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data, we have to wl'ite evel'ywhel'e, lt.'/} anel h'y, instead of x and y, 
whence 

nIm! :re 
s-l- ---- 2"+111 ltlt' . 

The scu,le faclors h anel h' cu,n tllen be determineel uy putting 

A:l.O cn AO•2 = 0 
H,nd the t wo nnmixeel means of the secOllel ol'cler eau be disposed 
of fOJ" the e1etel'minatioll of these constants : 

1 1 
tt~(,'I)) = - en tt2(V) = -/ 

271' 271 2 

If, fnrthe!', we make the tl,xes l'otate abont the Ol'lglll so that they 
coincide with the pl'incipal axes of inm·tja, tllen also Au lias to be 
put eqnal to l'.e1'O anel the cOl'l'esponding 111ean 

tt~ (,'1:', y) 

enables us to calclliate the djl'ection of the principal ax.es. 
The series (30) I hen becomes: 

u = e- tL?/2 [Ao + A 3.oU3 + A2•1 U2 V, + AJ.2 UI V2 + Ao.3 V3 + 
+ A 4.OU4 t A3•I U3 T'I + A2.2 U;lV2 + A I•3 U l V1 + 
+ Ao.4 V4 + enz. 

whel'c all tel'lTIS except the fil'st l'epresent tbe deviations from the 
llo1'mal expoJlential law, I he tel'lns of odd dcg('ce being a measUl'e 
of the difJ'el'ent. kinds of skewne5s, Ihe terms of even degl'ee of the 
different kinds of symmetrical cleviu,lions. 

Chemistry, - "Equilibria in qllft!eJ'lw1'Y systems," By Prof'. F. A. H. 
~CHRl~IKlmAKER&, 

Let llS fit'st take the system with thc components: water, ethyl 
a leolwl, methyl aleohol allel ammonium, nitmte; we Ihen have 
al Lbc Ol'diml,l'j" tcmpemlme OIlC &olid substancc and tbl'ce solvcnts 
whieb are nüsciblc in u,1I pl'opOl'lion5 so that thc l'csulting equi
libria tu'e very simpIe. Tlte cqnilibriu, occlll'l'ing in this system 
u,t 80° have been investigu,t.ed anel m'c l'epl'escnted iu tbc usual 
mu,nncl' in Fig. J ; I he u,nguht!' points 1/T, M, A u,nd Z of the télm
hedroll indieaLe Ihe eomponcnls: wate!', methyl alcohol, ethyl alcohol 
nUtI the sa.lt: mllll10nium nitmte. 

The curvc /IJlt sitnu,led 011 thc side plane WAZ ('epresenls the 
t:iOllltÎOIlS eOllsisting of watel' anel ethyl alcohol u,nd satmu,teel with 
soliel balt; the CUl've 'lOm l'ctJl'cscnts lhe solutiollS of ,wtl,tel' and 
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mcthyl filrohol mixtl1l'es sfitumtecl with solid sfilt, whilst ma indicates 
the solntions of mixtlll'es of othyl filcohol anel mothyl fileohol, also 
sfitnmtec1 wlth solicl sfilt. 

The quatOl'l1fil',)' equilibrifi, 11mnely the soluiions of mbJul'cs of 
water, methyl filcohol find ethyl filcohol SfitUl'fitCel wHb soliel SfiIt are 
l'epl'cscntcu by the surti:tee 71)11)(( whieh wo may call the Sfitl1l'fitio11 
sul'fi:tee of thc solic1 SfiIt Z. 

If wc intl'oelnce ihl'ough onc of the sides fol' instfillec tlll'ough 
fJTZ fi plane such fiS the plane 1VZp all points of thfit plane 

then l'cpl'esent phfises contfiining the components A anel Jlf ill the 
same Pl·op0l'iion. This p1fine inlCl'sects tllc sfitlll'fition snl'ffice filOJlg thc 
Cllrve 1IJq; this, tl!el'efore, indicates solutions sfitnmtecl with soliel 
SfiIt in which the relfition ueiween methyl alcohol fincl ethyl nlcohol 
is constant. 

'rhe points of sueh fi C1ll've are ens.)' to obtaiu; the two alcohols 
fil'C fil'st ac1decl togethel' so as to yiclcl fi mixture rcpresentec1 by p 
for illstance; on fidcling vfi]'ying qnmltitics of wfiter wc obtfiin the 
points of thc line p 1V fi11U 011 satumting these solutions witl! tllo 
s[\,11 iItc pOilltS of the curve qll) fi1'e inc1icfitcel. 

ln this !l1mmel' c1ifferent secLÏo11s of the satl1mtion slll'faeo WiUl 
planes passing tlll'ough the side WZ hfiYC been obtainod. 

In thc systOI11, water, mcthyl fileohol, ethyl alcohol mld potfissium 
llÏtnLte ped'cctly fillfilogons equililwifi oCC'lll'; tho satl1mlion sllrl~lce 

fol' 30') in lhis system hfiS becn c1etel'minod by :Miss C. Dl~ BANl'. 

In t he systom: 1I)ate)', ethyl a1co/wl, rn1l?noniwn nitmte anel si1veJ' 
nitmte tho I'olations m'e somcwllfit loss sil1lplc, rOl' fit 30° we havc 
two solid C'ompollentti find one c10nblc Sfilt: Ag NOs' NH, NOs; the 
eqlliliu]'jfi OC('I1l']'ing fit 30' arc l'cpl'esented in Fig. 2, \VhCl'eiLS Fig, 1 
is a pel'spective represcntfiLion of Lhe tel l'iLhedron , Fig. 2 is a pro-
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ject.ion on a plane pam11el io iwo' sides crossing each 01he1', in 
this ease {he sicles: 11' 11 anel AiJN, so ihaL in 1 he (Jl'ojection, these 
stanel perpendic'ular to each other anel clivide each other in two. 

, , 
" " " " " 

" " 

At! 
,~~ 

, "" 
;" :- \'~, s. ' ,J \ ',', 

I I \ " ,. \ ' '', , , 
I I \ \, 
• I \ " 
'S I " , 

ft ' " 

" I I 

", ~:,' ,',' 
, .:,' ~',' 'I , ' , 

\ I , I' 
, ", I' , "", 

':t' 
1'1 

Fig. 2. 
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'l'he anglllal' points n', A, A,q anel ~V inc1ic~~te thc components 
water, e1hyl alcohol, silver ni1rate anel ammonium nitraie. The pro
,jeC'1iol1 of all al'bi1al'y point wi1hin 1he tell'ahecll'ol1 un the pl'ojection 
plane is easil)' inc\icatccl. Tf wc take 1he line WA as X-axis anel 
111e linc N.A.(! as Y·axis of a co-ol'dinate systell1 anti if we take tts 
positi"e direetioJls those iowal'ds 11 H,nd Ag we linel: 

X=A-W y=Ag-N 
~ 2 

w1len A, lF, Ag anel N represent the quantities of alcohol, water, 
silvel' nitrate and ammoninm ni1ra1e indicaied by the s~id point 
wi111in thc 1etmhcdl'on. 

[n thiR l11annel' J1"ig. 2 has been dedllCed anel it is I'eaclily notiC'ecl 
1hat lhc cllnililH'it~ al'e l'e])l'esented by 1hl'ec sllrfnces, namely SS4/'4 1', 

1'1'{Q{Q anel QQ4/J4P. 'l'hc {Î!'sl slll'tnccisthcsallll'atÎonslllofa('eofsilver 
nitntte, the seC'ond Uw,t of 1110 double salt ~tllÜ Ihe thil'cl that of Ihe 
ammoninm nill'a(e. 
" The double salt is l'epl'esented in the figm'e by tl~e point D wlüch, 
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of tomSc, must lle situdted 01\ Ihe Ill1e Ag N, Ir the compositiollS 
of Ihe phases were expl'essed iu 11101. % IJ wOllld rail ill Ihe ol'igin 
of the ro,ol'elinn.le syslem; ihis is hmvevcl', not the cn.se n.s the C0111-

positions 111'e expressed in pCl'ccnlilg'es 9,)' weig'ht. Tbc cmve s 8 1 s~ 88 84 , 

situ11tecl on the sille sllL'face IV AH A is the s11tlm:ttioJl line of silvel' 
nih'11te in w11Le1'-111coho) mixtures; the soluhilit,)' of Ihis salt in w11tel' 
(poillt s) grad l11111y beCOlllE'S less on ac1clition of 11icohol; thc sol ubility 
in absolute 11lcohol is l'epl'esentecl by '\'4' 

Tbc satul'11tioll line of 11mmonium nitl'111e in w11teL'-11lcohol mixtures 
is l'epl'osented by 1) PI P2 pa P4" H will be JlolÎcerl thl1[ ihe solnbility 
Ot' ammonium nilmte in waler is mllch lessened by 11lcoho1. Thc 
cquilibri11 in lhe terll11l'y systet11 walel', silvel' nill'11le anel ammonium 
nitr11te [\,l'C 1'epl'esented by l he tilree S11tlll'11tion lines Sl', 1'q anel q]1, 

sitnated 011 the sicle sl1l'face W Ag l!; SJ' incIic11tes tho solulions S11!lI
mted with silyc1' llit1'11te, qp those satl1l'11ted witI! tU11t110nillm nHl't1,ic 
11nd 1'Q those satnl'11tecl with the donbie s11lt. On dl'awing thc line 
lV D th is wil! be seen to iJltersect the s11turatioll line 1'Q of the double 
salt; Ihis is the1'eforo solnble in watel' without clecomposition. 

In ordor to study the cq nilibl'În, in tbc qualol'l1al'y system I opent/cd 
a5 follows, Instead of water, I took n. water-alcohol mix/uro con
taining 41,8 % of alcohol anel in this cleterminecl I ho s11tuml ion lincs 
OL' thc silvel' nilmte, ammonium nitrato and tilo doublc salt. As tho 
solnlions all C'ontainccl watol' and alcohol in constant pl'oportion tho)" 
musl ]io in 11 plano passing thl'ough tho side .Ag lV of tho pl'iSlll 
al1d intol'sociing 1 VA in a point Cl indicaling, a 41,8 010 alcohol. In 
ihis ma,nnel' I founcl the tlu'ec sallll'ation 1ines S 11'1 ,7'lql alld q1Pl 
whieb thel'eforo are all sitnatcd in Iho slll'face a Ag J..V: if the linc 
aD is drawn it will be notiC'od tlmt this branch intcl'sccts J'1Ql 
showing thaL thc double salt is ali:>o soluble wit.hout clecomposilion 
in clilnlo aicohol. 

In 11 simil11r mannel' I determinccl the saturation line in wal el'
nl('obol mixllll'es containing 71,23 anc! 91,3 % of alcohol; I alwu)'i:i 
fonl1d Ibl'cC bl'anches in the figul'e; Ihoy aJ'e l'upl'oscnlcd by S~]'2 , ?'~q~ 

allel (bP~ 11llel by 881'8' 1'sQs and qal)s' 
As tbe linc bD inlel'sects thc sallll'ation line q~1'~, tile doublo salt 

is solllülo without decol11positiotl in 71,23 % alcohol; with Ihc lino 
c IJ it is diH'eront; this no longel' intel'sects the satUl'atÏon line Q87'2 

of tho donblo salt lll1\ onl)' thai of Ihe E\ilvcl' nitl'at.e 1'888 showing 
lhis is docomposcd b)' 91,3 % t~lcohol with scpamtion of silver llitl'atc, 

As tho solnbility of UlO compollcnts 1n absolnte alcohol amonnls 
to a f'c\V pOI'C'ellt only, I h11ve nol invcstigatod the terlltll'J' sysLem 
alcohol - silvel' nitmte - ammonium nÎll'[\,lo bul there is hal'dly 

il 
\ll== ____ ~-
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all)' c\oultt llw,( thc boltlbilit.r lillc':> will givc bOlllCthillg as l'Cpl'cscn(ccl 
by 841'4 f}41J4 n.1ll1 LlIC dUlIble :;n,lt is bOllud In be clceompor,ed bj' 
absolnle alcohol with separation of silvel' nitra(e. 

1"l'om the pl'eeeding it is .obvious (hat the following eqnilibria 
occu!' in tIJe qnaLeJ'llal'y systcm: 

ol' which L is l'eprcsentf'Cj by lhe sur[,lce: 8 l' 1"18,1 

L+NH,NO.1 " » 
qp P1 q~ 

L + Ag NR 1 (NO,\)2 » » 1" q q.j, 1'4 

L + lig NO,\ + Ag NR4 lNOJh 
" » 

curve: l' 1"4 

L + ~Hl N03 + Ag N[J.j, INOJ )2 " " » 
q eh 

On looking at these equilibria sevel'l11 Cjllestions mise one of whielt 
I will 111ontion. H, for instnllce we know that in the te1'11ary s)'stem 
water, silvcl' nill'l1le, ammoninm nitrat.e, of whieh both salts al'e 
anhycll'ons, an anhydl'ons double sall OCClU'S at 30° we ma)' asJe 
oU1'selves what equilibria will oeC\lJ' if the water is Rubstitutecl by 
allother solvent snch as aqueous Ol' absolnte alcohol. 

lt is im]1mcticable to answel' Ihis l[uestion in ils entil'et.r; if, howevel', 
wc al'guc that. no Roliel phases are fOl'med which Ct'ystallise witl! the 
ncw solvent it bccomcs a faid,)' ens.)" one. As n rule wc can demon
stmle that the same tl!I'CC '3allll'ation lines will OCC'Ul' al'3o in the new 
soIveIlt bO thM a sollltion satumted witl! the lwo components 01' 

solntiolls sattlrn,tecl with nnothel' donbIe saIt canno! be formeel. 
Thel'efol'e, alLhonglt (Ile same double salt must appeüt' in both 

Holvents, Hs behaviolll' in regal'cl to the two pure sol"ents, ma)' 
howevel', be ((\lite clil1'el'ent a\1(1 val'iolls cases ma)' OCCllI'; it ma)', 

. fol' instance bo soluble in both soIveIlts withont decomposition Ol' 11 
may ue that, as in Ihc ~ase 1l1P-lItionecl, it. is soluble in t.Ite one 
solveJlt withont allel in tbc othel' with decomposition; Ol' it ma.)' 
dissolve in both solvents with dClcomposition. Tn tbe latter event we 
nHty meet with Iwo more casos; it may be tlIat the same component 
is dcpositecl ft'om bOlh Rolyents 01' it ma)" be Uw,t one of the com
ponents is depnsited ft'om the one t"\,ncl the othel' fl'om t,!te othm' solvent. 

Similal' equililwin, OCCl1l' also at. 30") in the systems: 

watel' alcohol silvel' llitnl,!e - polassinm nitmte 

nnd water - alcohol - benzoic acid - ammonium bezoate. 

In Ihe fit'sl syste\1l OCCUl'S a dOllule salt. of silvel' nitl'l1te l1ItCI potassiULll 
llitmte; in tbc lallOl', which is bcing investigaled by Dl'. 11. FILIPPO, 
a combiuation of bCllZOic l1cid and allllllOniutl1 benzm"tte is formeel, 
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In the Ayslelll: 'vatCl', alcohol, nmmoninm snlphatc anel mangancse 
suJphatc qnite diffel'enL eCjltilibria 0(:(,l1l'. 'rbe l'eslllts of Ihis invesli
gatiol1 fol' 50'" a,ee l'epl'eseniecl in tig. 3; this is agaill Ihe pl'ojeetion 
of tile tetl'ahedron on a plane ptwallyl tO (he sidcs WA anel Abu\T. 
The aJ1gult1r points W, A, lV alld kfn indieale the components : 
water, alcohol, ammonium :mlpharc nnd mangallcse slliphate. 

, , 
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In this system all anhycll'ol1s eornpöl111d (Mil 8(-\)2 (NH 4 \ 804 OC(,111'8 
at 50° which is l'epl'('sented in thc figlll'e by Lhe point f)~. Thc 
1\111 S04 givc8 at thai temperaL\1l'e the compound "Mn S04 . H~O, 
repl'e8cnted by the poillt J1In1 • 

On the sidc plano J1In W LV wc fincl thc equilibria in tllc ternm''y 
SJ'AtCIIl water, mangancse sIJlphatc, ammonium snlphate. Thl'ec satnm.
(ion lil1es at'C fOll\1d: sr i& tllat of thc Mil SOl . H~O, l'tq that of (he 
don~)lc salt f)~, anc! gIJ that of the Mn SO,. As the lino WD~, 

iniCl'sects the stl,LllI'ation line of the clonble &alt in t th is is soluble 
in watol' withont. doeomposition; t l'Opl'escnts this satmated solntion. 

Tho i&othcl'!l1 SSl whielt ilJdieates thc eqniliu)'ia in the (erna!'.)' 
&j'btcm wato)', alcohol, l1\anganese snlplmto conslsLS of two Sal1lJ'fition 
1ines of which onl)' ono S'~I 11:"\'s been detcl'mined. 'l'his indicatos the 
solution s[J;turaled with 1\111 SO ~ . B~O; to Ihis should join :1 satnraUon 
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lino will! (ho nl1hydl'olls MB SO I aR Rolld 11Imsc ",hiclt ltoWOVOl', hal> 
not boon de(el'lnllJod, 

The eqllilibl'Ïn occlilTiJlg in the tel'11nl',r ::lystelll: wa(er, alcollol, 
mnmoninrn sulphnte al'e l'epl'esentcd in (he pbl,ne WAN by the 
isotherm ZJ}Jl ap27J3; t his consists of the satl1l'ntion lincs PPl nnd 
!J2PS of tlle nmmomum snlphnte anel of the bl'l1nch }Jl(t})2 of n binodnl 
linc wUh thc criiieal Jiquid (I, The points PI and]12 thel'eforc l'epl'esent 
two teL'l1nl'y conjugatoel liquids satul'l1tcd witlt mnmoninm sulphate. 

The lluuterl1nl'y eqnilibrin m'e l'epresented uy foUl' s11l'faces: 

81'1\81 is tho sntUl'aiion bUl'fitce of the lVIn 80 4 ' H/) 

1'tqQl{JQ2Qa1\ is tho saLuration surtaco of the D:!., I 

qPPlql anel q2}J21Jaqn al'e the satl1l'ation s11l'face ofthe ammonium sulphate 

lh (/lJ2q2{Jql is tho binoelal slll'face. 

The Jn,!icl' sllrfnce is dividecl in t wo pnl'ts lIy the l:riticnl line l/{J; 
wiil! ench point of tlle one pmt, a poillt of Ihe othel' is conjugtttocl; 
a Silllllarly conjllgatod pnil' of points l'epl'esen(s n pnll' of qunterllarly 
conjllgnted liqnid plmses. The binodnl smface, thel'efol'e, l'epl'esents the 
equilibria liql1id + liquid. The sections of (he folll' sntumtion sl1l'faces 
gi ve tl1l'ee saturntion lines, 

1'/\ I'epl'esents the sollliions sa(ul'ated wiil! Mn SO 4 • H~O + D2 . 1 

qq I anel q ~q 3 l'epl'esen ("" " ,,(NH4)~ 80 I + D2 • 1 

ql{Jq~ l'epresents the con,jugn(ecl liquid pairs sntul'atecl with ammonium 
sulphate. Tlte point (1 is the criticnl solution sn(ul'nteel with ammo
nium sl1lphnte. 

If tl, p!tt,ne is bl'ought tln'ollgh t lIe sicle lJT A nnel the point 
D2 • l this iniel'sects as fat, ns lms been determinecl the sntnmtion 
slll'fnce of DJ 1 in the tmve ttl ; (he double snit is therefol'e Hot 
only solnble in wntel' but tl,lso in elilntc alcohol willlOut clecomposition, 

At 25° quite eliii'el'ent equilibl'in oecut' in this system; on the side 
plnne IV Jl1n A n new nrea of imllliseibility is developed. At the 
same time the duuble snIt D2 • 1 = (Mn SOJ2 (NH)4)' 80 4 clisappeal's 
in ordel' to 111ake I'oom fOl' tlle duuble snit Mn SO I • (NB J2 SO 4 • 6II~O, 

Thc .l'csqlLing cquilibl'ia mnch l'esemblo t110se mentionecl pI'eviollsly 
wlJieh OCC'lll' nt 30' in (he system: watel', alcohol, ammoninm sulplmte 
alH.l lithium snlplmte. 

I wil! tl!et'efol'e 110t disCllSS tllesc equilibria ally fnl'thel', 


