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fåþã,8 or, $wruHffi.

þ ) fntroductory SoS,e,.

(2) fiheor¡r ef three eoæI¡o,nest $ystems..

{þ) Twa sa},ts and Water.

(4) SoLt¡þi].ity of &,SO¿ is S¿'aterr rdtrneral acids and ss$€
Ëa'lt soJ.utísae*

(5 ) SsX.nÞfLity of, Hisû4 ån Water.

(A) Yapoar P eeÊnre of Igrðrates.

(? ) åppraùr¡s+
(S) Pre.Iæ,raååon of, ËE$erùaÏ,s, ænd ffetJreds of .êaalysf.er

tç/ fa&les of !ata.
( L0l leothcrual Graphu I Bee üangularand lrlanguX.arr

(1X) bwffia,W of, Resi*ltE+ 
:

(fe¡ sibliograÞhry.
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{:ssÈeååme ago åt Hes 3'}Otåeeul Þy i}r. Â' E* Ûe¡npþeåå thaà

the çoÏ'uþå}åty of cal*å*æ sÌe3Ë!hÊ,tÊ å s ea.$eå{erabåy greater

ån a s*Lutåor¡ *f &åckeL suSpha,te thar¡ in pure sater under

såsil,ar eondåtåo,lgs" Ëhls \qa,Ë pêrti.cal"*fl,y the g'ass aÊ hågb

teæperatt*F€åle

Á.ecordfmg t* lrþ,ase Ruf.es wÍ¡en tÏ¡e eo1ubilåÈy of r¡ne E¿¡Iä

' ie åneree.eed ån the preserlce of er¡other salt in sol,uêícin 1í

"&R.y ge,ner*LI.y be åaf,erred thåÈ cauþånaÈion oeeurs between the

üwo **it* ç¡3.t3r tir.e forryratåsn of a double saLt whåeb ås

BresewÈ 3n cowtae{ wåth thst solrÂt,1snê

"ir¿t}t t}¿i,s Feiffit åa våetru P}¡eee nq?,e etud¡r.weÊ ûa-rrled out
qn Èhe s+}r*bi,ååty of' ea].eÈ.wi sr¡35¡hate f,s? nls.keL euåpha,åe

süJ.uÈ,i,sÊs of v¿ir3,qus *emseeaërati*&s at tlrree difÍ'erçct ieæper-

atureso

fire fsltowirlg narraticn tlaerefores is ÈÏ¿e aceount, of the

appLication of Sbaee ät¿le to the investigation of solubitity
relatlane þetËeffi äwç sa:[tfr af]d wat*trc tbe methsd emplayed ln
thf s F*rüåe*l.ar pra'btr.æ e,ad Ëhe rssu}'ås obtaåned therefromo 

,l

T to¡ish to express sry indeltedüesÊ to Ðr* A"SfotamBbelt

for hls çruådæ.nce and Ïrls val,taabl,e advåce en .¡Ep*try oçcasioag

duråitg tÌ:,e progreËs oi' tl¿ås reçeareÏ¡*
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Effiæ tffiFffiEH? S-€.$rÊffir

, fh* såHgf e'f eqeåltärf,s år¡ 'æn*sue, e5¡s*ewb

ï*as b .aørÈ*åd*r*ìbxgr øfmpfyfteú þ¡y dåsüËag:uå,ekËag t&e

ayelS a**o,4Éteg å* tbe aqxeber ef eeeEm$säÈa eur*,xt,lag

É,n theæ"

ËfføåæsI øre tbesef,o¡s lr]ellsseåer*e## *s &ÞÊ* ûwo*

-È*ryffi ge f*!ils €*ruwtenÈ æ¡r,eÈffia* 3p ,the *ËnÈy- s.f +*s €ä. Sffi
cËe¡eâent qystems ao diffisr¡I.ty åe egf¡sråeaceë ån deterucåæi.ry

üha equi;.f,brË.æ Mrrses tt¡eÈr ¡ihegg ar¡d tn tbe nsthod of
Ae$Sæs:@.*e*å.** af Ë'þæ*r æåæ.€å,emæþ&þs* þst *s t&s eægg æf

* t*ryee €.üffiÏ&wi *uE* Ëeë $* .æ, ås ssmw&w* wFs
øgmgâ-,çËrç &s åuæs.#**e,*n tÞe *s,@Þãs çS ç*WW;*a 6*rø*
aå.sw ùa s æt¡s& greatw' æræmþer- +-f cysù@s.* sË'* tþ.e sqn*åå*

þ.ryåffi se[s&åsüE qf ,ü,þea+ år**sæ&þpe * $wker .of en ffie*-
å*ens¡.

åâ,þS,.tñôeS f&e gthae* åe" ta a *yetæ of
*'hrq Éw[þssÈst€**

F n3 t-F+Ê
!Ë' S*P+å

's$,v# 
#*nes ,'ere nææææp üt eæs&åft*,te * Es*..verå*nt

s3,iËt@* fst¡r foc a ffim€wtr*æià eäË tþre* #çp * ** sffi*+

lbus a uenayefåæaè systæ exl.ste at e quånÈ$ç}e Þolst.
.å.t e,n åxva¡rl.ariÈ poånt sf a tþ*ee eompo*eut

ø¡ræt*m,p æe sæ & e sasç ef, st'her l&.s¿r$Å$ËË eyetæv 'Ëhere

ffieå Þe e't i[*as.ü ase eståd X¡Þa'se pne*enÈ,p s*mse ?.eÞs!ffi ¡&m*+

t a Emç* ses*@ su¡aþer CIf Í.å,q?Aåd å,æsfË aeÈgg thses* ns

*het ts Prç6sFry6 *fl,vegåe¡rEe es* saÏ-*d l&mee f.e 'Þøsæ*s&rfr



*îã,-

Tbe søsfæum mræber of degrees øf ,*"** ,o
ä Èbreç e€#&¡aa'#äÈ gyet€e, ås fel¡r aad &þe såæÈøræ nt¡a&s:r 

. , .

is aeæe ln #feh €*se aot o*3;r preseure and temBere,ture bct

æ1æo êfue eçry*eatsaÊÍ,se cf Þs of, Ê&e ÈÐErytse@tç w*et Þ* 
i

fåJË,€d Èo ¡rrepemc ångarf-ence <¡f tlre e¡rst,eru
I

Varyåsüe æetfuoda have baee sqlegeet#d Èe repneseøt 
i

grefficaååy Èbe nwrlæs3. reiaËiosabtpe Þ-eôeeea tbe :

:

ceÊlÐtÉÉE*s üf, Ëhe eyetær

i?or tss cÐæ$Ðæ€ült oyøtcse reeÈan8uåar cea*dån*Èes
:

*.r€ ffiFley*d - the eo*eentraüåou +f o*e süsÍÞ*Sl*ü expneased

å*¡ *e@s ''Õf, * f*B€d €ffiffffiå çf *be eåbe bæås*g mææaææd e¿sg6 t,

Bñ€ üffifið*. EæS ghe sÈ¡aæge Õ.f eêÈ'Ëfur x$*penÈsxt ç*riahï+*

€*S* Ëê&ãËË,et*re+ weasss'ç¿ aXoæg t.he eÈhetr anl.s'
'r Sæ t"þe ss*e ef tkee ee,&Ë¡effie-ã#e æ*e Ée* dþFse

Ë+ tãse sesÉgpgg$ær sge*ffi ef ¡resreeeuta.tå&s* *,sd f,*,S,e É,s ffi,s$

#*Þ-r€&Åaæ* w&eæ üssl.åsg æåth s$FF. sffiË sþere $Ïrs þËtur$Bt*t sf
åh* Êç'* çf Ëhe *sselffi&e#Ss, sftFÅ xþgxÊs*, t* e*e s,*eæc"æg ås l#f,#,sLlr

elif,fereæt frpu tlrei.r t'eAes¿etræ såth re*pe*t to the ?frårdr ê,1g.

ä,.w8 qeåts ww*, watarr . . Hór* tþts e@**m:æþË*s* ef .sg æaå* ,

,å*s'e ,fi@#&e*e.å weågþt sf, ffi*,€# *e. &&êsÉ.ffied *I*ry ÊsÊ axås .

ané t&åÈ ef the oÈher e*It aåsffig tåe sgås at rfgbt åffigÈ,ss

*-6 fÞå*1 -$&åÏ.e& tÞë eheryæ sS t&,e Ëy#+ffi, w.tt& fþe €@ÏæF* 
:

.cÈure å-s rrepresenåed Þ5r the thård ãæ8 at *ågkt, arglee

Ës È&a f*ssÈ È $,ù tþåe &et&as - f peEryesm-taåÉw &eæ a d.*s*È+
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ryeæäilwæ &w %Wø*- '&&ææ &w w påæ,€# &w eþ:w, e&æ666 ,Êøg ww

€@-$,g'@# d'*ffiåæ #eåt æø,v f,wæ seåæts@s seæêft*M@ s€trtr

åås,&.ã"s sã #åæ, ãffis€ *qÊsÈ ffiffi ffi ,-ffis#& ffi#wø.ffi
wæryæ $s e.kæ æ #ä*wffiw åæ**dæ ffi* #ffi&&k&.F*

gwes @æg wffM #ry,ê &#'& ø *&#, æ **æ.þï.s+

#åk# &¿E sæ&æÈ@{* Èfu, *es *pÉ a årå*¡reXg,*r 
,'

rååwøææ* @*s prowideê:, gW ææ sf Ë& ww¡mgw&& g#

æW åf ws, åe&ë eæ æw*fue w$wftæ æf *w&å ,

hgågþ&r &&ç særæEæe *tr *fte åråeçWåæ wåRå Fs#re*æ* ges gffiFë

@wffiffieH*&* #ffid sm#' $wåmå ffiå&&f,ñ & êf*ewl¡Ð 6w êøffi,*e
åsffiry @eîåæ êf eæ *Mæ *ffie&rqffi#&e* ågà" w*æe #e

ì

*** *# âkr. æ'*sæg wS åk. åf&effi&ffi ffi*trh .e#e S*¡* ç.WËæsåetsm, 
:

ef * etffåæry@ åffi @€e øæS-ry tws meffiw#ffi-ts+t+sc ffis# ***
ì

#.##w.#ffiffiä ê@ *æ+ ffiWfiffi @äek" *&*æ #*ge w.r.,M Wqm *æø, j
I

æååkg &wæ å,*ææ*. str åþæ gpã.æW$-g¡r 
i

Hä *;hå* ffiÊk{* åt *# ffi#æ;fr'Þ&s sffi, s-wffiffiæææçä s '

æråx.&æs of æg eryry**f.Êåëæ ffi&*re t*æs så *hæ fmæü, *&æ*

æ&&# sæ æf É&e ç*æe'sffiåË&eåffi# æ# e&æ €åãütræ# a*æg¡**eu$æ

ffiå,*l- #d qp æ É@ eæ adsr åË æe çæ# *æ fnrægtåæ**

LïË& sf ä.þæ WeffiËåee eS * Ês4,sæLe åe &þeÊ å&* w ef &@

Wstrsw#rå*wffæffi ffiffi øffiÊ FÉ#ee *ffi&æ &e ffiSe ffis så*ee åe , 
,

Wru¡*, *E å.hs ffiSeþå ef ftu *r*rySæ** Heeåæ sæe æf Ë&åø

tu#fu &e ## s& æ#s {*WW gfu& @€ *æw$¡e*åêEnffi cÞf s 
,

*#ffiw# æWcr#wê @ æ Sså.we æ**h*æ 6kæ *ffiæry6u**

äftry #SäWe # ffi @ gw¡æc##d ry *.r,*wffi** gweæwét*pæ&w: 
:

:

e@ gk# #&*&e çf thæ, *r'åæEæ*,æ fw *tuÊ. ffi*æÉ* ffi# åWffi



sf æ€& sf å.he reeËee'Èåee Sæ:rã+sa€t* Iass reÞFêseÊte l&ea

ffasegç *å .*,æpæÈe eË åSe ,Sbee €ÊäSrss€nèn pres.EurÉ ,åe:^eI
Ëþs s#sw W*xål¡gç"

fl t
mß,eù&ç.s: gçrg sf êxés&ffi#Åes

d'üE#ryaw e&*cþ S* dås'åtgs*ãtr #{¿S.s€*øs &e Ë&æS, aåsea*gr @*Rr.

*åd'ege#,' lå ,Êes*åpåe of eæ .sqreë^Se,å# E tråutryl.e wlth :

].å-.gs* æm;Lçd ffralf,eÏ Ëo eash sÈde Í,nøêe¿rd *,f g¡e.rgnewdåç,nÏ,**f,*

fbe LengÈh +f È&e såde ls Êaäeu #qt¡e¡. to u,*lty or ¡aóre

sftæ' çee Fn¡ndred esd t e saäe seale ls ¡Àeed for thç Blmøf¡r

qä,.#g *æ tlhæ. s,å4+ *Ã' åfue tråa¡Wåe æe fer *&* åaæø**,g

sffsÈ,g,$ åæ, *,ks å**Ês:råqgÇ' 9þ,ç eæ øS å&-e Ë,reö,&åaa*& ,e,#

Þ&sæ',6,.Ss6e -airy* &# *f* €Ïw t*apes 4ç@ffi4€#Èæ ås reForeâe*Ëd

bff æ sfid'e -eË åþe *r s*W*.#* r9-åre *ü&xÞs$,Èåes eË' æ iÞegiþE?r

g&ErËffie.s ås sÞÈ*ånsd futr êEtçr*såHå¡.lË *s t the ffer*s6$*a**es

dåstaÉ+e rif e paånÈ flr@. î;he tÏ¡.r*e ældse cf a trt aËSåe¡

".'Sgffis&*w& Wæ



¡#b

pafallql to &he eides of the Èri;l,ttglerbut the dåsteaee

Ðåagraee-

lhl¡çs ln order to express the copposition of the ternaey

mixture of e'oru¡ronente .år 3r åfld Cr :reprefiented by the poåút

Pr the Xrortion Bx is measured off ar¡d represe$ted pereent,ege

otr fraetionaf,. pårt of A preseæ¿c $iæl"Inrly .åxt c,howe the

auour*È of B conponent"l arìd tÏ¿ç reue,inder xxt 3re¡lresesrËs tbe

anoün! of the åhård co$rponeat t* 31rtn t'he poånt æ* tlre Lir¿e

drs¡rn p¡ralle!. to tlre side Bü of the triagle and eiæXtra.q

or¡e frog the polat Xt grerall-el tt the elde Ae-" T}resç Èe.o

J.inee seçt at the poåüt Pr llencç¡ fron the figare åt !e

esldent tbat such teruary m.íxÈyre coneist'e ofs-

5M of üoncpenent á.

gWÅ of 3 and

AV/p of, C¡ . or their fractiqnal parts eF€ 5r3r,

axrd È rnes¡rcetåvely'

In paassíng it æaS þe well to notc rrn åmportæRt"

property of triengulår fepresec¡ta.tlon wbieb' is thãt

*a li.se dreB.a fron Ðne Gorner of the triaugle to the



*,8*

Ðppøsåtæ ËideÉ retr)rese&ts the eouposåtion sf alt
ælxtr¡ree ån e¡bielr the relaÈÍve smounts Ðf ttryo of the

gÐæpâBegÈ-e remein in fåxed propontion * that of their
originel earuposÍ. tion.
Ðåagraxr; *

lt:,
/*, ln'\

x V

If conponent B be a,dded to ¿¡ sixtüre Ð sf .å ;,rn-d

Cr ereryr pne*ib1e ternary mixture silJ. I'ie on the Line EÞr

.snci in every euch ra'Íxture tlre proporti,one of the compe&e,r¡ts

Â a¡rd 0 wi1l be Ín tlre ratfo X*Yi

Th¡¡s xsÏ"¡sJCr ¡Yf ¡;xf r 8T't s ete.

In 5*æse rule work åt is desfred to repfesa$€'at the

sane tfsoe the effeç,å *¡f ar¡oêher Lr¡de:¡ead€äü g-arlaÞtre* grgr

temperature¡ vrh.lch å,s dane by rceasurlng temperaÈure nleng

tbe axes perpesrdl,er¡Iar to the cürn€rs qf the trlangle'

Thís results in a right pr3.sn and aury ¡r3.ane eut througfr it,
pera.Ilel. Ëe the base represeatË tk¿e 'o*e}¡a;båe¡år ûf, the three

eomtrroaeat eyøtems at the teruperatsr€ f,epresented þy tÏ¿e

plane. ?his is knoç¡n as an @
?'his sethod of represes¡tation of the ¡relat*se

behavlour of tÏ¡ree corepcnente r"ü ver1l'ång ter:persfiures- hae

I

e
_Dn



*6+

,ê vs.r5r såÈe *pp1Í,e,a*å<x* åæ Êþe så*dy sf æ thgæç æeæp**+at

sq{€ïå@Êa+' 3t le æsefuå t* t}¡e *tucy sf, asåmÈ*ess sf
åÉqãåds 

,$,n 
}åqrxådsir sÊfllå sä r,ã,L øf, rshÍck eF€ Ïartt"eååF

æåsç*,båer ?Írcår re}.et*se m$,ËçiÞå3ity snd Èhe ch*qge r.rf

&ËË& çðlek åæFçæÊ*æ-e ffiF b* øgeå.æÈÉeaåår repr**ø€ø*

Hr fbe ebo?e EÊtkd, It i,* aEes r@r.!r a3:*¡I.leab3e ts tJre

c*sså¿ieewåå+& of i;3¡r¡.** +æryy*W ry€Èryf ås wÞ*,æþ Fn* er
ssåå¿î g&aa.eæ ß,r&,pdpë wåtk *m,e f.åq#f,d 3lhe,s,S* '

ß8cþ sye'*eroø æø3r be dåvfded iato Ëçsn elasËess* f,årsfç

6Ïrcee sffffiåry*& t3r*t' arrc w** Ëåtþ,À ãn åhe ereËemånatf,sæ sf
fr*eg'å*tg:t æS-sÈ #å*rTes sf nÈeå*eH. @#taåry,*

ffiesef,&Be ffi*å¡" repg;:eær*. $he *,fu*#* Êæ tärc

free¿åitg Fciæt ef ci two eempo*ent rpretem W the *ddåtåae

+f, !{e Bb&rd Ë#ffiSÞffi.€re&+ fke eÞ$rwe af å}*fs flvi ËffiFä w*,th

ÊBæ.Þeref&se ås eÍ.eeråy rspã.eË€Hted En a råght pråæ

d*ægäFÉ'þ#d "*.hs-Ê+ ?hå.s åæeåndes Èh*rc*d. øÈ,udåss sf, w,åee **.e

#d gf 'ç*Ws.Wës *nd ,æ,êefås^1c eeçh sË Fsatåeä4 @cså#
prod.ee*d by f,ssi,oa cf tlreår øom3rcseet,er

Y,þe. e¡reteme beåeu6,Sæg fæ' å&e fårsÈ s*,åËs haw*.

&osx S@*É&sed t+ sþsw tþe applf,*aÞål.åSg Ef Ëhåe se,*:þed ef
regËr.ëe@Ès&ås***. bet g.råä*hçg t$Fes *f ÈþËs wåþå æpt Þ* $å,Ë*

au*sed ss 'Èhås åe. r¡*å a Smrt *f, *lce pres,ÊcìÈ probtleær



*&þ



,:ffiWLø *æl^& skåeþ ås sa,tc*låy egeewpæært,ø& Þg = ek*ægø *f
b¡rdssXlo*.

$eçesa1 exaæpleø e¡f thl,s *re hewe¡ but trsl.3r

flBe s? *ws* øf meÞ w,åll .be qäsÈsd èe åndåe*te ssaà f:rcts
üÊ **.+h t&,e etr*y of euph, three #ÐffipaæÊÊ*, eyst{iÆs ås

baË&dr

ffiÊs d-EaE Ëartr¿te ir heaÊed Èo e teæpçr¿ÊEre

aË s&øw'e $ss,*- åð de*w¡¡eses -ÊsÈe *,ts *t*æegt,f.äffiå e,årffiãa qæx.Ês

€'-Hs Èe. tratç s-u€ tr*If- terüraË.e amd ætgr.

Ifr *F Ëþe ethær le*@-r tbe ÈerãseËeE sf trÊ ånd Ë

are sl*eiil 1a tbe eboge pre$]æ tims abcçe $ÐÛ" ar¡Ei te&Eæ¡,*

' Ët+å¡re'.i*å&Ë-g'@ Ës fsãä* æe &@aü,$,srs çf c*. dæ*ÊÉLe #as".È Wbå

r,#ffi*åte &¿.æ'r åk È#*r*s*ùåsæ ¡¡e"Sæå Ë*r Ëk*s +orysffi*'$*,

Þä#* 6er*-bl.æ' *abå hø*æ6 *t*Þå* þaåss tt eÞd tês È#e 'rya
sËåË.q*u#tå sáLts a sse*

d. æimÍ.trær Ímetaæee ic f,osæs in Ëhe behy-i.ear sf, ük
csåfiSe*es eS sedåqu and æa6æe.øåw wå&þ Sarps&úça ef, th#

deeþ}e eæIå* aeåËesä,a*üç *eeord*,ng ts tbe eqnsËåesr

%åfi**1qs€ + @ét6*ïq# Ef øqg$#g{ffi"ü4}s.e$g* + &ffis$e

: Heræç ïtçæ"e,gerr: tbs f*eø*&ioæ çf e*g&le eæt$, Ëske*

Þå**s ab*g,e &þe ê*-:Ew*åSt$fi Se,åæå øæ4 deoen6rom$.tåøs å*'ãe

eassãÈ&æeå eafås þe"S"sw i,t. :

,e *å**Sçx Au 6hÊår Þ*eqå*&**

Wd wheåþçg t"kç f€,rætå,ss ef deub-tæ ,ea[t 69.#fi*6 *.&É'T. É &,F
'

þ+åsw sþe Èf&ssåtåøs $ry*rsÉ e# .ãe d'+&ewtffiø* S Ëe*
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ewplrå,eal, ,fe¿}'e Ahåt "åf tbe waûer of erysts1'li*aa.tion

of the two eCIçstååue¡lt saLts togetlrer ås greater than

!hat, sf åh.e dot¿ble eaLùr the Latter ivíIl be foroed on

r-'Èsf.ag Èhe t"empemt-t*ge¡ þr¡t å,f the dcl¡ble ealt, containe

.&or€ watçr of e ryste}låøatåotl thac¡ the Ëruç eingX.e ealts*
raÉsång tåre teruperattsre ui3*L effeet åhe dee*rnpositlon of
tbe d,suþåe õa.åt'n'

Ín eppl.yåag .PhfsåF$q*-*o the study of any

syet.æs the vapour ËriesÊure of the systffi musü be eossåde ed

lls ordeg to deternåne th.e degree of freedon of the equå3.åbríus*

fhu*g ap,.,l-ylng Phpse Ë.ule ån the determl.nrtion of pressure

* àeæpelq.Èq*Ee 'eutrFe of ül.ar*b€r ts SaLt

Í,* C*F+å
'i =, â*õ+ 2=L

t?ris hf.uary s¡reÈeuc hnb ggg degree of fseeùom - that i,s ts.

evers Èempe:retiare there oonresposde * defi.n5.te -$åpffirr

pFëBsI¡F€ sf the sp-$t@o .qåeilarty* qbre¡rye¡ 5€'5 ühe arahyd,rous

eodåum slrl¡&ate fn soÅÌrtion eossËåtules a un¿.?erfåãt systernr

wåth def,ågf;te vapeT¡¡r Sts€Bs¡¡Fe ô'srrssgondÍ.ng to eash temper-

ature. ¡lt 5lj'59 the trrro curves Lntersect and the system

ther* }.'æ-a four pÞ.ageer ñ.amel.yr*

HagsGa"l0foÞ

sqstu
gåvimgF+' å.4+ *-tS

ã Hen-lnråerit sYaLæ at a

qBadrliftåe Pefurt
:

ÅÈ thfe lé'f.st beth systems are in eqüf.!åbri.w[ and Sheir

?Frpour $ressure .f,s ttee sâJilêr Ät thls poånt every va3iable

"'ìeLqrtlcn

TeBCIutr



!. '.,J

;¡;

¿t"
,:r....r
i*jmËr*

Ís deË.åged * r&€ if ïmes*rÀFeE *æpera&wre or sex€eË&*reååsä

þe æþËer,€dç e&€ sf Èþea* Erkæee etåxappeara yield*pg

ãjre S¡Fe,esffiå aê e qtedËap1e Ïåæfu åþåe Þs5;at ie tbe å¡s'ae,n+
r;'

se€åå#$ øf fae*g E*på.vaH*,e.&* efrst€ffiÊr l*b.åsb ñs+3.¡

Hag$d)4**.#HsÊ1 So$.ut*sn* Vaffitrr"

Iteg[i$¿*1&H,¡¡êr ffi*g$üg tr*L*Ëåe{iÐ

She ,s#-ståå3þpåæ cf çø,Êt&'ø$'sfæ ls nåTôw üä Ëþ.* ffÐ,g&-s.*

s.*gåÏ-t reLaÈ*st*ü;lFs aË€ seË wttþ Êr¿ èhryee

effs¡¡tnênå syetemsr suf;h å8 tþe eaee of tws salÈs anci

wÊ,t;k {&etr fes@t*ofr of *eeþ:[e ea3.É¡

ã*
*
Éê*

r)*

e"

waÈ*lr



r;¿fr:-

Tï¡*tÊ {Ì æix:Ë-ure úf åodflrrr, errå¡rhgt'e deeabrdæaÈe a*d

magae'såis: suï'pSe Êç hepta$ydg,p.,tg for¡nË an r¡nlvariant system¡

i.s€..,

.F=õ-4,+2=1
whåcl¿ sea"mË ghå* CIn ]reaÊång tSrfe ælxtr*re to a*ryr' temperatære

the va¡mur preË:õllïe åe defånÈte*. T1lese ryel.at$,vç €Ìrarrges

ür.e graplx*,ca3lts repres,en&ed by a sËfeigbt l[,i,øe' uP t8 Ëgel

s.Þ.efe the tws eåmgI,e s,a1te gåve riee to tÏ¡e formatien of Ûhe

thlrd sonf,d güåaËGr esËr,eeaniter

fþ$e {,ågÊ, phas*e are pr€senÊ** so tbat tbe pnf.nt

*t r+håsþ, ôþf,s eltange üteuïË ås knor.E¡r &s ä. quåntup3.e pß:[ntr

åppåylsg Þhe,ee Ru1cs-

F lcÍ C iP + g

rhe syË***=r*uånl*lå. I *** isr pressttr€e

tçnpe5'a,,ture and ,eo*een,Ë34ti&n ,æ¡ret hat.ê a deflafte v*Iue
'".

t,o ptreseFve nå]. fiv-e gú*e-seer.

J¿tst æs ån æ. båaar5r s'SËåeH The.qçadrupLe point 1s

the åAterelgÊåion of fot¿r êl.*x"r€'sr sfrdf,lapÏ.y }n a terAeqs

systemsthe guimtr¡Ple poÅmË le where ffve cür$êsr &âGh.'gepre-

EffitåEg *s ¡anåsarf,ùr*t sygtew åmtereeett

fhs fåve gnåvarf,aat sys$eïûs ,&rsË-



-lL4*

Tapouro

Yapøur*

Yapeur"

t
P

L,r Hrq**OU'tffirÐr ffig$O4.?'Ept* .å.straeasÈter Vapourr

ã* Ha2s** +L9ffisþr ãÃgËt4rgfofu scår¡tÍ,oËe

å. Td6$%l?%8 * åetraesr¿Ít€* "f,sl.uti,on
' 4a SaU$On*ï,+%gr ÀsÈçae*w*,&ex SolsËS,oa'

5 + s'a*$tnl Ïü$,#rëÃgsð*rfHdt * .å,sËraaanâ,te soã*¡tåeæ

Hepreseniltrg these 6r¡ the ã,-.1''díagfrxm we get;*
5/r

/-
ëa¡;W'e 'R64?1 re$|îeseðÈÉng tbe effect of p-Ëessr¡r€ s.n the

traneåÈlon polnt t¡f astraêanÍte¡ s}¿r*ts te tÞe rlglrt shevring

Èhat Èhe trænsiti€+n;.¡loint is ra.ised uåtie -i;l:e rise ån BresgÈrsr

fuenu-e Èþe formatíon of astraeâ,iiÉå€ ,û+€t*es e¡åt$. expanEåon in
volwer

Surve,e (e)r tS) ena {4} trepresest unÍ;ganåant leraarlr

systæsr ír: o,;hiå on* of th,e ph.nses in equillbriaru is
soLretáor+o Ëeæç.e t&ey cmy aåea he 'eoneidered æs nolubålity

eurqneÊ of varisus Srh,ases ån equilibriuro.

ff t&e ords"nate seåir€seet tbe can*eutæaå,fen

of tþe tv¡o csnst,it¡¡ent selts and the abeeiç.Êäiê* üeægmr'atune

cÈrve (Ê) Í.s the so}.¡¿þåLåt¡r curve sf tsr,o ,&eËg4.Iegg0

a*d @SS¿*?fuû.

sËæåT.a¡ü,y c$rËè (õ) åe ÈÌre erlÎuÞLl-ity curÏe ef

tr€ffi*tfi%Ë ar¿d æeårñi.*ã$:[üÊ at" saråeus tem¡leraf,.urGsr
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Tt should be noted that ln a three esarpene¡¡t syeÈem.,

two solld pkaees are neee€sary to nake the eysteæ univa,riant
and obtain a tenperatuf€ - eoneentratioa eurve of these t
rfr however¡, tbe teaperaÈure ls flxed" th.en pnly one

solici Þhaee mr¡st be Bresent in;Êontact with solntloa, to
give a univariant syetea.

- Hen*e¡ ín the ternary çyst€Ê 0s$o4-stso4-Hpûl we

can heve var¡iríæg enouaüe of 0a$tu ån soLution wtÈh varying
amouEts of Sf $O4 Fresent or lriee TêTsar *rusc åf CaSO* ie
present ae sorld plrasê¡, the eystenr hæÈ oÍlê sor.idr oü€

sol.ution and oae rapour phase - three pheses and three
eoeporents givir¡g a unitraria.nt systeaa coasÍderLng pressure
to be con.stanÈ'r &B åa nsnally äae 6&se fn *o1uþility deter-
ai,naüisnsr Systenu i.s r¡nåvariant at eosetanü *eæpsrature
f,or Èo everJr so:icenttration øf sis04 in soLutlon, tbere is
defl¡rite co¡rceug;natfon of ca$û¿ in thêt ssluti.slz+ Ee$ser

sinilar solubíLity,sl¡une is obtaåned ån tbe p-1lr or T*c curres
al.ready discussedo

Tt was alieady ¡¡ointed out i.n thÉ ease of sodir¡H.

sutpbate aÈd watera thæ t the solubi].ity cufve of the sa].t

undergoee a sndden cle*nge in directiçn eü a tray¡sition pointl
a"¡ré tleis í.lr iævatiabr¡r eçeo&p*Ðied hy a clrange in the

solid phaee ln er,ailibrir¡¡a with the eolutioün lhe se¡Ee

behavisa¡ is found Ín tþe es.s,e of dsr¡ble erf.te, rhls was

poånted out i'n the diseussl,on of the ternary system

@$O**?gÊtr $aAS04,1OE2e and sater. fo illustrate tbls
nore fu' ly a.¡rother .example nay be given - tþat of rubidilm



dextro a¡rd

from thenr

Ðíagræn:-

iå{iÞPË

Levo tarËratess and tbe f,omation @f Ë[E-raeeøate

Á8 represeats the solubility of ra6.er0ete and A?BC that of

mlxed t'aftrates.

The gre¡rh shows that t}¿e eol¡¡þility of raceroat.e

is le, s than thåt of íts two conetituent eal.ts' Tlu¡s

eolution represeated by a p'oint on tTre eurve .å.tB is
:

eetur*ted with respeet to d ar-¡d I mlxture but supereaturated

with respeet to dor¡hIe salü. Hencerracemate w$ll. þe

de¡meÉteda a,nd trts finat eousentratåon will be rep:iesented

by the poi.pt on the eurye .4.8. Sj.miL.ar}y for the solutlon

represegted by e point on the metastable prolongation of

.A.B eurve" I[ence¡ psint 3 is the trensition Sloint for two

single salts and a double saLt.

where onl,y one soLid pn*** is prese:rt anð the, temperaÈ'u,re

is fåxed¡ *ne curve represe&ts t}re equilibriun of unLvarla¡¡t

eystem eomPoeed ofs-
( one salt Ð.s solid P,hasa
( *otution of tv¡o sa.l.ts in gater
( Vapour



¡,,?

wÞen tSrere åç ¿:, break ln sr¡eÏ¿ a eoLæþi3å&y eurve
t,h*e b*eak ås dt¡e ta a elr.,l,age in tþe sotrid pheee ån

equå,l.åbrl¡¡m r¡rf th th,e eo-latLons Thfs change eey be eit?¿er
th.e charrg;e of Srdretion of the eer,id phas€ cr do,abre

salt fer.matåon¡ or¡both.

$ueh, eurrres eþowf.ng the solr*hÍ,llt¡r -relatisrïs

at t:ogsË';+nt êempeæetrffee ::rÊ k¡tsTtrß ae éqg=!þÊryar sollrbility
Ç*flv-F.Ë* They Ebow t-he s*r,$b1Låty of one sonrFonent on the
edd*tåon of another eoreï'Ðrip,.nt aad the eondlÈio,ns sf, forma-
tåûn ênd staþf.e existence of doabx.e sa3ts in eclr*tien.

. Ëor the gfaphie representati.on of leothe:rua}
fel''ti.çns ån t,e-ruarv s¡r+termer sns E¿ãJ¡ em$loy eåther t}rc

the trLangular dÈagrawo Tæ the Satter eaee

Èhe trfangle represenå twa sal,t *rnd wæter

respectively.

Whe¡re ao dor¡b1e ealt format,lon tækes plaee in
a ternarJr syuten¡ Å+ B ,end HgÛ {f,*g.ti" for enampll€* â

two bre&e}*.ed surné {es-b} ås oþË*"lnedr rn t}re díagraæ

{e} repres,e*åÊs tSle eolt*bÍlit¡r ef sa1-r å. ån waten¡ ib) t}ta1¿

of saSt B ån water* eRd th.e eurve-s (*c) aad{be} rep:reeøn:,t,

the three €ompon3rrt soåuÈior¿e trn equflsbrir¡æ wåth. solf,d

sart ,L esd sp}È.d salt B resB.etti:lr.el.y* The paåaË {e} sboe.s

the Eosrdit*otr of the exisÈene-e of ånvatrÍ*rrt sy*Ê'em ån whleh

the eel.ntf.on ås ån equíååbrå,r¡æ wiÈh botÍ¡ sa3.ts as so}åd

p}:aees*

reeü*ugriï.ar

the soraene

ür

of
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Ðåa6mm*-

trË,heæ* h*v*evefa; the ter,ner¡r s¡reÈw i,s $flsh that ÍÈ
g.fres råee to the forwaÈlsr* çf <ionþ-le ealt aÉ, the tefi{pere-

?mre at v¡hå,*h ååæ.eilll"å¡ååþrÈlm *s LæveetÍgntç{.*, t}¿e l,ea,È?rer-

ilral dirgralo eah.åþåts tTrree çuìrses (f,ig,¿) wbere the

mi.dd}e sqtrve ee+ reprresente the eqr¡illbrir¡n between the

åertmngr e*åutfcæ* and the dst*båe' eaÏ"t as soÏ,.id p"b*aet Ïts
.eemposÈ.tås& Ss repre'eented bg the poånü Þ * an.d tJrfq æa¡r b,e

d,eleræåaêd Hr tÏee P¡üo,ãebçomts æçtlesd as deser*.bed previeu*l¡it'

ff tþe 1"ine' Jo*r*lng the geål¡ä D t€ the aægle of
' the åråengle reBneeemÈing pnre water ente tbe çt¡rse'ge0

then dnuhLe *el.t Ð wial be stebl,e end v¡i3.L dise'o]'ve Ín

Esat,er wåÈho.ut decnmposi.ti.on' If* howeverç thsü l'f"ne er*.ts.

anJ¡ GRe rçf t.?re atïær Èwo eu$ses* then the dç-uÞLe saX.È S on

being bror4ght in coatect wlth çratef wif,,} undergo üecom¡

posåååon årsto its einståtueat s¿lte*

lþe, tlrree co&llsï'Àent æÈxtsr€fi repreeer¿ted b3r the

poÈctt fs.) g*ues, rise t<r th^ bet,agägÊË tms eyetem of soLj.d .ê.r'

*nd a eetürat,ed soLutåon¡ the con¡msitÍon ot- whl.ch ås f,e-

4,
,?

/r,olro
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3)tr€selrteâ þ¡, èhe 3io*nt {y}" eåsi3.nrny for the poiwts lylag
crn tþe 3"Ènes jofnfng t}re polntc of pure co&poråer¡Ës ¿,r¡d

the peå'üÕe of saðt*r¿iÈåss* e{¡Ep{res sc? a&d #rb. fhus for a

nixture represeßted þr the tr4rf,nt {x), t}re anount of satur-
''

at'ed euÏ'uåisn l* repneeer¡ted Þy t}ne åeægåh of: the Låne

{¿æ} and tþat of sol¿d Bhaee d,e¡æsåted b¡r the Sengt}r of (Xy) 
"

f,he salÈs. in eE*¿fÏ,S.bråu8fi, ri.åth waÈer Ln a

ternær,Xr sy*len afæ a'nb,ydreeel th.e ÌrtÉe*tårl€e.h #or,Ìvergåæg to

the eornen cf the systeæa ¡fe¡Èrpesçftt the ;'!rre ea3È* ff,
bowêeere ûhe salt fn egui.låbrXr,æ eont*åns r¡eates of eryetal'lf-
gståon the t,¿e*Lfnes eoarefge ts a Botnt an tke efdç of the

tråaryle r€presenti.ag that sal,t and vater4 siæ*[a**g fnr the

etherr sa,lår 3n the eæse of do¡rbåe sa].t * å.f the t"{e*Llm*e

c*Erlrergê t€ a poånt or¡ the elde .&8 of the ÈpåaryIe {ffgt'å)
th,ern,tlre domhile salt ie.trlrydro,trs! ifr'f,¡n the ether hans¡ ÊTrlç

poiæt 3.lea wåthfn the t.råal*g}e4 thea ít contaålrs water ef

*ryålt¡,å1,åae,ååonø tbe a¡rro*¿tt sf ¡u3råelr ås coryw$ed, þ¡i &.t'gaeþEonte

metïrod pollnt.erì out alrædyr

åBother rueåhocf of repreu'euäÈr¡g t3¡e lsçt}¡e'rmq&: feita-

Èisus årr a terna¡5r system is þy nakång ¡¿se ûf f}¿e rçeËnngular

coord inn tes.

lhe eoepositf.on of tbe çol*atÈer¿s ån te:*øe of

grã$s 8r gra&*xæLiçet¡*.es çf eaeh ssåt Ên a fåxed aæ*r&tå {s*y

XSO grams or 1Oû ËffeæËulof.eeuÏ'es) of, w,åt,err fhÈ* Bethod ie I

appJ.i,eab'3e to e.1.1- teruary cystens *nd in rvidely used þut åP

sst as Ëeglråêeäble aa th:¡t of trieagular represemt¿s.tIon Í.rl

that Ít ,does not read*,L,y åndåcate the eoropoeition of the



hw

salt åf one is fo,rned at tþat Èemperøtaf,€*

In the disensslon of the ec¿eil.lbråæ selatíons in.
ternaqy s¡i'stæe couposed sf ãvio eal.Ès aad waèerr referenee

wa.s made to the sclu:båIity .êeteræf"n.*tio,ns of one saT.t by

iacreasl$€ quentitÍee of another r-t so,&steat t,eæl ...............-r.at*¡re.

This eonefderâ.tj.or* æay åe fi¿rther extendeü ,as

an introductlon to the caee vrhere cjor¡bLe ea}t fomation
takes place in sueÏ¡ s¡rsten"

In the nbore di,agrem. th.e G,.uyy€ é&,t reFËeÉsgÈ+s

ffi¡e -val-ïy1¡cg eo$tr¡osiÈfon o.f, the sÕIutÍ.ou ¿n eqr&ll*b.rt*w

with the solld eonpaaént .4., Si.ail.agl.f¡ the surv€ B0

f s tb,¿t ån eontaet with Bure B as so}'íd phae€$ ,,t the

iæterEee*llor* of th.ese two e.urs€sr cr tws sorid ¡lhaees ane

in eoatact with the solutienr aad the syetera becsmes

iu .asfsr¡f. Ifere the eslt¡tfon le çsturateê wiüh $esÌrect

to & ar¡d B - yierdfng soïutiou of e¡efinit€ sÕÐpoeåÈÈen st
e, gÈveu Ëeægera.Èrltêr

.*.nl pafnt røithin t}te af€a å,OS,g reItseseüÈs

uneaÈr¡rnted solutionl whereas¡ that outsíde of it¡ åE

såth.er supêrsa,t:rt æÈEd;iss1ntfo!f, or gixtgre af sst4reted

F/ç z
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sn3,u'¿åqr¡ e,nd ef theæ solid sal't ,Al S" or boÈh.

Whea the temary systeur coulposed of tv¡o ea;[Ës

and water gives råee to double sa¡-t - a Èh,ree branshed

enrve is obtslned or? ttrre reeËangu.lar dåagreuo+ If the

do,uble eal,È contaf.ue Êhe tso esnstftæem eat,te in eqlrtli+
spÏ.esutrês proÍlortf.o,ne¡ {ts satärpted Eolution æuet be

represeflÐted by^ a Boåaê Lyång øn th.e låae' whåehrbf,seet,e Ahe

aæg:3,e S.ûS* tb,e dlagraæ, bel'o$c*.

¿ d,rynble sa*Ë coæetåtütir¿e a så,tgÏe ¡rhaeex

exts&e i¡r sguåLiþrålæ witþ col-*tiçns of rr$säriR€l s.ol*eentr@*

ti.oee¿ ae sh6wr þr tþ,e låae EËÞoe

ï,et tbe sanve Å6"represeaË the søIætíon

saturaÈed witb respee,t to sal.t $-ç eqd Gurv€'Bty t-he

sslution eaturated wiLb respeet te salt Bg Êâ soll,d pbaee*

Ðiagr.anl-

'n

4
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rf the tenpe**tsre r,s such that, ft givee rise ts
Ë,he f*r¡pati,on of doubLe satt* the soJ"ution then wrrf,cl¡. ie
s¡¡Èur*ted witS¿ respec1 ts th* two eonstituent salte fs
supere*t-ar:ted for the dauhle salt* Henee,e t]¡e ct¿.ve
represeptång th,e sslabil.lüy of rÌo¡¡bLe salt cr*.ås tJre et&?,v,es

Afi and B#+ fÏ¿eiis¡¿ffie .ffin is the çoruti,an eaäæated r*¡åt}¿

resÞ$¡#t, åo deub:Le sa,l"t *rtl¡r+

Tå$ler t'h.e aboçe åsoth,er¡car tl¡¡ree Þ,raeehed .s.xrrye

æay b,e SnteæËry,eå€d. *e feÏ,Lçw:E¡ !,*

L" PoÍæt .å. - ås the eol",l¡þi].íÈür. of pure saepsae.r.rt À in $ater,
2n 0r¡srfi .s.E**oxlrbsrft'y s$¡îv€ of Á, ån sater eoSu*irn of

ComSnnent B*A beÊng presest ae solid ¡ilrase.
so pså*å E* Equilf,Þrruæ þetweem, Èeeuar¡i. sor.u$irrÌ and furo

eolåd ghaoeer rtamely* d, ê$* douÞLe salt* Syså#
"i*.sês$snt at defÅni.,te ÈempsæeÈræes the eof,.,utå.orr hes
definite eomBoeiÈioÉr

4. ,wg gFh. solabiãÈ*y €ä,å¡r.€ øâ d{ri*b}e e*¿L se se$.d
pbase.

ãn Pocp* F* Eqnår'ÍÞrf¡æ b*år*een teræar¡r ser$tio* aad tr¡e
tws ssltid ¡ihæsea . ça}t F *sd do¿¡äì.e ea.lt+ fhin ås
å;nother reûr¡ya.få¿æt *ys ts&r

6.c ,psffi,e E'3 ls the ternanly solìeb¿Ï.ÈtJr Burre CIf sal.t, B as
Solid pþase.

?.' f'ånâÏ,3Jr Ëe*et Ê- ie the salubiSity of, pnre €Ðl&*

Benent B Ín'lraterr
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å.å aaoÈÏ¿er teæperature Èhe stabÊ,I.i.ty of douhle

saLt æay be greater sr Lees and accordíngr.ye tlre eolubiLÍ,t¡r
eurve for doub}e saLts shifts al{ray from or cloeer to the

BoånÈ t"
Ie order to eomplete Íuforroation as tç

the be3revl,e¡¡r of ternasy ssst'erne of two sal.t,s and water at
rêfiot¡s tæperat'ures '¡. EêsÊ.f'*,1" sueh åsother"nal s¡¡rves ehsuld

þe determfmed. Tlreeê æay nll be represented l¡r space nedels

æ,easurång tempena.tureË by the Èhlrd perpendicr¡Iar axisr k
eneh spårÊ dåegæm âny su.rface, þeåqeen truo pnar*eç tlÊÏ,*.,

rrêplrÊseÍtt, the rarfr,or¡e pçåatåons ån er,r¡fl,f,brirm with eæIy

ûrle soLíd Þh*,tsr thaÈ is bÉvarãâ,ut ternary systenao

.Â l.åme or sËrve forued by the fn;ters'ectåon of tirye s.r¿rfaees

w'Í1,1 reptreseet solutÍoss fn equl1åbri,am with trro sotråd

Þþases og ariltreríput sysüEür$' l]re poåats fombd by the

fnÈereectÍon of three surfas'es tndi'eate the esi:$t,e¡ase ,ø,f Ëhe

three' solrd ph,a-ses fn equÈI.fbrår¡s wf th eolutfone grvång

invariant systen+.

SevernL such systeme þ,ave beeu' stl¿died and th^e

r,eåationshipe betwees ite coæponents a.t sairlous teunpera*

ç-nr€Ê lntlisated by ertcb spüçe godeLe¡

AlLtJro$gh no singl.e tefficårg sSi.etem com¡eeed of tws

salts hes be,e¡¡ et*rdåed in detafl,s yet seve,ral laave beea

worked out at experl.menta.lly¡ ard their behaniour detenained

at varåsus tæperaÈt*res* fhe cystera¡ :tl.wlairm su1phate

topper sul.phåte and water w'as studied Þy It" Id,o Craven aad
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!. Co T¡tiÈchell"

Tlreir investfge"ti<¡n vlas in part an atÈempt âo

digeover a €o$Jrexier¡ betsceen douþle salt foræatfon and

differesce ûf electropoeÍtivene.ss between the aetåe,nÊ ûf
eompoÐeat ealte. Tbe equíutriffiå"i$åt ternar¡rJ
systeB are represe$ted Ln the d*agram bel'owE*

/, (tq), CqSO-q

Th.at nc com,þÈ.na,tåoa ÕêcurË b.etlqees .å.]-ueånf.re

sul¡rba:re 'and cupråe sulgrhate i.s giro-lr¡Er Þy the *ibse$cs sf
the dÕ$båÉ salÈ eËrve and by åhe faat that, breken 31,Ðes

drawa tbrotgh the sol,uti.sn poåøts a,nci appropriaËe rrfesêefr

år¡tersse& a8 groiæt'e srryespendåne wiÈ,h the comp*sitfow ef
singl.e sa3.ts." Tf dot*bÌ,e sa3.Ès Erere f'ormed anel were stabLe

at this tempeæatür€5 a thå.rd brameh of the isother$Ê,I

et&Ðne would be slrpwa np ead the cempositåon of dçuþi!,,p

sal"t soE¡l'd be represe&åed by tbe poåaË wlrere a}l +rtie-

LfnesH mee**
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lIt*der ordlnary çoadf tisne6 of tempenat¡¡Í,e and in
Go$taÊt wlth ai,r¡ the ptaþJ,e fsr¡n of ca3"cl.gm sulpha.Èe ås

*ypøUm er ta$S4'âHpte þpLf, there f.e OfÈen foUBd a heså-
kydnate and twc fotrss of, anhydråte ae mçËaetaÞJ.e forma¡
?hetc" transformuti.on to gypsrm l"e very slourr depending oE

te¡operature and on the origfn of the saltr
r¡r water gyBsuu is sald to be stable uB to 660 at_-f

whioh temÞeratqre ft paeses to the anbydrçus forftr pse*

Êense oü ga*&s ln eolution of gy¡rsun +re knovm to Lorrer the
tero::e¡iature of trane'#o"ræatf.on. ÏÍowêver¡ eoLubå}tt¡r of gy¡leu¡n

has'beea deterraåned up to the temÏ,erature ef l-0?ø * ÞgeauEe

lüs Ëre,nefosüûatlon ts the anlydrous f,orm *,s exeeedår¿g1y
gLot¡c

Beoat¡*e ef, Èhe exf,etence of uar$"cuç fCIrrus 0,f
eslclue erar.pÏåaËe1 the åndeffnlteneee of the aondåti,ons sf
thelr ex$.stenger and theli þå.ownees of transfomatf.on fre¡n
thê mêts$åbÞ&e to ctaþx.e foaxsr nueh luvesti,gatåon hae þeen

camied str thås subJect.

' fheee dæte ae far ü&,ek ae to the tåme of Be*çlågs
s¡}ro- i.¡r his äEralts+deçþseåe" poåBted Èut Èhs,t cal"cst¡g

suS.phate xe nearl,y eqlralrJr solrtble i.n oold and ln bsLll.ng
cvaten * ôf¡e part of gypsum dissol.ves ln 46*L5 tr¡arte of rsater¡
$pnewhat såmårar sbservations were nade by sucholsr w. îippr
and r,e$oq de Solabaudfâtlr but thelr data do not agree * eRd

all t,þelir reer¡ltc are too high Þçeause they ¡aere not sare
of, the fersì of sart they deaJ.t wlth apd dåd not, protlde
agaånst the gneat Èendeney of th;!,e ealt to f,or¡a BBBêr*
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s at¡lraËeê sgl,txtlðær

trfi. Poggiale? sade nore accgFaÈe obserr-atis,pr of the

solubltrf ty ø.f anfr¡r*ræùus ealclr¡rs suLphate et temperatureg

OÐ ts *,0üÐ' Hle reselts a}s.ü show too high eolråbi}.ity

bie €ärsr Þeing due te the pbeno&e&a of eæperseturatÈ,on çl¿ieþ

b,e o¡rerlooked,, I{e Eaa the ffrst to nnte thãt celeir& aulXrlaate

has nadsr@ eolr*þåLity at 55Ê,

IR gW4 Karågltae& çui.tl*f;zed eã,rlåqr ,o,þeel'vatlsns

on tÏ¡e bas.is of tb,e sr*persatr¿ratfon phenonÉna" åne¡¡ffielenÈ
q aatf,,Ë¡r of *el.l,d ¡¡has€, ån eoatact wf tlt sotrutåon v,Ì+,åcIr heå,4ge

a,bor¡t ùbfs soadtrtlorll, ãrf,d thp Frese&Ðe of lsÞuri ti,ee of eal,te

.nsed Ír¡ theår detess*natåongo ,He stated tilÉt ealçl.næ sutr¡&ate

þas a g:reaÊ tende¡?Ð5¡ to for¡n superaeü,are,ted eo1.ut*on and t-}rgÈ

1t, Ès yerg sÏ.o'w to reask equtLåþrfgn even fn tlre preeeace of
ex€ess of ee:Ï,åd 6tri''Sønæ" _Tn maki"ag bi's detemi.neti.ons he

eæployted arytificiftlLy prepared sFgÍ¡Ies of gy¡rornnr takång e.nse
\

to ha,ve exaess of the solid ín coutast with saäer and a,;llorced

thep êo staæë e.t G*nstant ten¡leratere for a Leng time a6itaÊång

theü regu3,a.rly¡ Tn tki,s wa¡¡ be e,lairss to heve .deetroSred âhe

supers€.tmaüråsa. Ïf.e sbtalned tlre foll,owf,ng da*.eã

Eegse k¡å*c golnbi.lùty- çlt¡r,ìFeg for ,both ËyElsl¡B Êf¿d for a*F$rdrous

ealstss eulpl*ate ehes a naxi,al{n æçLnbÍIlË¡r between tæBe*at&res

szB glld êås*

He alse prëpÉ"sed Tari,u¡s sal}e:icat$rated solr¿tiçr¡s of
eal-oåg$ s*lpbate arid det.eræÉ,.ned tlre tåse rleËessaigr for the

reestablisÏ¡aent of tire equålihriw between ühe solÍd þfueee
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ff3d the uglt' åa so3.r¡Ëåsæ'¡ TIe foua¡i thü.t, r*atr¡ra3. anhydråte
sets ø1æll.arly to ';aleíuu gfþ6ä&r The *npereat$rated so?r¡tion
øÊ t6r:w*ø Brepa:red aËd al}.swedtoesËand f,-or oser eighÈ

Bûä,ths wi'tlr<¡¡..¿È å3¿e e*3"uþååir6I cc¡sJn€ to .$.Ë,e &sËrg^a¡. r,a1.Ð,e t/sg4*
buå was fcund Èc bç t/æ¡,t , å{årågæaø empha,såaed t}re f¿¡et thaù
ühe,sÈste af supere^Ë,t¡¡raËio* sf the sol.¿¿tåen of eelsåus eulphate
f,s rrer¡r perslstent v¡.her¡ the exeees of dtrsesFr€d ealt fs not
toe greafu ffier,ì ühe saåut1,on Í.o grea Ï.y sul¡ersraturated i,t wlll
retei'r'r to $ts npffial gaLue is e cþ,crt tÈme,¡ l,r¡rthe¡so¡re he

etated Èhaå supereaÊt¡raÈfon ls persåeÈe$t wi'tlr those saåss 1-¡¡

sol.'t$tåow where the diff'ereee,€ ån decrsåt¡r b,etvreen, &rffie,l anê
!

eupersaÈ'l*rateé esLt¡&å,sn åo nery ffiaåÏ-o ün &þfe þseås he e$-
plaÍns the leek of Ëhis ¡rh.eaoueæa fn rery¡ so3.ubåe ssrter

ÏIe tl*e::efore êqÈüfu¡*eE th*È ¿h€ solwååoæ of eareå,um

sulphate f.e in eveny reeBeet eiËålar tÊ thåt of a very solubLe

se'åt, ægel¡t that åt ie e:rtremel,y elow Èe eease s¡åpefsa,tgssüåsn

*sd Èhe snÂegl, differem*e ån denslÈ¡r of its solutåcas of various
eoneenåraËLoae*

+.f*H*Ðsûeøs" ån, ],e?y ln ]rås ap*åe3e rl$olî¡bÍ"Lfty e..f

&yp,stæ ¡Èn #aÉer and 'l+,s&ê S4I.É, fiûåufiÑ* co-&pared date,

publ.iehed b'$r eoggåale¡ Hartgeras, and sÈ3rcr veriSers euch ae

flär*reh â.*d tassæc aud fo¡¡sd thaÈþtkeùr nalaes nsråed between

. wåde gt¡nÉts." Values of F,o¡å,tgiale beång toc hi.gh and' tþsse of
tbune*c a$d, Gassa tço lowo He .eæcLuded, tþftt the fo¡mee wsrked

wi tjn &rpersatr¡rated s,o:k¡Èisüse anrJ the l.qÈter å.wo wf th,

r¡rrsatt¡rât"edn Ee agre*e wi.th ldarigrx,eg that "l.t is of gr,ea

åmÍ¡o,æüaæee to take greaä care t,o get satl¡rated alrd not.
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supersät$rnted sr3,utloRsft¡ in deterulnation of solubiltty
of gyBoun )

flccordíng ts Ðroese saturated soLutions may be

prcpa,red iu narry wå.f,ñr

Firet - ít, sliou}d etand wlth water for ;: Lon¿J tfune¡

Second * hot soL¡¡t lona e.*n be BreBared end cool,ed

dowa -. Ïfere nne ghouleì guarcl agalRet $upergaturatfon.

Xn ¡rreBaratåsn of lråe esluÈlens by eooLlng he f,ound that
'i.

in ordel to get f.t eataratedr lt wae neeessary to eltrow the col,id

ts stand ln üontact wLth water fov a Long tÍ,mes sueh as nfne daye

i,therwiee superoaturatlon wiLL be the resultr whereas fn
empty¡rLng Itrarlgnaof s method¡ that fe ehaki.ng the eolutJ.on

wlth excegs of sotld phase a.t constant $aqFerã,ttrre¡-
::

sslUtfsn may Þ'e saturated wj.thf.n a, eout:se of a few þoufso

HLs method of exÅierii,,eating rrer* Sr¡åt€. sl¡Èl"lar to thâ,t of,

$arfgna€ter Ë,Bd hls determlnations at l.sw temBeret¡¿reo ÊgreÉd

rery well wi.Èh Harlgnac ts- alÈhough at hlgher temperatureg they

devi,ate eorpewhnt. ]Ie fonnd Èhat naxlær¡m ssLubf,rf,ty wae aû

n 1íttle hågher temperature than that of tr[arigÐaer

He aleo detesnlned tlre soLublLity of gilFsuu ln varíeue

salt e$xtrtLsne of NH4rK: HÉr Kar a,Ëd found fn generar an rn-
crease'f.n eoLubuX,lty wf th inereasÍng coneentraÈfong of the saLt.

1n tÍ¿e es.se' of Fg;ä04 ã,nd &fg$S4 - a deereaee J,n sotubåtr åty

in gypsum was ßotf.oed - this he aecsunted for by the fornation

of, double and trfpLe sal.ts reepectlveS.y - the esf eüef¡ee sf s¡T¡Í,çh

åe doubtf,ul.

ê.Lthough the resuJ.ts of lfarågrrae and Droene ars ln fai,¡r
,ir*'\agreÊneaÈ their yalues are not aceepÈeC &n flualr In prepaffng
ì . .'. 

À'* v¡e¡ 'l¡*É
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their selBtíorrË t}r.ey toek preeautåons ægainst eupersaturation
whleh previous observere had overrooked¡ but they did nst
sonelder other Bhenomena snch as the ef:reet of the stae of,

parÊåøÏ"ee ef a nparf.ngly ËôIEþLe sal.t or¡ I,ts nor-øal eoåubfLity,
Their methocie of exper!.mentatiea euch as temperature control
durf,n& Èhe squlllbríume ¡aethods of, fåLtræ.tLou and anallysl,e e

were fe¿r 'år*feËåÊr to tlrose of læËer lnvestígat,ere on thi,e

suÞJeotr rå wllL therefore be rarre advleable tq seneldetr

theee msre ln detalL.
Perhape the moçt aeEEfate work on thfs sub$eçt hae

been done Þy Hulettl0 whoee data ontthe soLîtbåLLty of
gyPstln &re €ons$,dered þast r"el,laþle' Hås extensf.ge fnvestlgp-
tl.ous reveatred a very inporta*t re}ntlonship between the po1.u-

bllfty of, eerûain nalts in water, thé Bartlele plsa of tþ,e ..

solld Bh+sÈ1 d,ceordlug to Eulett rs sgl,ution ln eqgï.låbrLs,u

wåth ptrane êurfecê of eoLld phaee t,s dlff,erent from Ìhat l,n
equ.årdbrùuu witb curved aurfaee¡ andtthts the æore the gr6*tçg
the eilrrature of the particles.

He made conductlvity rreagure&¡ent of solut,lene

sstq,naügd wåth respect te eoJ.id phase of, various ¡rarti,e1es

síaes and thus found Èhe reLation betv¡een the eoneentratlon
of satureÈed solutfoa and tlre actua¡ sføe of particJ.es of
the sol'i,d wi.tb wh!.eh equl,Llbrår¡m has been attaåned*¡Iagnitude

of, partlelee belng reeasured b¡¿ ui;ore*€sper sçLubåLtttr of
ffneïy graåued gypsu¡n ls Ereaèer thae thåt of cçares-graJ.nÊd

eolåd - solubåtlty ir*creaoLag 2Ø bv deereaoång the slae af
pãrtiole$ te 0.åur lþe es].uiå.L*ú¡ satarated wf th re$B*çt Èo

flne graino åe supesäat wåth resBest to esaseer
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pertfclee' lie defånes norqBLll. ep.tureted saLJ¿tfon as

that whero the eçlutåon is ín eguirfbrår¡m wit&. the plane

aurfaeê of the sr¡rf,a,Gê or fts clraracteråståsr

He obseryed that lf ¡rowdered gypst¡n wÈre Left l,n
aontact witb weatb.er and *tåSred øontlnualXy - the eoacentra*

tåpn of gypeum 1n solutfon reaehes lts nasfmun vi-ìrr¡e in a

short Ëfuae - &nd then desreaseE Fo tbet equllåbr¿un ¡,Ë attaåsed
oatrf af,ter ff.ve daye øtlrrångr

fhåm ls due to the f,eçt that colrrÈåcn sasr*rated

wlüh t}re f,Í,ne graLna ls Ln a* *nsåabl,,e sondåtåonr and

the ssarsçr gfaå,run ofeW[y greêw at, tbe expesse of, thÊ fÍ,ner ones

untåx. the eonçenfratåon sf the ssLu?¿srl t,s ån the aÈate pf

eEuår,tÞråÌ$r* EharaeterÍ,gtåê ef sne fn eontaeü wlth a praue

çurfaos ef the sol.åd * whåeh le deflned as nornally satt¡rated

eoLuti.sn .

Àgcordlng to ifuåçtts nafiBal,Iy øatufated I ol.i¡ti,Ë$ of
gypsrils :üs Ëþat 1n which the solutf"syr 1e ln equll.ibrlUm of,

soÏ.åd parti.cles s3rspe êverage¡'siae ls 8tt, Sr¡gþ eolt¿tåon ¿t

åsÞ eer¡talae å-bröõ sgf ¿råBgl'eg r per låtr*. solubl,I.åty of f,ånely

S¡swdered ggÞsr¡ns tlre average øagnf.tnde ef partlelee belng O.fo

gÊTe the aontrntion CIf 18râ pll}emolee per lltira. $uch eolu-

tien returqts tç åÈs nomål. satgraËÍes e,fteg fåve days of stlnrån#

during wilåch Fer*oct lts ectåd BarüI,e1e:s 6r".Bw to the magnl.tude of
PE.

Tn: detenni.naÈåon of equåLåbrisÊ fBr rlorma**1,y

eatîæeted sçXutå,on wlth çoarse particleo CIf gy¡rsumr Gerrê

shouS.d be taken tþat å,n etíæf,ng the soÏ.i.d þe sot agå*at,ed
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&s tlie gyp**m pêrtf€¡.ÊF þy eÊc.hånåeal. s&bdivieion wåL3'

Såe3d fåne p+wdere whåcb nê¡f åeceÊaÐc Êhe eoæee¡rtru.tiÊa

frqæ ffi *a We and nermâÌ'ly eaÈr¡rateé eol'ution ryåLl Eeøêr

be a.tt,¿i.i-ned.r

Ifrartgm*c arld ïÌrûffie ån prepa,rÈng tbeur eolutions

took €eFê ts þãse tIæ e:rees* ef fi.nely dåvfded gypsuu¡

dåstråÞ*bed t3æough tlre ].åq,aÍê tc ãTetd snpersatffiatå,cr¡ irhieh

ås th.e re.*elt +f: tP¿ie*, b¡¡t t$,ep Gv.+rÏ-oe'ked tlre phenssena ef

1¡erhaps greater årepartanee than the abovee in dealing wåth

får¿eåy dåvi,ded scÏ,i.d aæri ån tJreir method of attaåair'lg tlle
eqr¡ilåbrir¿n

Theår ses;¿¡Iås beång håg}r *bor¡ thåå th€y had heea

deaS$.æ6 nfÈh e.aturated¡ bl¡t ns# sx,qq,rye,¿tt sat-*raÈe.d eolutione+

Sleû**$,;r s3:*airårg *]eeår aolt¡ùisrits wêr6 snpersaÈürated*

I"åt*Let,t,e haEtr*g reçealed a nmaber of åaport,emt

f,æets regarclång the eol.ubilåÈy of gyssus and obtaåned soffiÊ,

Ëå**i*rË;te, reË{ãgtÊu ln {3SeA¡ m*dertcok Èh.e ånveetJ,gatås,xte

ef th,e eBlî*-bå:3.$;üy of saLt et varåotls t mgæratures* ïlere Ï¿e

ewg:lrasf.*es tÏ¡e na'ed of densii¡r detesrüi$Êtårffi,* cf,,pe.e, tbls
and oèlter trre.gni.tudeq â.re nÊe.ess.ãry'î Ès asÊerte.ln Èhe rel.atisn
of these Èo tite sol-ub11i.ty*

?o ûv€rrt>m* tlee *upersaturation phenamÊBa eaueed

bg tlae smf"ï3" p*rt1*l.e¡. cf the eoE*d a.fid Èoo raBi$ ag*,tation

ef tÏ¿ås ç*9i.d whåc}r prod*eee ssall gnrtÍ,el-esç he employed

$,l"qtcs cf gyp,srm. of 1*$ ta 5 ryn. ån thiekness and g{rer

tþee€ tlxe eoLutlon was rotated withor¡t, disþg.Ë.'b,iåÈ,ång è?re,

ao3åd beíerr* Sotr¡tå,ûns se prepared requfred not wore ühan

Ï, hor¡r tc produce xaCIrruåI eaturaÈåsn' "ñ.ngLytj"úal metlwds
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were'based çn tlre aueunt, of ar,¡hydrÊug caXslue eulphate

la l.$ü eo. of, gypeie ço],uÈåon at gåven teø¡rerat$Fsr Þensf.ty

detçrcaåSât$,pr¡s were reade by $Br*ngeÍ.*Ðetwa$.d p¡renometer"

¡.Qs 5Ðe 40€ 5S0 6gþ BtÐ lg0o0o

Ðat#so

9empi

fieËt4

f30åid
Fh&ee

rtr?Þs .19Ë0 .ågg0 ,ät$? ,Ê0fi8 ,J,996 .L809 ,1610

CIas04 r ËHg0 0ê,S04

HB ehowed that, i,n the saçe sf the eolut':å}åt¡r of

gþsemn the surfnce tesslon pLays a deeLded role - fãsnee

sg,fva.tltr6 of tlre partåoles of sslåd stlrfpee åen*åon¡ åTld

sol"t*bll"lty of these $afç stnt,Saf reLøtl,e*shtpr

, 'f3re early iporkere on the eoltÀbg}.åty of gy$Bîm

f,sund a ehange ån ihe dlreetÍ,on çf Èhe *sl.t¡bllåtp ourve.

The reeulÈs ef, ffarågnse ¿Èsrd Seofae gfve SEs aa the maxl-

scî¡m eoJ"ubitltyr ffi¡3.ett and .&1.1çr¡ gåve 40o aç temBeratlilF*BË

of greatËÊt çoËÊentratLon¡ S1rsm this tenperatnre

the Çoneenf,ratlon deereaçee and at g0â it åe Èhe ss,ale ae aù

åero - v¡hi3.e at LO?q it haa deeseaped æome l# fu¡ither"

Tbroughout the whcåe rang€ of eurve no abrupt brea& {e

notieed ae would be e:¿peeÊgd nt saxånr¡m sol.ubili.ty i.er
40s, TÌ¡is ig esnf,irmed by the ?â,ppur Bressure deterefnatfons

sf, v¡ater r+,nd gypgum by Vontå Tloff and Årustrong who eþowed

tbaÈ TrBr gypst¡sf, iË unåfemly inoreaøl,ng froa I to 85Ð.

fhue unlferd.tþt' of rrapour preñÉufe cËrlre of, gypnun Êx,ßl,i¡deË

the Ídea of expLoi.n$,ng the chaÉge at 4ês (firom increastlrg to

decreagåEg srlubitåty) þy aoeumfrtg tlre appeesatr¡se sf a ne-s{

$sLid phe$q * Ëroge diff,erent fsgn of Ealgitm eulÏtleate.
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Isåerlâ rÍrelett re?f,eqred hås p-revls¡¡e experåæente

sg¡ eolusåå;Lty of g¡rpsrru altd ad-ë€d &sre fæets rcgerdi*g
f}:.e geaåuse +f sol.åd åc be $scd by t}:.e æeålr*d by whieh ëqui-
LåbrÍt¿æ ef, cã,eræaLty' eatærated soÏ.utåon øa¡r Tre. aÌ;EaÅs+d

and the i;inrc required fcz' st¡ch e l{e f cr¿¡rd i,iaaÈ t}¿e sini.Larity
exleålng eÈween the vapoÉr $reÊs¡rre of 3åquåde ænd sor*Ë,lofr

. ÞresË$ëe sf so!.ids sråggesåe tlre ,e¡ta3rË*¡ es to tÏ¿e eÍæe ðf
parèfcf.ee"¡ *f, eo}id partå*åes aad their respe,€t$,ve þeb.avlour

in ecuËaeÈ with the scSråtåon* sârür.3 ¿n6.tie3.ers h*.Trs prÐgoþ
t'-lo.naå3'y grea&er susfase¡ ær€ sore soliÂÞl.e .l,$rtr in Cj.ssoå.vtng

become even Rore solr*b]"e¡ and tjrj.e ã¡leys the grea$eg.å rrle
i

in th.e ¡rroc,ess of solutåon. Á1.1 parflieX.e¡r be1s,,'? a gertaÍs
wåae rçmp3,e:Èe}.y, dl apgleare F$F€reaturate the .ealu&i.on and

, aft'er a }a,rrg peslcd e,ïe fånaå1y <teposf.Ê*d on åa.r.ger Snrticles
yåe3.dfng no:rmelI¡r eatfrrated sÐf.utf orî.

¿q¡*erdÍ,ng ts fãulett, ç*].ÌÂbå1i.ty tre rqeå.Ëured b¡r the
eorrçentraå*,or¡ of Èhe eoS.utf,orÌ rryhåeh relFenar equlÏ,ibriuæJ
wåth .the so3åd end ís åËdependemË of th{ã r;ì.tä æü, w}gåeh tþå*
equåLåbrå,r¡w åe estabåjshec..

Iss¿rcaL sat*ratå+a of a ssr,rltion eay l¡+ arrpesaeb,ed

from eit&er tke ¡*r,reatn.$€Ëed ør êuperæ*tæraÈed såde. rn
tke folæ.r silss Ïre fånesü Þugtieåes of, a. p*irdered f,aårÍg
'eolt¡b[e solid"øå.LT dåesægre first as exp].ained by r,he

surfa+e.er¡e&Ë$r ¡Èeue, noar sr¡d ef&er a}"L ç.l¡eh paråiclee
,have *åsappeared¡" tlre sçti¡tion åe sÈåãl uneet¡¿raËed er*d

the e¡reteæ. tÏ¡etr *L*w{¡r aÞ,3l.sÊ*##Ë esæe,er*tra,tfo* t}eaè åd

in equtlåhrår¡¡e w$,Èh a plan,e eurfass frem the l#Ïs+Èq,rated e4de.
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Begardång tÏ¿e Ï,atter* Èhe so}ubåLLty le elaa].l+ tlre ¡g,rticLes
cf ã,lr or l.ens : repådly brång the coneec¡Ëratåon ¿:bsve the

nomeltry eatær*ted eo1qtian¡ &rJd Èhe eyetem then approael¡es

È&.e esrsûËlrgra,èåen that {e in e{åt*i}tbri,r¡æ witlr È}re platn

sÉn.fee€ fyæ tlre l¡g}sêÈ¡*rated eåd,er Tþås fe ase,r¡&ed to be t}le
Ées€ of, g¡ryeum w'lren powdered sotld is ueede Gypsr¡ffi ås very

,exceFååoueå, 
as regårds tlce tÈne fr¡g estË,þ3*eh&åH.å ef

ec¡1¡l,Libri..lw fro¡a the u*saÈurstsd sfde. }'lþ€-I.y dfvided eol.1d.s

of æosÈ íaorgarni,e subsÈarrees satmraÈe e ssLutfoa fn aa hour

Ðt &oa, whereae¡ t1* U.tnU** half s d y or æore åe f,teee,Ês,âËp,r

Hçss.e+ the greates,t srusçe: ,s.f ,€ fror i,n and diffå*
culty eonnected e;,i.th gypeuæ scluþiLity detenaånætions ís
the :€upereatîtration.e whic}r is aceounted for by smal,L par-

ticåe ,eå,se.ç fhf,s íe ccnfi,sffied by the faets know¡¡ frm
susf,a*e aÍtëFg¡l'+ S¡sat,l partie1es þve gleaÈ,er surfaee

c'ü¡rveËqFe@ gr€eËeg' sslutÈo:r sffeslsupe and therefçre gre.atep

Êûtuþå1ååJ¡'* lergelr partle3e* gtr*w æË 'che ex,.,ense of ssæÏ.LeE

ones * bet þefore the s,æa1,3. parÊle!,es eetÈle on the large:r

oltes they go int,o sotution resulting ån ternporary $rper-,

satr*reåå*r+s w}råeh ås thee fsÈåwed. Þy nornal eaturatleæ,

Th,e mosÈ effå¿teaË sayr of preparång norwally çaËurated

so.lrrÈisn of gyBsm åe to reã,at*vely 1arge f,Iaå

påæËee of e+Iid¡ rotate thie 1åq,EÈd wi,thout di,strrpbång Ëbe

sçf,.id fn contact r¡ith it* thus llor¡sal. sat&ratiçn ås at-
tained from tlre $nsatuuated si"de ln re1.ati.veil+ elrort Èlmer

So f,ar have þeea eanså.$ered c,håefl.¡r the fa,ete

reg*rding t]:e eolubf.l.tty of g¡rrlsurûc. th.e faeters that gsrer:Ð

the eolubllity and the precaut,ions that are te be taken
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ta sþtaira eorreet sçluþåLåty value*c Tt åe S"earued

that *he m*onnt 6f sol.id phase present and above alI- f,ts
plrysf,eal aþ,araoter plaf,s important role Ln lts selubltLüyr

I"ått1e bes heeu e*Ètd reg:.:rdi"ng tke ehereieaå

naÈt¡re of ce.X,clum eulphaÈe¡ tbe cqnclftlens of esieôensë

ef åts varåslrÊ hydr$Êee nnd anþ¡rdreua fa*,ps and tlrei,r

resÞs#t¿n€ eslr¿þf Lå tåee.
g*tågåå lnveøtågated the rmturç of the chang¡eo lnvolred ,'l

ln the dehydratlpn of g¡ryeü&r ln hås deteruinn.tioue oE

deh¡rdratíon of gyBeun he observed th&t when gypËnm ie heated

at h:tgh ln a eusrent of 4ry airr 1t Losee l$n water sf,

øsyÉËêtr],,$.aa-¡,åqn frBd trìâ.Ffieg from dphydrete to anhy$roun fomp

wliåçh'is more sçLT*ble thas sSFeTmf thus n*,eed nsolr*båe

anhlrdra ter n

GypEBn ÕSçt¡rg i,n t'wo erystall.Í.ne f,orme CIf deWdrate¡

aåFha* the æonos¡rmetråç and þe?a østhorhenþior The dehy"

dration of ordlnary gypgnail takes BJ.aÉê, Xn varåoue stagos

urh.relr æsy be :Fepresested þy the æqnaÈåenr ål¡rha **?6;åä*T *
Sete CaSO4oÊHgO ¡s ßa$O4.åHP0 ¡¡ CaS0+ + HÊ0

{ortho. ) (half bydrata} (scl,anh¡r. )

Thus eomBlete dehydratl,on f*Èes plaoe in two stagea¡ the half
hydratebeln.gfo@ed,aE1!rte.1qEedlaËçÏ)roducÈoftheebeleger

Thie latter comBound fs hygrosta.tfc and wåll regener&te the

'half þdrate f,f brought ån eortåaot wlth w,ater yã-poltro 
tl

Ðavls belåeves that there are .å,lBha and Beta forrne

sf a hê,If ,4iiaeate,'äËd. ar¡b¡rdroun galÈg* and eaoh erystaS-líne

fom hes åts cha-rasterletLe soS.ubi.Iltyo
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åecording to Ðavlss tlne solubility of saLt dses

not depead gtr¡ t}¡e sl.se of pnrÈf.eLe es tL. ?his BecËliarlty

nould be showa on an exaggeråted eeaLe in tbe case of hi,ghly

sôluþLe substa¡3ceeg and 3s lf onty eufficient tinre is allowed

for eguilåbri.um¡ s!Êa,13. partå€I.es ffret dissolvedr farË.ing

supereatnrated soLr¡tioa eilI depoeåt material on larger s.ryBtåle

and thus tg¡e- sotubllity of any salË will þe reached.

Both Harignae and l{uleÈt found maxi¡oum on the

eolubili,ty eurve of gypsum - tTre vaLues the fo¡mer poiat to

a Ha;Ei@t¡É aå ã8s¡ r,rhlle HÌ¡lçtt- rg surve tras a bead at tbe

sumsit+

Al,though th'e crystaLlographic charåster of

gypsl¡E in co!¿taet ç¡lth solution at va.rfous tempera.tures håe

never been properl-y detertninedr it ls assueed that the two

branches of the curve a,etually eorrespoad to AI'T¡T¡a and tsete-

of the debydrate - their trangition beiug at 38oC.

I'roru Ðavåers in¡nestigatlone olre Egâ,y find ¡&ore

reassns to acsount for the diff€renoe Ln the regulÈB

obtaLned oB gyps¡¡E soh¡billty by éarLier sorkere. lhe

€Ðl¡ditions of stabJ.e e¡istence of various Sgrdrates and

anlrydroue fer@s of calei,tm strlpltates aad the diff'eg'ent

erysÈal}ograpbie charaeter of each t3æe is not' defínltely

knolg'n" trt is believed that the differenee Ín tÏrel'r

reÊuJ,Ès are due to the dífferenees in the nature of the

soLld used ùn d'*F[orphous gypsLlut or lte å,nhydrous fomls".

Á.Ithough no experiments in this research were

earried on at teuperatures higher tban 90ot it ís need1ess



-ê?-

to ctwell rlr¡ thë behavíçur of thåe saï.t fn soluti.on aü

Srigher teruBerature th** tÏ¡åt @ÐRGerEed here' Eut t0

conupÍ"ete È,his êåEsueeåon lt.rcay perhape be advisable to

c$HÊ$.der þrlefTy some faets regardLng the nature cf ehangee

taklng plnse 1n the crystalliue forne of the sCIlid ã'Ytd their

respeetfve solubi.lÍties at, hlgh t'emperatü[rër

rijþere Davie t work reveal-eci the exietenae of

vrà,ràouÉ fstrtne of ealol.rrn sl$-phaÈe and made Eorê Ðr 1êËg a

qua[itatÍ,ve ntudy of, tbei.r tranEforalat'loïr#¡ Melcheg,l4 to

&910 låsdertsoh te cleter g}flafl the soÏ.tlÞlålt'y and stable

e-uistence of sone of, theee fn sûlr¡títne at hígh temperatürê$r

l1år¡ $,nvest*gatl,on ohiefS'y';conslsÈed ln deteml'nation of

ss],tÀþ{}Íty *f ça[ei-Un eul¡#.ate at temperatu3re6 [8È, $Oor 1Ð0s

1.60$ Ðsd Ë3.8Ê' Thiu åuçI.nrded tlre otTldy of the soltNbfllt¡n

a¡rd exJ.stencs of tbree forme of this sa1t * rîa&*ly gyp'snnÈ

solublg e.nhydflte and ordl,nary anbgdrj'êer SotubfLity

VsLUee we3'e deÈermåned btr estrqir¡at4flsê ruees$trËüt€#I&e+

åccordi.ng to lÉelches the staþ1]'lty of,

anhyd.flÈÊ fat¡6êõ frCIm eço *s¡ to as hlgh au ä18or the

so1uhi.l.åty of thi,t salt þetng ËfeãtÊst at 60€ esd desrea'Êes

rapidlY witþ risÍng temBeratürÈr

3{e found the uÞþer Li¡¿i't of exi'stenee of

gypstüû being Ë?s whlch temperature sonçtitutes e trarlsltion

pof"nt betr,'een this saLt an,.; soluble anlgrdråte.

ìAeleheralsoehowedthatJudglnghiereeu}ts

of SBealf,le eonduete¡1€e of, selutfonn saturated wlth ealair¡s

sufphate, three dlf,f,erenÈ so[ld phases ar'e åBvolved: highest

r¡,a],ue for gyÏ¡sr¡n belng 1CI0o th*,t for ordånery hydrtter I'ã60



abevei¡v¡}råeh tg*pel*e.turs another forg of enhydroËs wsååd sakes

åt's ;¿Jrpças¿*ls€¡ r"hieh }re fç'*r¡cl to be ådentLea3. v¿f th solubLe

anlgrdrite"

l'o Leave Ro dsubt aa tCI the poesibil.lÈy of thåe l.at*
'ter sof,l.d beÊn# Ëome other foræ of iqrdrated carcåun euå¡lhate

be determ,$,ned the ratI.o of sótrubÈLr.ty of sor$þåe anbydr*,te

a"nct ordfne,rF anhyür*åe *t trt0s aad 1,b69 and found thert tø
be constantr

fhåa faøt foLlor*n fre¡s the theryo dyRamÍ.e equatlsn
d Log fi#e 's B:r* " dl that ru whÊn # rhe ratåo ,f
soLr¿þåLÉ,ty of, two fçmp ås eosstant¡ the heat of traneftlon
Q le Bst'Õ+ TÏ¿tx ås f*und È* be tlre eãse r¡uåth eel,oårrur suX_¡*raËe

at, 1ã69 BrEvårrg 'ihÉs tewperet$re to þe tlre tranefÈåos Boånt
ftro*l ordinary to soruþle aghydríte and est.å. hydrater

torebåned resr¡tr"ts of lÈ*lehsr ar+d Ífun ett anej ÂLlen
nay Þe bråefã.f sunrue.r3aed by the graph shawr,ü is fågure Ir

*S.tboregh Welebc.sro was tlre ãfify no* táoearry ouü the

sorr¡þítr.$ty of yâ,trÈous fsrms of ps.lsåum sulpha.te at håeh

temperatuleq¡ hf.s resu!.ts are quå,te relfable. One'maÍ

çÊÉrperê þ,Ís valu€ñ on the eolrrblLlty of gypeuu at lawer
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Hls resuLte agree alssst perfecèIy with these ob€air¿ed

by EuLett and...LIen by an eÐtlrel.y different ¡sethod.

Sremnarizing the facts above, one realiaee the

bunerous precautÍoas to be t,s.ken in colireet detert:ination

of s,trubÍl1Èy of sBaringly soluble dimorpbous substeþcs.s

in geueral ef gypsurn and of gypsuu is Bartieul.ar' []nfor*

Been difÍ"fcuLt'iee are met srÍth if these ere nst dt¡ly oþserved"

ïn accrying out determinatÍons 1n this investigation all
these were deaLt wÍth to the beet of the apparatue amd

pateråe,L a,v.all.abLe 1n thf,s researsh,
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$0r*Tlsg&ã39 0F Çir-#lËw ÊtJtFH"s,?g $r 3{rtrffi"åã
Jrs3pg åss frtlgE ñål"g*

sr)ï"uitrti{stu o*

sslubl,títy c:f ealçJ.&'s st¿Lph.a.Ûe J.s nuch 8:treå]'ter in

asåÉl.q than l.n t¡atef¡ ü'enerally thie i,sgrease wåth the

fr:ereanlng eonc€ntrations cf aCiA r'¡ith temperatüFer

I{.u &eBë fot*nd thet e'ofd Ëgå diçeolves wåth ta$S4r but

Þot3.iae âsld dåesçLves üryeh glqre¡ îrÏ¡Ege deterrs¿'ned f'ts

*oï"ubf,I"tty at ä5o and Lç?øs ånd fi¡rrzåehed sorf,e clate oT?

*olubåLgtS ra3"ueø et t3?ese irüo temperatlareff wåth åracreasång

çr¡freentra'Þiçtrs of i{Ctr His ree\¿Lts sbow aëree&õnt Wåth

gte,t,emer¿tq $mde by Ht R+se¡ 5'.. Kt taroeron and åo 3'¡ BreBaga[ç

çarrlted ou& einåIar elcp@råBÊ{¿ts r{åtk su3grhtarå* e6Íd aÈ Ëäg

giãü a,Rd 4&s¡ a,ïÌd ûbserved eoneLderaþLe inereasË ån solubf}åty

wf,th incr aelug eÕ$ssñtr*tåon of, the rxe1d g|Bd våtlr temper*

ature.

üone$.dereble srork has beea tlonË þasides thåü

mentf;or¡ed e.bsne on the eoluþility of cæLcåll& eülplî.ete ln

gal"t sqtrBtf,qnø¡ both CIn {rsr¡i¿sri/ri ar¿çi ¡¿otr¡,*€Ë¿&*lç¡i åsrir It J-e

found to be the genepel OasÊ thåt n'Lhe sçLr¡Þå}f,ty Of

ealeltsn øÌrlphat e lm waÈer ls augmetrted if a salt wåth Èe

eçrffion Lon Ls Ë¡¡'esent * êBcå il*creaeed by the adß$tåon of

Ê salt with eo¡ffitn lon.

3I" åç 'fi,],den *,nd Vd'. Ar Shinstçne foutld reÏatLenehfp

e:çieti.u6 Þetvøeen êhe eolËbilit'y of Ëa#ü4 ån e EtÏ'låti'on çf

SA0L of knor,¡¡l toneêntraùioa +.t variOUe temperattåF€Ër ?helr

results elroïq that p¡reÉËnee sf, sacl- e,ugments the et¡lÞþtlåty
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qf 0ãti04 end thie t}¿e more the greater þlaø eosc€ntliatíoE

of ffaGL an¿i the bågher the temperaÈIlr€r Ïtesul.ts frf F. K"

#aneror¡ w}1o earried cut expenårues¡Ëp at åSo reveal' si.g.ånar

facts.

sal.t Ërr},utienË such as @#LU'ffIf4t[r an ånçrefli,s€ t]ren

destree.:se in sclÌrþJ.].åüy ¿s notleeår Flottfng t}¡e va]'uøs CIf

.ÉsrrÊr of ealefuuc eulpìh;ste 'r€ainet that of' 'tshe eal,.t present

$û1t¿1:åorx ln ep"sþ çãË,ê e nxexåel¡æ f,n found Ê$ffiÊTrhfbt el.nllar

tç th¡¿t ls tlre eolÌ¿båLlty of ÉåypgråìB $.n E¡øter alone at
.

ffi, 3r Harkår¡s eïld Hr ffic fir¡e snct othsrø HsÊËursd

tlre effect of euprlg eu}sthett'e J,n ülle s'all¡bå}:ity of aaleit*ru

sulplrater $, de*reace åæ çb$erved in the soltsþf,l,ity ef,

' cal.*åt*¡e cÉIt¡3Åat,e w{tir l'nsreasfng Fssltortlene ofl c'raprf.e

sutp3æte trÐtå} a ¡afnLnrm* ås reaehedr fF¿i.s ,ts aw agneênent

w*tk the general, depressåon of the eelubål"lty of, tlre sal.t'

produeed by tþ.e addltåon sf the eûru-rrên åonc

: ffingr*eeåüm eËtr5úxeÈe sqrå,¡Å'sior¡ t*ffe€frs Èhe $ùtrBb$,J"iÈ¡r

o.f caÏ"cfaæ .su{,tr¡he.te ln a slnflar wesr ' ln tlre çaes srhere

,nnxi.na a,re chserved the queation aråse$ HË to wÏ:etþer this

nbenge ir ã resuJ.t of douþLe s+.l"t ,fornáltion¡ dl'fferençe Pf,

hydratfon ef gypßr¡n or ehang+ of, oryste¡,Ï'Ifne *båreeter of,

thås san,Él If, so¡ then* the gt$,ãJ,mu& f.$ the Bo$.nt çf
intereçetJ,sn of twe ttåtsTeÊ fçr eash fc$s ôf däËS#, or for
gyp,ÊT¡B and doubÏ.e salÈ if +se is fo¡medr
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$tlubåI.ity of ni.skeL st¡Spbate l,s ånetmparø'TrÈ¡r

greaåer Lhzaw tha& of ca1slru *uLtr&aåse Ïts beh+vfs¡¡r gn

os,Lutlsæ,Ë ls entíreT.y EsLiåe t&aÊ sf tire ealÈ, dls¿t¿ss*d

aþsqe - seãdoæ foæíng ønpereatåagated soJ"t¡ËL$gs¡ and paËti,c].e

.eåse 3¡3.ays &s rs}e ån its r*sr@eÏ. ar].uþå3åty a.* iæ Èh-e eas'e

fol*né ín aaleitm su3.3rlrate. 3{teke}. eulpha,Èe alÊ€ exåeËe ,$,q a

ur¡wb,es of hsndra$ed ar¡d ansrdr*u* f,ûEæs* _ltrese are read,f.tr.y

p:rodueed vr'}¿e&, pr.Ggwr: e+¡ di.tio¡re for eueh. ere bx:orrghå aÞsr¡t'

ll.l$.er orôfnary eond iÈfcnsã66 the l¡¡e'st sÈabåe foqæ

of r¿Èskeå snã¡Éraäe -åe Ìæ$ÊeWdcat*'. If' a c,sl.t¡tå¿n af thie

sa]"& tr*€ €r¡aI¡g$påed at ;$ÕsS È,o 60ût sr¡,al.Ls¡sed ta staæd

after addåtáen +f su}¡rhtw$e aeÍd åÈ L5re€e örle ¡&ô.X,esr*ãe of

rvater gfvtrig rlse to bl,ue tetr-ragoma3. cr¡rstal.s oii hexâhydrate.

Tþf,,s f¡rlw ffi*y, aLçn be. sbåaåned 1*¡r expoeåmg *he 3repÈalrudrs.ùe to

Líghê and sfr th+t i,s not eat?xrated with water vapcürn 'Ihe

redtmååosl *f hspta,b;drate by t']riø tËÊa$ts sÞe aft' f,år'st thotlght

to be d:ç.e to df;res,È ectå+n of eurr1.fghùåÊo btlå 1t wae prove

þy Þo3x.øeeree*F8 to, þe jusÈ ø si.mgrle een* of effloreË,ê:ËäG€r

Tfa esee ån- the preser¡ce of etnong I,åght* tl*eår6,tmçep&refe in

csstset çråth the heptaFlydræte be saËUrated wi,th watetr vapouî

ao Ch;axge iu tlre crSrsta}. of tþis ealt stlLL Èake place. T1æ

neæaffi,.raÈe mer-¡r ,aåse þe p:r'*dt*eed Þy BroSonged e4ïlosï¡F,e bf

snl$¡¡drc**s ea].å ts poåst ,a.å8. ?ry Learieg Êhe ¡rrel¡talrlrdrate in

eoæÈaot w¿th saÈurated solråtío.n s?u &E@ te ããÐ be:rqþ¡$s¡¿¡s
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ery'eta}Ê âr¡ø ksmr t* be foæed and -rohese are diæor¡lhue
in c3¡araetetrr

Â*"ilr€f$ä*.of &íoker s*tphare wae obüeined
r6by Ðr" Ertl}m-*s w3eo prepared thl.s þy eryeta,r,rå'aatåo. of solr¿-

tien of th* heÞü*1qr6*ate frl sur.Srtrraråc asåd cf derlsity 1.4

é" soll?tion cf an,y of i.be ebere ¡qet*.tioned Ïgrdrates

be evaSrorate at teæSrerature sf I,I.8ø, di.-]tçdraùe wå&3 resr¡lt,
Btarë c&teri¡red tlrls by the aetion of *oneentrateê e.u1p&mric

aeíd s5rorx the heSrta or hesåÍ*drats*

À nonoh¡ndäate ie t¡elåerred. to exist - thfs
being Brodneecl -by heaàåæg the he.xaelrdrate tc ioûs *,r¡}rere

SÈgg Solecr-*l,es of v¿a.ter *,re g.åven off*
te,pçogurå6 grrepared th.e sa¡ce fqrdrate by add{n6

ec:ltse¡n'ï.raåed fk$çç tr¡ a sol{Àt"f,ûri ef ffåSS* * beln,g

preet¡l{Ë.ated sr-m sôå&tf.s,n,r rpætne#6 heated a tv¡íee sormeå

eaf.utien of ruiekel sulg&ate t* åtte üËd.er rtr€så]råso of Lü{}

a tnos¡rheres of aår and observed the formatíon of æono-

&ryrdrate esystsle" .q1,1 h¡fdrated saI.te of aåe,ket. eulphate

whew heaÈed aå ,Ê,ffi&n yield a,xrhpdn+ne 'øåske3 suå$fuateç

whåelr unÏ.å"ke tlre Srdr+ted f,-esæs¡ Ès yel.Low ån eef.orå'B+ ?hls

LatÈeyp¿}ren brcuElrt $,r¡ riûrÉtÊet w$^t]¿ aåFa absorbe mal,stBre

f¡rsru i..åg yåeld$.ng Ëhe hexelgrdrateo wlråc?¿ uåtipebety w:t13

reliyÊrate itseLf 1nÈo beptaþy.drate a¡rd $ê,ss fnto sç3.ntton

åf suffiefe'nt watey ås prese¡:,r
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the abûïe a,re $Ère åÍ 3ÉÐs cl¡3]-ecfer¡ faç*s

regârdí$g t,J,.e varàÐuË foym,s o-f n1eke3. *uI,påateri thçå,r

preE¡arå*lon amd eoærlitå+* cf, tlreir staT¡J-e exlstenee. f& i,e
hawever¡ cf great i:np*rtamse 1n thf"s Ë)år**ç¡ååË,* dåeeuesi.oÐ

to deal e;í*h tlre acÈr¡æÏ. so3¡¿ ål.ity and of traa.çå.Ëåoa

teurperatures of sorìie of, these iryiratese fhis ,øillL

therefores be consiciered &ore in deÈaiLo

1I-þe solubitity of n8ekeI. eîrlphate has been

determÈned *.t ire.rÉçue Èexnpesatures b¡r TCIÞI,**&U,.

Hls re,-cTåÏ.tee horveves a îr,TÊ cleithec euffi.eÍentÌ"y niÍ$,eroÏls

Èo lndåcate the va.rtr+us ürawsåtion polate beÊs¡ee$

the hpdrales e,þeonntered in the €j[peråneüxLe* aor drse

Èo hi.s experfraental meÈhods corEsf,dered aecr¿rate altd

s¿i"33. nct þe diseussed *t ]treserlt+

?}re nroet reÏ,åabìLe r¡qrk tn tkis subjeet sra,s dor¡e
a'rt

b¡r steeJ;e a&d Johns*B'* wlre år¿ åBe4 ,ûid s&ffiê ånxestâgatioæ

wåt3r the ab$ et sf Seteffitr5:x+ång the ecnditisns sf equL3,.*-

br,,åEm a'nß th.e ccnapopi,tiou cf t}:e 3*re;e+* is theår eyst6,
nÍ ckeå sulBhaÈe-wateÍr

theår solr¡biLity detemånati.or¡ç extend fraæ *58ü

to l"tsG# dr.tring whfe3¿ üegcperatnres &ag€ 4o oùher Í.ower

}çr*rate æax cþæewed Ë,I¡an thåÈ can&aini.ng e'ix vÂoleaul.es of

s¡ater CIf gryçta]"XåuaÈËCInt



-{$-

Tn preperatiein of t¡rgge ËoLtÃtiÐns iÈ l¡tas oþse'rvod that
.b1'hen a heptafur.draÈe is ieft itr tCIrxts-ct wtils it's satÎåra'ted

enÏ.u^tlor+ fsr eaæe houis ø,t, *ngf Èewperai;¡Ãre þetwegÊl õËû and

5gs Ít i,s €oftnrÊrted into a. blr¡e kexaÞy#re{e*

If the heptalr¡rdrate or

.åeft i.n eonÈaet wlt3r sa$$raÈed
:

rä:pid}.y bere-o¡see Goev*trted *sÈt:

w}ticb cn anal,yeis uas found ts

b3usq te*rago aT. ørYst*Ïs'

the b1rte keøallYér*&e is

soL$tiçi1 abov,e'5éü, it very

bråghÈ ,.gr€Êffi scor¡ec}.inåe ea1s

be dimorphous h,exatr4rdrate of,

?helr nrffilerol*s esli*båIåty determånatiar¡s af"

sÏ-jghtåg'Tû,?yå$g teur¡rerat¡lres regeale¡l tw.o brealre i.n t3¡e

soLi¡hll.i.È¡r *urve¡ t¡"eaces gransJ.tåon pe$.at's foe diff{¡rent

h¡r-d.*aÈee cr disor5¡}tølrs crg*tal}åne formç sf tire sa$e

ltytirate.

Thef,t'rst'oft.heuegasior¡ndtobeÎçryÏÌeãr'
31"ãs trkích, Èeuagerature sorrëÊptsds wi,tlt the ebanget-

s*,Ët4.?fig* *ll såsû4.,4$gs + ÊetEæted selt¡tåcn"

*tÊLråþiåíty dcË,:n'¿ånP.èåsns at tenrperet:$tse$ absve thås i¡'*cf'eated

È3re e:ripteîãee +f green mcnocJ.in*c he]ruïqrdrate as so]'id phasee

ïn t}:e neÍ:ghbour?¿osd ûf :$3o'. another though

yê4ly sLiglrt break Ln t'he sol"ubility eurce 1i¡as notåee.,$c

grl* infl,exÍan wes pìrleved to be the È:rans,ltíos tewpera*

ture far bbe ehangee*

SiSû* = treæ&sdrate (55'60]
bllue tet'iagond. Sreer¡ rld'r¡oe]'1níe
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-1,'h€ ssLi¡þilå ty eurrres rf the rhree ea3'Ès

si,s0e*?#tþ" ïiåst4*6Ïiat i*fue) aæd 1df,ñt4*6T{B& {greer¡i }.åc
Fery a,early år¡ a etraight 1tæe so that tÞey wer.e easi3y
or"er}ooked by Tob,Lere

fhe æetastal¡l"e f'orrns r/ere fot*nri tc e:'ået a *ertain
raæ6$ sast tirei.r Ê,raneådåon ånüeruaLr Th¡¿s ilie bLue

tetrag,one,l fuea*furdraÈe oftc¡¡ is c1uåte *tahle belov¡ lts
tr¿wsition terapere,turÊg i.Ê¡ gl*bt +

The varues obÈained fac sal¡iËt*fÏ.åty of siËt4 ss 45s'
?5t e.Ed gût 

'¡,'Ìcieh teru$¡eraè.uFee êge €úr¿sef$ed s/åt3r in t3¿ls

srorir areå-

9&ì¡# ,Ë 60e ?g #tsr per 1ûü FüÊ* of fut
?F€ ,l= *6O¡ÊS €sesÐ per 100 gËs., ûf IÞt
4ã,Ê' :é 4&*96 ffis.r grer '10t grfls* of fuû

These ;,åL1 þe referEed to te,te:r.,
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sufl$ggHë gtrüðvå

Ji€
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rffionr.

phasß RuJ.e ftag a wide aBBlåcaÈior,r to the study ef
vå.Fúur pxeBa:H,re_ of çgui,LåbfÂa of va-f,Ísr¡s eyoteuesr Âs an

lllr¡etrstion ,of tbier, ltyd.rated eopper eu-I¡ftat,e æa¡¡ be

tøkem ts el¡cw t}¡e rel,atl,on b'etseeu ra,$our pr,esenre aud

the rarÍ,ona bryrdratee of th-f,s sa1.t¡

Txre r:tudy of th'e equljlf.befa l+r the two, eompeçe.uih

s¡rstems coppêF euÌ¡&aåe * watsr revealed tJre e¡ct.stenc,e of
three }rydrCI.ted aad a¡o aw4rd:FÐue fo,ræs of tþl.s ga,;Lt. llre
equill x.€e' Bæ.¡i. be repreaentedl*

S&"sÊ4"ñHå$, =ì ffi$O4r,tHA€ s *Bg0

t#CI4rgHg0 ¡* {effi%.ffi*t + åII*G

Ü'tx$04¡fo0 i¡F1 €uS04 + ËgO

sach cftÊe repl'gss*ts e 'ursåEar.l*.ÞÊ ,nyetsf&e iç,er

f' = t-P+ ? )

*P-s*gI äsolid¡*raeea
)s I l I,çåps:r¡F¡ihaoe

*hue* to each teepereúure there mntst €or.resslsnd a deftsååæ
*dÍessoåstioñffi pffeôsaJrË regardåese sf the relatl,Te oF

alþcot-&tø arug¡¡t of tþe h¡r_ i*fats, whletr hae al eady u*deg-gqrle

d-åssoalêÈLea sr dffir6rstle&r Þíeeo.statfen ]f;es.sa;re at a
gåvea tewper4tu¡re is defå¡*åËe only u}rca tr¡ro serld ¡dhas.er are
present^?

Ï'er exa t deflnåtion of thie pres€tåIi€.¡ :[t S,e

r&Eg#s,Ëaq;|' t.r &çw.r ,not ,ëË¡rely crb*t åe the snÞ_stanee
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ar¿dergoi.ng diesoeiationr but also -v¡þe! iq tþç g,ol:i-d_ produet
of dissociation f'ormed.

rf eopper eut"¡lhaËe peat€t$rdsate be put in a sl.osed
'

T.€ssÊå at eçnetant temperstare sonneçt.ed to a, vag1åu¡g, pr¡eÞ-

a'nd s&,*istrJr evasgeåed* B**uu*e wiI,.J f,alt proBertionarry
to the tíme of pumpLng untiJ. no water vapûtrr but onþ
GI*SS6+,ãHgS fs preaent tn tbe çe:,sel,e

üre dec¿"easlng th.e p.r'ees*åre tlre pen:tah¡rdrate,wÈLl

t' Þ$€e dåea'oclatfug ånto the tr$,I¡¡rdrater

t*åst4- 51{ås o tusÕ4"õãgG + Ê.Hg,s,

The pree€Ëee of tøo sorid trrÞaees and. a v€rpêur phaee give*
, an Eï¡ågaså*s,å Eyetçæ* and *ånce the teroperatr¡re ie cog¡stantç

the p:nesst¡.re nrast a}eo be eor¿sÈast.*

to**tlsæed eve.ç+ratåon wåLr reeu3.t mereS.y ån the

deeËeaee sf ihe Þe¡etaÏçrðrate and íeeseaee of the asouæt

of the t'rssdrat,s¡ wþffi the fo4æer h'e ent,ireþ
disaps¡€er,ed with only one eslåd ¡rhase r,enafnång¡ the eystem

agaåa beeones blvarfanå,g the pre,eeclre thea #sefeaË:es

entåL tl e ¡æeîìotrydrate i.s Í'orr,¿ed *rl¿l the systera agaåa beeone,s

r¡oåvar.{*.x*** vsTrile tbe diss,eci.atåon ür$t4eãI{et = ereSû*.r,BËS .*

,Hg6 is takå*g place.

Sira:iX.ar ¡ùrenoøena are net wiüh in th.e dis-
soeiet&sn. sf the raonelqd4-rste into wa"tetr and *@ydrcus

ealä in {Þ*É0n*Ib& * glu$04.$p$ as Ín the f,årst Bãs€.¡

He*reea eaeh dieaeeÍation rea"etlo$ hes a defj"nfte

preeg¿tre at Gç,nstant teupergture.
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The s*ilon¡r preõer¡re of a}¡¡rdrarea thereforea &ge

a defånåäe mealeåËfg 4r¡4$r wl¡,eu Èhe Ðeeotld selid pbase Þre*
d¡aeed Þ¡r the dlesocåatåon å* gf,vee.*

From rvlcat lrae been rearned froæ. phaa,e Ruler the
v"e.po{å'r preË$r¡re of a h¡rdraËd pel,t .*øs a meautrn€ only ora

t$:e ess+,e$!tËûE thet the *eeoncj eo3ld ¡&ase¡ the sol id
prsdr*ees b¡r the debpd-r.etf on of gbe lryd*ete tüto åtu *gEÊ*
lowE.r, hy'dr,'aË*v or aalzydroæe f*repexåste in co¡lÈac.t rr{.i}r

the hydrate eCIn+iderert."

fhåe .dåseu.sn:ipa he.s beer. åmtre'dnced, beea$se

siu$.lay I:Icese*äe¡re ff€re met with ln tlre i.nvestÍgation o,f the
et'aþ].e f.çem sf csr.clrm surxlhate pres,evaå in eolaíx.sn at dlf-
ferent Èem¡reretx¡f.es ,- s,n Èhis res,€areh+ T}*e srurerluenüal
ne.th*ê ænc gesrð*,å.e sbåsf,ned tSterefrum wf,åJ' þe esssidered

$ aËer.
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$o].ubiLity deteminationsew€Tê çarr¿ed out ir*
the epparatus shor¡n on figure (1)" The s'rlubítíty flask t
consieted øt an ordinary thiek-walled bottle of absut

80S ee" eapacityr The nexk wae about five to sie GËrÊe in
diaroater 8o as lo provide roon for a wl.de rubber stopper

beari,ng the stfrrcr and lrrercury seal" îhe reersury seal was

eon€trueted as deec:ribecl in varíous üexË boo.ks on ¡ire.&üå.ðat

physica.L ehernåÊtrt (¡'¿n¿taúyte practåc"i*1, physical. Clren- ) The

use of a siersury seal was neceÊsary Eo Ð,s to segure a foi.nt
wlri.elr wbiLe a3Lenuùrqg the etfrrer tc be roÈs,ted prevented the

eseepe of vapour froæ Èi:e ssLubiliÈy bottl-er,

Cere was tøken aÐt ts al,los¡ tb.e presfiure to

beeoiue eo great as ts force the eir througb the roereoÍ¡r*

Thå,e $as overÊo&e by aLl-osrång the þottle with eontente tc stay

ln the Èl¿ermestet *pen antll !.ts temperature bee¡¿rae near.l-y

that of, the bath+ Tbe stoBper nas tf¡ea irrse:rted ånto the

neck of ihe botlle so that no rapour either entered or

escaped froro ËÏ¿e soLtÅbtlity flask. The type of stimer ueed

wås tTre lslitt stirrer - v¡ater belng drawn ir: at ti.:,e lov¡er

end of Èþe þulb and throæa out aÈ the sides. [t s¡as at]Justed

ti the resË of the parts clf t}:.e mereury eËal; sr that

regardS-ess of tbe qeantíty of sol"id phase preaent in eontact

with solutisno the bt¡Lb stLrrer uoulC be arueh *.bove the *oliri .
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the ctimer while rotating3 thue kept the

solution i.n a slow but steady motion rcithout disturÞfng

the soJ.id partícles to ¡irevent anJ¡ possible source gf

supersaturatioae

Tbe therr¡ostat eonsisted of a large round earth*sl

ware Jar çhlch was eovered all around with several thicknêsf;t-

e$ of lagging material *Á.*n å'or high tercperaturei¡ tlre

eonüainer was provided çith a wooden top, Lagged ç¡ith the

sarne ¡aaterial to prêv€nt radiation aÉ mucfr aË Possible"

!rate:: was used fc¡r 1ower temperatures whlLe for
hlgSrer temperatures Èhis was substituted by Light oil of

high fJ.as}r-point to prevenÈ evapr¡ratLon duri.ng the experi-

raent. ftre contents of the thermoetat was eleetrieally
heated ¿.lnd temperature Fras controlled also electrfcall¡r.

'Í The ordfnary type of insulated i.runersion heater was

used fcr higher Èenpera,tures and an ineandeaeent eLeetrf"c laroB

for Low Ëemperata1.g¡ the Sreating current Was eontrolled by

neans of an eleetrosaguetåc relef, in conJunction raith en

ord i"nery toluene-mercury regulator"

Tn order to meintain a unifor¡o temperature

through,out the bath¡ it $ras neeeseary to stir t}¡e water"

Thls was done by meani; of ,¡n ordÍnary metal stirrer sïtr fitted

vrith å. per&er¡ant bearing $T'r| the proiecti.ng upper end of the

etircer belng rrttashed to a pulley vrlrieli rested on the edge
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of th+ Bûd.r ås a sûuree of power f,or thls eti¡"rer and

that &sed *a tlte soL$.biì-iÊy boÈt3e, sl*;11 etecirie seters

were t*eed¡ åranemLssåoË beierg Garried cut by a system

ef pul1eysc

' it¡e bearång for tbe mal} soLreþi3.åty etårser

we,s $ãde cf a pteee of gåaæe tuÞ*.ng¡ thås {ube þeåsg

eJ.ågìtt3y wider 'cþ¿n the stffi .sf Èhe etårrern å}*e

beartng kept well I¡*br:icated by Taear¿Ë of vas.e3*,ne'r ?3:e

stågrer vrae arlju-eted to flt tire nerçury se*I, anr] v*as held

in f te verîtlq:*3. posi &i.sr¡ b,¡r nreans of the e3.amp *fn. Tlre

ÊolhbÍ-lfty b'ot?3e was whç3.L1¡ åwersed Ë.n tÏ¿e þaÊh Ér$d wâB

kept in åÈs ãil.a,ee þy tbe sûetaL su,ppont þStr whåelr IFãg ¡Eade

to fÍ'r, the bottLe.
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s,ÈÉee Ê-r';e s.?tro*brr.ity of nie,ker. suåg*rate re
hågh¡ rçmever. of oas¿tr¡Ie af gaturated earutioxl for ana,."

fursis bJr meeæe ercprcyed by othere ån eithe,r *umberso&e
or r¡ot ag.Gatra*#e. 30r eæaep*,eafer$0ïång a sampr.e h¡r nreaae
ef a "ffegeç{? ¡g¡mtte Ê,raûredueee coueåderahle e**åx s¿¿e te
the fast ÈkÊ¡t a sråghÈ esfer ån d.eteu,æå,naååon o{ vor.moe of
esl.r¡€åû* te&em þy a s¡naål, påSette woulct naguåff tlq#-
.e.nr&r Ê&Fre*åeþ.I,y ,¡¡}rer¡ tb,e s*j.¡¡båJ,i"ty,. sf çerîtr saJ.¡Å.ale
çB.Lt fs expres*sd. ae pæs,ts of saT.t Ín I'û0 SÞ,gts of rselter*

'u¡athermore* 
fn the use of a p'petter th"ere is al.ways

a 'danger of the sa,tt e*3'tar.riaing in the iarrer eurfaee d,r¡ring
the delÍîe*Tr of the c}:ræèioæ. Th*-q eøpeeia3.].y notreeaþre
w}¿en eonceærrated ealuår.oas of very sorr¡Þ,î.e att are riear.t
wiÈïr*

goLd:sså:egdt ùsA eËparatue þas *everaf,. advaætæge,e
fn thrìt the f,t3Êreti.on takes 5r,[ace i.n the themostat* treÊ
åt f,s too e¡xnbers+s?e rsJrere eewerai. saffiIlÍ.es ære takeæ
for e,naãyeå.s ín eoæparalåvely shßJrt tåne".

*ec,e¡dinÊ}Jr* TÀÊe s&s rrad*. of the apl¡aratus
s&ow& on ffgure Tl * this beålâg ti:e æqdf.fteati,on sf, eus
dçvåeed þJr Á"-N'*are.q¡err.2år,, rt was esslstrueted aç f,oålowss

Through the rubber stop-rrer Gr trhlch was large
enough, tr fåt' tågj*t3y üre r¡eek of the eolu-oirfty Soitl,e'
t'here passed two glaae,s tubes B end' t of 4 run lnterna} dlamater.
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ûr¡e end gf the tr¡þe w'&s soreelsþå.Ê wides at, owe end Éo

promcte the er¡trenee of åhe scì-ut,i$n through f.tg ai the

other end it æe *or¡**Èrírted aad the ç,,hole of the tube

Þesked wÈ,tÏ¿ gle.ss wsçÏ. rnd asbes*ss aÏ.ternat€Lgr 'ilae sther
t$be ts i,s epee eù the *,ow.eg e.rld aed dra$E cçt tc a

eaBåLi"ary s.nd be¡*ü È* an trSü at the oÈhef êied+ Íhc þntb "Bs

b3,owg å* f,t, was packed l'riËIr gl.*es çt¡eå* T.?¡eee È$bee €'#re.

tlren pãß,Bod thnough tågtrèÏ,ãn-fãÈt4ûåÈ lccLe-s: ef iloe sæa}le¡

ruþber etoÞper 6TlT+, r¡3låe3¡. wae sad tr fi.È the neck of Èhe

øeighing bot,tLe æ/Lse thås. bt,.LIç¡ cþ&s CIf c¡rdt.aae¡r treoniçlal

f}.askn type of *hor¡t PSt .ee* eagraeåt.y anct vselght of ap¡rpo*

xåmately €Ð grarc*' It was provided wf th a geaund glass

neck a.nd gÍ.aae stopper graund i,o fit¡

?}ie ffLt€råEr€T apllqÍ€ti¡Ee eleer¡ end thsrs.eEhlly

drfedp trê.Ê fi.tflÊd to the w,egghed botà].e .Á., llre eonst3:Íe.ted

eerd of the *ube l3 i*¡ at è]ee 3.oq¡er end to prevenü t3¡e

gr.ase rcro.€3 being foreed ånto tbe Sower eS,rarpber during thê

BlrççeËs of f$I:Lgr*tåt¡¡r,. 'fdlren tite sslt*tåðn has reaehsd saÈ-

,*¡,rq,t$cr¡ t}¡.e æst,or å]jb, {gig. I} is'dåsso¡l*ected¡ eX.a&p å* re-
leesed ê,nd the sËopp€e Ë* {f*g* T} together with stÍrr,er ås

rem+ved ar¡ t'fue filtratien êr.p3þrattre wiÈÏr þ.ottï.e tråä attacÏ¡ed

åig3itþ ùe j,t j,æmedåatel;r insented l¡nto tl¿e .morx.fåb nf the

Éorr¡biÏ.åË¡r bottle. The a@o,*wrt of ss'aporë,tis.n frc*a Èþe

solutåa,n *,ud $to*sibåe *c.eLå.q of, t]¿e splutj,çn gurå.rjg t"Ï¡,*e

prûgess is uegI.i,€låbte* sine e the fiT.iration *ppara&ue åe'

inçerted a,Ïmos.t instanËneeellsLy aftef the stopper 'rT16 f,e re-
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&rrerf* fhe twrl hr¡ttles th¡.¡s ços¡re*ted* wåth. both øÈoppers

fittå*g: n¡*f.1. lnto tSie necks * rs theç 3v*verted lw bla,e therraoe-

te,È ar.lti t}*e Éjcl¡.¡tj.on fi,lt;qr*; åjirûugh t¡¿e tube lt3ft ånto tbe
'bsttl.e *d**+ The air in the Letter Ls cìie_¡:laced into tÏ¿e

r¡¡çpêr cbramþer thror*gb tlre tube ,00ff-. 1l'he pr.lrpo*e of the bend

Ë ¿lt fhe ered of Èhe tæ.be c au¡d b¡rlb pÐ+t €iith g}ass rroøi. Ín
Íta ås to prevent the entra..*çse of any po:.sibLe solid matter

evæsi the scluti&tr¡, inf,o the ].owes bottÏ,e,.

5f a.n¡r s,sl,id matter €n'üess th.e e.:piå.åer¡r ot" tÏ¿*

Èqabe rfCH ruð}ÏåLe thc fÍ3Èr¿ltÈori apperatue is being fit,+*6d

fo å]re s }t¿biÏ,*t bottÏ.e tlre sraa].l. quaatÈty ent,eryis¡g worrld

.þê abs*rbed b3r t}le gSase wcaå. ín ftfitr r'r&.en the apparat:us

1s i.averðer3r ffensç ûüI¡r t3rai soåutl-,;n ås BrçeeÍÏÈ ån the

ÞotËI.e HÁçr rr3¿lÕh fiåÈeru throug}¡ tlte thåeic Ïayer of gl,ase c¡oo3-

and asbeetc*

G."hen n.IL of the scLr¡tion h+s filËered into
the ureighing bottle anr.¡ rsethir.lg but the weð sÕI.ld plre,se

remainp lil the t¡pper charn-'bef:x Èhe e.ppä.rätus is ren:Esed frs¡o

the Èk¡ernostate the bottle rt^AF 1s det,ached frcm tTre rest of

ttie appe,faÈus end åts g1.rs*c stcpper frmediateLy i,nserted¡

*Jhe surface ås washed vråth aSooboL .:nd ether¡-

ÈhorongÞly dried and tlre boÈÈl"e vrfth its coû¿enÊs weighed.

t'he weåght ef solutisn ie oþtai.ned þF dl.fferenee, F}¡e

sotrr¡bilit¡r b'ottle $gn {få9" Ir} ås then oBeoe,d:nÐst çf Èhe wet
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solid phase being on r.yLe súr.¿et;Ê .¡f 'r,ki* *top.yêr¡ ¡3c

A sample of È-.1e solid ie taken into a Ë&all clean and

dry weÍghing bottleg stgÞpered wåth ground gl-a.se stepper

and weighed. Th.e arnour¡t of tlre v¡et sol.iC phase i,n

detercfned by difference. 'fhis fil"tering apparatus works

perfeetS-y catÌ is very suitable for separation of solution
from fte solici ¡ftase in eontact wíth in at LotEer teapera*

tures but has to be modified for its use at hisher tempera-

a.t$fes. .åt higli teraperatures Èhe gås preËÊure in tJre

apparatus insreasee so mueh as to force out the eåoppera

thue eausfng the leakfng in of the tSrermoetat watef or ofl.
AlthouGh the two bottles were helci rÞorapae.t bJ¡, a etrong grip
thle ef,feot eouïd not be remedied es--,eeLaL1y at the

temperature of 90e0"
:

Âeüordingl,y a roodific¿Èj.p.n .o.f the tyBeZU was

cjevised as shown in figure II.

.À gl"ass tube nfe of 3 Wc f,nt,er,nal diapeter wae

joined ts the tube t of the orlgf,mat ap;;afatüËr It ¡vas

made to project to th.e side of the appanatue thrcug.*,r a

ciepression raade i.n the læFge rubber etopperr It wa.s bent

as showR in the di*.gram¡ ite enet beir¡g L qm* hígher than the

top of tl¡e sCIi.ubiLl,tg boÊtle when ånveråedc lhus¡ when the

whele of, the f,f,LÈration åpparaÈus ås f;tnmersed ån tl¡.e b¡rth" the

end of the tube nlffr prêJeçt$ above tire surfaee of the water

so as Ëo prevent the l-eakång of the thermosÈat water into the
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apÞiìratvJÉ4

Tlee gas preeËure in t}re âFparaÈ{ßs çrhåch ût}reftq?*,Êe

r,'üc¡uid i.ne.reaee is tlu¿s p&eÊd thr*ugh the ffTË tr¿he resultång
Í,¡l tlre trltressr¿Fe fnsåde 'the *pparatus being thåt of '¿}re

atrnoe¡frere,

.&.r*süher advan*aEe af thås :sùdifåsatisr¡ is lhaÊ

î;}¿ere- i* no rienger of iì;e 6as prçr;Êt¿¡îe t'oreång aut èhe

bl+y+gs anii *tre þql,ttEes il.e€d $,Êä be gråpped etnong3,yç thus

arroii.dårr6 tlae danger of breaÀi,ng åhe b*btLe *tf+# ¡rhi,eh åe

¡aer*eJ"l-S *f *omgra:raÈårreì"y &håry gf.aes

fhe npparetus deebriþed rbove togeti.i.er rïith åts

reodífåe*ti.ott¡ tãt*e to its såq$l-åcity and co:upaetnefis i,s

ser;r *uåtatl"e for 1&a*e ru3.e st$elies of .::àÏ"'bs c'f håg*

sol.ebå"l,lt$' * iniroåtånð tiæ anal.ysåe ef æ.€t soååd Flræsg. and

càn he $sed aÈ an;,' irigi; Èer¿;¡eratçt'€so

ì

#urÍng to the Í"¿:ct thät níckeÌ, eutphate exilets ln
re}.atively large er¡¡s$alee. the soåid phase rem*$nË+lg ln È1æ

solt¡ iIåby bottÏ.e sfter th.e sc,lut.Í*n Sxas beeË fåI.te*ed off
Eetpå*s f*Ler,tÍveì.y smpl,l- amotant sf sol.r¡Èion f-n soaiaet wit}r

5Ë,¿ ?he a$stånt of water presenÈ besåde,s the ¡sater of
e¡3rs,ÈalT,,lsatic-n i's ery sæa33* ?hÈs the an-lysis of

samples ef çuc& wet seånd 3&ase gives paiats a& eoeei.d.esaþLe

dåstar¡ce frçs: È}re eo.rrËsp.irÈdårrg BoinÊs fcr sotut'i,sn w&e*

p3.otted on the trüanguåaf dlagra;rur
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,i'he¡, h,owevere the solid phase cuch ae calclum

Fulpliate is merle si exeeecingly sma,lå €rystals, the aroount

cf sslt¿tåen semaånång i& coæÈatrt wÍth, ís it coftsiderabl.e*.

This is readiry !¿ndersÊood i'ro:a the adsorption phenonena.

ih.e amouat, of adoorptlon depen<ls on the extenÈ

of the boundary sËrfaeen ss tlrat finely subdivicled perrticles
such as ealciun sulphate in conteet tritlr soluti,on pCIiåsess

a Large epecific surfare thus adsorb reLatlveS.y large amount

of solutlonn th:is adsorbed solutian eannrt be fi].terecl 6rf
ín the æanner abçve descri.bed,

.ûnal,ysis sf sret sôI'id phaoe of thie naÈure gåvee

prirtnts reFresenËång Èhe composition of the uolid ¡&ase and

f,te sorresponcli,ng sorution e3.ose to eaeh sther. lleaee a
esærl eryor in t}re a-uarytical arork wour,d shift the stie*

line* c¡l the trlangular diagraro eonsÍderahly.. .rîr¡rt3¡e¡more

it sres detemnåned experiment,ar"Lr th¡lÈ ear.cir¡m su}Rhate bas

pfe.{efeptieJ.- adsorption towards water. fiiotågie of thLs

natôer,E¿¡*¡rcrÈ Tie stuilied ,þ ttris *e.taoo sine.e pÏ¡ase RÐle

takes no aesount of t?¿f.s ¡*renome.non. Thås diagran will
be diseussed more fuLty belov¡.

*,ecordùngly¡ fil,tration by euotion ¡ïe,--'s &eees,sary

to get rid of this adsorbed solution. The apparatus for this
Blrrpose ls ebown in flgure I* rt cansåeted of e tr"ong r¡etrrow

fLask ËFs wltb a rubber stopper fittl,ng' tightry to its neck.

îhrougb this stopBer passed a sma,ll Fuehr¡er and a cepillary
tube r¿Eß fitted wítb a stopcssk tn#ü anç] bent as shorve Ln the

d iagræra
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Yhe B',e&ner w&Ë so fftted to the bcttre thæt

when the apparatus wee immersed i.n the bathe onry the top
of, the saaþner vias above tbe Hurfase of the water. rhê
other end of the tube HBft was Þassed through Ernother rubber
sto¡rpçr*thfa ]"atüer befng fftted wlth a.nother capllLary
tube *r.Ê whleh wae çonnected to et yeðumm pïrnBr ^â. lsrge
Ydlncheeter bsttle w€,s fåtted then to the etopcock ae ehowm.

rhe erBpare,tus ïrerkn as followes* The f,l,agk w3rü - nlJ, eonnee-

ted- is eLloned to etand in the thernaostat for a certatn
perlod þefore flltra.Èion is to take Blaee. $topeoek n¡n ie
clileedr nrn oSrened¡ and the atr ls pumpcd off from Èhe

bottte ñFsr ,í;topeoek 'rrfr åe tben erosed aud punp¿ng

d å scontinued,

Tfhen neartry e.l"L of the sorutLon h¡re ffrtcred by
ÍneenË o{ the ffÏ-tretior} e,pperatus s}rqwn on figure rrr bsttïe
tt (rtgt rr) 1s d.lnEçnnecËed encr stopperødr lhe eçLld,phage

anr] t'he eeet of t}¿e eolBt'ion in coaÈnot wxth i.t ås then
potmed fnto the Suobne:r and the stopaoek ÉJ{ opened. rbe
heaüed vaer¡troa i.n the bottle npfr eÊ,use$ rap¿d fil.tratl,6n ni

and ln addf t1ên tlae solld x,n the Br¡ahnen Ls Baaked to further
re&oï6 the v¡aüetr adsorbed lø the flne paftle}ec of gyperrur

saanpl.e of thie f.e the¿ taken ln a weíghi-ng bottle and Þro¡
oeeded wlth in the usuel. way+
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.tìince the Br¿shner ls al¡aost wlrol,ty

the bsth $reyi.ouð to and durlng the Broeees
and the rapidity af filtration (whÍch takes
åntroduaefi Er danger ån tbe eotfd al,terång
a,ømpo*ltien due to poaol,bl.e aoolångr Shåe

satåsfået*ry recnlte whåch are shovrn be].pw,

f$mçr's6g ¿B

ef filtretlon
about E0 eeconds)

åte elreueåcal

g8ïë very
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vÄpot¡R pHEs$IIRg gtiRlE$ os' cAl0ItIH süT,pH"ågB
á.1{l} V.¿:.lFüiffr pRä$$ËHg :::-ppi!BAgTIS"

Ðuring tbe Brogress of solubi}lty determinåtiocls

of the preseftt €letêras åt wae fou,nci neçessê,ry to determine

tlre type ef Ï$rd:rate af, 0aleåun sæLphaåe that was befng

deaLt wåtlrr lleeçes ÌFgÃioËzr pressure m@esureruents of ta$O4-

qqater were made gt teruperati*reg aê w}rieh solubil"lty relatlons

were ànventågated*

typctålð ås stable i.n eoultaet øft3r water at 3ow

üewpçratTåpësr but nt higher teroperat$f,€se åt roay be Èra,ns*

fo¡wed årrto a lrerai$¿ãrdrete,* aecordírlg to f:!re sarteÈ¡r of
glypsue*

1É.
Vapour preest¿re &easrlre&ents¿Ü of üÏre syst,m ta$O4r

.PHg0 *taS04"ÈEAA n Hpû vapou" by .T.E.Yant IToff and E"!*'

^A"rustfong¡ sÏ¡ow that vap6ur Bressure of this systeæ is l-ower

tlran Èhaä of Bure waterr and thet the tra¡rsitLon poånt ie

at lO?sC*

Tlre vapour preser¡re eorìres for systelns¡-

ÕaS04+PH¿0 - ta$04 {scl.ubl'e} - HA0 Yapcur and CesÐ¿+ãIlg0 -
tagt4 {nature3.} * Hâê vË,pçur are both absve t}Tå¿t of watee¡

th,e åraneåt$,on lrsånÊ of Èhe for¡aer bein6 Ë8# and tleæt' sg

the Latter 6õ.5or

Thus tSre higher tenperature 1lnåt for the
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exåste.nae Ðf gyp,sre *n eorstaet wiÊ]r waÈer deBendÉ ûn Èhe

proclueÈ of its ctetrydra.tion.

/raesr{iåæ gL{s, ïaë}rìår pressure rae&sÌ¡remer¡Ës of
gypolårÊ ¡¡sed hefe Bere fsade aÈ tempesatr¡res 4bûG an<t ?SGC'

?hås Tq'ås earried or¡t in the apSnra€us uh.oEm in figtere
lTïo

$'bouÈ 3.t ee* of ç¡ater srere introdugdd ånåo a Ìrutrb s'an

ac}c b¿r¿b FBæ was charged wåth equaL quantities of gypsum and
waåef* The br¡lbs were then seaÏ,ed at the top, TÏ¿e tuþes
J.eadíng fros i;he tws hulÞs lrere bent sr thåt the bulba
Ìîere whol"Ly inænereed i.n the theffsostat.

?he tubing betwee¡l

1f,e,s 
"oveE: 

d r¡¡Lth a layer
r, såstasce rqire ae sh.orrn

wi.re were conneeted to e

A-C li,¿le¡

the bath ¿rnd the manoqeter

sf asbøeùos a,nd wcr¡cld with fåæç

ån tb.e dÍagram. ?he ends of tlre

suÍteþle resistanse and the n'¿ain

Ëherwonetere aå poå¡tts # eTld H were bound reext

to ûÏae tubång b¡r neaae cf aebeeÈos to regÍ.ster the tewpera*
ture at rra-såeue parÈs of the apSrarat*s+ ?he purpoee o:fl the
asb.esÈ*e ].a¡rer beåveen tlre tubing and the heati,ng wåre ie
to distråþute the heat ÈhrouglrouÈ a,nd to prevent ùÏre poesÍble
breakårzg af 'the tubång rlue to Ïaigii ËereperæËureo
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?þe såde t¡rbe n3'H w,as Goa$Ê€ted to a higk ya,ãïrl*Er,

prep asld tke LCIwer tæbe tæ.s dtpped år¡to i}¡e roereüf,g rup+

i'',Tren the bulbË rrere imrnersed in the Èhernrostat

a].l etcpee.ekÊ were clceed* flre a,pparatus was then gredua-Lly

heated to a teuperature above that of the bath. l,t,ûpcoeks

C.pÐ*andirw,ereopene,da*dprlæBÈngbeg'æn.t.ødrtrçeaffany

possible foreign gpses present å:, the epparatus. i¡,,hile
pa*ropÍng vias stlLl epntfgued* siopeçeks t a.rld * rsere eLosed 

i

a&d tr opewed* 
" 
f"{ereury ü,rsn rose to the mrxl.mæq r*¡h.en

stopcock T rvas closede pumping distontiar¡ed anct .lreight of
mercury i'n t'he tube take¡t' ?!re '.',gterl rÍaï)our fro¡s b-r¡lb r,Á.tl

was' then alLcçî:ed to entcr th.e ap¡iaratus by opentug tlee

st'opeacE ûr Èh¡s aausårag mer,€{trãr ro f,al,L a eertaån dåeåa,nce 
:

flre heå.ght of æerq,ur,y sas then motede t}re difference i.n th,e

t¡r¡o readiugs being the vapor¡r preÊËure of wa,ter at Èh,nË

tempera,tü'rêr

':

,Ftopeoek f was tft.en cloçed attd F opened a¡rd

puruplng begu*r" xåeneuey egai"æ rrse Èo the ¡âfiì€ æa¡tårum

marke wberi eå1. the waËer vaxrorar åt: the tubiag r.rä,ñ Fr¡æFeel cffr
Êt'opcock 3 ¡ras thea el*.sed e,nd Ð opmed,a Fumping rran oon-

tin¡¡ed tlrus cnueång the ï.rates in cocs*eså wlth gypsuæ in the
brã^trb 3 to be drs,rren offo

fhe vapeur presñure of the sysLem ån Èhis. b$Lb

was dete¡sÉned in Èhe sinLl,ar rray as that of r¡ater þl¡lb Ê"
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¿fÈer pwpång for a feiq månutee the seure va,pru.r

pressr¡re readlng waø $.þtaf'r¡ed ss t3¡å,t of water fn beLþ *¡Aß

åadisâtång Èhe Bresenee of water yet i,rt eçnta,et wåth eal"ü.

AftEr repçaËed fåve ninnte lnterva]'e of puunång and va,pour

pressure readlng åt waE fCIr¡sd thei| 'there w'ã,8 ê, ,ellf,ferenee

of absut 1O m, ln the preesüf€r Thls reading was noted and

lruinedåate}y Èhe aBBaratu,s was removed frosn the þatb* æBd s

eample of eal-t wås tben, talcea for aaalysås sf water sontent,

fhe buÏ"b was t}¿en sealed the apparatue agaiu åmrsersed l.n

the ther,msqtø.tp an<l slgi.Lan operati*uå r€Bea,ted:*

f,åer cêsles øf, J.Rtervals of puunpf.ng the eerrÈesrts

of bulb S procluced nCI ehange in the height of rnercury as

tbat at åts rnaxl¡nræ¡ f.nds.eating that gypETrF wå,8 eeæp!.etely

del4ydratedr SampX.e of saLt aÊ th:is *tage was taken fer
anaÏysås of aüy püÊBibf,e wa.ter csntenÈc

$appJ,es taken aE dessrr.hed above w6re ke¡¡t f,u a

dryång oven at temperatutres of ].1ÞÐ anrl wefghed f,rom Èåme to

tl¡ce*Loss ån weight dteruri.n&d by dif,ferenqer

after
Slre få.rst two eanples,r¡s¿rg expoeed ts a tempergture

of l,t$ot fçr fr,4 hours¡ proved to h.ave eontelned ?Lrflôfr water

å.€r they wefê ta*t04rÊTlgt.

. fh,e laet two eewplen tyeated eim*.Larly nhowed nE

loeE ln wei€;hto beång anïlydrous caì.ei.tæ eulpbøte as

sxpeötedr lhe n"no&S*8${Ê* fårst hydraÈe was 6L.S !ß&i:::

&ïren these flgaree a.p6 €üBpared wlth thseç ef
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lfant ffaf,f o whÕ$e våIr¡ê fûr frF,*4*2Hp$ - ea$O4o (aaÈ" )

Ï{g0 v,epst¡r íe 6ä¡ ømÐ sl¿ows that ÕaÊt4.ÊHg$ r"ras dealt srith at
45o, i'h.is is confårmed by determår¡atj.or¡ of :waåer êöyxteËt

cf the firs:t sarnpleso

simila.r onpo,r#Tå3Ëåffii"*tions of rypsum *ere made

at tlre ÉercpenaÊ,**Jog ?59o ïn tÏ¡ie rÐg€e, hor,.ev*r¡ r¡e dif*
feregce betvreen the vaFo&r pr€äsr¡re of water €,¡zd thårt of
calsit¡ls3 eulplra.te at thås ÈeæperaÈÈ¿r,e wÐË notåeedp Broving
t}:at no b¡rdrate exisÈs aü t}¿is teirBeraêure ån contast
srith waèern vfbetr after a tå$e of puuBing¡ the,coatects of .

the Illa:}'þ B produc,ed no chsuge i,ri t}le heågh I at mereury in the

tube e,s thãt at i66 s¿afnrumü eanpre af sart rrae then taken

and ssra*lqrr.y nnnlyøed for wa.ter esn:üent. sa.¡spl.ee were

kepå f,n dryåeg ovêlr f,or trqe¡¡&y four Srours and no Sose ån

weigÞt wae deteetedp proving it to be anhytlrous fomo Thts

sonfårss vant Hoff rs fj-guree on the range of sËabåJ,ity

of gypar*m on eonta,et with @atër. Tt is poesibleo howeverp

ts Srave g;rFsiT¡m *,n ccrataet wrÊP¿ v¡aterr ür ttSrer Ee,3.Èe in
sotutåçn aè hlgher 'eempeeaåures thâr* 63o.F v¿}¿ieh 1fla*t Iãoff
gåves an tSte årecleitiorrsFoiEà cf, gygrsuro*naÈuraå aæSrdraËer

rn su'eb, 'så,se gypÊre wa¡r be rçÌïsfriel'ed as in tlie sae.te,etabl,e

f,oæ* In Í'set the soLublLity of tbis fonn has hesxt deternrined

å.o as higÞ a åemBerature &s Ì.0?e as dåseussed 1n tbe pregeedi.ng

eecti.ono
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$te gtåekeå sulpkate ueed T¡as Tflälr,lnercradtre pure t"r.-,
qual"ity saåto fhe onLy' tra*eç of åmpurities wer€ n*.Wo

cobal'tr, .tffi nl.ka3,1 ¡netar.ss a*d trr.ees of iran and ebroride.
talsiüe sulpÌraÈe v.¿es prep¡.red frsrn ealclwl ca,rbon¿ite in the

fsllcøirag maunerË

fo a e'eåghed çuatrtit,y of oaåcåurÐ earboneÈe was added

ca,l"ot¡åaied vsrr*Jr¿e CIf so3"$tåo& af lrydroc,hlorie jeeide gæst

e$ffåsient ts dåssaåue the sa].t.* ßome siåiea Ëras fcunct to

be presenå* F&e eoå&tå*n m.s tÞerçfore fil,t,ered a nur*ber of
t¿åes **r¿tÍ,ï" È3re så3-åea we,s reff@rred, To thåe eo&i¡tåon was

thep aråded a ealcr¡lsted qualrti ty of di3æte, s.ulã*n¡råe arid
to preeipiÈa*e eaåeiçsr euÏ.s*aate.n "å.f&er the precipitrte iaad

settl-ed1 iå r,rao then filÈer'ed thraugår a r.arge Buchner and

waehed in nirnber of' tímee r¡ntÍl the filËræte gp.ve no test for
elrlcride Ðr apElreciable se}.p3r*tes. io get rl.d of the flnest
partåc3.es of gypr*um e. 3.arge c¡ua*tlÈ¡r'of ri.tet,f.tLed wa.åer Eå,s

aéded to tlre salt s,n a ].ange beaker sd sÈirred vigoroualy.
IÈ rras thegt a].].owed t+ sta,nd for t$rentg*fi[ur ]¡oure dur*'tg

+¡hie'3¡ tÈ¡ceiþrger partícLes setÈLed ån ÈÏ¿e botsom mhåLe tlre

firler Ên€s ?Teve heÏ,a in euspe*eåon* Íhe supernatsnt låqiåtd

tbetr rereorye.d ?+å' sÐetle$, he*t€eå geÈting yfd of, riost sf
..\ :
fÈner par'eåc3.es in sus¡¡eneå*nn Ëhås operat"isÊ rta,s re-

peeted È]rree tånese '

Bef'ore fr'ldåtidt¡a}. samples Eere takcn far esLab l"åty deter-

min¡'ùionsä they vete fi},tered sn â s&aLJ. tsuebner to geÈ rid of

aay pûBsåble acid eËilJ. renaising in the sa}to

r¡å.s

the



*€,#-

tlupJ.åca;i,e sa,:apåes rf, gypËue were anaJ-JrËed for puråty

atld were iüT¡6d Êo caattain the foJ"lowånge

Stüg

ffig *-----dqsÞ--É* *-*-.tffi

-ÞA *kaÐ;*-ç

FÊ ,*-* -+--+ê.o*-Abge¡1t 
, 

,.

S*:[{Âbiåååy deÈemrå¡,ræ.tåoae of gy3}srre ålr gure rnètef wËs,e rn

mad.e and tþe reatrXÈ.s ob,tai.ned agre.ed wit}r th^oee of pretåoue

workers whos.e data ås eonsi,dered to be reliaþlee
fþe f,o}lr€irlð m.e,threl vf;ßs eæplûSred ålt the aneå¡¡sås of,

so}l¿eå&& rcË?tËi.nå$g botþ sa.l"È,*ç

llre v;eågh*e en3.uÈårn rräÉ m.ade np te e,ert,ain def,ås¡Ste

î'CIX.r;ffie a.ï?d ã,.f"fqr*ôå pcrtåen teken for ar+a1ysås,r l$íekel

ri"ras firsÈ deterrcined e3.ee &roâ¡rå5"e.aåI¡:.. from th¿e anunaniacal

soÏr,Êèåûr? cÐntååïIång erere.Ês of ammonium eutXrleete

tü.leiuÌû ffi.s then analyaeü f'or vol¿metråealJry Þy preei-
påËatfæg'åt r¿i*h amrsnir¡m exalatec dåseolving Ëhe prediptrta.Èe

wåi;h d1I.wte sulgrtrur,i.c aeåd and tf.änating it witlr ete.ndard

poÈ,assfrna penea*ganaË,e soIu tf,on.

Ðt¡l¡3i.aate e;*eples wel:e m¡cle H*r¡ s.nd agtri.n to t.est the

accure€y of' th,e analyÈicel work.

$otrfd Srhmsee Ìrëre a&*furged símglatråy for þotÏ¿ såeke1,

and calcft¡m sultrlkatesr
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SstgÞåli.t¡¡ rel,attsgË betweem eaÌ,ciun sulphate, nf'eke3

er¡tphaÈe and graÈer w€rÊ studied at Ëhree differént temler-

tuÊurrÞe' .åe ås .nütí€ed froe Èhe graphs tbat at eae& lso¿htt?

Êq'å$.Þ{]åty sf eaï.cå@ s,u. pbate ås ewhanced due to tþe

p.feçeeee sf ,slekçI, s,¡rl$þatç is eptrEtf,one Ít ftrst irsereases

tþqs deereftseÉ eenÈag to Reanly tbe val:I}E øf i.üe ssLubilfty in

pt¡r€ saier slæn rpoluùlsr¡,, of nickdü eulphate f,e seaúiy'saturaÈedr

*hø.ee feothår.nal eÌ¡SvsË .&r€ ssÍr€ffihÉü;à sflgflar to the cBrFe on ËsL-

*bil*-?y of calcÍlry gre}.trlhete fn Irrllre saÉ,e* at vatrlsus temperatul'Er
:i

f t æay be aoti-ced that the uaxfstæ sett¡bi}åÈy of gypsän oeeürs
'

Ln dilats. selutås.u sf, niekcl, eul¡fre.te at Lowe¡f temperaturÊr wht'&.F

aå hågh' temgreraÈflJrÊr lt ls se.eet ãs:LuþLè w}¡en the eomcenåration,

of nichel sulphate Xn solutLon is hlgh.

Õa exauåaåæg the trf,angul,af,. gqaþe* it, ls e,hewlt th¿t no

*,.e*båe satr,6 fersatåsq ùahe*o pJ'ase þetween cal.Eiw eul¡rhate

4,q:d ntckel er*I¡lÞa,t'e ín we,ter. A1| the fitie'.Lån,esn neet at a,

pe-ånt ç:orreõpondiug Èo ?,9"9¡Lfi HgO ln ealelffi enf.phate provlng

å{at' thrrougho¡¡t the teuep€raturç1 rãagê st'udle} the fsrn of

caI.ai$ sulpbate püesenÈ in contnct with eolutlsn sas s

dåhydrEte &SQ '?flg$e $l.is wae ssnf,lroed Þy Tatr¡ûur plress,ure
:

deÈ.e:smJnatÍsl¡s at *ão *s discuesed prevloueL¡r.
t. 

.
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