a],+180°; R 32:8L

Maltodextrin-g Cy H 404, (identical with a
body isolated by Prior in 1306 (Beyer, Braver,
1896, 157), whioh he termed echroodextrin IIL.)
baving the constanta [a),+171-6°; R 43.

From the fraction designated ssomaltose by
Liptner sn unfermentable substance was ob-
tained, having the constants [a];-+156°;
R 62-5, which probsblrv consista principally of &
substance having the formuls CyyHy 0,y

In 1898-1898 Brown and Millar {Chem. 8oc.
Trans. 1809, 75, 286-337) tried to isolate the
intermediate products esccharification by
conversion into pitric acid estere. Owing to
oxidation, bowever, this wag unsncocsaful ; but
by moderate oxidising agents dextrinic acide
were obtained. Starting with the maltodextrin
of Brown and Morris they first obtained sn acid
whioh they termed *maltodextrinic scid A’
This can be hydrolised in two suocesxive stepe,
by disstase and acids respectively, into first an
acid which they term maltodextrinio scid-g,
together with maltoee, and, secondly, into a
pentose acid and In further experi-
menta they obtained a dextrin with optical and
reducing properties corregponding to [a),195°-
105-7°; R 5-7-5-9, which they claim is a siable
dextrin, proving thie statement by the producte
of oxidation. the dats furvished their
rescarches tln:{ base their thm that the
dextrin molecule may be empirically regarded
a8 mads up of 30 C,H, O, groupe in combination
with s termipal C‘.Hl“O group; ot in other
words, a condensation of t’atty uoose molecules
with the elimination of 39H,0, the coantitutionsl
formuls being-—

In 1800 and 1902 V. Byniewnki (Annalen,
1900, 300, 282 ; 1902, 324, 212) brought forward
s new theory on the brealing down of the
starch moleontle by hydrolysia, He points out
that starch cen iydmluul in two ways,
either 8o a8 to yield substances which do pot
reduce alkaline copper solutions {carbinol
bhydrolysis), or those which do reduce alkaline
copper solutions ;carbonyl hydrolysis). The
simplest product of the carbinol hyd.ro]lfsi.s of
starch is a substance amylogen C.H,. 0.,
which is obtained by the sction or jum

roxide ou:ogotato starch. He finds that by
ting starch peste at 140° in an sutoclave
carbinol hydrolysis occurs and proceeds ss far
as amylodextnn Cy H,;,0,,, By treating
this amylodextrin witj: malt extract previously
heated at 78° for 18 minutes the solution con-
tained exclusively s product identical with the
maltodextrin of Brown and Morria, the achroo-
dextrin IL of Lintner and Diill, and the malto-
dextrin-a of Ling and Baker, and which he
denotes limit dextrin I1. Elementary analysis
and determinetion of the molecular weight
established the formula C, H4,0,,, baving con-
stants [a],179:36°; R 30, Further hydrolysis
of this product with malt extract to & point

where the reducing power of the dissalved
bodiee was R 60 gave a uct consisting
mainly of & compound CyH .04, which was
identical with Prior's achroodextrin IIL, and
Ling and Baker’s maltodextrin-g, which he
called o-maltodextrin, havin constants
[8),172-17°; R 42-7. Both limit dextrin IL and
v-maltodextrin on complete hydrolysis with
malt extrsot yield a mixture of tose and
ssomaltose or, a9 the author terms it, dextrinose
cl‘ﬂ|‘0“. with constanta [B]»l‘l“"; B 84-5.
Syniewski conmiders the theories of Lintner
and Diill and of Brown and Morris on the
mechanism of starch hydrolysis to be untenable,
and elaborates a theory of his cwn. He
the starch molecule as made up of smylogen
remidues, and be aasumes that the nine glucoese
gou which make up the amylogen regidue
xalyoQyy in the starch molecule are connected
er by nine carbonyl bonds of three
different kinds which he denotes as o-, 8-, and -
bonds. The amylogen residue may be thus
represented—

(C.)——‘:'—(C.)—c—{c.\);—ﬂ—(c_.h—w.}—-r—-(éa)
8 p

A
(Co—o—{Cy)—r—{(Cy).
The three monocarbony] bonda which unite
three maltose residues with the residue of limit
dextrin I are a- bonda. The thres monocarbonyl
bonds which are between the three glucoee
E':udg. of the limit dextrin I. residue are g
nds, and those bonds which unite the %:coan
ups of the maliose residues are 4- bonds.
he smylogen regidue may also be represented
us follows :—
{Ca)—{(Cyy) (

or
{Cus—Cs)  (C—(C1a) (Coa—(Cyy)
The composition of sterch is repressoted
the Tormula [(CeeHasOmeSHyOn Vhilat thes
of amylodextrin is represented by the formula
n{Ce H O+ 1§H,0). By the action of malt
extract healed to 78° amylodextrin may be
completely converted into limit dextrin IL
C“ " 0'1‘ From this it follows that must be
a8 W number, Limit dextrin IL is formed
from two different amylogen residues, and this
conclusion is arrived at from the assump.
tion that the 8- carbonyl bonds are disrapted
in ite formation. From oertain geometrical
considerations the velue of » in the potato
e o SN
ST ing Cyy¢HaesC1os: which ia
thua graphically mpmnu&—
-~ l

Creb—{(Cry)
(Gt Ca)
[‘1) }2((01.)-(0“) L )

ll\ 0@1./ 1k, [
(qu)._—f_:_.__..- CECE .

According to this [ormuls each am

residue in the starch molecule is united -
carbinal anhydride bonds, three of these
betwoen limit dexirin L - weeiduve) snd three |
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bskwesn maltose remiduce. The former are|the entyme termed smylocoagulose. Theee
denoted d- bonds, the, lstter #i- bonds. The : workers formed the opinion that when starch is

single lines between the C,,- groups forming s
A- carbinol bonds; the double
Cy,- groups are carbinol bonds,
m! and the other an m- bond.
conceivable that the molecular constitations
are analogous but contain a
of amylogen reaidues, thus
The suthor goes t:; t]? :lmly;nsﬂ;:
f;’:ﬂﬂ ¥

which the reader is
ot extracts of

that much of the ob-
snd confusion which has arisen in the

starch grancle, and alao to » closer study
enzyms diasiase.
de I'Instit. Pastear, 1899,
m&om among the first to work
on these lines found two distinct phases
the saccharification of sterch pests, one of
nnmd.u:? rapidity,and the otherinoreasingly
ish, from among the possible causes of
retardstion he dismisses the weakening of the
enzyme and the inhibitive sffeot of the soluble
mm‘iorming the conclusion that since the
refers to the production of dextrins
s well as maltoss, the lack of oniformity must
exist in the staroh itself.

{

of diagtaee st the temperature at which
wolivity is at its optimum, namely 58°
caztied the transformation of starch paste to a
point st which the constants of the substances
in solution were substantially those of maltose,
They formed the opinion that the so.called
No. 8 equation of Brown and Heron is not reaily
a reating stage in the reaction, but only marks a
down, the reaction continuwing at a
teduoed rate until the end. When the di
in in solution sbove 60° ita sotion
weakenod and an alteration is produced in the
ensyme molecule, this i ing assumed
by the production of d- glooose when it acte on
starch The amount of d- glucose formed
on the temperature at whioh the diss-
tase in solution is heatod before adding to the
arch paste, the maximum smount being ob-
tained whem the salution has been previcusly
heated at 68°-70° for sbont 20 minntes.

amount of d- gluoose formed in sny case doee
pot exosed about 12 p.c. of the hydrolytic

In 1903 Brown and Millar showed that the
so-called stable dextrin, ome of the hydrolysa-
thom ncta of starch

further action of diastase into about

nfirmed by Ling and Beker.

]

E

|

In 1004, following on thess vesults, came the | da;

new theories b t forward e
Mhumthammdthesbgrcfﬂ :?:
and the discovery by Fembach snd ﬁolﬂ of

by diastase, is converted

acted on by disstase the maltose is produced
i from that portion of the starch ule they
| termed amyloee, and thet the remdual unsac-
charifiable dextrin comes from the amylopectin.
| A pomparison of the action of malt extract at

i #0° on starch and s solution of pure
amyloes, gave results as follows :—
of on
,——-‘-——""“-—.-——-.
Btarch pasts  Amylose
5 minotes . 66-7 po. 944 po.
1 bour . . 190 ,, 997
2 hours . . 811 ,, 100-1 ,
3., . . 820 ,, 1014 ,,
28 ., . . 98, 1042,

The apparent halt in the reaction in the case
of starch when about 80 p.o. of maltose
is formed ie explained on the assumption that
the hydrolyuis of the amylose is then complete.

In 1908 Roux {Compt. rend. 1906, 142, 95),
stter further experimenta with staroh pastes of
other starches, prepared st 100°, came to the
oconclusion thet they were similar to potato
mhinbai?mmpooodofsmlonmd
amylt{ecﬁn. # found that they all tended to
give the same dextrin and maltose proportions
when scted upon with diastase.

In the sams year, Roux, in conjunction with

nenne {Compt. rend. 1906, 142, 124}, found
that when the inity of starch paste was made
exactly nentral to methyl orange with decinormal
sulphutie s0id, and the malt extract neutralised
to the extent of one-third or two-fifths, sscchari-

Bication more rapidly, and the yield
of maltoss showed a large increase.
Fernbaoh ted out that malt extract is

acid to phenol pthalein and alkaline to methyl
orange, aa if it contained a mixture of primary
and secondary alkali phoaphates, the optimum
reaction for saccharification being mneutrality
to methyl orange.

In oopjunction with Wolff, Fernbeoh showed
that natural starchea were similarin this respect
to malt extract, and they found that if starch
peste end malt extract be rendered exacti
neutral to methyl orange, practically the wh
of the starch ia converted into maltose by the
malt sxtract.

They came to the conclusion that the
transformation of staroh by diestase, if allowed
sufficient time, will attain the theoretical limit
of maltose production, and that the slackening
observed in the later stages is due to the dilution
of hydrolyssble matter, and not to failuroof the
diastase. Solutions of the residual dextring

The | separated from an advanced transformation

were found to be still susceptible to disatatic
action.

Haqnennohﬁg ibonx {Compt. mdé“:goﬁ)
practioally upl these observations re, ing
saccharification, but consider that the reaction
has two distinet phases, the first one of extreme
rapidity, corresponding to the conversion of
70-80 ‘p.o. of the staroh into maltose, the
second, & very slow one extending over several

¥3.
In 1907 Van Laer {Buil. 8ac. chim. 1807,
21, 8) discussed tho later work on starch trane-
| formation, and sccapted Maquonne and Roux’s
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smylose and amylopectin hypothesis, but did not
sglge thet t.hey eatlier wm had been con-
troverted, but vather hed been extended.
In staroh conversions carried on et temperatures
below 60°, the amyloss may be rded se
being converted very rapidly into maltose with
the producton of dextrins, the stable dextrin
remaining being derived from the emylopectin.
At temperstures above §(° dextrine are pro-
duced from the amyloss of quite » different
gy'pe, which sre eamly saccharifiable by malt

isstase and corredpond with the maltodextrin
of Brown and Morris.

We must conclude, therefore, that from
starch transformation with malt extract carried
on at high temperatures we obtain mixtures of
both kinds of dextrins, the complexity of which
the older investigators aesoribed to the modifica-
tion of the pction of diastase by heat, but which
the more recent investigators attribute to the
heterogenscus nature the starch granule

itaell.
In 1911 Matthews and Lott (J. Inst. Brewing, | Gired

1911, 17, 219-268), as the result of a long series
of experiments, practically endorse the views
exprossed by Maquenne in 1808 (see p. 152)
on the structure of the starch grapule, but
find that expariments with potato starch do not
exactly repreeent what happens with baerley
sud malt staroh when scted upon with disstass,
but the relationship as to kind of products
Discussing dextrin they question whether
stable dextrin exists. Any so-called

holda.
o
stable dextrin has ita origin in the amylopectin,

the part of the starch which requires liquefection | paste

before transformstion, any delay or injury to
thie action reeulting in the prkoncﬁon of very
difficultly degradable dextrin. The weight of
evidence & to be entirely against the
meltodextrin theory, but the proportions of
combined maltose and dextrin in bodies of
this character found in starch transformetions
mark them as ordinary products of change
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starches—such as maise, rice, wheat, arrowroot,
mo, bnrll?, and various other starches—practi-

y yield the same analytical results when
acted npon in the form of paste by diastase, but
it has been found that the saine starchey differ
meterially from one another when the unbroken
granulea are acted upon in the cold, sa will be
seen from the iollowig&)tahle by Lintper (Brauer
und Malzkalendar, 1890, 83)1 :—

TuSLE X.—Ackion of Diastase on Ungelatinised
g gelat

rmt-.adimmdbn

hours’ contact at theynder- | Qelatind-
Starch from | mentloned tomperatare sation

122°F.{131°F. 140PF .: 14°F. v

| F.

Poitsto starch | 013 | 508 6267 [ 90'94: 140
Rios " 458 | 908/ 1068° 81°14 | 168—-107

Barley . 1219 | 63-30 ' 9281 [90-2¢| 17e

Greenmalt,, (2070|5856 o218 |9as8| 185

w oo | 1307|5602 9107 |0E€2] 176
Wheat  ,, — | 6223 p1-08 | o468 | 167-178
Maize » | 270 = | 1860 (5460 168-107

Rys » | 252 — | ¢3T0 ] 846D 176

Ont » | 40| 48°50 | 0260 | 9540 185

All the Imown digestive fermenta belong to
the clasa of soluble or umorganised fermenta,
and of these only two appear to have any very
marked action upon starch—the disstasea of the
aalive and of the pancreatic juice. The action of
these diestases tipon raw starch and npon starch
is very similar to that exercieed by the
disstase of malt, with the ex n thet in
sddition to dextrin snd maltose, dextroee is nlso
formed, through the hydrolysis of the maltose
by theee ferments, the action on raw starches
varying eccording to the kind of starch acted
ll:!pon {#ee Roberts, Digestive Fermenta ; Church,

‘ood Grains of India ; Bell, Chemistry of Foods ;
Brown and Heron, Proc. Roy. Boc. 1880, 393 ;

and re| tative of en intermediate state, | Chittenden and Cummins, Chem. Newm, &1,

The theory is that there is s u?e in starch | 266 ; Chittenden and Bmitk, did, 53, 100).
transformation where the whole of the readily 16. Aclion of bacleria. According to Fitz
transformable matter is present as a body | (Ber.10,278; 11, 42), starch yields by fermenta-
degredpble by succesive stages to maltoss. | tion with a Schizomyceter (Bacillus iows,
The change is represented as follows :— Bacillus eubtilis) 35 J)-c. of buntyric acid and
9 p.o. of acetio acid, together with & small
Grauular starch quantity of succinio scid. Inulin appears to

Starch paste yield the same products,
| - b bie of boing comrorted imics A tea
| ren o] of being conve into i
A, Anievetin 3. Gultocs G Tou el | S e, o svntealy o soohol: I
In low tempe: 75 p.)} de p.c., going ver this wa. tl_ie Indlmad&_m America make an
mwn' tr:.I s o:t m ut :;rly ulc thr& a.loohd ohhqnor oalolgd chicha by the ferments-
- o same slaged | tion of the starch of maire. e grain is frst
B hroe  Derstiios up to a3 Blomaltose’ | glowed to sosk for from 4 to 6 hours to soften
phases of changs to it and afterwards formented. The fermenta-
B | - tc.'iion iu‘i.lu::e in the firet inetance tasc to t;.1110 presence
& minute orgenism, sita on the epiciermis
“",‘“’ Dextelo of the grain ; this secretes a diastase, which either
Free maltosa Free maltose &)mdu:ea ordaicol; turtherm) fermentation {Marcana
e . mP . Tend. y "
Perhapa it is aa well to call attention here to 3 i

the fact that most of the work mentioned above ! Gayon and Dubourg (%id. 103, 836) men-

has been carried out with carefully purified '
potato starch, but it has been macertained that

aimilar experiments made with widely differing

' There I8 some evidence that & lttle dextrose may '
sometimes be formed. .

tion s species of mucor which has the
of converting dextrin and atarch into mgnl‘-:o ::J
then fermenting the sugar.

' V. alsn Die Sthrkenenblldensn Ferments £, Barg-
g;t:sklxa 1878, and Brown and Morris, Chen. 8o¢, Trans.
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gradually ! those tnbers which are grown with the aid of
ucose, with formation of hi

Bacillus suavolens oonverta etarch
into dextrin snd
alecohol, aldehyde,
g;h,&c.( vo and Gomio, Arch, ital. Biol

Viiliers (Compt. rend. 112, 435 and 538) finds
thet the addition of e oultivation of
Mumyiabodawa?l;.c. starch pesto
canses complets liquefsotion in 24 hours, and
on allowing the fermentation to continue some
time the liquid no 1 givee & blue colouration
vithiodine,th:‘}:::g::tno!theoh being
almost exclusively dexirins, oo tose or
dextrose being found to be t, from which
he concludes that the organism converta starch
directly into dextrin without the intervention of
apy diastase secreted by the ferment.

paroked froms Parts water o bacilos, B, amgi
- m Paris water s illus, 5. .
symicus, which fermenta starch with metion
of dextrin, glucoee, carbon dioxide, ethyl snd
amyl aleohols, avetic and butyric aci
somewhat similar ohsnge is o by the
bacillus of malignant cdema {Kerry and
Fraenksnl, Mopatah, 12, 350).

MANUPACTURE OF BTiBOE,

17. General ’

vazious mh-pmdu%
taring the wing facts must be
takem mmto scoount: 1. The average per-
centage of starch contained in the root, tuber,
or grain; 2, the yield aore; and 3, the
smount of starch i per aore, Thus,
although the
of starch ; whest, on the other hand, contains
55 p.e. ; navertheless the total amount of starch
per acre is in favour of the potato, in the pro-
portion of 2 to 1, since one acre of on
the avernge produces 12,984 lbe. ogmpota .
oontai 25081]1-.0{3&1'0]1,“ ainst
18300 lbs. of wheat, containing 1023 ‘l‘g& of

. In growing
for manufso-

Again, difforent varietios of the same species
of plant will show very marked differences in
the qusntity of starch which they yield. For

instance, the potato, as ordinarily conmmed as
{ood in this country, contains only about 13 p.c.
of starch, but in , where the potato is

cultivated for starch productisn, by meana of
careful saloction and suitable manuring the per-
unhgeofsmhhubmninedtoumucm
Ng.‘c.,andinwmainmnouu’mataﬁeld
- po has been obtained. yield of
starch 18 also affscted by the sge of the raw
material, conditions of ing, and exposure
{0 heat or cold during

It has been found that over-ripe potatos
contaio leas starch than others, the loas bei
from 3-18 to 88 p.c. on 100 of starch {(Kramer,
Bied. Zeutr. 1881, 717).

A sgample of barley, which had been e:
to bad weather for o fortnight, and had sprouted,
was found to have lost an appreciable amount
of starch, that in normal &rley being 64-1,
;zl;lglt thet in tho sprouted grain was only

P p.c.

DMseased potatos contain considerably less

starch than sound ones, owing to ite conversion

rmio, acetic, and butyric @ tible to the disease than those which are

tato at best contains only 20 p.o. | xe

hanged
ing | o
'time, a thorough washing of the grain. The
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ghly-pitrogenous manures being more suscep-
3.41]
under ordinary conditions{Gilbert, Agr. Students’
Gazette, 4, pt. 2). E 10 extreme cold
tend:ht.o diminish the mun&;i starch :;apot':
tos, the generally-acce i being that by
the fnesg:g a portion of the starch is converted
into sogar.

On the other hand, although the materials
may be all that in desired, the yield of starch
may be low, from causes due to varelessness in
the of manufssture, such as insufficient

ing or defective machinery, &c.

The mw materials almost exclusively em-
ployed in Europe and North America for the
proparation of starch therefrom are wheat,
potatos, maite, and rice. Wheat was very
generally weed at one time, but hes pow been
almost, entiraly e

by the other substances.
Potatos are very y employed on the Con-
A | tinent, rice principally in d, and meize

almost universally in America.

The manufacture of starch may be classed

tmdiar Fthm h“qti;cturing aoall

. For man purposes generally,
such as the siring ofd}nper sad of cotton food.a,
the of cloth, the thickening of mor-
dants and colours in calico-printing, the pre-
paration of British gums, of white glucose
Byn;.p.i'&oisnndry

or Ppurposes.

3. For adible nea, either by itself, as in
the proparation of cornflours, arrowroot, tapiocs,
&o., or in conjunction with other anbetances in
the preparation of sauoces, macsroni, semolinaa,

Btarch was extraoted from wheat and barley
by the ancient Egyptians, Greeks, and Romans.
It wes called Huvior by the Greeks, from the
ciroumstance of its not having to be Eerepomd
by the actiofl of grinding in mills like other
farinaceous substances, whence the Latin
amylum,. Very little, however, appears to have
been known aboutita history or composition until
the beginning of the 18th century.

18. Manufacture of starch from wheai, The
different methoda preparing starch from
wheat are :

1. By fermentation, kmown es the old or
8OUL Process,

II. Without fermentation, or Mariin’s pro-
ce6s.

I. Fermentation process. For the old
method the wheat is used either whole or ground,
but most fmquon‘t)lly whole,

Where the whole corn is employed, the wheat
is steeped in soft water for some days, until it
becomes swollen and so soft as to be easily
between the fingers; the water being
frequently, 8o as to ensure, at the same

swollen com is now traneferred to bage, and

xposed | placed in & wooden chest or flat tub, where it is

exposed to strong pressure. By this means the
grains aro crushed, and tho water, which ix
rendered milky by the starch, is drawn off by
means of & tap; fresh water is poured in, nnd
the pressure repeated until all or nearly all of
the starch is extracted. Instead of putting the
swollen grain in bage, it may be passed from »

into sogar by the fungos which attacks them, | hopper between two wooden cylindere.revolvip
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in opposite directions, or between one or two| When sufficiently dried upon these bricks,
cylinders revolving upon a horizontal stone ! the blocks of starch are put into a stove and
having a tim, to a cistern; by this means the | left there until tolerably dry: they are then
?_wollan_oog is readily crush t.edmlf the etarchy | removed t;:na; t.nbtlz, where all the sides are care-
iquor in the cistern separa elutriation | fully acra; with a knife, next Fuksd up in
with successive quantities of wa.tary the peper in which they are sold, ntu.rnos to
The milky liguor containing the starch in | the stove, and rubjected to a gentle heat for
next run into cisterns, where it is allowed to ' some days, previous to being sent into the
remain for a period of from 10 1o 30 days, market.
aocording to the temperature of the surrounding IL Martin's process. In this process flour
atmosphere, d which time it undergoes is employed in to the whole or
fermentation, in order to scoelerate which some orushed grain. Tt is kneaded into s stiff dongh
of the eour liquor from a previcus fermentation ; with water, exactly as for bread-making, and
is added. | allowed to remain in that state until every part
By this means the starch granules become | becomes thoroughly saturated with mowsture.
completely freed from the glutinous envelopes | This requires 25 minutes in gummer and about
containing them in the grain, the gluten becomea | an hour in winter, For the separation of the
more or less decomposed and softened, and par- | starch from the glaten an apparatus is employed,
tially dissolved in the acids formed during the | consisting of two troughs which are aimilar to
process, and complately loses its sticky ﬁuﬁo sach other, snd which may be of any convenient
pmg:nl.ies. length. Within each of tieu ha there is a
ing the varlier stages of the fermentation | rectangular frame, which is to move to
the ready-formed sugars of the grain, as well | and fro within the trongh by a orank sxis and
a8 doxtnn resulting from the action of the | connecting rod, the crank of one trough being
disstase on any broken starch granules, become | set opposite to that of the other. :
converted into alcohol, which later on is changed E‘;oh of the frames carries the bearings of
into acetic acid ; after s few days lactic, butytic, | four or other convenient number of grooved
and other fermentations are pe up, and allowed | rollers. At the bottom of each of the troughs
1o proceed until the process is considered suffi | there are openings at intervals covered with
ciently far adv to allow of the starch® wire gaure; at the ends of each trough are
granules being easily separsted in a etate of | applied spring buffing spparatus. Below the
comparative purity. As s ruls, sctusl putre. | t is an inclined sieve of fine wire gauze,
faction, as shown by the evalution of stinking | and w it an inolined shoot, down which
gasos, should be svoided as much as ible, | the fluid which passes the sieve fiows, and
and the fermenting mase should almysman from it into any suitable receiving .
?greenblo vinoua smal:.h During the gl:lum it | where the starch is allowed to settle; sbove
6 to agitate the mass throughout once | each trough there is a perforated pipe,
or twice a gay, in order to equalise the fermenta- | which the numerous jets of water Ew on to

tion & much se possible, dough introduoed into the trough, and which
As soon sa the fermentation is considered to | serves to wash away the staroh from the gluten.
have far enough the supernatant The dough which is to have the starch

liquor ia drewn off and wator run in, the ted from the gluten is formed into amall
whole well stirred up, allowed to settls, and the mmd laced in the troughs between the
surface liquor drawn off. This washing is| rollem, ']?hefmme ing the rollers is
repoated as long as any perveptible colour is | cansed to reci te,aoonmt?ruy of water
mmdwthemm;aimthehstdeposiﬁon being all to flow over the dough et the
decantation, the starch will be fonnd to have | same time, by which means the starch is washed
settled down in layers of varying purity, the | out and peparated from the gluten; the milky
tog:mst one conterning the moet gluten and {liquor flows thro the openincﬁdm the
slbumen. Theee different layers are now taken | bottom of the trough on to the in gieve,
up with a wooden shovel, and transferred to | and thence by means of the shoot to a suitsble
separete mltemd oo, where thm sglﬁt:eted with | receiving veasolh L Should any puhm'desoig:\l:m
water an f&aued sieves. o openings, y pess
After the starch has again settled down, the ?I::sinmﬁew, and are received in & vwc:f
clean water is drawn off, any impurity that may | After the dough hes been subjectad for e
be on the top separated, and set aside to be | gufficient length of time to the sction of the
washed up with the next batch ; the underlying * rollers, it consists for the most part of ﬂnten.
portion agitated again with freeh water, ang!and is placed between the onds of the
purified by settling and decantation, this being : and the buffing apparstus, where it is beaten for
repeated as often a8 may be deemed necessary. | soveral minutes, and can then be used for say
It is then shovelled into wooden boxes |pu to which it is apEl!mble.
about 4 fest long, 12 inches broad, and 6 inches ﬁe purification of the starch obtained in
doep, perforated throughout end lined with thin | this way may be efeoted in the usual manner,
canvas; this is termed *boxing.’ When it has ' by successive washings and decantations ss in
drained and dried into & compect maes, it is kge fermentation proceas, or by the inclined
turned out by inverting the box upon a clean plane method described below under potsto
table where it i8 ut up into pieces 4 or 5 inches atarch, Subsequenily, Martin introduced the
square ; theeo are then sot upon hall-burned following procese for the purification of the
bricks, which by nature of their porosity crude atarch, whereby a better product is ob-
absorb the moisture from the starch, so that tained than is possible by mere washing with
the under surface of the blocks may not become | water. This consista in treating tho impure
hard and horny. l starch with & weak solution of spdium hydroxide,
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spgr. 19013, m sufficient quantity to turn red
btmns paper blue, after the deposit hes been well
roused up. The mase ia then allowed to stand
for two during which time the gluten
swelly '1:]1;, asnd beoomes partly dissolved. A con-
siderable quantity of water is then added, and
the whole thrown on to s No. 200 mieve, which
retains the swollen gluten and allowe the starch
to through ; the starch is then run on to the
inclined a8 before. Almost the whole of
the is by this mesns obtained as s first
preduct, whilst with simple washing sbout
¥5 p.c. is produced in an impure, unmarketable

On the omrn%e,themi.uobtaimdfwmamk
of flonr about 110 1bs. of moist gloten and about
20 ibe. of starch,

19. Manwfaciure of starch fmm At
ope time the manufactare of etarch potatos
was carried on to a certain extemt in Great
Britain as woll us in Iveland, the first pub-
Lishad ification relating to starch being taken
out uﬁ back as the year 1717 by Newton,
Nowell, Clark, and Joynes, for * & way or method
to make starch of and from the roots called by
the name of potatces,’ bot its development has
been considerably checked by the potato disease,
and is now entirely replaced by starch from
rice.

In France snd Germsauny, however, where
much more attention has been directed to the
growth of the potato s a starch- ucer, the
matafacture of feculs or starh from this
soarce hes attained very considerable dimensions
mdhri:oquanﬁﬁes of potato starch areimported
vearly from those ocuntries.

On the Continent the manutscture of potato
starch, for an scoount of which the writer is
much indebted to Payen's Chimie Industrielle,
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includes the following operstions—steeping,
washing, separation of stones, rasping, straining,
sett.li.ndg, removal w:fsh the &l::lmh, pundﬁ%:-t;]on,
second straining, ing, ning, an: ng
in the air or in e centrifugal m:schine, drying
in an oven, packing.
Steeping. Potatos which ere grown in
asy or loam are covered with adherent
» which clings so tenacionsly {o them as not
10 be removed by simple washing; they are
therefore allowed to for several hours in &
large vat containing water.
Washing. In France this operation is carried
on e follows :—An u:gge.mm called the washing
drom (Fig. 1) ie , consisting of a hollow

Fic. 1.

revolving oylinder 3, formed of wood or iron
bands, 4-1{ inches wide, and laid longitudinally
from one end to the other, the distance between
each being about } inch, 80 es to allow of the
escape of the dirt, sand, and stones, whilst the
tubera are retained. The cylinder, which is
alightly inclined, is immersed to half its dismeter
in water in the trongh ¢, wherein it revolves at
the rate of about fifteen revolutions per rainute,
and by which mesns the potatos are kagin
continoal motion, rubbing inst and being

rubbed by the aides of the eylinder. From the

sides of the trough I:Ering the boards g, alanting
to the upper part of the cylinder, a0 s to prevent
ing of the water. The cylinder is worked
by a band from the main shaft, passi
wheel f. The potatos are fed into
st ¢, and sre thrown out at the
where, falling down the inclined

e hopper
ito ond,
o d, they

are conducted to the stone catcher (Fig. 2). ! remeinder of d sa
) | washed off, and, the heavier particles sinking to

This apparstus comsiste of e semi-cylindrical

over the | means of the cogwheel E is rotated

L S L

sloping trough, filled with water to the level a.
In the trough is a shaft », furnished with
arms placed spirally (Figs. 3 and 4), and which by
by the driving
wheel ». The potatos being fed in at 4, are
rubbe&di:pog one unottiur b{a the art;:st xﬁ:d

i in the water, so tha ]
remainder &l:(tliirt and all st.on’es and sand is
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the bottom, are removed from time to time
through the opening ¢. The potatos are car-
ried forward by the action of the epiral nntil

Fiu. 4.

they reach the upper ond of the trough, over
wl‘l.ll‘i'l]:_l they fall into the hupper of the rusping
machune.

Fia. 5.

are ruptured ; and the more completely this
is done the greater the amount of starch | cells
obtained, since it is only the starch from
the cells which ere sotudlly ruptured that can

Fm. 7.

facturer.
is generally conside:

S8TARCH.

In the Germen fsotoriea the above operations
are carried on &t one and the aame time, the
trough in which the washing drum ie
bems divided into two unequal , the t
one 4 for the washing drum, and the other ¢ for
the stone catcher ; as shown in Figs. 5 and 6,
the potstos are introduced into the mmaller
division ¢, and are drawn forward and kept in
incesaant motion“l:ﬂ #ix or eight large iron ‘unl;s

, areanged spi on s prolongation. of the
shaft of t.hg:dwuglin ydmm ab, The stones, sand,
&c., are drawn off at intervals through the
openings + and 4. The potatos thus reach the
washing drum greviwaly washed and freed from
stones, from which they pass through k¥ to the

n.a%ng machine.
y means of this the tubers are reduced
to & pulp, snd the cells containing the starch

Fig, @,
bo extracted, whilst all that remains in closed
mpre%enb:h 80 much ‘15: to the mann.
‘or this p mponnois’ rasper
m best, and is nhol:n
Fig, 8,

Fra. 9.

in Figa. 7and 8. Tt consists of a hollow cylinder
furnished with saw blades on its inner surface,

a‘%]mnat which the potatos are made to rub.

with the rasper insid

- This is eo arranged that + This arrangement is

Fia. 10.

from one to four saw blades lie between thin
etecl bands, at an interval of from W-ypofaninch
; . 8 , and between each
o case & of the cylinder is seen in Fig. B, | through which the

group ié & epace
as it is formed can
P own in Figs.ﬂnncr.i‘s:
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3

n the axis of the meping cylinder is a shaft by,
ing to 1,000 revolutions per minute, by
dnof . hﬁ:lof:om the :lnmn aft a ’edﬂto
ng-w =8, and regulated by a fy-

At the other end of the shaft, within t.l{e
is s strong fork-shaped socoop. The
i by the stoop, st pressed foreioiy sgaimet
e BCOOP, ¥ against

the u:{hdu ccin the eylinder. ‘Water, being
admitted into the interior, is driven by centri-
fugal force against the sides of the cylinder, and

HIH ]
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makes its way through the interstices, carrying
with it the potate pulp, which pesses awsy
thro a pipe und;lmuth. _The teeth i?f{th t.ho;
BaW &re Ve ort, ing one-

an inch from the E\lm ﬂ:}w u:lqnl.gre reversing
twice a day, and after two days’ use need to be
re-filed. As mnech aa thirteen tons of potatos
can be rasped by this machine in ten working
hours, whilst the yield of starch from s given

quantity of potatos is copsiderably increased.
The pulp thus obtained is a mixtare of starch

i Ty, B e

and fibre. In order to
other the

allow the starch granules to pass through with
the lignid and retain the coareer portions of the
fibre, Beveral forma of apparwtus have been
devised for this purpose, g prineipal cbjects
simed st being uninterrupted working, aa com-
plete exhauation as poedi oofthepulxwithin
the smallest space, and economy of watar.

Fa. 11,

te one from the - is distributed uniformly upon the potato pulp in
pulp is washed with water opon brass- ; o by means of the perforations in bb trom a.
wire sieves of different degrees of fineness, which After

L £y

parting with the greater part of ita starch
the pulp is gradually brought f:rwud into the

! pecond cylinder B, which is covered with sheet
: eogger. The pulp is here worked about with a
T-shaped

iron fastened to the shaft pD’, which
1s rotated by the driving wheel ¢ in an opposite
direction to the cylinder ; from here it is carried

- forward to the third cylinder, which is covered

Fig. 11 shows a longitudinal section of Huck and | with wire tiesue, 35 meshes to the inch, where
Btoliz’s machine. Thie consista of three cylin. * it meets with a fresh spray of water comin;
dery 4, B, 0, of different diameters, Thecaseof  through the perfora pi from o'
the first is formed of & wire sieve, 20 meshes to | Whilst in the cylinders A and ¢ the pulp onder-
the inch. The pulp from the r in run in , goes a continual working with brushes, which,
through the funnel a. Within this cylinder is | like the agitator in B, are connected with the
snother, bd, formed of perforated metal plate | shaft pp’. These three cylinders revolve at the
into which water flows through the pipe ¢”, and i rate of 22 revolutions per minute; whilst the

Fia, 12.

sgilator in B makes 35 in the same time. The
Harchy liquid flowing from 4 and o is collected
in the b K, and runs from thence into the
weve cylinder mH’, which is covered with wire
ganze, 50 meshes to the inch. Here any fibrous
Polp which may have through the other
meves is retained ; whilst the water containin,

the separated etarch is run off along the troug

Liato the ing vats. The coarse pulp asitis
Pushed ont of the cylinders falls into the re-

coivers Mu’ undernesth. In order to prevent .

the clogging of the sieves, a fine stream ot water
ia thrown upon them during working from pipes
running parallel with their axis.

A modification of the above apparatus, by
menans of which considerably less water is re-
quired, and which is suitable for localities wherc
water is more or lese scarce, is shown in Fig. 12.

The pulp coming from the rasper 4 ia raised
by means of & centrifugal pump into the firat
cylinder B, where it gives up by far the greater
part of its starch. The strained liquor from
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this cylinder is not joined with that from the
other cylinders, but runs straight away into the
purification vessel. The liquor from the mixing
cylinder 0 and the other meve cylinder o, con-
taining comparatively but little starch, is carried
by the pipe 6o’ back to the resper, whete it is

Fro. 13,

oeed instead of clean water for the thinning of
the pulp.

n some factorics, by means of a modifica-
tion of the apparatus just described, s second
working of the
of starch theroby obtained.

p is offocted, and s larger yield .

"
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Fig. 13. The pulp, thinned with water, falls
from the raaper 4 into » small cisiern, from
which it is raised by the pump », through the
pipe ¥, into the sieve and mixing cylinders »,
', p”, and in the latter washed by & stream of
water ¢’. The pulp rejected from p* falle into
the hopper of & second rasper, where it in rubbed
between two oylinders ¥ rotating in oppoeite
directions ; from thence it flows into the sieve G,
where it, meots Iu.l'f:h more w:l;; f::l.;m a”;;‘ lll:@.
being washed, into a trough, along which it
is pushed by an Archimedean acrew.

The starchy liquid from » falls into the
trough 2, that from @ into ®', and both united
fall into the first purifier KL, thence into the

h 7, into the cistern M, from whence it ia
rajsed by the pump to the second purifier o,
where the last portions of fibre remain, whence
by means of the trough r the hﬁor containing
the nearly pure starch passes to the purification
appamatus. In the smaller factories this ie
generally accomplished by means of settling
vats

In addition to resping, s great many manu-
{acturerw are sooustomed of late years to grind
the pulp after reaping, whereby a salightly in-
oreased yield of starch is obtained. The follow-
ing figures, calculated on the starch worked,
show s comparison between the yield obtained
when & r:g:g machine only is employed, and
whm;h::n ition thereto, grinding is carried on
an w

Obtalned in m of gji;la?ut w‘:ﬁ‘
LR
ExpeﬁgntA. . . 31_808 874
Experiment B. . . 763 855
Various forms of mechines for carrying on
the reaping and greting simultanecualy
have gen constru: during the last few
Foarn,

The starchy liguor as it comes from the aieves
generally contains some sand, which was not
separsted during the washing of the potatoe,
and was too fine to be retained by the sieves.
It in therefore run into a large vat and vigorounaly
stirred 8o as to bring all the starch into -n:lgen-
gion, and, before it has had time to settle, is
siphoned off into another large vat, where it
is allowed to stand for fonr bours, during which
hmg’tge starch :;tu: on the hol:.t&m. Tho
Ban ¥ reason of ite greater specific gravity,
sinks rupid.!fht: the bottom, and remains in the
first vat, lower part of the sediment de-
poait;%ilithe mndlralt.wndmdpm:t‘né::,
0Ove ¥ o greyish layer, consisting o
fibrea that have th thenieves. The
supernatant liquor hevin, n run off, thia
im%lmmiampedo as clean as posaible
with an iron scraper. This impure is
agitated with {resh water, passsd » Ve
fine sieve, and allowed to rest for some tame, untzl
s further amount of white starch falls out, when
the asme operstion is repeatad.

The purified starch is ?u.n sgitated with
water, through s silk or wire sieve, 90
meshas to the inch, and again allowed to settle,
the liquor decanted off, the surface of the starch
seraped, and finally, if the maaa be pure enoogh
snd of sufficient consistence, divided into lumpe
and placed to dry.

Sometimes the starch, deprived of its super-

This is shown in ' natant brownish deposit, lis, purified by baing
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placed in a alightly s.Io¥i

sbout 22 feet long and 3 feet wide. Below thie

iq.gamndt&ro » inclined in the opposite
; &n

the first. A spray of water from & very fine

roec falls wpon the starch, which is just
beneath it at the top end of trough No. 1, and

ng flat-sided trough

at the same time is kept constantly stirred. e
waier gradually oV ing forward with
it, sod while alowly fowi tro the
starch is gradually deposited ; whilst the lighter
Gbrous matter remaing in suspension, and passes
with little staroh into vats underneath.

The starch obtained in this way is addad to that
purified in the first settling vat, and is then
md‘zlordmining.

lerge factorios the settling vats have been
entirely the inclined plane ; this
conzinta of a series of three wooden troughs,
Fig. 14, 3} feet wide and about 30 yards long,
each having o fall of 1 to 1} in 1,000.  The third

plane or trough resta on the ground and empti
into the vat a. Themdmdﬁmmafxs
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: to wooden supports as shown. The starchy
uor, as it comea from the r sieves,
liq it from the oylinde
enters the first inclined at a, flows along
in the direotion aB, and thence along op to ¥,
the flow being regulated at will by means of
the screw valves at 2 and b, Themtergrt
of the starch is ited in the first plane, from
whieh it is removed once a day. The starch from
the second plene, on which congiderably less is
deposited, is removed twice a week ; and that
from the third once a week. The liquor, con-
taining very little starch, Hows into vat @,
or generally into a series of vata, whereby any
| starch that may still remain in the wash water
| is collacted,
| The starch thus deposited on thess inclined
i e is sufficiently pure for most purposes to
. be sent at once to market ; but, as it is still con-
" taminated to s alight extent with potato sap,
iitiua.dﬁnblotow:geit onoe of more in the
usual seitling vatin t to purify it completely.
Drying. The starch is hzm from t{e
settling vats in the form of m very thick

L}
i
| planea or

Fio, 14

wmwod or

from which the ter portion
the water Snte

ter may be romoved by centrifugal astion,
In the drying of starch by centrifagal acti
oon on
the same formn of apparntus is meed as in the
mapufscture of , but as the starch mud
is 30 thick as to it inoapeble of being pro-
peedy distributed on the sides of the machine,
ity of waster is mixed up with it to
it into a sufficiently thin paste that will
fow into the apparatus whilst it is in motion,
1t is then flung sgai i

o
~a

of starch at the same time, by Feata, of
‘When the impare starch liquor is-intro-
oo sonseduenis, the pores Mareh
oonssquen o purest starch-—

s driven first against the sides of the oylinder.
The fibrous ion remains longer suspended,
aad is deposited a8 a layer upon the surtsce of
the pure starch, from which it is easily removed.

of |

of { the setuli

For many purposes—snuch sa the mannfactare
| of dexirin and glucose, &o.—the starch, sa it
| comes from the centrifugal machine, and ocon-
taining from 35 to 40 p.c. of water, needs no
1 further desiocation, and 18 known in commerce ss
green atarch.
In factories where a centrifugal mechine is
not used, the water is removed as much as pos-
sible from the starch before proceeding with the
drying. Aoootdingl'f,usoonuthesumh in
oonsigend sufficien ! purified, it ia dug out of
vats and transferred to perforated
boxes, lined with clean linen, and eet aside for
some time to drain, during which time it acquires
sufficient hardness to enable it to retain the
shape of the box, and as soon ae sver this takes
Place the box isinverted upon & d.ipomus slab,
!fenen.l.ly of plaster-of-Paris, which abstracts a
. lurther amount of moisture, so that it arrives at
. the state of green staroh. 1t is now sufficiently
" 8o0lid to be removed to the drying room, on either
_mide of which a series of shelves, formed of bars
: of wood placed at a distance of about one inch
, apart, are ranged in tiers one above the other,
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through which a current of air is made to pase
froely by means of louvre boards or venetian
ventilators. On these shelves the blocks of
starch are placed, and allowed to remain for six
or eight weeks, until sufficiently dried. One
great drawback to this method ia the e 1
of the starch to any dust that may be floating
sbout in dry weather, as well as the poesibilit:
of the moiet etsrch becoming frozem in col
weather. The latter may be obviated by intro-
ducing heated air into the drying-room, and the
dust precluded by shutting up all the windows—
in fact, by ’thtm converting the room into
an oven. 3 dried in this manner is
known as * hurdle starch,’

The best quality, termed superior, which is
e, in ssgoianly white, slowy and pore, snd
extrin, is ai ¥ white, glossy and pare, a
congista of large grains, being the first to deposit
in the settling tanks. The deposits become
lower in quality in succession. The gloes of
starch depends on the eire of the grain, the
azger the grains the better the gloss, and the
determination of the diameter of the graine by
means of the micreacope forms & good test for

e perior acticls contiste of grains hevi
Fuperior e conaista o ns having a
diameter 36-5u, ordi pﬁm%-ﬁy, ima
soconds 2104 end inferior kinds 17 to 128,
Considerable importance is alao attached to the
amount of impurity present, such as coal dust,
potato skin, soot, sand, iron particles from
wheels, alge from water, partioles of wood, &e.
The smount is ascertained t:ly smoothing s
sample on white paper, and counti the
particlea in a square cm. Buperior & con-
tains 15 to 30 particles, average samples 27-170,
while inferior kinds contain as many as 800

upon 1 ;2. cm,
20. Manufacture of sarch rice. Al
though no otber -producing material is so

rich in thia substance as rice—containing, aa
it does, over 80 p.c. of starch—neverthelesa,
the cells and the mtarch granules contained in
them are so intimately connectad together bg:
small but very resisting quantity of gluten that
their separstion cannot be effected by a elmple
orushing and washing, as in the case of potatos,
or by the old system of fermentation, as in the
caso of wheat and flour, and hence resort must
alwnys be had to chemical agents, elkalis or
acids, to effect this object.

Si:‘oe rice stamu] h, on sccount of t.hﬁev emall-
nees of ita granules, possesses & greater firmness,
and in &racl’.ical operations gives a much higher
lustre than wheat starch, it is much ‘esteemed
by laundressss, and preferred by them to any
other, so that when the difficoltien attending its
successful prepsration hed been overcome, a
great impetus was given to its manufacture
in d, where it i;;t ; tﬁarried on talaln
very large extent, and, being cheaper in this
country than any other raw material, may be
considered aa a fairly remunerstive businese,

It need hardly be said that the valoe of an;
sample of rice for starch manufacture depends
not only upon the amount and quality of the
starch 1t contains, but on the percentage of
gluten o:orrote-in matter as well, and on ite de-
gree of solubility in caustic aods solution.

The following analyses of rice from different.
countries show the relative amounta of these
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substances which arc generally present in the
matured grain :—

(PPUtIII

owced ﬂ'.'.i"fl,fﬁ";"‘““ﬂ"
Cerbohydrates . | 8181 7920 ‘ 74-10

ids . L | 722 740 | @13

Fae. . .| 009 1 040 | 200
Fibee . .| 018 02 | 200
Ash. . .| 090 ;. 040 | 119
Water | .| 90 | 1240

The method of manniacture described b
Jones (Eng. Pat. 1840, No. 8488}—and whic
is, t,'hith e few modjﬁcaggwe one c?dlmed out
st the present time in —is aa follows.

One hundred pounds of rice are in &
tinned copper tr stonewars veasel holding 50
Ea.l.lons a solution of sodium or potassium

ydroxide, containing 200 gra