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Tì[TROÐUüTTON_;_-

[he bf.nefy syEtæ.s of sorÊbl.naåf,ons, of th€ three
balogeas"*' shlorine, btronlne, süd fuädåRe '' heve been prevfouslr
ÍaYestlgateÀ arrd ttre exfstenÊe of tbe .fotlouf.ng bl.nary conpounðe

wa$ revealÊê: fodlne eo&oêhrsrlder åoéåne È.ri,chr.orld,e¡ and,

loôl,ne brsaåd.er The'exfsüease of tbe tso åEdine ob,Lorlüeg was

establisheä hayeaù Õouþt¡ that of loùl,ne. þroua"id,e sh,êwn ta Þe

btghly ¡¡robaþlai aEå thaü sf, a f+¡¡rtb eonpounðn 'Þropxne

chloriûe¡ beeam.e oeutrürerelsl.
Fråsr to the pres,enË wotrk¡ theæe hes beeg. æo J.nrestL*

gat'f.oæ of tbe to,æec:y sysüËF" $h* iuSrortasq.e of sush, an tn-
vestlgatioa Iles ln the faet thaË it wsuld. reveal ühe regions
of exiÉteårÉ of blnar-.y çoÌspsr¡nd.e, ês welL as tha e¡tå:*Ëenee of,

aay tetuer-ïr sogrlÞr¡nd.s" IshÍle study of the isothermal ,solu-
bl}'ltf €:&sves .6f, th,e Èbrçe baloger-rE umder eonetêeretåon wqulð
give srlÊh lnfsrmaålan, the-rÊ: a.lso regeÍ.qs Èhe possib-i.liËy of,

speeËroeoopi:e üI,Beovgrs of trr¡r-ä'ber b:Lnarg eonpound,s and ey€n

of terner,"f '€s#iFçünfl$. fhe sgråå.er s.svestf,gatLoas rafe_rred, Ês

abovo w€rfe ear¡led euÈ fron, the polnü of vis¡r of the:matr

a¡lal,yei.B¡ åüd þqü Þeea ütloæerlghry str*ëi,eü b.y Èå.e tl"we of
EErsËe¡, *b.r in rgs? was able Ès el"*fuli 'rÈhøre is aow el.rcsst,

çntire clarlty os Ëhe relaüionshi.pe þetween the ¡rairs I-û1,
r-Br' anû. Þr-Gå,o n nrr.taer d.everopnent of inte¡haLegêB



lävsstl"gatfoe sraf¿4 }.,erySf. trpÈll ühe s,peøåro*er*pÍç researcbes

ef Banratt ed Steln aad, oÈhers, begfnnlng in 192g.

îhe Êwo eyeÞäes otr ox¡rloreËi,en ùån.s pof.nùed eut are

Èhe Eå.I àil¡a}ysls anû speo&resoepå.e eaa}.y-såg.r ËegEsrcè was

earrleÉ ûüÈ W tþe qsåt,@rre$sne, -tþ€ ìånç oÉ tÞe.äEêå Êxr{Iysl.e

Èhrough e study of Ë.he f.soüh€¡laal', so:ÈuÞI1fÈf süry€s.
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ËasIg,4$ry;Fs

lal Süaüe of Equl].l-Þrlrm

Å11 etatEe antl ahanges *f çquåLibrilæ eEü be Ëe-

esrÊäeê rlwltrtcüåçql'y by the, uEe of ülbÞsr Phase Êqle aqü

'I,e 0baüel.Xgr,l,s. fhes¡æ.'' Ehasç Èrro grÊeü snt¡saiaËf.ons trÈ-re

but tbe o].iugx Ls a gerielg :of ehosfGa} eÊiüsÍsse¡*ù$"

Earl.iez .wortso¿"e aus,b as BerËhgl;LeÈ ffü;Fe. BerfeeËåy ergiltzsnù:

sf an equllibriun ÞeLn6 eeË up fn aany reacËl,ons, ber¡rglrrt wbiEh,

poånt ao e,hange oecurrød,. ffsü qeÈåL ûulËberg aeil WaagoÊ

stat,eå. thetr Åew ,sf ffis,F ÀBtÍøB tlirt [t, ,beEone pesglbt e tE

êESsr€BÍ.n the eøaüi,tf,:ees for heæn€leqe.us eystËü€,. Sf.ner Ëhås

waE þÊsêd.rsn uøl,eculetr t'beo:rLes, St eontrd uot" bswovgr,

epÞly Ëe Éy$û'$Bs ef ræhgtra esåeeuiair f,e¡-Eûü1sos. Â f,eç,

FCIala l.eter, eåbÞ#t latsoüue-sð hts PÞase Rql,Ê whleb ,oü€s6fl&ö

tbls üf.ffi.eu1tíy' e.i[ü. hy E&loh ell. eeces +f qquf,lÍþrlu&r

t*oluüång beterog.eu,Ëót¡s eqË11LÞrf,an *e-üe sl¡rrÊI'êå and.

grou¡reð;

{ r} Fhqåe.4*¡ç
Bas!oal.Iy edoptf.ag Èhe 1aws ef üheræodlrnssLes, Êåbbs

aeefsÉd, ts a s¡reÈæ. Èh¡reç åEâeposdÊnt varåaþl,ss * t$n¡Ireratqsa¿

I¡:F€ÊËurGr asd the göñ,sÐn¿r.Êt,Ls* ef the S'o@ponents of tb.e sysÈw*

ffe :then *Setaüq iæ a tb€õ,roF[ uour fqmu-r¡g as t&e Fhee€ Bel.e¡, tÞe

ssndtti.sss sf, eg:utl,lbrtruæ to be a pqlaËåsa:Ehfg beåwe_e¡r n&at b,e

GgI.I'€ê tbe phaees a¡rd, the sonpEnent,s sf, the aysÊeøi
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Phases Lre Ëakea to Eean eey hofl.ogeneous, physiealry
disttnet en€l æeeh¿ruieelly separabtr e porüi.ons of a heteroggneou.,-
system' Låquids rqåssfble fn*alt Broportio¡¡s for* e elqê;l,g.
phaseo. rwo rlEus,ð r,ayerg îma:Lê therefore be t$.8 pbsseß,r, .ê.

pixture af gaees, sf.aee com,Bl.e&ely nfeeLb].e ia aJ.I preportions,
would. be. a sfngf.e phaee. Isonorybouæ erl¡süets wsl¿lö gf,ve ÊnÐ

Ilhase' but ü-wo êJ.fferenË . Ë-y?Eg of; erysËale .guqh

and' hexagoaal woul.d be two phasee. Tbe aeo+r¡rts

or pbasos, Breeeaü do not ef,f,eet Ëbo eqtill.tbriun

as rèoÉbohedra1

of the phase,

ån a¡¡y w&¡¡o

,?he oompoaenüs of a qys$# ane üeflped as the
ssallesË ar¡p.her of fr{deBendently varfaþIe co.nsÈåtu*nts È*r

'mÊÊus of wbfqh, tbe eompoef.ûtpË of eêGh pha:se pe¡ptlråpa_üipg f,p
tþ eüatê of equitrÍ,brium .sen 'þe.:expressed ån the fom ,* *
eheplsal equetion,

rl"un def,i.ae{it ln üerse of Ëhe three variabl,ee (teruperaÊure.*
p¡esenre. ä,ad G+y¿seËttþtåÐ¡r,lr 

^Bln.s.e Glbbs was deallng wtth
equålfbrår¡n frou a themrody.eemleer. polnË of view, he arss
d.ealü, wåth Ë,he Êhemorû¡rnanle oriüerie e,f e.eulåf brfum,,by ne.êns
of thÉ$@s4,y'agqlç pøtenttralE - a term used, tç ånèfoate a eertaln
çharagÈeråB,tfle sf eaah eqepçneat, Bh.e*e påaee{ ln equatf,on 

,

for.l{ f1+eÊ tb.e varueE s;f aE: qqay uarêab}ee ig the sy,st*rp.a,s
there rÁrere equat,fgne, Any varlablee tefü thus uaðeff.ned. werê
eaIleê deg,n'ego of freeds¡o of the syst.ry; FÍa+fay* fl-ef,ånes
Ëhe armber of d,egreee of freed,om of a sygt€ü as the arruber
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simp]-er

Èoæt on

howeve¡iir

where

of Yarf.aÞLe fectors ¡ telnFeraf-$Fs,¡ preseTrre, and e.onpenË:saüfsn

of the Ëo¡B,porenÈs+ whåeli susË be arþttre,rf.Ly fixef, ån ord.er

tina|. the cond.ltioa of the eyst€m uay be perfeoüly Éeflned.

Gíbþs+ deduettron of Ëhe Phase Rule i.s not aË a1l
and. neay a].üe.rnatfve mgthoðs are aow foUnd " .å,ny good

thennodyæaøíes will have soËre metÞoê euggested.. 4.11r

give tb,e Phaee Rn.[e ía the forn¡

FË$-F+â
tr' ar¡Bber of d,e6neee of freeôoru.

Ê s, anrnþer of ooapoaenÈø

P æ nrrm-ber of ¡rÞases+

û,ert,ain si,npllf,lçatlene are oft€& uÉ,ed. ån the eppli-
qatt(ms of ÈhLs rulei Tbe vaBor phese Ls',efto¡r aegl.eei,edt whe¡

sonstrq€,Ëlne Èhe freezi,ag-palnt dÍagrare for eubsüene,es of
comper-attrüels low volatillty" AêÈltloaally, couetanü pr€rssurs

i.s assumed; es sae sf tþe: corlclLtions of agui.rfbrir¡n when the
wsrk is ear.rl.eel suÊ in tbe open traborator¡r.

Ohanges fa equi,Librlt¡m due te a eå,aage in :bhe ex-

ternal Eûad,itl,eËg of tæpeiraÈr¡.TÊr Fressîjure gr ee¡¡sÞntretLon

oould aet be åeðr¡ced fron the Phasq RuÀe, however. The use of
the theerem ef Le 6hateLle:r iæ tÏ¡1s regal€, eErhaneed. greatJ.¡r'

the applåcab1}.lÈy of the F'base Rule. ìflolfnarÈ.5 stateê the
theoren as follovrs¡

ÉBy every ohange of one of the f,actors which regulate
a eheinioal-pbysieal sysËe.m Ln equilibrium,, there are prod.ueed.,
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by the Èrerrsf,oræatlcu Èn Èhe fiy*Ëür.r sstLo*s whleå ara oBposed,

Ëo the mo4lfyipe faetsr.
Bven wtùb tb.e nse of thj"s prfneåp}e eaû úh6 pbese

Rule, there ls no allor¡vanee f,or tbe ss-Ealleil passire resle-
tË,aeeg of f,rfstion, øaplllaråty, ferce of grevlty, e$e. Tftth

Èhe ad.ëå,tÍone} ].trslt+tLon in månd thet the phase rule a¡rplree'

oaly to eond.itiose of, Ërue equltf.h,rius {shoum when tha eane

eonûltf,ons of equll.ËþîfrrE I¡revail whea el¡proecbed. f:re¡o boüh

sldesln ít must st,iIl be reinenberecl. tbst the Phase RuIe has

e,strasråinary þsEaêtb øf, aB¡r.ÂågaËÊ.on.

(c! f'ypes of S]¡stems

S1nse, tþts research is pefmarily osrlcerneê

the grapÞleal exprgssfon sf- the Bhaøo rel.e Xæ Ëerne

t¡.¡res of syet-øne* È-heee rua¡r be oensidered brief,-Iy,

(fl Þ.4p,p+:r s.ystiFsr or systeae sf Èv¡CI eemponen:hs¡ r¡¡he¡l

the-¡l exísü fu one pï¡ase .would eoaeüitr¡te a t&rvarf,ent syrtery,,

i,€.? one wf.t.h thne,e ô.ogre-ee ef fr-eedÉm or wþere Bgsssr¡ren

tent¡reretr¡rø and" e..onçent¡atÍoa nueÈ elÏ,, be üak€u f,ato e.onsi.ðe,re.-

tien. When opea systems are eo'n*id,,ereðn l.êr.¡ sysËems qnåer

atnosp.heric ¡rressuren the p:ressl¡re f.s e.orÌËtaaü,, and ühe syste*u

become,s blvariant rryhiah wEuld allos¡ for Ëhe esi.stenoe sf &wo

phaseF. Sugh systems are u$ttg,lÏ¡r represenüed, ûB e ï1l,a¡re $le€=

üfonn wlËh Ëeruperatr¿re- as a'bsgiss&r Ë,n& eensenÈrat,ion as

ordtnaËest fhe graph$.aal expressÍ,on l,e Ê.s a tenaperatÌ,rrp+

consentration eulrrer ox a t-x ði,agren.

with

ef twe
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Bånary systemas are rlsuËr-I3-y øtassffleð l,a.,.=-ær{er Èo

give a beüter $.eenÊ of d.lsaussioa of the eguitribrÍa Esnoerneé"

îbe ord,er Ín wbt'eh FåndÏay6 treats binary syste,ns i.e an

era.ellent s,lasslf,featton fu itseÌ.f ¿

ra eor¡exúerfng þ1s sectlon d,ealåag wlth sør.fd soru-
tfgns it ml6bt be Brefer,able to use g :elasslftcaülon æad,e

elaeslsel br *oez*boon? rn tfigg whes he reviewed the dlfferçnt
üypes of sollcl sotrutlon, Ëorld. soluüf.or! ÌFas the na¡ne glvea

by van rt Eoff üo a honogeneous ÉryetalLfne nåxture of the
üwo conaponents* ï\rg s&þsta-nee-e erLu-þ'J'e f,.u es.oh other are said
Èo be tltrso¡aerÞhorrsrrl aaê the ulxture is usuatr,l,y cel"led qn

isomorphous sol,i.ð so}uüioa,

{,ft¡ lgrualy.åTgtqmP. FetrnÊry systeÐÊ¡ ot e¡rstems of
tbreo êsslpon€süs, Lmply Èhreugh ap¡È.f.aatlon of the Ëhase Rr¡Le

that fLve phases are aeegssary for lnvarianee. ¡!s the nr¡¡rber.

of phases cteereaões, tJre variaþility of the eystæ iacreases 
:

frou. one to fGur.

Ite¡reeentatisn of te¡roa,r-¡r sysüeus greBhle,alty pr€-
seats s-ome úiff-j,enrÈ¡r, Ãttsst methcûs, uee a eolf,d fågure wlth
the tenperaÈr¿re as &Þ. ax$.s. ïhe deveropmenü of nrethods was

fslrsweð by Flaü}ay$ ana wþil.e severet. of thoee be nentl,oas

are etiLl used,r, prebaÞIy tbe mosü

díagran êeveJ'oped, by nooøsÞoÐE?

IeÈeral triangl,e wlüh lfnos n¡Ied
slêee are dlv,.f.d,ect into tOO parrbsn

f,or Èbe binary syete,rcs on the sf4e

eeünon ie the ùrfaagular

IË eonsl.sts of sn eq,ul-

parelleJ. to eaeh sLde. lhe
anû the sàme ssale ls u.Êed^

ef the üriangle. lhe
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G@-r¡Td1¡ratgs gf e tr¡påat teffier¡r 1'n eoagosltåon are thEs

xneasursâ parallel Ës the slilss.
There €.ra.&&¡ry ty¡res sf terr+ary systw, þlit n€Êe

wf,I.l be dS.ssr^rsseå h.ere sl.nee Ëhe dåagrsÊ. obÈtaf.nedt ån ühls

researeh was âq isotbem¡atr diegrann and. ùhus sl.mpre Í.n eoa*

cepttronr

{d) IssÈhorrns,l, Cu¡:ves

f&e seluþi.Iåty relatlonshf.ps aÈ eonstant Ëtmpeneturen

or ühe lsothpnmal. eotr"uþi,l1ty ûertes as ùbey &3ê knswa, a,tÊ

Eearls of irlusüreti-@, Èhe -oþenee åp soluèf.rtty of oge esue-

ponenÈ by the adüitiqn of, asothèr conponent. Tn tþree-som-
poneat Eyst s tbÞy 1¡nne¿Î.ate],f giçe n'ffi lfgkt on the eaudiÊLons

of f,ormatlror¡ and, steble ,exlÉtqrrge of bf,uery. eomporurüs is ühe

pr€seaee of the theee oonponeaËs, as Frell as sB the e,rístence

of aay ternar¡r oourpowds.

Ferr repres,onting the lsoËhermaL rel¡aËfeps La fi.

tErnaryþtår.r¡a..ry cysrfw, Éevera,.g BeÐü,q{ts GeB ÞÊ .Ëmtrú€ye4ò Tbr,ee of
Ëhasq arç drss:rseed, by $taclay|'t one of wï¡ieh å.e the Ëråargrr¿

eystm, seve¡B,L methsds G:Ên bÊ êmployeô¡ fhree

lar d1qg:Êm. nenüto,Eedl eþove+ l&ls undoubteüIy lo,the ¡qÐsÉ

usefi¡.L sinceu as in the case of thi.s nes€årsbn th.e sutual,
rel"etfon htps ef el} Êhree robtr¡eüsn&s are êealt wfËh f.n an

equal üântr€t¡

I{he-n the states of eEUi1lb:fa be,bween trlquiå a*ê
so].id, phases are plotteû on tþE j.soËheæI dtagran ouiryes rùill

:

Be-cuLt èeBtr.otfng the sorubtliËy sf tbe selfû compo,nenüs +r
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sûl-i.d conpcqt*s. tror@çë bs any pf the søüpsue'ats," Ãn all €sÊ€s

Ëbe r¿üi,e-trf.aeil whloh Jof,ns the Èwo poånte represeatf.n€ the

compoeiËio¡r of Ëhe solict phaEe anf, the låquid phase will, 1nê1-

e.aüe¡ fn the ðåreetåoæ liquld ta aolld¡ whe.t sçtr'åû eoryapoÊ{lût

or ûoppel¡.uð Is e-gåuratfng ühe ]-Í.qufËr Ehe praet,lcal iruBosslc'

båtri;ty sf- soryÞle.f,e, separetåaa of Ëhe soJ.iå phaee frem the

mother liqtror wi1l &ean, of cotæse' thet the Èåe-Li,ne woul.d

have to þe estrapolåted ín onë+r to glve the aç.tual sssposåÈf.on

of the so$.û phase;

( e l Methoës of Detelmlnfnq the Be-uÍIl"brfuæ cune

For ûeÈe¡md*"q tlre +gutllhrål*n Gl+flrÊ o.f, bi.uer¡r or
ternar¡r systemøo mâ$y meÈheðs uay be enployatt. these may be

Ileted as themal ena.tysís * X*ra.y a.ra.Iyeås , mle roseopta analy-

sLe" e3eeÈrical couduettrv-lty, megiretic sr¡seepüibå.}'ttyo

e].eetrode pglentrf.alr h€et, ef nf,x$r*ren fatensft',¡¡ -çf refloêËfen

of J'fuhÈ r, atorcic h.ea.ts of oomponsnt,s and oompouads, specÍfle
r,oh¡me. ef, emiponontg and eexopenudg+ *Ðtx'}.y Êhe -fårs.t, hbhryee

allgw of any cEmp].eüe¡eeg gf fu¡f'srmåtig¡t. In ühe sasõ af ô'e-

ü,enn*,natf-on sf Lsoähef,&el aEr,ryee¡ hçwø.s.eîr ft is E'êee,gsary Ëo

usg eE;tlaalytfeal mç.ühori[',wÞi,eh a$Èer ùhe separatl,er¡ of ,tåa

phasee oÞtai,aed at equillbrÍ,r*nr* under tb,e conditåsns of
te,mperati¡re ehes,eïÌr will glve the oonposition of Ëhe tlquið
ancl so].5.ê Bhaøee. Bbe r{quiå pÞase êeüo¡miaaêisns w111 then

gire the sr¡rye of tlquå¿ sslubi.li.tyr anê the soåÊd phqss dêÈ

ter-ginations will indi.cate solíd. eospounÕÊ or ocmpoaente, sr
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any esse sf,''eolfê sotubllftY.
The utetho.d by'¡rhåeb a ûe&e å¡¡aÈion ef Ëbç ooapcef,-

bLoa of the sel,åel pbaee in a s]rst's*r ef, three eçEry]oneats, 1s

d,ue ùo Sehrelnerma^k*""1} o:rlgf.aalJ.y, althot¡eþ developed frrrËber

by Eancrofgl2 Sinoe it fs of inportançe Ëo a eoneåderatfon of
üþe results of thls researeh r lA wü.ll bo exptel¡¡ed brlefly here.

tonsf,d,er thaü wê ar6 d.eal-ing with the aquoous solutlsn

of tw,o sÊI:âE (heace a tìree-GosrÞCIrrant Ëys,te,@Ì wh{aÞ ean glve

rise tó a,êt¡u.þLe saLÈ {eqtrlya3.eat of, eomBounÈ formrtåon}Õ

Ë,e,$reeenÈtrng She solubål$.tlr relat,tons ån e s¡zstero of, trfangular
eo-ord,i.ns,tegr we wsutrd obÈafÃ aa isot'hg,ru aê.eþ {n'lgr 1}.

. 
...: 

i-

Fta. f.
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ïä th€ eþsËe ûångra* the ttm sssÌl&åËnsen rï anti so

can førm e d.rub"Le sal8 of aomxlost tåo¡t *" The potnt â F€pse-

septs tþe sel,uÞiJ.[*y of tha selt å' fu t'he sclubåIÍ.Ë¡5r af tkæ

eal"ü #u end d and c reptreseat solutåeËs îshl*h ææe f,¡r eguf*
Iibr*uffi wltl¿ FErs A e*å üouble ,selÈ" <nn* pure ü aed dar¡hle

salÈ respeetlvely",

GensÍder¡ tbe:r:, Èhat ühe d,outrre pstt ås Í.s ,equå¡.Í,h¡Êåue

wÈtb ühe' sÉåuùSoa eÊ Ëhe def,ånlte te,mpeea8ure €þossn" er* ËI¡eü

Èhs 6tîr$fi¡os1åi.çn ef tbw sejl¿r&åen le nepresüeÈ€ù Þy *he ÏroÍat e.

l'he greater pasü cf Éhe ss.lutisn Ès r¡6sr sø¡¡axsüpd fpsær Èhs seltd
phase., snd tlt* lat$or" Ëogesher wIÈb &h€ üSherång metber ååq,uaro

1s analysed" Ëire c¡rm$osåtlçn {u.glËs trf eûBgentsaÈisn ae sl.ruwn}

v¡cul-d be repr'esen$ed. by s. pofnt f crr tke tl"ne eÞ, wher@ f) tr**
lt*eËÊËtË Ëhe eur*pes'åËSsct of, É*e åsebåe seå& r -l'hå* åe trtaq sl$c&
Ëirw eømïioaåttü¡¿ ç' Èhe 'w1¡e,tr.6 F¡ês,s mte* Í"le l¡streppæ tlre c*ægrËüd*

Èlc¡n of tf¡e e$iut,lon and tllnt of bþE {tçuble ea}t r *rü m,t*er whaË

uaa¡r be tå* s6åe$*n.ê eres$nts ,of gäÉ sËå{å Þbesü. ep¡* the æother

lf"qrren" ' S*,sllsrly È*e enelyså* sf s e*Ï.r*ttert ef då"fferenÈ G6fl*

Fneå,ËåÕe!:åe eqr,lliåbrttæ ws.åh Ë,he såffie &çabåe sfl¡.È, end, arss Èhe

såsürssç +f seååß phase aclR ss}-Êtåsr.i, rq*u}É gåve tw+ etf¡*r poãnts

er¡sb ês # e$4 h¡ e¡mü ãhe, r.f¡rs åølslne tÌ¡ffi æeçlÉ æåso ålëßs

Èbrouglr Ë. lÏ¡e ¡aeuhoü *f ff,ncif.ng tlre oomposl&åou of as, ua¡tnewn

6$ìåþåe sæ3,Ë {,ør conap*r¡ad} e*asås&*, *åerefereo sru f,å.sd$åù# $he

pes$,È*on a¡f t'e¡o åånee glrch. as ef and gh, xbe p*åa& qt åeÊqäìÉ

eectlsa of tÞ*es ],Lnee, Èhøn¡ Éilvee +uhe eoæ,Besttlss of the



doubjle salt (eôua grase), rf, Èhe søtrlû phaaa fs,a pure *_oÏ
pononú {qqhyürous}, the ll¡ree wåII aLl pass Ëhrough ê soraer
of the t'rleagl@; 1f íÈ ls aa qühyd,rsus äouble sal.Ë as glven
aboven ühe rfnas will inter-s,e.et st a poÍnt, og È,he sid€ ås sf
the trl,angle; i.f lt ls a hydhrateð eo:n¡rorent, they wltl ,f-ater-
sect at a pof,nt on the såde *.'ilog or B-Eeûr of the Èråapgl€i
and if it Ís a hydraËed d,ouble sal,t {a ternary eonpound} ühe

polnt of, trntereeçtåon wJ.i.l, Ïåç w.lühls t&e tri,aagten

I? sbou¡.ê 41so be neteü tbat¡ worklng wLÈh

t€msr auê negl.eqtf,ng Êhe ,vÊpÊur phAse &,eÉ,Ês that far
ôeterroinatÍoas tben-e f.s ont¡r EGe ðegreq.of f,reedoru..

1

varfant systeq weu].d Ëhgrr allsvr of fe'u¡r phases ( søråû

IlqlrÍd}. Any qore u¡ould saltse an f.nrrerier,rt poln!"

opee s$S-

åsotherffi,a].

llh!e ufli,-,

anü
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PRãTIE€tr TWffiIT*åETOE

{a},The,sygte@ fqdlne=0hlorlne

?çf oqrsr å Ê,Fatrir-¡r åt' has bqsn def,l-nåtelE knonrn tTra.ù

at, IeaEt Èlvo, tqretallläË,, e-uåËtäaçes wêJre fereeù f,rom tþe Èwç

relenentË fo,4åne aÈd qhf,otåae,r frhe fl.rst egepleËe lsvestf,ga-

tf.üa sf üha sgetem loë,1ne'â-btroråae" Þow:ever, walteð r¡ntå}

aft:ør nsosaþsonts f,epoug ws¡rb ,öu the e-qr,ríl.1brfu¡n ,of two beéåcs

eonblxred. 1n a syeüem* whea, uslng È,his u,eËhçd of investigatioa,

$t0¡t,en5s6g¡Àåt.l* *Ër ble e-IassÍeal rsecqrebes on loülae ad
ehlorlae. $terÈal¡,þoler uoÈ ptly date¡rulneü ugay of Ëb.e eraet'

pnøpe:r{io-* of the üvco g@I,eunits prerÈorr*f¡r'hnouarn hrß he f.ÈeqÊf"*

flert tEeB wltbon quastl,on as the Èrichtrsrlite anô, noaochl,pråda

of feetlnei aad, æ€tr uad.e conBl+ta lrrrestigatåor. of the tro
alleÈropte foans of the nonoehlor:lû,e whteh wers pretiou,el¡r'

tlû]üÐ'.wll.TÞege1atËgrhete.1-æeettrtIqand'3a'f7a¿ElBü,sþaw€4
t

t"h,aÈ IClo( rtrÉs ths ffisþle fom wtth tbe hågher s*I.ù.in€ polnû.

$$hlle þåfr fuv,-esËl,getlglr süateå fåÈ- eolilðftteas, of,, e¡EÍ.steB,eG Êf

thssÊ qomporrað*, hs was ql.so .aþtre tq elstn übeù &e-e:bþ.çF eo4r-

peunËo sf lodlæe aEd çhl.orfa* ex1,øüEë ae, bsd bees claånçô ty: ','

9aflieæ i.nvesülgeËa.rs åargely on thçer,cÈt,eal gro¡rnd"n¡

tshtrs fireÈ slarf.ffssÈåog øa the rel.atlosehf¡te 'nt , 
, 

,

übe helÕg-€rrs n*'th- pÞ-e anotber* has needeti *,ttË'IE enÞ1.1.f,[üûSl.s,&

âo ühf,s êag* ,* +3eaf.nr ån*I,gþt fæts. üåe etahlltty sf trûå in
Itetråd aarit'gaueear sÈats wsr glron b¡ Kerstês+F ead walê*S '

ge?s Eere deteltrett cla8a on tbs süat'es of etable erf.etenee sf
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äbe mo4oehleråde" Þgyseê Ëbese potats ühe eEsÞetfe]. w+rk €f,

StortEnb øRør. gÈåtl atead.s al.es.Ë.

tr,t f.sn theun worüh aoùåag Ë,båt the sslld euþstateau

wlth Éleh üs be so&eËraÊë nn aay isoÊhe'rual. i.erosül,get1oq
ìtt

u¡p¡td be i,oülne {@.p- * ltr}*Fol}f¿*¿*oe apaeoh}o¡Jûe {trsÞ<r

E.p, * ?7.2o, J:aJ.þ. B.pr * I3,g"l*8 trad,f.ae trf.shlorLdø {,m.p.
* lolÊll9 **u uaå*rnu (n.p.*-tol.áo130

.'1ori

( bl Tbg .syEten Ereuiue-0blosf,ne

tÞe exi,åjt€ÞEs, of, ø Ehlsr.iÉ,e of þrmf,ne, å,Ês &ean, Sowg

qsstcdr aaú bøgngnsng d.th ü'be ¡ror,k etr sa[er,ôä aaÈ $æerågê*
l

wbo f,lrat Ersåûe6. fie åçscslbÈ l$û oeuÉ'1rtË*eb:[q, :eepûr,6y*g.atr þêg

te&eq plaçg" ne¡aceuaaaâ3 o.ü,Èæpùr,ð tu ûetstgls,q its fsrlffi¡ta
qsü olaâEeù tü *e, be &Fûtr.Ittr*s. $,$f,s wêF& wes tg,e,Ileåtødl by

neb.qeuÊ* uüo f,oüed the ssÞs.Sg¡+ee êE, bE gnlf a ,eå,nple nr{x*q,rg

bÐÉ,h lu È&E trtqutÈ eu,A c'¡getat3.ånrâ sËaùe,b:r a êe$çtru1$aË$,sÉ

of e :u*;p. sîtrr.îvei Horrerg:rr. xte gråstsåG**.s,LEag d.üh what 'wa*s

thsr¡Êùü. te þE ûhe trto,þlpråiÈls* q,a E]e$¡feü: þg **Þ€@aa, -eüû

$raq¡ua5 foåfowlnB .È:he,år srÞrk nflth.Ëþ,e rsa.qtåon çf I,åqHfË

ahlorLne on hroa3.ner

å[oFa se].fq,ble ths¡gaå f.Þvee"ü-l,geÈåÊ.Þs .,wefs tþe* GÐB-

tn€Þr,êê,r Ê,Ed oèreflsl, analyt;f,eql dateæånat4eqË of, the uelütrag

enü f,¡eeal.¡ng pelaÈ er¡¡.rys.s of mixÊr¡f.eg -@f çhlo¡{ne snü b¡euaåne

frem Iûû* a&lqrfuE, üs lsos þrsüttBe wer-,e qqêe bF Earsê*16
Hås wsrk bo-re ouü ùhe e1ÊåBs sf Ï"sbsea eaè he c.e¡q¡},¡.êÈÞåg

røfE$64 ü'b* È,nadtequatE claågs s'f f,:bosgs sãÈ Ð?¡$lrt.Ë* In
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aû4Ltltn to Ëh.e m"p. s.nd f.Xlc, Grjrftes Ka.rstea eeds se-lre?al. isr--

the¡ual deÈeminaüioas ef låqrnld, andt eo'Ï.1d phases in equillb.-

rår¡¡c wbísh egreeâ oloseLy wÊ.Èh hls tharual.t,y ùeterrcin€d poXnts.

É"e Êhea conctri¡ril.eð t¡hab i.n the soli.é süeËe bronlne and ohlorl.ae

forned a eontl$ìÂeus serles af ryl5.g,gcry-e-üals. Ee also öe*

terntned tbe eomplete þoirf rlsn poiaË ,eurnes and. oa tÞat Þasl,s

elai,!ùed iü unltkety thaË eompotæd,e vro¡lld eãist in, vapor form.

TTEf.s ea$ be subs€antiated b5r.' theoreù.Lea}. esnsåèere,tlone of

Bse¿Gbsosl? whXeh, wlüÌr th€, ].ater Uåfp e.f Èbe Srhase ruloo

indieateå the inflirenee whlsh ttno eælsÉe¡lee o-f penùtf dissoeia*

tedl eom¡ro,üßds ln Liqui.ü snd vep*r sË.ate has oa the vapos plr€s,sttrê

en bû,fllng-¡roint G,lrrw€. Tho wqrk sf Karsùen ea ftreealng*polnt

*iletermtnatf.pne' was du,pl,içateü by Buttrer anð Heãntoehâg who

aerely rêstaÈed. the olals ageåns$ Ëhe ø:elsteno,e sf, Br0I þeeause

sf the fo:¡'u. sf the f,reezing-point €.trrse.

Whl¿e the werk hy Ëhermal eaalysis seerus to isð^i.Eatê'

that no eom.pounå existe, Luxâ9 has lsürod.ueed. a a€w note i.n

his olaLn Èo have ebÈatæed. BrOl by stær distillation anel frae-
tlonal eçnd,snsatlen çf a mlxture of, equal. parts of CI and, Br.

fhe compor¡sð übuCI oÞtai¡red. (aË *9Oo) shows a hlgher Yapor

Þr€ssure then tbat, of Br, a¡rü on analysis e.howed a tl:Br
ratlo of 1¡1.

OpËioal analysls fer the nss& parf üend,s to suppo:rù,

the enis-tsne ø of a eomporrud BreJ.. Ëeginqf,ng witb the daùa

gf.-ven by EarretË and. gteJ.ulo whe obtaLa,eü & rrew absorptloql
.:

and wbåeh they c,redlteê to Ellt,l., æuo,h eCIaff,metor"y: evld,enes

lT:ry
ì lì'i '

i'.i.if

il;ll

il.,,

:.liil'l

l':i'

i.l..
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IraÊ gåËbefed. .ån exeeJ.lent'or¡tlfse of the iavestigatio-ns pur-

sued ie given by R.t. ideyer ln dGmeJ.inr s Uand.Auonnãl LaËer

work ailoag the sarãe lå¡le hae more ùefiniüely e*üabrtshed the

dissoeiatÍon csnstê-ab of Ertl as belag vÈxy 3.ew (t.l]. aå gg"¡3?t31

and, çonsÈant over a r,våÈe t,errperaüutre .fsqgel

t¡r€snfg reao,Èloqs have atrgo tended to vertf¡' the

e:rlstenoe of tsr0l. T,he most. outsüanêång exanp}e is ln regarê

È,o aatisa oÍt aliphas$.e Ètaze ooaporlad.s, whieh, aeeord,f.ng to
Ta¡rlor ðnd.'rorseeyf4 i,ndåeateü a.þout Sô æo}*ourar ¡re.r ceæt of
Èhe Ï3rüL rleri.vatf.ve ar¡d lû noleçutrar por eent eaçh. of the tÅ
and Fr d.eråvaÈives, .,

Frobably the closesÊ appreaoh üe tts isolation was

ühe preparati.on ef tts hydrate 8rG.tr+4$uo {.&uwar*S}1ah'5} r êI-
übeugh ÈÈ.s- meltf.ug pofnt bae been gåve* *e -66"å6 If thlg
laËter figure ie apprexirne.tely eorreet ÊS 1s obvl"o¡¡s übat under

the esadltlons ef thls reeear.eå (ÈeûeEeå¡mtieas aÈ $ûg) there

Is not ltkely to be any Gonpor¡nd, qJ brourine and chlorine dis-
t Lngpåsbable Ëþernally,

(e) r4e jlyeüe-m rodlne-B-ro¡ntFg

8qLard.r"5? ntutoric wsrk on browlr¿e gave the flrst
lnf,lcattorl of, there hefag enmp+tudts, of f odåne anrê t¡ror¡il ne.

TIis obse¡sations gave inûíeatlon of trm eonBounôs" aRd. were

eonff.¡ueö by 0. t'ðwig}8 *no assused thet the llquld ri,aþ La

brocline ïr,as IBre aÐ.d. Ëhe o¡¡,e pöer l,¡r brgmtnê was IBF¡

tagernareg'g preÞereü crysüals from a m,ixture of the two
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e},leneÊt,s þy equiv,alent weighËs" T,hlE synùhesis ?ras repeaüed.

l¡y Bornemao"fo qibo,also anal.¡rsed, the psod.uet, qaè fou¡rô it, ap*

I¡roxfnåt"ed the menoÞrom.lete"

In 19S5 the wlrole system iodfne--bro¡nine was classl-
cally invesþigated. by iüeenim-Terwogt4l *þo sþ,ortreê tþat the

Ii.quléirs and sol,i.dr¡.-"r frosalng*poiat sîlrves of mlxt-ures of,

iodLne aæ¡dt bromloa nearly eofnølð:E q¡l¡ea the ratio of equfre-

lent weíghts ls IlBr o 1¡1, The eo¡reluel-ons .reaoheet from

þis worlç e.ou.Ld only. þe ta^ken to Ëþe T¡elnt cf elelming a soo-

tlnusus serips of lsonorphous ro.laod ersrstale ext,ending f,rom

Bure loetine to a mixture eorresprnding to loeline bromide, as

well as tèe stroag likelJ.hooê of, tbe exlsÈenee of iodlne

bromíde f.g saliÈ aad låEnÍd ,etate, $rfth 1Ë, beecrßlng alrnoeÉ

entirelyr dÍseeeåateü i.n tÞ.-e vaperæ state, Ser!,eån, teråfis,a-
tlen sf theee e1aåss was ¡pad,o t-hermssynaæleelly by ¡h¿erfÊ' anð

alse sueh IaËer by Krr¿¡rê .and fielderne¡l',r Eh€ .]"atËer éJ^eie**4ã

,thâË ÈÞE çonpound lBr æxtrste¿ on tbe basf.s o,f the oÊs-ulrrenso

of the trso ne¡nmrms i.r¡ the F.i?*conoentsatåou. dtagras. for s¡rstens

with asntinuous serles of ¡n¡trxerl erystals, 0ertaln work has

been earråed, on a.1so on the equåI-ibrir¡æ ln the vapor state for
thE fssmatisn of forÌtlne hromtde flom its dl€eent-**4t45'46 .4"

f,urthe-rì etep f,u the veråf,Lçetåsn of lod,lnç bremfd,e as a '

ohenleet, oomBounð was Bad.r by Wrtgbt4? ,whe found tbaË an equi-

uoleeular sslutf.o,n of, fo,üise in brepi.nç l,+wered ühe re.potlr

psessure of brosine as if {ts oh€nieal celapesf,tLon was, lBr'-
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ELÉeûrosþeæåea]. eüuêåes hase alss shown its pneeeneÊ ås ,solu-
iiuof8 ïn sr¡xnüar¡¡¡ i.t ls clear Ëhat a greaË deal of the d.if-
fiourty in'sstab.låsb,Íug rBr aæ a eernpound, has been beeause of
lts enðothe¡mie r¡ns,tabls naËure" and füs greeÈ drssoel.aÈLos

eveu at ]Oa.

wlrfLe Èhe exf.stenee of a eægeuad of i.odiae end.

brosl,ne evf,tb btgh broni.ng oonteæt .$ae fårst menüioned, by

Ba1ard49 ana låwåeå'Ë ra was Eornæann5} who olaimed ühat rBrs
di.û not exLstt and. tÏ¡at tbe Brevi.ous claåm rryas baseü :ne,rely

on a sÈr.uüisa of ïBr ín Brs' FurËhpr evfd.ence age.inst tbe
exLstence of such a eo¡upound was also gÍven by Read.eSâ on the
bastrs that no polyhaliåe group contel.neÉ the r$rs group er a

d.ibrog,lne lod.lde group¡ and. areo by Fl,oÈnlkew aud, RokoÈJs&5I

becawe of the forruation of the positive ioði.{e ion in a gslu-

tåsn of rBr åa ,þ¡sruine. surther p:roof rrrnas gl.-vea by tbe f,aeù

that the absorpÈloà epeetra obtalaeÈ fsr a s'orut,lqn of rBr ia
Brs eotnesp.oading Êo ïBrs Ls oxaetl"y the sa¡üe as Èhe sr¡n ef
the spectra of rBr anet srn¡54 contrarSr evld.enee has been en-

tered. latety as Forbes and Faut155 aLaÍm strong eleetrometrie
.;ev:Lð,ens,e for the,presenee of lBre or its conptrex tea IFrf

in sotutÍon wb.ere [*J - ,[T1.
Ïü was thus goneralLy eonolud.çd that for the putÞsaes

of this researeh the only ceuBound. Llkely to aBBear in GoRaeG-

tion with lsothemrar deternl.naüions at ]0ö would. be rBr (wlth
a meltlng polnt of 4].oC as given .by ferwogÈ56l , and ühat Ëhis

wol¡l¿d fo¡u a eoRt,åurlrus serf.es of u,åxeê ely,et.sl.s r¡lüh åpðine.
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{d} the Po].rhal.q$en 0onBsuüås

. Sinee ghere sse so f,Ew efiebiaatíons of the ha,Lpgens

rriÈh eaqh s,tþer lt trs f.nte,yeeùår6 to, soêê €haÈ tdre f¡+.ns sf the

halogeaø seen par,üicu1arly aoËlve Í-n formÍng conporearÈs wit'h

Ëhe halogerlsr Theeø gå-ne rfee Ëo susb eæpounüg oxÍ.etln6 ln
4q

ee3,utiffq ae Èhe ffiIe eLa*BÊü by faBgïr-&Lalt es well aE eån5r

ooropLex enf.oss wtth varÊeu"9, eu{úbånaÉlsss of, *wo,* Ðf €ryeE übr€e,

of the halggeae*

¡' ,Wli1&,-g mtreÞ e'f ,ûdhe enphqgfs."@tr BglyhÊ3.Íd.ep seÈT¡s üo. be

ln ths ff.e!å of aSÉSeEs goåutLone+ Ëhsrfi- þes also keen sÐrnê

eoÊsåÈeffi,þ;La tes,oetfuaËtÐü g¡ì eo. .Í.* sçtufig+ns of meta}Såc pe.Iy*

h¿tådÊÊ.' 'Npnrhsra, h.oweretrn has ühere beea eny *trgu of e øCItr*

påü,erqtf,s,a sf, -tbe th.qee 'elenen&s, Í,oêiner hr -åse,r eâË *atre'ælne,

tor¡nine å. têrüarf coape.unü fgr a haloEen ¡r,er. yþali.êe as üh,Í.E, : ' '

fteåd 'qf ].lterasurÊ vrçr¡¡.å EåftÐ ltl.
Bhe alo.sos,ù apçroaeb ùo eu¡r regawtt far a ter,narf slrs,*

t¡,e-un åe {¡rste.$*äd, Ên Èåe, s-üqüy þy P3.etuå&gw aM. HpkotJaag$ ofl

t'he uyst,eæ Bs-Xêtrd * WhS,1,E ù"beÍr '*¡¡"eIE eErrqsrn vms wågh th-q

etrfe,trå+aI eon4Éctåvåty sf, bræfu,e soåu$år>n* of, toü,lne and. of

[od.1,ne Èrlohl.orid.e, tþêF¡ sf neeesel.$tr"t. uade ðe-te¡ælnettrç*rs of
the seluÞåtl,,tleg of, þcth IB and IOL5 ln þronÊn$.

Þlseussi.on sf thls in eomparlssa wl*b the reeults ef-

thås yeseereh wåtrI bê d,eËsåIEi[ ]"aùer.

51açe the oatry ksüwe e's¡apeutrd,# .e,G,ß.Ttrnlag ¡rïthin the

ùbqee ;þ,S:qåfy eyxüe+s dÊs-eêgs-ed abssê whåch ex{sÈ as sc}fd,s at

orü,lRgry tenpelatî¡rõs ere iadå.ne bromlcler ledlne noaeehLoride
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aud lø<li,ne tsfoÞIorå&e,r, f.t, rrqs dreidedÈ Ëårt f,tnet tsoÈheffil

Ëste:rolnatlgns of tbe. Èernary eyetw sbor¡Ið ba eatrrled out at

suqh Ëmperaü!åetr. tbf,,s wsrrl.d brfeg foillsE Lnto the Xliefurrê

aleor and, hease la orûer tE fr¡rÈher ef-np}.lfy Èhe firsÈ lso-
therugl ,€lf.agaan ths, ÊpepsEstrrrÉ Ef ]Os$ ryes EhssÉþr Fhle poåat

sas abÊsc the &rp. of ühe f,gdfgÉ æünrçrhlorf,û.ee aaê henge, f,r¡r-üher

æettuced ühe nu¡tber of ssltd ¡ibaees or selid, pãeËe csnsü.ftuents

it wEuld bø pessfble to sbtal¡1l
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ÁqpÊRAEufi i,sP at{,ÊIrr$ts

{a} Furlt.y of HaüerÅals

f.be io¡li.ae useô was of Ìf.r$,".F. ãffi graüe {resublf.ned.

er¡reüals).

Bromine r¡seü was Halt Íaekrodt Bromåne, oønferruf.ng Èo

N.F. Y speelfloaülous.

GhIe¡Ane was obtalned as a GonmsreLal grado ln mal.l
eylindere flrû!É t*L,L. It waE then we'ehed wfêh ùl,aè&I1eË Ë,å.ter

(trvs waeh boÈÈLes), antl þrrbbleit threugh satr¡¡ated çuSO* sntruti.oa.

te remsve aJ¡5r tras'ee of bydtrogen ehLorlüc ae reeorpmernûeð by

F. etef,uaÏÊ trhE Ëas wes tåen drleÉ by paeaagÐ t&¡roÈ6h ssÞ=

eantratêd, sulphtl¡Ple aa!.d,.

( bt trategi.als f,or .&na].ny€l.a

, Í,{le gl}cør ntrürate nse,ü rfles t}t$"8* staBdard reagant.

It was pulverløed in an agate norüar, acd. ilrled over soÊeelrt¡a-

tro& eutr¡riruråe aeld f,os ê w€e&q Steaflard, s/lß sq¿Ètåoa wes

¡nar[e þ dåseelvång rÞ .exeet-ly wefêbedl qüeust sf ü'hê ÞÊurèË¡rgü

d,ry sett åa dåetllåeê Ð,at€r* &êFË, aü sloon tæpç¡.eËwÊ ,(¡6.9Ë,Ëü

gråEs per 3-ltre|.
Fer stqr&apÈ1øaÈfsn pçX¡ros-e* ,täs ffiEn ffiæ aaê Ktl.

r¡sgÊ wsrÊ *11 cf tf,S*F. ste¡rÊ¿:rÍl gr.e4qr-,

The bqr.*rie lcl.tråËo ts be uu.ed, 1¡r tãe enalysfs, f.sr Fr*'*

+qrrü*üg Êng of the Ureql¡le os shlEråÈe- beåug earr*.eel, êonrs ffith
the iodtde was of the stsadafi. reageat gràd.el

0.erüata *neL¡rs,es $.sFê maëE wåth Þeråug nil,treÈe røq{e,

fren tbe ae,Ëf.on. ef, altsåc aglå oe Þårlge eefþ,EaÈç ÊaÉ
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regrFÊ,ta1l'laeë fras :dtrsüJ.1"l.qtt waüer,. FQ obeervaet'le êåffeFsno6s

tçsre fett4ê t¡r the netter Þa,sê.
;

f sl Êenera1 .ê,ooar¿tus

Sínoa les.Ahernal Èe$ernluaËions to give eceuraüe d,ate

.€fl gJlry syst€Ee r,erqulrg a vBrF oleee temperaÈlrre coatrol, lt was:

ne@ÊÊseÍIr to a.seerüai.n and. malatain Ëhe t,em.perEttFe wltbt¡e

qloeê llülË6 derÊae Èäe aü,ÈaÍ"n¡üsnÊ o-f, oqul}lþrftq by a¡ry têìpüar1¡

epst,@, fhe temgaraÈ{re selected fo¡ üh!.e researsh was }SsÇ

f,ar tbe reasons ontl.lseÉl ear]f.er.

A ey3.înôråoa} g1ass v-çesel, aontalalag water wes uscdl

es t'be thçruoetat, S. top Layer sf kÊsÞsônê rúÊs plaeeútr sn the

m,ter to red,uce erË.porsatÍ.oa a¡rd sÐIf,qoa eøeli,rng. The treter was

stËrrd . E¡ æengg, s-f a sna3.1, @üg'r,-r[trÈT@ smüa]. stlrrør whloþ.

weg Eåålrta gsd, *t a s}tr $aüé.

Suf,f,isl.ently good temperatqra eoatrol wae oÞtalneü by

inüemÍ.ttent hEaüi:ng wÍüÞ eÈmoepheris eool.ing. Eirs beatt ng

f0rwett, eleetrA,ee,l glenextt êotrbal,neë Í.n a Gsllpsrsyafnna wÊs a ;

er'åI lumçneEô ån Èh,s 'þq:th.. the hseüåry Eurrent ¡vas sostrfil"¡sd

by u*aas of a eslsntlådt-o¡reraËað æereel{t ewttsh whåe,k,'Ìtlas

aotueteê Þy a mereur¡r thermorogtúaùor. Thls uetÞsÕ enablaê e

temBerq$qss ÞonËrø-l de-ttçr eha¡r É, s"e5rDt.' to be maintained.

Yhe eq,ttffiI te.FperEtrÌrÊ wÈs g*ee-greü s.i.üh a ttrrettcæete-r

graðuaÈeê ts 0.Olse, Êlrd eallbrated ülreetty qgai.ueù a sËa¡cdarü

sorreeÈioa t,h.ernsneter. HiËh thie e'rrâ$gemeqt enê aÐplyta€

thç corlreeËLoa" the Ëæperatutre :eemai.sed, at êp*8û E t¡G5ct.
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übrelçìrør*t äìce p,e'rf,.êê sf th.e r.Ës,sersþ..

l,þ.e eent¿lner fårst u,s'ed Èo bclê the hale.gou sygtæ

traé s. gtrasø oyl.lqôGr çt 45û nl. capaoåty¡ wlÈþ '*n, &trter êlamEêe¡

af 1'å/4 åneÞee¡ and aa o'¡r$sf"d.,e tapareù $ruqsê gtrqss tsp {see

Sågs. 2 aaâ, !1. fhf.s sas J.eter -s.:rç¡rl€MeatsÈ wtlh a *@ber sf
snÊlt cyåfnüråeal gleÊe br¡ËtleE of appr<¡xlsate-ly lr5* **, aa¡nolty

s.åtb åargo ge'e*¡ñê;-glas¡ süoppersÈ u,euÈhs.

€lth tbsee contai.ners å, syetm eouLd then bo naðe up

*f 'yaJ,re6 and weåght {I"St ts P5g gpfiBns} suf,fåstent te etrlsw of

&oqd ,espereËlon sf I&pses a¡È Xm'Gper eÊmgftrng n enù e¿sÞ nê&e,

for eaeE of effioiEqt etirrlng wfthta õhe conüalser.

fhe gJ.aco eeaþêlner-e: û'ers o}'snllgtL dåÈbÍti t¡he þath land

st¡lrusrffiËeè by- a glass equû,ç-naÊr f,llle* tdüb sÐ'lit wêüer* ^å. I¡ePË

glass etLrrl+g rsü rras lasezÉ-eê tn tn"e aau,ðen*er anÈ Pionþoß.tÊúl

Èo a süålL varl.eþ1e epeeil meüpr.

s:à¿EhÞ gi}aee sontatneg sas part ûf; Ën e[l*g]êsE qÞåü

Esast¡n¡cted. espeeiatriy fcr effiçi.epü sepsreülos of ssltðs eßit

Ilqufüs {Flg, 11. Fhe gI^ass oontaLl¡er w&s fitÈ€d b¡r a grouR4-
t,

glass øåp .wåt.b a ílf;6t, ,Gìltlübr qnd. a 51f.6" rtn$ seatr- ¡rrejeetrl€
luefúe abouË 6 lna'beE w-hçæe f.È rms flared out to eeataln a

ef,rpular påese of sfnteredl gX;ass aþor¿t #Ê laeþ i.n ðåeæeüer Êgë,i

5l t&" ,Ë;hlek. lhs autslÈe eqnlreeaÍ.oa of tU* rlEg c6sl' wes

s,ealËil ,g{ml}arty Êo another aep aad g3,ass eontaf,ner of eiqltar

taper@ groustl*glass ðaså64. The oÈ&er ]y'3'6s ql¡ù'let fr@ üÞ1,,*

s,êëçltrÈ ,glap eoULé b-e attaqherl Ëo s, V.asìL\W pEGtÞ. l,SrI*S* Þty

applï''.-qg ?aqutr& tãe ].tqu5.et ¡&ase t¡ou1ê -e leô hF ,s-us'Ë,lon f,fgu

ì

ì

ii
l

i
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trcs,s6å A thr-ot¿gh the så&te¡eel S]a'sÉ ard sgntrest€ù

TessÊ:L Ë fron where a samBla es.Btö the* be takes.,

ghaee recaf.nl,ng Ln vess,e,j[, A, eo¡rlÕ be Errsks$ quiù,e

rery sbert t{se. .4, sasfsfa*üory sr,rrrê,e sf gesutru

be a .erqell glass wt*r I)ÌüeIl*

(d ) Ê_æJrp.a} F.trqeüFT;g

Èu-bå.ng f.nüo

Fbe ss¡.i.€t

üry $.n a

ms foqnù È<r

(rl Snktgg. +n Sge'FEgtÊi"' flb'e fx-s-st svetem waE sed€ by

dll,.seslvl.ag fod5.ne ln bromnne aË a uoutpoe tlsu rø?råeh, aoeorèing

äo På'lwøgË69 ÌFüuI$ gJve e so}åð aad llEu{d p&el.se* t.,€. s,}-X6htly.

eqp€ l"eôl,ne ln weÍgåt per eent shEs ås sÉåÌ*ble rä ,þlefiisa at
It*. Tn maki,ng further s¡rste,us. üry ehtr orine $as þnbblÉ{t

Èhrougþ n glass üuþe ûrarsÐ to a Jet tatq ghe pretlous egsüem

u¡rtål teagtb,ef Ëiúe asü saÈe sf br*bÞjlfqg geve aä trldteaþi,en

of per*cntpge addad. Befter resuXts FÉre obtef.ned, by we[ghíS
the eoetalno* Þefoee. anü afþ€,r adldttiQu of rohlsst1** ey6u

Ëh+ug-b tbl,s ü1È not aLlow for the\ro{rsåû,,gtlqb.LE LEss of brÊnine,¡

besause sf IËs high va1lou.r pressure. In aüd.iÈfon te the ohlorf.ne,

$ese lodåae r¡¡as addeê,

tbe system sras Ëh.us ad.$rested unËiL sol.1ü phas.e was

çbüatsert. ås Êbe dlesrÊs begaa to teke shape, heüter ju¡jtEuent_

Eì,oËIü be, ue.edr åEd oataul.aËeü ångred,le'rete snabåed a s{¡ftaÞ}e

*ompestt:i.ob to be ob,tafneê n'ore easif'y. The sysÈÊB Wê6 Ëh.çs,

heateÈ ugt¿]. *Il s,sllê di.s.so,XveÉ lf,n saqq mü,Êr 4$' Êe 5S'*1"

and was flnally pJ.aeed in the 30Ð' beüb to attafa equt ltbri,@.
Êb.e g}.ass s-tårrer wes inaert-eê qnd put ånto uqrrüfoa fsr e.&
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least 1Ê hsrrre"

ïn oreLer to oþtaln tbe sysË.str.c oE ühe bl-nary Is-CIl'p

arf.on iodlne Èrieblesid.o unas ¡md,E eoeond,ing to ühe setbed, of
Ëeoüh end Horrt"ft Ftaely SrevrÉereü EËüåeÊ was adcleê slowl¡r
Èç s flaek ssnÈaÍ.alng t-lquld G:btro!.å&e eCIqü,esreû from a cy}åndar

bY'aeeEs of ee].ld^ t0s la seÊtÐûê, e.B & çoo.llag LfquÍê., The ftrse.-

g$Iesü€raBge, Igtrs ¡uns f,r-çed f.rgua êEs,êss ehloråne by evapo-z.qtlo.n

aå etom ternperaüuge, and k€pt å¡1 a frry ,glars*stoppereü flaçk.
Phe ÈrlshlorÍf,e thTr* syathoef.zed, wes r¡sedt ln orüer to obtain
ùemary systerns of coæpoelüåsn abase XoS tn ehleråne and i,od.ine,

"&l.tr rryork rfiä.s üarr{,eù cuü rrLËÞf.a a fume eulrbeard u¡aê.er

etroag :draft' ThE p-nrf.ftrå:tg 'lrain fos ths sh,lgr.ine traÊ eÐntained

ln the f;,r+ne sbenþer, lhe brg.ufne ÌyeÐ. Heastrred by xo}.ume, and

the Lsdåne by welgÞlng on a rough bal.aseg.

.4?lT PË,FF,T**:1.+S ,P,4eFÊq +flS,-¡SEgp#\*pffir Àfüor a sy*Èeua

(Itt to 2Þt grenc fn welgbt) hail r@alaqü ln the ]oe þath for
qt Ie.ååt, â4 &s,r¡r,s* ü'be stårner and oo-sd,BÐB,er wer€. r,çmog,eelo a$&

ttrç sfaterecl glass enè of üÏre søpnraÈå,on ap,paråtus tFåg.. gl

tnqqF,teÉ' the gl.a*g Ëuþ+ sr¡tLeË, trron Ëhg ree,elçå.wg r;eesel B

waE aÈtaebeê Ès tÞe raÊÌ¡îJB, and, the li^quid. phase sueked ttrror¡gh,

Ef p*eEeål¡e ù,ho ftrat einternô gXase -Esrfeee down tåghÈ-ty ea the
solf{i retraÍ,Ðir$ ln the g}ass oorqtaåner, ae nugh metþer }1,quon

ae posslbl,.e Vüae sue&ed. s,¿ül Éere wae ta.keî ü,:s learre trhe r,a$.ui¡p

oa for only a yet1. sl¡srt porfod, of, ,t-åue, Separastoa tosk pLaee

us-r¡atr3Ir wåthln 30 te 6g sees,åds,, aud. åÉ eenso,quenee th,e *apoÈ:

L.ese was icepü ts a ¡ni.aÍ.aun.
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Såe gle*s s€se1 eE¡üal,Blng the Lf,Eql!ð phaee ua.t

lEuæ¿1ætply- plå,ssð tn a be+ker *enÈaå4Xtrg çg$õr eü t0"t. A

eeefrïs trEs tekeu. frgn åt þy eeajss sf a ;&a13 pípett'e, atÈ,aehetl

by rubber tu@ag Èe tb.e sacuqn: pgnapr AbetrÈ I ss. ef lfqu:lü

¡r€re êrewn år¡Èo the SrlBetÈe aaê then about 2 L/A e-€r üÌ€Te q!-
torreë t,É r,TEn ånto e Ë.areü ErÐ,ùnü-gl.ase sto,B¡rered welg¡ù¡,Sg

botÈIe,

Fhe sotåd" IüaE;e was sag¡lle4 1æmeði.a$' ly after übe

se¡nraÈlos w6,Ér cæplete¡ .å. Lang pÍ,eee of glaes roü. flatËenecl

åntu a epgon a€ oäe eþd etlf,fåecð üo reuose song of the eqltÉ

ffêe the be,tËou sf, the orfuinet aonÈstsee. Fræ I Êe lG grems

wers p¿ares, trã ,ã tared, welgälng beÈül,e* shisb, tms thereutr)on

ål$hü}]¡r eteFp+reâ wåËh a grøund.,Strgso top*

Èbe oos,üeÍtsÞr aBË ìltere ,ussð fn mon¡r qassg. aB & basLE; for ano$Þer

sr-sÈ=qn of ül,fforent overEll. .eoryPE*tÊås¡t'

t}.t Pf,Englptlgn-qf ,sgënlq {ç-Ê*4fiF.1'vF.#r.* The $qnffitåes

qf the: s$Ì.f.ù ané liqiztd, trtis*Ê w-,eåËÊ-r.çü ¿nè tbpn iadivi'ê¡¡allf
sðrowueës in oaustíc sed,e Eolutåon,. fhiE uÊs açeãülptlnbs{ by

f.mrerbl.l,rlg the rreLghfng boÊËle anè plaoå¡16. X.üs, sot*tb beneafh

-the sur,,f,¿sÊ, ef, 59Ë êê.¡ Gf 1-t'.Ê so*1um, f*,y,ûrsxl€Le Êsåtttlea .Êoatalne&

i.n e }arge gtass fi¡nnel. Tae fu$üel was süoppered by nea¡e sf

a påee.e ef, g,las's exË.enÈþe fs,@ e.hovo t&e top gf tþe f'lmÐ,sl

Ë.own f.uüe È-he aeok ¡rhere e Ètgbå seel çøs d.e wfth a Êhort

Þå.e8,É, ,sf r.t¡þ-ber .Ë-urbågg¡" flhe ngeh of ths fururel esc&enû.eil ds@

ånüe e l*l,tËre uot&BrÐtri.e f,lask. 'ïlh,er. tb& sêg'p]¡a þ4.É, þeE:*
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released iato the øausütrG soüa søI¡rtlssr thê gtrEss rod[ etopper

$les r@.ûreð and tne whole eouteate of the f,gnneJ. ü&eB ran lnto
tþe v{}lunets:lo f,Iask. l&e gfas-s, reð eÈspI]Er, welgÞLqg b,ot,t,re

anë. toBn ,and. tke lesl&e of the fr"naer ïreæÊ tbea earef,ul,ry

lvaeheil dsïrfl wltb d"fstilleù rmater. the flask was ræoved fron
beneat'h the funnel aad the ce:rÈent,s mad.e up to exaettry oae

lftre wlth d.lstíLÌed waüer e.t room t,ernperatî¿rs¡

tarefuL nse of fhis teebntque eneb}.ad. aa âcsltrately
wefghed salnpå€ üo ¡r*e treated wíth +arctls s#,e solu.ÈLon rpith

n.e }oes r+haÈsoever Þy y'åpour'er utbervr-i.se, wlËb oqe er tu6.

,semples ef hi,gh brw¡:.tne end. chlortne eo¡üantn lt was fot¡ã.d veï}r

df.fficuï,ün however, to sarrlr orrt thp üefrownir¡gr rvlühsr¡t a

etlgb.t va.Iror loss.

.û.acord.i.ng ,tü-Me}"forfg the .&eeü emfd.ense poåcts to tbe

f,ormêtl,sn ef the by¡Whal.iËe* aten6 nr!.th snåtrtr asorlsts: of Éhe

free ele¡oeaË, reneinån$ ta solnÈion whep the *ï.æeatts ey;E þror¡ÊÞÈ

lnto eontaet wlth dLS.ute anü¡or aqoS soLutions of, eauståe. sod.ê

or potasb, Êoræe.ver, hoü anüL,+r cÐ-r.çsstra-äg.i[ selütå'qnÊ rf th'e,

hy-êroxf,åee preitue,e the balaå.ee veqy qufekty. Tbere Ía also

ssÍr€ faÈS.eaüIoa of hal.åðe fsrs.atlonr "trf¡1,Ie there s.setss te be

üs dåreet e$Íåencs ragardfueg the e.ffeot of eaesâÍe eoöe sshrtlo¿,

on t'he üÏ.ree balogens t,ogether, lt was aseuned. Èhat they ælgbÈ

Þe preseaü,ia any o¡ atl of the staleg urenùlsne,õ. &odueËien Ëo

th6. helf.êes was tbea ã€eössqqy for analysiaç

fu}'ty nixeð Ín the ll"tre f1eak, anù a LÕCI slr aXlquot u¡a,s thea

'.:Ìï
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pt,e

r@ey€{[ by a,eans rf a stsEIl vo}Il¡ietråc fla,sk ca]1Þreted. at
tbs. I0ê rtrl. nar& ts glve gg*98 ar}. l,he suêll fl.ask wae ,@Ëp-

tf,ed lnto a â5O erl. beaEer qnd, r.l.üsed tþree tj.nes wå,th dleül1lsð

wâter. .&bou,t, , grens of povrd,egeè zlnç neta], îv'or€ adêeil and the

sÊleüion was bofl,eü gøntly f,er Êû rolnutçs. It $as t"h.en nede

elightl¡r aeicl t'o litnus wlth glaoÍet aeeti.e aeid, anü bo11e4

for another 2O minuteg, The ziae waa filtered off aad, oarefully

waËhêê {,nte the same þEeher as the f,ål,trat,e* '*Þe flIå,reùe @e

øade up to 60û ca. çåËh df.et!$.ed saÈer ,and thE eæpXe was thsn.

reedy fer anal¡rsgÊ,!

ãbe aþt¡ye reih¿+tlon Broveå åo be entl,rely gatåsfEe-
' a+ Ì ¡ l-

tor¡r, qnd wåÊ aðaptetl frcë sethsü.s6Í'${*'65 recosE(çnrl+dl as

sns's€Ssf&X-. Ê11$ù. aëapÈat-tÊas s€re Éeo.sssary þ6s¿¡1so of ùhe

þarlug u.itrate ;aadr/ers eflver nåtraËe roçuÍ.rd ån the analyüi,oet

prooed.ure.

{ e,} ffethort of Ana]'ysls

Êhe neBhoð us-eû fs,r' ühls qnelys,i.s waa potentlenetrlc¡

anê had nr¡Ë X¡revXpr¿Fty been ,devols$ed ts üho SxËeaü rshera atrl

Èhree halogeas oouLû be sin¡rltaaeously OsÊleat€d* Ebe estsncê

of, the mEübeû ås gív*a by $toek ,&nð SËchtrÊ#6 anå ,olrtl,fnod by

Èhes for vøtUaeürlo üetermåaatLos of, shto*!.ne eqd å$ð,lno f.n

neuürs1 goår¡tloä of, poùassf,r¡E e.hl.srtde enè poÈaselî¡Ðû iodids.

The¡ meÈbod rlepenås esseBtlatly on the rate sf cba¡rge 1n tho

diffeyerree of ¡rcüentlaL baüweeu ühe solutXon anë s s¡rltebl'e

etes,Êroëst '1,þ.e r,e-esÈåôa *.e fel,losed, volræeüriealJ.y, a'uû dur{'¡tg

a Sltratlon the csnc,estrat,ions of the lons taktag Barü X.n tbe



is',

reeotioa are alüered. at ê eon¡xÊraËively enrrËoru¡ raÈe in the
neågh.bour&Éeû ef tþe eaÉ.¡rofnt of üüe reastf"ea. fhl¡s, Í,f t&e
üiÈraüf-o¡Ì ts pXoÊÈe{ qgafast Èb,ê æeasuremeat of the poÈentlatr,

& eì¿rçs s,s sbÊÊfaeê whåcb bEs a ¡roå.nË of ånflçxxon at, Èhe

eudpolnÈ,

Sinee üb,e above methoû of enalysi.e ms reeÊ,Enegðed f,o¡i
ËtrtraËåun q¡f st+Ical&c anü åoülde hy ethrer nlÈratao it $es felt
åhat tbene tvoutrå be Eexffid Èbeoreååea} baeis for Lneludf,ag

broæidee. The change ln emf., usåtrg sllvgr eleotroûes, wourè

deÞ*nû $Po¡r the ,o'o¡la,ontrat1o¡¡ o-f åg+ åcns ån selr¿tian.' 'slss,e

the Et}¡.ubfttty proûueÈa sf såIvør lodåÈe, brou$.úe anð EÞto,rtrð-e

åËs rsspðeùtve}y 1s-r6, lo-lãn aad. rG*lÊr lt ferl-orme ühaÈ tho-

hal{dles v*f}} be pregåp.[$'at,eå tn th*,s +.tder" Êbe enêpoånl of
each Breefpf.taülon beÍng lnd,,teateü by a sa¡tror¡n l.n Èbe €Erf.

wåth repJ,ü Èf.Ëratiørr tt i.g roee,esgery üo p-revenË sÐue of the
ohLor[üe êaÊ þ.roside frsa Þcing sq,ruI"eü dtswa wttb Ëbe sf"tv€s ,

iadrde" Thfs was åsìrs by a4È1pg þarlqm nitre$e whl^eh wÉrs ad*
.: leorbed by t'he fødlÍle ln plaee of Ë-he other harlcÌee.

Ehe apBaretus requlrecl fnel.uèed a aon¡lleüe erraqêfq*
for mçasurç*unt of enf . A LeeËts ehd $orËlxlt¡trr gtudent*tsÞa

¡rotenÈiometer with a galvaaoueter of eguat. senef.Ëåvtty were

set 1n a clrcult ae ehown ln F'i.gure d. A süand,and. eelr was

lnel.ude.ô for sÊl.f.bratlon purprses. the silver e].eetrod,e ssEt
ie ll-lustrateû ln ï'5,gurê I. 

:

The referentr,Ê elec'tneûe E uBe a sitrrer wåre, 0+Þ sm*

fn ðienet,Ër, lnEerdeô ia the r-u&* rria4.e,Èer hore of a lâ cu.

-ï
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l#Bg$b of glass ea,pflLary åubÌÈ.ng .$ vrbo:se wellt ,thfeknirss Fras

abo$È '3' Tam'. ia stre,h a Banger Êhat tbe LeÍüer end. of tbe wire
r:,eHaf,ne&'¿llo*rrt' Êä. ftB.r a,bÊvÊ the þot$ars of .the oapåJ.tra.ry ùube-

Ehe eÈher aad. ,ef tbe wi¡re vnas ben.t arourld ühe tube as shsffir

and was þeIë Ês plaee .by a short wçll-fttttng Båaee of rab,ber

preÉsugê ÈubÊng whi",qh E¡ag E1osêdL at Èbe üep þy a Ehsrt trengûh'

of glees roð..r *Þe f.ndlcaÈsr .eleet,rode D was alss of, t*5 rrpü.

êiame&eg ,si.lgflr wire anð was worsed, seïsral. Ëlsr¡s erêufid ths

Iower end of .å, ard fasÊeaed by a rubber band 8..

. thts sleetrsûÊr & netsr-Èrl,ven glass.stfrces, *nd. a
.

50=äLr bl¡rrette wspe, eÈsr¡Güeð'so ÈþeÈ -th.s beaker eoets.Í,nfng the

soh¡tLou ts be Ëf.tratert oould, be breughü up und.er theu. The

3.å:Ëre heaker wÂÈh tbe,6Oe €6¡ ,rf solaÈl.os was put å*È,s posåti,on

@ð ,ç gregs of trltrlïer[Egd. befåun nåårate a4åed and dl,Es€åveÄ

wåth s$l3f,1Ëg. fhs eleetæodË was thsÈ l¡umerEed, ,tn the sotu,ti-o'an

whereupen the llgutit eatered ühe oa¡rl,Llary anë was ô.rawn uB

arousd, thø losûer er¡û. of übe refere¡ree eieeË¡¡od.e. Sínee lt, u¡ae .

€$.s,€rrtlsf'. thaü tlre eennposlùÍ.oa cf th;ls ttquâd la the eap{lIary

ræ¿ln unehengd, ðurlng the tftratÍon, catr€ was takea to nail**

taån" Ëkå height Ef the,eoll@ of Lfgulù Ín A as snåt iaL1y

oÞtai.aeû.

Fhere is ao èiff€rÊnoe Ln potential before the adðLtloæ

of, eflver nÍtratê {ff/I$r}..,' The fårst a*dlùionrryas rrs.ü&lll naele

Í.n Lt €e., XrorÈlonsn and. üh:e æ{l sonpêasateð by ngans of tgs
petentf-oneËen. ft wa.s eomet!ff€s poesåble Èê, ueike a süeaðy s,slt-

ülan¡,s,Be aüêtt!.,ean wùth a ooneüaai'pot,e¡¡Ë.ioneÈ.er adJ,usË&ent qntåI
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aÞprgåshln€ the enêpel.nt. the si.tver nf.trate eoå¡rtå,@r[ wås ÊþeE

aäËeeÍ,Èrc,pg-åee-t the rrof,.r¡ne reoord.edn and the Êæf,,. alss neüed,

fb.e ehange ln €nf. per m.I. of sllver nitrate aûÊeel was thea ea].-

crrïetedt. :Ths vol.use reeerù€d. fer tÞe g:reateo,t ehauge per nl.
was frake4: as th€ ,esdpeintr. F:or g@eh tÈüratlon tþÉlrq thre resul-
teü tbrae onê¡¡olnt ûetermåsaÈloæa* Galeulatisns wêr.B Èhen ¡nad.e

from thE yoLqn¡+ of, ,t*ÌI[ el],ter nttrate ftrr ah equåva1enË: ansu-nÈ

sf welght of ehlerlne " bmmf se and, lodf"ne.

It wae for¡nä nogsËsÊry to eto¡l Ëbe sùiyrer bef,ore

eeob ¡'eadfng ea tha peÈ.enü[onetep ¡rae, takenn and thus give tlne
for. tbe pæeetptËete t'o ÞÉ.t,ä}s. She eles+rr.@,e wås qashËd. w1Èh

êfsÈL},leô water anÕ 'örlçü ur}'üh få]'ter peIler after acb ÉLeùsr*

¡på.naËi,pui ghê BËfËrgnçe e,Lestrod1ê w6,s reu"s?ÊÈ ewerSr few

Ê.øtefuetaaticse ap.d eleåog4 sErefully to reeovë * eoaÈlu$ of the

bel,trüss- nbf.sb ,Ëe@ë& to be f,,elry,Êd os. åte e.oatlae$, sutrfa€,ç,.

ÞaIide*, elneg qn egÄpolnt wao easily obeerEebåc [¡l alå ç.ases.

il

l

i
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wE$rMgqr*r Rqçrrf,ffq,

tal ågalyEioal Aecurasy

The ¡nethsf, of analEsis used fec esçurata f,æterg,J.natlo¡'E

of Èhe soncestratlon of ahlorLne, broulne aÊû loÈ1ne Ln mixtures

of tire three wes Ëeete.el for ÊEcura€y in, åts üeterulnatloa of a

sf,xüure of. lEw ehlorfl,ne €.ottðrÈt. lÞo Fe,gu}.üs. ebËeined are ghesra

1n ËaþI.e I þsiLûtrt Ehe fLrsù tbree of thes.e d.etaluåaatiolls',

wsrê tsad6 on süandard F/fe s€3r¡tions to rshåçh 3O gramE of
þaråq& n[t:e e wêre' ad4o,Ë.¡ She r&o}ê Ëeëe up to 6ge ee. ìrfth
dfsËf,!.[e& wÊtern säð tþen eaelyeeðo

A ftrÉther ehEsk nes eåee Ên ana}ytle,crl. teohni.qtre by

*qqeryf r-ea¡alyøÊË ,€Ë the eol.u${æs HEite from tþe eolirt aad

T,åeïtåÊ Fbese oanBle*" {ypfce.L reEìr}ûE a¡re givee ÞeLEr fn
Eable II.

gåEr,E L
FsÈe$È ioreüríe Ðeterglnat t sEF_ .Þf. Sali4 q _$q}¡r¡tt qRE I

Bös:ul,Ës ,ar-e gåte!¡ f,oF .$",1 la :c'sr st 9.q.4ã'l+- gHÉB
Iì[&*Ê la *Ê. ,ef t"gtrÊ5ff Àåff0s
Ss.} 1¡¡ se" of O.Iå$ AgNS.s

I{s'"

t
2,

*.äø-sütüa gtgr N4l¡S çæe tþp ary.e¡segs ef +wg êçüe4ryLua,tf.pns' utftù. a
n€aû Ëeq1*¿tu* f,fam ü.&e seg¿ of less üban 0,. tå ln saelr ç&se+

r¡¡-;r.i¡t¡¡È. +

l-

Br- t
2,

,
q¡l }I

î

ËaIsûLaûed,,rÈr.!ar--¡rraÇ.!æl

lg.gg
39.96
t4.gT

Ê0rSê
*fr*ç4,
25$Í
tg rlB
a.0s
å,ûû

Founá Ë .sr-.rpiç.

+Sr8J*g,f '

-û.04,:'

19.Ff
és"t$
2 .9'6

L:?,'91
4S"'0
24..99,

æ",'L8
Ê.90
å"a8

+t.9
+&.6
-Gr'â
,+1*S
+I0
+14
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f A'B .r" E+Ês-.* IÏ

-'l-

.Aq tr..
2,

1*
?..,

-å eeê Ê src
of, Syet@ ¿
nenüe|,*

ïoôtëe BromldE

29".45 9ê-"Ê8e?$:'l \E,aq
2"1.59 6g.*6EL*63' 68*59

lhe sstið and tr!.qtrld Þhasee
{see TaÞle Y for oaleuLated

q++fl+l$s
'55.åo
55 -},A

?4*e6
t&,.2â

reepeetf.vely
welÊht per

F.

ffet el

6f
prepaså.ng åho .ueæp1e for eæalysf,s 1a-

eeuple {boüh }åEnf.d anû sol.åå ¡iþase}
befn;'e, qeqly,sf,Ë+ $Jasa the esarysi-s gnve e êe,teæteeå5,en of
at1 thr,ee balgeaÊ pregont, åË was thue ïrps.slble Èo get a ehech

sn the teta]., fotr the dcÊer¡aånaËåoa, fbe qoæparaËlçe reEulüe
obtal,ned, are gåver¡ læ "rabLe Ïrr' ¿nü ere ehswn fn such d.etair
beo.ause of tbeir poseibLe satrue ln any furt&er work Garrf.ed,

eut, .çË the ançIyüf,+ ffiübê6 Ëeed hdre,.

i

Í,þ}. '$hgg& ,Þu-.i$e-ta,L SaI

ffiÊ,meüþøû of
Yotrved. a woighång of Ëbe
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rAåLE TfI1f -F*s T

T9l+l we$ËFÊ; p;r ëqrenç,es åq Ë'l¡qu,e+F

.4.11. -valr¡es 1n Êra¡Es

$Y-st'Ësr
enê

Pha,*e

E¡r
We"lebåne

ToËal

t. r80S
0.ú6F4
0.6??F
9,,re99,

%øt
.û.etue1
tselgÞtIodåae

-.-+..i*
a"agta
Ð*3696g"¡gsl
ø:Eglç

0,3FA1
ê;48Ss
t.a94g
s.62i1

û. ã$Fg
$. *lT'?
s.4866,
s, ?t88,

0*45&É
9.39I:3
0 -6159
t.4?LT

,0.12,6fr,
Q*Í6,8€
&'9i1þ
å,.l'agg

8,'1,45?
û "96'190-45?Ê
Q,958,T

o,45âI
çr,44&6
0. agtâ
0.44sâ

B¡:onf*q th"1oråne lotsl
L-L
l*8
â*Ë
Ê:fi

l*
Í*S
*-L
4?g

9*I,
.5*F
6-L
É-s

o.û8Bt
ü. êsÊ5
s. ãÊås,
ê?eâ&g

t*3ÃPS
ü,9T1.r,
a*2552.
G,.4643

s.8e4F
ê,Ê¡[,14
CI*¿,e}t
ç.17'i6

t.r84F
Q.L6gO
s.1694
Ê. lã?l
Ê"1â84.
e.;r.3:Êl
g.ü951
ûrao44

ê*ûÉ86
û.,Ëe'Eê
0*t5û4
9.0489

:

:

G.0Ê6r
€-QL8L
6"e94t
s.04É6

C.t

+.,"
g. ûgÊ6
o,$Lt?

0. o¿Êa
s"oâ19
ü"Ðåâ4
*"ç.A33

s.,oFgg'
Ê.oÊ34
t.g5B$,
o*0459

0*ûF0,?
s.GÊp. þ,
s'.'0'?,9*
s,.94å4

o,ø',tL
e,û8?I
û.o9ea "

ü,969'
:

0,ogg'
0'ü,e'â
fr,Lãgl
0.095t

ø.15,46
0.s415
s.Ì?26
g.eg6?

ü.1654
t-,e4ae
0,.10?5
û"Ê4ËE

t,,lsåF
e*646r
û'É;p'TF
fi,51,12

t,6g3i
o.8E1o
û.91,2:i
r.lI'-s
û,h&6r'
Q.6&¿g
û.76P¿1
1.Os63

a.6938
o"5sgg
o.s56&g.6f1e

*,T226
Ê*s595
0*$r+t$
s.86?,5

*.:89.+4
0'*414Ê ,

r..3Ê'4
1.A6ûl

Q.Elg8,g,'6r,rt
G;6egB
o.8554

Þ 16466
û,?ôIg
o,.4t68
t. ?430

10Ë,44
9?'teIot*gt

Lol.r8
Iôä¡ lO
10er fo
lCI1.,6
10r. t4
lüe.8Ê
r01..ãg
Iü9.5F
ro].:Êy

lge, ot
IräçIl
IOt'f4
I.tå.6û

Ì.tl"6ã
18r,6å
l,&1'15
1Êü"9*'

0.6?9tr
o,.8.6åa
o,;5559
L'a?Þa

?-T'rl,-fi
S*I+
8-S.

9-Í,
9-S

IÊ*I"
lÊ*S

11-[
lX-8r
1A+fr¡
1â*S

få-L
Ð-Ë
1*-.I¡
14-Ê

1Þ-L
f5-$,
I6*I¡
t6-g

ø-6&&5
û"6T5å
o,T4}',/l
Lr?45

0.,6889
fi.5T'|6
s.8488
ü.63*l
û.?Ïå@
r.8456
a.a32A
o¡8ÉeS

s*8go?
o*4ù58
1,1e19
1.A'e$

c -5491
t,6195
t*6r45i
û,?$aB

1gü,4e
Ite"Él
t to,,l?,
Lg0'5$

Ë" s?66
s-5S7t
È"É2?5
o,8695

9,64e6
s'?s6Ê
9.446,7
O-'|-139

Lôs.ã.?
!Jû8.31
Lot*'?
gË.40

lû0.94
99,rL

toa.â6
LßQ'.4Ê
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ñgs-åeø
enrt

Fhege
t:t|!-*

Lcl*L
Il*g
lê-T¡
I8*s
19-&
l9-'S
8û-f"
ê'Ð-S

âIFL
fll*S
Eå.-I'
ÊÊ*S

f$dtLaq
#¡!i-ir.¡.'rÈ

' t.41L3
û.1194
o.4146
o*1119

o. t5s9
s.4åg?
ü.r18?
ü.4sÀg

o.âÌg*
s-E4I?
.t.ÊeåT
0.*¿íú5

P.T"#;:
0 "09948"els,
o,.Ll¿?
Ð.0489

CI,1989
0,098e
û'ríL'l
û-r966

ê*å661
e.ü6?ã
û.6984
r."igt}

6hlorJsa
r-!É?'+*l?ri¡

Ð.IS¡*
&.Ð9t,å
0.r.6â4
S,.å164

g | 14,Ê?
ü.Ê514
o-19r6
&,87,L5

8,11'Íï
G"18?Ê
û*15?t
t*181.e

g4ÈÉ¡.
r*t-.+.!-|tsj

Ðn664L
t*a509g,6 g'l
0.60'a

8"éÊ21
t.?945
0.86e0
+,*Êg?

fiÁ23û
û"4g84
t.g88g
0.59e8

Hp
Weigþi,ee

Br¡ÈaI

---ïÇú-t',665Õ
A "1392,o*6Sa?
û.594t

9..,69?s
9.75ag.
0,8898
0*Þ4jÍ?

o*:6p6o
û.4919
L.tÊ19
û"9?6+

íøt
Actual
tre1gþÈ
T

99.8ú
to4.8g
101.,,03
1S.1.59

.1Se*+g
ISf ..ãt
g6.g&
98.14.

91,96
Lol+4t

9Ér'IT
Itx",gg

{G}

EÐ oFfriqr to fulfÍ,tr the tbeoreti.oal" requf,reme¡üe thaü

eguf.llb*i,u¡4, $Ês obtei¡reril Éa the systems aaalyreè, Ëber all re-
saLneÊ åa tha ,cÞns,tast, üeæpenetr¡re $atb f,eE' ,et. ÏsagË 84 hor¡rs ¡'

fhet eqr*lli.Þrlu¡n wae tb.us ebüalneå wae p.rov@ by apÞroeehl4g

,e-Er*f.3$brit¡F- f,,rom Þstb efd,es a.nõ ss,Eer,. a$Etn6 Èho ,corupes$,äÊop

Èhe ltquí4 erÉ gol-ld Fbeeeg prese,nt i.n oaçh sÊEÊ+ Á. 'singl,ê s-*rrs-

Ëeru $ae obesen er¡ê d[flv$ûeü $,nüo ts¡ø parÈçn &s, får'g+ Insü was

heefeil u¡]Êi,l 1Ê hÊê þaeône snÈÉ,reLy lj;quåå qr¿d wqs ühq tr¡Ieçartr

ån the €,sÈ#tant, ü,eüBer;aÈr¡fe baÊÞq the seËon& ¡xerü wae eqs'leô.

r¡nttL f.t was largaly sollê ÞÏrqse." aud tt was th.en, eini,larty

Þl*t Íu¡be tþ4, l0e ,bethr Thc solfd eeË }åquicl pbfi.sÊs of easb wgæe

alralgsed, wlth ,t¡he sesülts op¡æa¡,"å.trË Èn,Teble IV belgry+

of
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TÅBåE Tg

AtËal.¡enenË of Eouåliþrå.T¡n in $ysË,em

-f
I

I

I

$EIf* Phase T.Squt¿ F:þgse

f Þr, 01Fr Ê1

Sye$6n å,
ïr aay¡ 68"0e a6.12
{} days} 66-PS 26"3L

AS"04 ?¡44
'â4,"93 s.}e

5*66
6,sr

6?.se
66" l8

$yetÉn F
(1 rteyl 6g.,oe 25.,4,5 5,,fr2 6?*1.6 e5.A0 ',î*wj

Eg&gr Systgqç, .À ea& S ge.lre of lê+ntåenl ov,efaå} :ÉtHSs¡"
sLtlsa fnitåally. SysËem l+. was 'Þroirght ùe
eqllåíåhrfup, f-rq¡û al}" å:[qutd, ,s,î,der ]'and. Ë frem &1¡
FûlåÉ såËtÞ* EB ÊÈsþ. B,qae .t'he fåûÊt eùate Ê
egull,tb,rÊrr¡( gês.Ê rn}.y a ¡:elEtåv€Ly $ma¿e eimu¡¡t,
o,f soååê påase ln a trarge, aø€qÞü' of liqulú¡

{ 11} IseÈheJrya1 Ðleqjra¡û

E{ae ne,et imperÈa¡rt nestl^lts of È,hls resesrch e.re gf.ven

1B tåble fr antl + $elet o,f the E nposïtsoa lu weight ¡¡er eent

øf, +ar{sr¿g s-ysteog wbe$q, the' låquLû au.f, eolåd. ¡thaoeo were la
equÍlÍbrirr¡a* Ehese resuJ.ts are sl"se ¡llotted grapbioaitry

täfeqre Éf' ,eaü forn.the,,fi*oth.ertuel, .ð1a$ËBË fd:r t'he üeraar¡r

s¡rs,üæ aå 89.8sS.
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pI$Égssr,gq g$ REsurrs

' Ehe resurts taT¡ulated for the mcthod CIf analyst s
used. {Table Ii lndloate that when the three ennståÈrlenüs arE

Bresent 5.n approxtnately mol-equivalent amounüsn aB åoeura.Gy

weLr ;rfùhin rS fu obtaLnable. I[çweverr wi.th enal]. a&ouats of
ehlorlne the per sent error 1e oonsiüerably l¡¡elreeseel for tbis
¡rarüieular d.çtemf.qatlor¡.

tr[ nr¡st be neüed, that üre effeø,ü of atry epror ia ti-
tratlon velues eCItrl-& be çonsiðerably red.uood in tire ease ef
þroui.aa and mÌËh, sûre so ln ùhe gase ef .rhlorlne w.hêr3. su.e,h

valuee ane eercul"ated on the wef.ght t¡aeis, sinoe the analytie
praeeê,ure ås ¡¡nd,oubtodty nosË ace,urate for the fodfne deter-
nå¡¡atlo.ü {ttre sharpe,eg and gnestesü ehange of, potential aü the
Bnd.pê1eü}, ancl sf.use f.n at-L the systemc ane].ys,ed. the pereentage

b5r weåght of loüine was nerre,r lesg than lÏfl* it ås quiËe svf.*

êent thaå Ëhe nethoê of analyels ehooenn u¡hltre op€È tå sÐee

€rtror la th,e teehnlquo e¡¡d tr)roÊìëêT¡re {nvo.Lred, wes wel"I sr¡füed

to the eçqurasy .re,quirergenä* of this- reseârthn f-hLs å.F ån

Tlew s'f, the fasù that eonsi4e.,rable a-na,fyÈl,ea1 errçr ie $eddeë.

Ëo alt'eç noËlsaably the, poaåtf.on sf eq,y phase wbose eonposiÈion

1s plotted, on the lsothem^al diagrane

Tho Gon$'evfitlve resüIte gi.ven ln table IIf fndlcet€
ån general" that the analyüfcal proaeêt¡fo foLlsç¡ed Èesds Èe gÈve

s].tghäly htgh ;resultsr r'Ë eeems probabre thet tl¡ts årror Ls a
urrifsræ properüy of e.u. tb¡ee haliëe d.eter¡einÊtieaeo einee

tåere ls ¡¡e.neùfaeable ebaage ln Ëh.e Gryor for.Eolutåens çf
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to¡¡y eh}erine or of ].en¡ bronlrle øontcnt. I'f the e¡iror Ès thuË

spreaû over Ëhe three hali"de valuee, åte oçeraÏ.L effee-t as far
aE sþangfng tlre eornposlùleä o,f the phape åE coneerned. fs
negllgible. ïhere trs, lt 1e true, a ooÈieeable tend.ency for
the anaiyÈiea1Ly deterntned. value Èo be lower 3n sases of very

hlgh bromlne or ehlorf.ne ooatent, büt tìris is eutireì.y d.ue to

the ôlfftreulty of getting et¡eh a wefgbed halogea ¡nfxters åst,o

soL?rBlon wiÈhcut tross throqgh the vety hlgh Tapêî¡r PressÌ¡¡,e'

Oa the baels of the r€prodr¿cib}.a üiÈratlon restrlüs

(Table If) it ean be eo$si,,úered. that sueh senerall¡¡ h.lgb re-

sults aË seem Ëo be incll.cated above wouLd be d.uc tp the tredue-

tlon Ë¡reatment given the tælogeas la brf.nglng them to the

hAlld,e fotll. Sfnce tfre values oþtaånedn however, were sl¡f*

fÍsíer¡tly good. fon the pu.rposes of ühis reBeereh, the above

üaüa and. eomsenüary Are åns,erted þe¡:e enly beoause of theår

possibte fuËr¡re us-ëfu1.aess lrl d.evelaBåug the analytical s.ethod.

t Ts¡.th greater aËcuraoyabo where i,,t sg¡n be empX,ayei

Équllibråt¡ro detcrualgettro$s havç Eho¡ua ($qb.}s IVI

thab wlË,hin the analyttrcal, l.imlfis pretrloue3y ðåsclrs$e-ðt sorr

ptete ssl1f,-Ii,qrrid equ,tll-oråwi of th.is ternar¡r systen is
o.btai¡led wåühin â4 hot¡rs,,

The enalyÈfeel results sf vafl+us se,llit eüd llquld

Fha.s s heve giveg B ÊLÊar pietr*r,e 'ef th,e ternstr sys'tæl tåe

sygù€@e analyse{ fatt Lnte üwo grou¡ts¡. lhe f-i¡r.ç,ü Sroupr sQB-.

FråeåUg åÞ üif f erest SysÈepÐ ' 
c,an be eee'E f'ram Sågnr,e 6 te
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gfre an erçellenÈ Bletnre of the s.rea ef existence of thc serles
of solld solutlons ('tmíxed erysËalstr ! f ormed by ïBr and aotlð
I¡" Ehe solubÍl,fÈy eurFr€ of sueh sollcl solutlons 1n e-hlortrne,

wiiieh Èiris .flret Êürv€ aeâually ås¡ shows no breaE rffiaËsoever"

Ehie is absoluteLy cl-:ear evld.eaee that froæ solutioäË rr eoÊ-

posftÌ,en witbf.n anü aðJa*ent to Ëhat' åF,aê tbere ls exiptent ln
the soLid sÈate IlJg c,Èher co-mpound,,. Ehê façt that the so}lÉ
phase eeparating out from sueb. üeruary sysÈens is a serles of
æåxeÕ crysüars of lFr aa4 T* boers ûÉr of couroe, tbe work of
Teruregt6? ¡rfth, the io.ðåne:brontne systeæ te whiqh Frerrioqs re-
ferenee h.as been nrad,e, In eonBarlng Ëhe resulüs obtained ån a

Êf.s:f,,q& of Ie and Brp onLyr carefi¡,tr f.nÈerpolattr"on fros hfg 4aËa

givee for 3û€t a llquid, phase of 0,ã9 atomia per eent iod.l,ne aadt

a ,soLåð phase of Q.43 atonf"ø pÊr ,é€nt LoðLne, In Ëerns of weåght

per eert thtE üê,â,&Ë saltree fer t,hc, Llqntd phase øt Jß,4!* ioêf.ne,

arid þ41f,$ åoAÍ.ne for lhe eolf.É pÞe,*Ê'*

[bese are in falr eg,reæmenË wit'h ühe vatuç.s sbtafneü

ln thLs resee.rçh of 51.45%, lodfne for the låguid phqse end,

56.59í lodfne for the so1ld pbase, eeBeeially in vLew of the

fs.et ùbet frerwOgt uìa8 worhlÞg oE a tfne*têrupèrablrre baels|. and

¡roü the &rÞrs aoer¡raËe Ssotbe::roal equilåbrÈr¡B debemf.natåons.

Another conparison worbhy of noÈatlon i.s È,o the wsrk of PLotæ'ikov

and, Rokot¡-anÉ8 who obü€iaed. tå,e eoLublAities of t"odåne tn brou¡1ne

asl 4!$ at 2$o and gg* þ& at, 4,0.6Êt. A llnea,ï, i.nåerpolatå:sn of
th,ese t,e 2p-8o0 givee a value +lf 4p"t$ åoüIn'e, vrbioh ås again

ln geaeral agreemeßt. :,
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Á$ Èha Is-$$* Êed of, tbe auryvor i.ü f,e foüad th¿å Ëhe
'

qoÏahllfÈy of, f.od,åae ln lf,qulð ehl+rlil€ at â9.8"C 1s 8+.12f"

iocLåse* The early work of StorËesbqker6g gåves, a value of E?.81

isdiue as ùbe eonlpsitÍon of Ëhe J.lquåë phaee ln equi}lþrlw
witä eo},td. fCId.lne* Here aga5.a ühe f.seÐhermaL ùeterrftinatf. ea

gfvøe a mrçb eEFË apsärete åêe€ of the true oouposl.tion of sueh

:
ar eqrtllibrire. ¡ihase.

While,iÈ. is Ërqe thaË the tie*}år¡es frsn llquld to
Esl.lå phe,eoe in t'hie gnÐEp of ayeÈens alearly 1nûi'eate the

I

seJyi.eBofgo}'f,Êg,gI.r¡Èigæsf,ronÍBrt'o'i'oðlne.*t,heresu1tgoþ-

Êeåned, are pessibly $.t¡ffLetre¡¡t to vq¿trlre aq erpl.,anatlsn for 
:'

-Ëþe 
s.olld, x¡Þaee,.anatr,yEås g,itleË e ssegositløq so far from the

E*trBr låss* Wbf,te a g-ood, deal of üb.e reås9rÈ fer thts ts, of

cer¿,rsef. the' laeoup.l,eüe eegar,etieu sf t'be It ,uåd plrase frqn ths
:

Ê,olld Bheses the ErpBeairyÊBc'e ef, Èþc eol,åd, $he,se anel t'h,e rueühed

of se¡lraraÈiön wóu-Id Leava'a pçes1bXe e{pJ.anat*on reeting on

'b-he or¡rstalliry ieomerphlsm of l.ar Ttsr and tls. Sy tbig' Ís 
:

neeÊtt.haÈiti.squÍ.ËegÕ4*#åTab].Õ*alrêexperÍrecnËatres.u1&'s

e$reg6Ëhen Ëhê f,aeü to a vêry ì.i&Éf"sê sËtelxÌ¡ ühet eh.Iorlne

níghe 1Ësef,f fom: a serles, ef *,oli,å ssle&f.ens wiüh l,* and IËr
(i,e, S! may dissolve ln trs arìd, IBr Ep te,abeu:a 4.F%l ¿ [bå,g, .

wsuLd üend te gfve a sêLLdus llne running fron Ï.tsr to 6¡u 1=ÛI

axls, arid, somewhaü .etroser üo th,e I.-Er axås thas $he potrnts r€-

presentín-g tåe cempositlon of, the sÐlið Bhasee of the eystems

ExaÐfnedr

ï
I
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t:i f,sr

;'ra

On Ë&fs Ef,ðe of the ël.agrara tþere is alss oo evLðarnoÊ

ühe exåsË,snde ,øf XSr,Ð as a Eeltrd. eseÞÕllrtd aÈ g9*8ot' \

Orr }¡açe!,ng to the Eee,Ðnd grðr¿p of. systrê,ns exarufaed.."

tþe nír¡E resul"ts .þtaineû glve the area of exfsten€e of ttle
coupoua& XOJ.g in esnÈaet wlth the threa hali.ogens. Ðue to the

ô{ffåeu}tåes of obl;alning a sysÈeu of high þromfne anfl êhloråne

G,ÐriËsnt, no ¡roiuts beyonÊ the }lae Joåefu¡g ït1s to BrÉ rrrer€

CIbtained,. IløwÊxer, Èhe remelador sf the sr¡rtre was progec-Èeå

as shõ,rru -oy the cioi;ted, ilne, based on tbe rather d.oubtfu.l

figr¡re of gg*6$ í'çdïne girro;r by $tortffabexerïÛ foo oqutltbrfræ

- wåt',Þ ehlerlne. fire other figtre gfvqÈr b.y StorÈeu.boker for

value â?"4ûË obtalnøû in Ëhts rsseargh. åB lnterestS.ug eoue-

garísoa ëg:t again Þe ¡cade q¡Ith Plotnlksv snü Bo*wü$aml} who,

üe$ercÍEeê &he aelubillty of Ietrs fn ltqnld, Br* at 2!É$ ae
1,, --*'--.
lli ?G.?'å.tI01r.' This ls g.i.ven va}lüfty by the d.ístaaee f,rom tås
ll ' - j_.-_ ---.'\--.-=
-- )----"''

E-tX Egf.s of, th,p,eel*¡bilåty çt¿ry.e f;e-r IB.,Lg al 4$.8qC,

Ehe rqÈåer ecat:ÊereÈ poslüLo.n of, tþs eslld ¡üase

ewpoeítfuns is atÈråhutalile tr¡r' 'somç ne.aÊ,1¡re Èp tå,e, rery hlgh

trâpor BrÊssr&rs of t}¡e sul¡1d 4lx€r¡Éss er-rð b'ewøe th* great

,d,if,-få,e¡¡åËy åe a geod separat$olr e4d, anelysis" .l{o.xev€ro, ûh€

possibi3.lsy of a eolåd se}uËisa of the three b.alogens nay

again be rsl,eeð'^antä _ggå:-SåË,q bo__6:g-Ê**S:g"t_Þ"Ër-q^=Såg*..gpg^_e---,qå

t
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It usy Þe fina1ly eonelud,sd,r thea, tbaü ati '}!,toCI

there d,oes not exist ln the eolåd sÈate¡ IErs, oompours.s of

iodíne a¡rd bremine other than IËn, cæapounds of 1oêlae auð

ehloråne sËher €hs"G lÜls+ of €ty eolr¡reunfls qf lodåae, br.enf.na¡

sad, e.hlsrlne¡ A earefu} sçare,b of the eh@f,sat lfteratuge hes

Elso renealed no eriðenee üo th.e centrary.

noÈtng oertain phyEfca]" pnoperütree nhisþ uay ln*f.caüe a fusd,a*

mental reabon for susÞ, a eongli¿p1oa,

ln previous *oseåderati.on ef tha eempouad.e of ühe

halegene wlth que enrÐübe3i' Ephraåa?? h*g' øtaüeê Ëhat the cenÈml

peuitfon ln Èhe moleeule j-e oeeu¡låed, by the heavferl lãÐre eilestro*

poeiËive or ulkier hal.ogsn; and thaå wuffåeien8 eontrå,sê ÉqÊt

exls:tbe8we'er¡.lüh***FfGpertl,esefth'eårroha},og.ens(inb1na:ry

oouporrndst <¡r the conpoun-d wlL-L ¡let. be fo¡tsad,. It war¡J-d ot-
vlousl¡i. fol.low that ehlerine and. fluoäi.ne eculd, not aot e,s the

seäËra} atunn e¡rd brsnÊne oal.y wtth fluorine. SÍ-nee isêtne

ceuld be surrcundeû wi,tb a nu,mber of at'ons, it is neê,s-ssary to

coneid er Êhe poseibiiå,üy of iate¡æorlíate eompo.und.e wlth iodlae

s*'the ërentral &Ëerû' ilbiie IBrs ha.s never been f,oræú to exi.sÈ

ln the sotld state, and. indeed Ëhe I'llrs grtrlp is not eontaiaed.

ln apr En.sìffrå peåFhetegeni.ds eruruBÏ} Èt åe çl-ear Ëhat compotulde

internaed,i.a'be to IErs anú l0l,s night exl.st, Sueþ eonpounda

lro-uÏd, be fo:mntaËed es IÕIE-re åÊ,ë lëLeÊr, Þoth having the t'er*

v'eJ¡enü. F€seËåve J.oôlne eüep. Ebare arê; thea¡ Ë'r¡g máJer tettr

st,Õoratioue to be examlqed.¡

iT

I
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f. Ff,.se3reFJ.ç, gtnågÞpr,g '

The biaar"¡r halogen compounets thaÈ ha.vo besn exani¡red

therolr,y may be lleüed as'¡'rFu, rgås,* ltl, rBrn Brss. Eba

eonporlnäs wLüh lodis.e clecrease Ln sùah1lf.üy, ÈLle the eonblna-

tloa of lodine wtrth übree atome of eblorÍne, for exanple, Éan

etill soü be explalued very saËlefaotority by Ëhe eleeËro¿

theor¡r. sugðeqrsî4 *u* o,f síngLe llÉkeges' s¡¡ggestg suß& g€r!fl-

pouarls wourd be mere etaþls wbes, ùþs awo eL,æaaË.g ðiff.e,r

eerkeùly i.n theír exe.otron afflaås , gbi.s 1s defi¡rtt+t.y ån

Li,ne wltb theår hawu,- prepertlee, au4 also wtth d,eÈe¡srof.aatf.ons,

of ühelr ereetrsa ef,f,åarty { gf.von by Heyer end HaluhelgJ$ *s
E * 95"9" t1 * &6.F* Sp * 81.f, eud, I * ?*,4 çet.l, TÞ,e &.Ë-

,sr.mBÈfon can the'f be ¡aad.e Ëhet fro¡a the Boint of våew of exle-
äence fn Ëhe eolfÉ sùetç { f..,,êr ther.æaLlÍ Èeüermånable} ICle
1s tho Iræltf,ag oolrpound {,of.,*oo I-0IçB¡.1 trÇltseE e¡rd IBrs havo

beën ehowa nst extst, at Pg.Ëoül* el¡güttüaÈ.1vely there Ee€tns

to þe s'ege ground fpr ülrts when Êhe uü,È.våIent oq¡etal. neðlå ef
tgns atÉ €ossf,dor.eé.. Hhe apBrexl,na,te vc.trl¡es eal-e$_Ie.ÈeÈ bS

Paultag?6 are: s * L*r6, G}. = 1,.81, Br o, l.gg, I * p,1.6.

By aritÞruetlcaL ooreparf.ssn iÊ is then ae,ea tÞ,at, oonEl,d,ertrng

tbe negaÈfve iors, tãe srlm oþùel,nerl for Brs.> ËreQ.L >B:r$.Is z6ra.
Sae oËhe¡ fse$s.:r ¡shlsþ al,stl lend.e süm€ wei.gþü fa thls

ù*fepÈf,on ånvslvês a asasf.üeuet.i,s¡t ojf thð eLectro*s fnr:Ëbe

sn&r€l lenels ,pf the eÈ@s uaåÐtr eor¿eiåerattr,oa+ fba efnBtesÈ

wey ef c'oraf,fguraËi,sn Íe nÉHELry glven ae F'*: â*.?r 6l r E*8,.j.

En = e.8'J-8.?, r * 9.8.18.18.?. sÈnee there,ås &, relaËiver¡r
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$JFeeÈ€f ltleapo.'fro.ry otrlorlse to þrOnlae Èhan betweea any other

¡laf.rn ÈÞi,s would tqãÉ Èo suppoFË Ëhe ,assumpttc¡s asd.e above,

In aay aËÊæpÈ at thÊoreüi.agl sråb$Èûþüåation of suah {nËer@edj"-

ate eom.pous*e ef the halogens as uentå&a,€Ä. abovo, st,tætfoa
Ehsr¡trè þe ûraq¡¿,'ta so4o of the peråf,rent f.¡rfs*-aaË{on about ,ühe

polyhaltðes' gngd,ears?? studf.ee CIn hLgher hal.1ëes snaþl€d þím

to f,eshl.sn rules, by.whf.eh he eoutê açeount quite sf.n¡rtry fsr a}l
Ëhe håghe¡r hal.ldae {eÈagtet l"l.nkag,gs}, WhåIe the be-tçeëÊs

shüru eoqsiË.ersh,ls ü,en&+ne¡¡ to f,om pÊtar li.akagee besauee *nly
oae e-r.es.tron ryeeÌts to. þe üreeeferpeê" Êugêen etllL refuüedl

Langwut,rr"s?8"elsf.¡¿ Ëhet g'h€ hlgÞer hall4es sonld, be f,om,r¿Lat,çü

rs pülen oq@Irslå{d,ãi Es ðåü thXs oÞ ths þasls of thnlr prÞp@r-

Èå€sä auå tÞen proe eeêd. te risûåEeÈ.e, htrs så.ngtst ltak on Èhe

ba.e,åe ûha ,ebaþi].fty d,o¡}enÉls,egr€ oa. Èhe nqt$ne €f the ats-m

ther¿ a& the saËqre of the llü;k" It is elsÊ eåeleeå Þ' n¿eye*?P

t,Þâê ¡ryl,y,hatråê s cpe forwú æqre. ees-tty ngû arø jnðlrs sËah}e

åhe gneaûçr ühç ateËfe we4,eht of the haløgpns esd, the, aÊosLc

voh¡Ée Bf, tÏ¡e cetíoas.

If ft was aË alL posei,þIa fer a hatrogen to be the
,oatÍ.oan f.t wou}d be mosü }thely f.sd.åne" Sonrevor, i.t ean feaslbly
bE pes.tlilat,eü tbÉt tbe poef.tI"ve eÈal oatåsn Es for¡nd. In the

hnotvn p+åybeÏ,lêes ¡soulÉ r¡ot þe replaoerl.Þy the postrtåve leâåaç

tr+n {.wåth €,t1 ato¡nlCI volune of Ê},?CI aae-oriling Èe Hl,6,hÈnAs4¡ te'
gfve a üeruary hal.ogen eourporrud, ln ühe eellü 6Èête,. AÈ

l&Ëerestl,trg strd,e3f$þt le provldeê by the a.Lalæ ,Radle thaè Ëhe

argq¡*e&tg fer tbe exÈçËeq:êÇ, of a posl.tfva l-åen ln greggg

seå ee etre gsval¿eït

-
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OrtÊ furthÉf Þsf.ÉÈ üay he uaùe froæ the Ëtsetrssloa by

Paullng8l on Èhe Electrsnegatlvlti.es of the elesents, whenee Ít
ts showrs wby Èhe þend þetween loôise a¡rit blp¡qånç ls sueh waâk*¡,"

tiras Ëhat beüween Lodine and øh}erfnel Ëhe hEaü Ef fornatlon
from the gaÉeous ølemen$e .of gae-soue 'IBr 1s I"? tsf.leEelorLee

per noler wþleh i.e n.uefr..le:sE übüa Èhe 4.0 ,kllooatrorÍ.eå per mole

fsr I0J., It has alsê bean etatedl by Far¡IlnggÊ tA"t HTbe exle-
üenee of, 10, e ehawg that the energy str Èhe Í0,Å 'b-.ond f,s enortgb

üe ntibllåøe ühts roeleeul,.er €É[rès'thengh i,.t. ånvo].ïr€s & greup cf
flve eleetron paine eround, the lodlne atons. 0n the other henÉ,

wø slgþ.t, w-eIL nr¡¡eeÈ, tÞat tÏre snetler eqer,$y Ef the I-Br boaü

woulë not be su.ffloient üo stabåtlae tÞa mo1eeule ïBrg, or tÞe

lnterr¡edåete ognpo¡rnds ltl*Br, ltl,,Brs. ft
tÍ;:'+:i

?. Me-tr-qqlgs-YeJrseæ
Bhe fes,t ühet. f,nteryed,i,ate e&ÐSlÉqgds o€ the typø ÏEr0lo

eacl I8rçû]. weïe foug(it not tr ,çmiet ln tbs ee].f.d sù.atq¡ Esd, tl¡s
f.üGü tbaù Èhe olsgf,m'¡rq vølËp€y nf 'f,pdåue f.n the fIlrorlèe le F+

ln oÏ¡l.oråé,e ãn enü la brc¡nfÄ"e trr sÊ@ to haqe ee&e Go$nËs,ÊåCIn

f,n teuma of, ÈhE isålue atom being r¡nab:le t-s foru gr¡c,h som¡rourad:s,

*,r,Gq tÞe:þnøni.Ee et¡rø nXght be eaid. tç bs, setqrs.qlng al.,I, thsr

asêååaþÅe r*ågq.Glr of f.sdiXæe. .

Bhle has ssme, :ç$såf,Ì.ggùÈon f,som, È&e poån&. sf, TteTF of
e,üoælc v-slqrye lf the lodline eton åe censj.deæed Èo, belê tþe

@j6êtrâ;[ posåùåo* eart Ëo ke *,b].ç t,c ttãptðß s,erügl¿ sueèerõ Sf
+,Èhêr a,toæs, &.epondlllg on thef.r *þt41&,rÌ Êg v,CIåu$êit:

ï
I

I

I
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llþe st-snl.e voíræ.es f,or thø ,elenE¡Ës eû&es¡neð å,p€;

Ía, = 84.5 d-Altg"l (Sa¡rper aqÊ BåJ.$s}8ã

Brc * LgJ9 t-t5,7'"1 fW. Eeuge}85

tle * t6.t? *-411\ {W, Cerz¡$+

0s -tAe þasfs ef, ßepÞr*ð6'L,a¡r ÈhaÈ for *oIåÕ con¡rouails,

Ëhe sre of the at.opie vs:lqeee og ttr ,q,ensÈftuänts fs approxi.-
aetely equal to the. ¡*g.leaular vof.une of üh.e eoanpound,r. we havE;

IBr = 4j.8
30I ' !¡ &iÊrf
I91"_ = 11.ø

IGIÐr¡ + 'lJ *jISrs * 8ß.4'

lFhese fl.gures, eateulqteê f.qr epBroxÍueÈe1y abEox.ute ues€lr agree

weLl ln a reåetivs rnås4or wåth ühose sexçEleüee fe.o,st the der¡st-
tlee of the eomperrnd,' For osampl,Ê;

IBr. d * .1"?Sg {f .€rT.}

ï€l,.

eÈ.omåe r'qå* * ryiffi' * $4*6

¿ * ].-lBF+ teryÎ.and. Baua¡$'ï

aÊour,o rúr, -- åÍfr+å o ,r.44

{ å5"1

(Ê5" ¡

d * 3.88 {-e?tû}
etonåo voI. * 41.86.

n ùbe e.b+ve ear.e+¡-Latfens f,t tr,s tbue evlðent üheËFJroro ùb,e e.b+ve eale.r¡.Lations ft
the essuuption sf Ï0Ls es a Xiutt,lng pol.4t ln Èhe fsnnatfon of

:,.

coupound.s woulct assist'Ln reasonably explalni¡rB Ì*¡y Ëhe ånter-
neðfq,te srrirElründE we¡re not fer¡Bd. l¡c a tønrari¡ systæ of
lå,quÍ,ð-ss. It È equtltbr't r*w.
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ggEgÊg-Ë¿Ê.,s9

fåÊ ËÊmårT sliÞ-E@.r lod,lne*broElps-sþ1oråneo hes Þeen

å,nvestLgaËoÈ táetbeqmelly et 2p. S"g aaê Èbe dlagfss f,or søIår[-

ltquitl eqrr1l1 brltre sbtaf.¡red,.

(l) So te¡noary oom¡lounês were foqad Ès ælst !n th.E

eeliü staËe et, 29.8'û.

(Êl ?he area of escieteriee of the eompomd I.Ël.s hae

þ-ç*a è,eter¡aåod fo,r aI'I Èerne,ry ,øygteme of eol*¡rosåtlsn to th,e

ta.ft of &be üf*I$tr* Lf,ne, atrÈ has Þeeü oenJaqsrrreü for æ6mê1**

ing systems at âS.Ê"t.

ïs hae,

ä9.8ûû.

f 5I BÊ, åFe& 'ef ÊxÍc,Ësnos of' sÊtråd,,çelrrÈÍ,ons sf IBr aacl

been d.eüermf.ne4 øonpleËoly in tbe Èernary systæ. at

{4} terüa[:r t-hqore&åe¿l osßFtèeretfloa* b,ave bøEa aÈ-

eB åtiÈesp-t', tg gpXaln the aon-€oftsüênçe lia tÞe, so}ldt

sneh tçrqary ,S+ppouds as $Frtl"¿ sgê ISr¿€.å.

{5} A æethed of elo-etrometrls velqmeürLe e.nalysíe fqr
Ë.srúhlorfurs+ ,hrouå.¡æ anð ,Í,odåue hae been euÊçese-fi*Itry applÍ.ed

neÌrürel eoluti.ene of Ëhe eodiun ealtsr

AOËT{OffiT,EDGMSIT

The ar¡Ëhsr wishes Ëe ercpress hie sinoe¡ie thaaleE eqd..''..'
i

:

eppreelaþÍon.,.to Ðr¡ A*l$i Oen¡rÞell for hfa or-d.gi.naI. suggesüloa

of tbc'problenr end for hÍs mssË hetrþfnl eûv,åga ariü u$fqltftrg

ktrn-ën*s*'Í.n:.'t-&e' errpe,rvlelon of the resul,ùant,'åarye.s,åågatlo&
:

srqû ¡reg.gargh.

.l

Ya¡ueeü

"etaùe .

tÉ

ef
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tslgr"r0cE4Psr
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tbe fol.towÈng bf.b&åegraphy Íe an aEtérry)t ta sover

the f,lelrt of res€ar€h Lr.r equílibrlrm, systoge of pa!.rs of the

tlrrce halogens.: ledLne" bronfner and, Ledf,Re. sf,bile there uay

þe Eert-aln omfeÉl.ons1 ï þe-l,leve the Llsú is rçqsonåbly coaplete.

There 1s fnelrrilad., al,so, eertal,n referqu*ëÊ ts ùheoretlçal &otrt*'

såüEraüf.ons LavoLnedl ln sueh lr€sêar'çb. fberc Xs, however, ÞlË

L.ftü}ø æeatisn uad,,e sf tha polyhe.LÍdes¡ ^'fê rlê atÈelnpt has b€@

maðe to d.eal wtrth metbotls,: of aaelyeLs of Ëhe halidee'
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