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:. ASSTBACT

The equlllbrluq diagrams of the systems K2S04-

KBrO3 - HZQ, L12S04-L1BrO3-H20 and NaBr03-l1Br03-HZ0

have been d.eteruoined. at 25og.

" The KBr03-K2S04-H20 dlagran ls relaülvely slnple

' no d.ouble salt or sollit soluülon belng forrned."

ï¡r the system Ll2S04-L1Br03-H20 a monohyclrate

', L1Br03.HZO was found. to exlst alld the X-ray powcler plcture 'i,
þras been d.eternined.. ', ,,.

A serles of solld solutlon of L1Br03.H2O Ln Ll ZSO|¡,HZO

exlsts, extend.lng frour 2.Úo to 45% L1Br03.HZO. There ls
no correspond.ing so11d. solution of L12S04.H20 ln l1Br03.H2O.

The existenoe of the sollil solutlon results from

, the cYtaracter of the tle-Ilnes and. has also þeen proved"

by X-ray analysls.

r Thls system appears ùo represent another example

of Rlcclts slxth type of so}ld. solutlon formatlon (1) (ln

, the Roozeboom olasslflcaülon) . ,:,. ,,r,

A complex of the form (2L1ZS0&.LlBr0r)JttrO may 
,¡..,,¡,,,,:,,

' - 
''|;"r:t'.'exlst ln the reglon of the solld. solutlon but the X-ray

paftern does not lndloate thls.
The NaBrO3-LlBr0r-Hr0 d.iagram ls simple, NaBrO3 

:..,i:.
a;:rd LlBr0q.HoO being the only solldl phases. ',','.'-,,''

J_11
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TIIEOBETICAL TNTRODUCTTON

I. TTTE PTIASE RUI,E

In heterogeneous sysüens all states and. changes at

equillbrlun ea¡l be d.escrlþed. qualltatlvely by the use of

Glbbrs Phase BuIe and' Le Chaüellerts [heorem.

The phase rule d.ertveÖ from thermod.ynanlc prlnolples

Ln L8?9 by J. ltlll-ard Glbbs (2') tras the usual form

P=C-P+2.
ÏJhere F = oüûber of clegrees of freeclom whlch ls

cteflned'asthenumþerofvarlablefaotors,
temBerature, pressure a¡ld- conoentratlon

ofthecomponentswhlchnustbearbltrarlly
flxed. ln orcter that the cond-ttLon of tbe

systen may be perfectly d-eflned'.

P=nt'¡mberofphases.Aphaselsdeflneclas
a homogeneous part of the system þounclecl

by d.lstinet surfaces ancl separable ln

prlnclPle bY mechanlcal meârls¡

C=nr¡lberofoomponentsoTheËota}nunþerof
oomponentslsthesma].].estnumberoflncle-

penclenü oo*lposltlon varlaþIes neoessary to

cteflne the compositlon of every phase 1n

the sYsten.

The phase rule ls applloable only when true equlll-

I
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brLu¡n exlsts throughout the system.

Under constant tenperature and. pressure oondltlons

two of the varlables are flxeil and. wlth reservatlons a

nod.lf lecl phase rule equatlon may be used' vlz F = C-P.

2. THRËE COMPONENTI SYSTEMS

At oonstant temperature anil pressure the composl-

tlon of üernary syÊte¡ns can be representeÖ on an equllaieraL

trlangle by Roozeboomrs methocl.

The aploes of the trlangle represent the pure conponents

4., B and. C. The length of each sld.e ls macle equa] to one

hr¡nclrecl anil the components are plotted. ln welght per cenf

or mole per oe rt of each comPonenf.

A polnt on ühe slcle of the trlangle represents the

conposltlon of a blnary system a¡ad. a polnt wLthln the trlangle

represents a composltlon of the ternary systen.

olo C

FTGURE I
A Polnt on a Trlangular Graph

g
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thus a polnt Ð in Flgure T represents a system of

a%$ bfrB anð. c%c,

5?om the mod.lfled. form of the phase rule vlz F=C-P

lt ls read.l]y seen that for lnvarlanee 1.€. F=0 ln a ternary

system, three phases must be presenü ln an aqueous sysüen

at 25oC, a solutlon ancl two solld's.

J¡l three component systems, the soluþlltty relatlon-

shlps aþ constant temperature a¡1d. pressure show clearl3r

the cond.lülons of forrnatlon anct stable exlstenoe of blnary

conpound.s ln ühe presence of three oomponents as well as

the exlstence of any ternary compound..

A, An example of the slmplest three conponenü systen lE

shown ln Flgure lÏ.

g

FTGUBE II
A Slmple Three CoroPonent Systen

R
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The area H20-b-a-e represents uJcsaturated solutlon

of the salts ln water. The curve ab represeats the

eornposltlons of solutlons ln equlllbrlrrm wlth so1ld A; 
,r.:.,.,,:,,,r,

ac gives the composltlons of soluülons ln equlllbrlun wlth 'ì:'ì:'::1:l

solld. B and. polnt tàt, the lsothermally lsobarlc lnvarlant

polnt glves the composltlon of the saturated solutlon 1n 
,, ,... .

equlllbrlun wlth both A and. B. F the varianoe ls zero aþ ,,;'-'

the lnvarlanü polnt. ': ',.,-,,..
:.t,:r'-:t'.Ii

The trlangle AaB ls oalled. an lnvarlant trlangle.

Any system ploütlng lnsld.e thls trlangle i,rlll break up lnüo

solution of ooutposltlon a, soJ.lcl A and. sollcl B.

The llnes Abt, BCr are calleil tle-Ilnes; they lndleate

the oomposltlons of saüuratecl. solutlons ln equlllbrlum wlth

ühe pure solld phases.

B. îf one of the conponents A or B exlsts as a hydrate at

room tenperature and. the pure eomponents are the only 
t,,.,.,.,,.,

SollC[ phaSeS, 1.€. there 1S nO CompOUnfl fOrnaülOn Or ':'1''":''''
' ;t::' t:

solid. solutlon the equlllbrlura Ölagran wlll resenble .""t" 
-

'::j'..: I .

Flgure IIï.
Ia Flgure ÍlT. ErLangle aBAXH20 1s the lnvarlant

trlang1e. .',i,.¡..,.,,..:
...: ..:rl:r:'-.:::

Cr In some oases the hydrate may be d.ehyclrated. b¡il the other

conponent and. the equlllbr|¡¡¡n d.lagran w111 resemþ}e

Flgure IV.
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H.0

R'rll¿0

FIGURE III
Eyplcal Three Coroponent Systen ShowLng Hyd-raüe

FIGUBE ÏV

System Showlng Hydrate Dehyitrated by Seconcl Salt

B
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There are now two lnvarlant trlangles, AcB ancl

AbAxH2O.

The equlllbrlum so1ld. phases w111 be:- AxHZO along

âb, anhydrous A along bc ancl anhyclrous B along cËl.

Ð. If a blnary compor.mcL ls formed. d.epend.lng on vshether lt ls

congruently saüuratlng or lncongruently saturatlng the phase

d.lagrans wlll resemble Flgure V ancl Flgure VÏ.

H"o

FIGUBE

System Showlng
Saturatlng

v

Congruently
Compound

FIGUBE VI

Sysüem Showlng fncongruentlY
Saturatlng Compounit

FJ-gure V glves the case where the complex ls oor¡gruenüly

saturatlng¡ 1.€. acld.ltlon of water to AxBy d-oes not d"eoornpose

lt buË lt d.lssolves to form a solutlon of the same composl-

tlon. In thls case the 1lne Jolnlr¡g the polnt AxBy to the

\

¿t
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flZQ corner outs the curve cct, the solublllty ourve for

AxBy.

Flgure VI glves the case where the coraplex 1s

lncongruently satura.tlng, 1.€. ad.dltlon of water to AxBy

d.eoomposes lt into, ln tbls case, the pure component A
0

and. Ilquld. c. The complex oan¿ot coexlsü ln contact wlth

a llquld where the proportLon of A to B ls the same as

ln itself. In ühls Qâse the ]lne Jolnlng the polnü AxBy to

tne tI2O corner d.oes not cut the curv" ""1.

E. In some systems so]ld. solutlons âr€ formecl' ?lhen ühere

ls ItnlËed" solld. solublllüy lt ls assunecl, acoorðlng üo the

Roozeþoom classiflaatlon of sollcl. soLution, that a palr of

conJugate soIld. solutlons exists, A system where there ls

lnconplete solld" mlsclþf}lty wf.]l have an equlllbrluu

d,lagran resernbllng Flgure VII.
H.0

FTGT]EE VTI

Three Cornponent Systens Showlng
ConJugate Solld Solutlons
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Erper1mentallyhoweverltha'sbeenforrnd'thatthere

are sJrstens where the üwo ealts are lncompletely nisolble

but whleh glve only one serles of sollcl solu'tlon for exanple,
b<or

the system Na'Sg*-trïaBI03-H2O aE 3?.5oç¡fril"5ZoC (1). The

equlllbriun d.la,gtam at these temperatures v¡here the sollcL

solutlon exists resembles Flgure VIII.

ll.o

No.Sorl

F]GUBE VIII

SystemShowlngonlyoneSerlesofSolld"Solutlon

Another example ls the systen L12S04-Na2S04-H20 at

ZSÙC (3) stud.i.ed. by Campbell and Kartzma.rbn [he equlllbrlum

d-lagram ls represented' by Flgure IX'
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tlzo

FIGUBE IX

The Sysüen Ll2S04-Na2S04-H2O at

These last two sYste¡ns have been

slxth type of sollit solutlon fornatlon

classlflcaülon by Blocl (1).

a$o¿,'toH.o

ñûSoì

250C (3 ) .

classlflect as a

in the B.oozeboon

3. DETERMTNATION OF SOLUBILTTT FOB PHASE ÐTAGBAI,IS

The curves ln three oomponent d-lagrams trace out

the compositlons of solutlons saturated wlth respect to

one or more salts. Thus lf any mlxture of waüer anct the

two salts ls taken, whlch leaves some crystals unÖissolved',

the analysls of the solutlon must glve a polnt on' one of

the solubi.llty curves.
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By taklng a range of mlxtures, a number of saturated

so1utlons can be oþtalned and. a sufflclenü nunber of polnts

d,etermlned. to d.raw all the ourves ln ühe dlagram. To

complete the d.lagran lt ls neoessary üo know wlth what

SaIt or salts each solutlon ls saturated. and. lt 1s then

neoessary to ðetermlne ühe composlülon of the und.lSSolveô

crystals.
By fllterlng and. analyslng the orystals an approxl-

mate ld.ea rnay be forned. but thls is not sufflolently âgGLr-

raüe as some mother llquor wlll þe left in the flltered'

crystals. As lt ls practlcally lmposslþle to ¡smevs all

the mother llquor, a methocl ls used whlch aIlows for the

presence of moüher llquor anfl therefore no attenpt ls

mad.e üo remove lt.
Thls rnethod' ln'trocluced' by F'A'H' sehrelnenakers

ln 1893 ls knoinr as the method- of nwet reslÖuesu (4).

fhis method. d.epencLs on the tact that lf any conplex ls

marked. on the dlagran lt Iles on ühe stralght llne Jolnlug

lts solutton w1üh lts Pure solld".

Take for example a polnt rat ln Flgure X ancl leü

the soluü1on pt be tbt. Jolnlng b to a ancl produclrg

glves the pure solld phase as .&,. The composltlon of the

¡wet resld.ue I musü I1e on the same stralght llne but

nearer to the pure so}ld. The oonposltlon of the ¡wet

reslô"uet ls representeÖ by rcr ln Flgur€ X.
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FTGUBE X

Illustratlng the tWet Besld.uer Ï{eühocl

By analyslng a solutlon a¡rd. lts twet resld.ue t two

polnüs oan be ploüted on a dlagram and. a stralght llne
d.rar'¡:a through them. The oomposltlon of ühe soLutlon

glves a polnt on the curve; the eonpositlon of the sol-lc!"

phase must Lle somewhere on the stralght Llne beyonÖ the

poslülon of the ¡wet resld.uer.

If several solutlons and. thelr wet resld.ues are

analysed and. plotted., the tle llnes ï1111 be founcl. to meet
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at polnüS represenülng so}ld" oomporrnfls whlle others meet

aE the polnt represerxtlng so}utlon. Ðlf,ferent wet resl-

d-ues w111 be found. ln equllLbrlum wlth the same solutlon

depend.lng on the amounü of each solld. phase presentc

The resulttng llnes fan ouü from the lnvarlant solutlon

as sholr¡r |n Flgure XI. Thls |s the best evld.ence for

the lnvarlant solutlon.

Hzo

FTGUBE XI

Systen Showlng Compowrcl Formaülon

In Flgure XI 1ü can be Ëeen how the tle llnes meet

at D lnd.lcatlng formatlon of a blnary conpouncl.If the tle

llnes d,o not laterseot as ln Flgure VIII or Flgure IX solld.

I

I
I

I
I
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solutlon ls lncllcated., trr no case however shoulcl the t1e

llnes cross.

Another neühod. whlch has been found to be quLüe

aecurate ls a mod.lflcatlon of the above, knor,m as the

Synthetlc Complex Fïethod.. Instead. of ana.lyslng the wet

resl€lue a conplex ls prepared. of knornrn conposltlon ancl

the solutlon only ls analysed. lhls again glves two polnts

on the equlllbrlum d.i.agram: the solutlon polnt on the

ourve ancL the complex polnt vEhlah replaces the weü resldue

point.

H111 ancl Rleci (5, clalm that thls method. may be

Elore accurate thar¡ ühe resld.ue meühod. lf algebralc exüra-

pola.tlon of the tle-llnes ls usecl.

I usecl þoth nethocls thereby obtalnlng ühree polnts

througtr whlch the stralght Ilne was d.ralsn ln my stud.y of

the varlous systems.

L+. APPLTCAIION OF X-RAT ANATYSTS SO PHASE BUI,E PBOBLEMS

It 1s well known tte¿¿þ when a beam of monochronatlc 
i':' :i

X-rays ls d.lrectecl aþ a orystalllae substance, a cltatacter-

lstlo ctlffraetlon pattern ls obtalned.n If a crysüaIllne 
:;::::,::::::

powcler ls uSeil, the pattern w111 appear as a serles of ares ",',:',':,

on a strlp of flln mor.mted- eoaxlally wlth the speclmen,

The cond.ltlons unðer whloh d.lffractlon oocurs are deflnecl

by the Bragg relatlon
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\nÀ= za stn2

where tl = a posltlve lnteger d-enotlng the torderr

of the refleotlon
\ -r^ ^ ----^ì ----!!- ^3 st^^

À = tf." wavelength of the monoehromaülc rad-la-

tlon ln Angstrom unlts

cL = the dlsta¡lce beür¡een two successlve latflce
pla:aes ln Angstron unlts

0 = t¡.e angle beüween the lncldent beam an¿ the

Iaütlce plane (the glanclng anete)

Slnce every crystalllne substanee has a clnaraaterlstlc

pattern, X-ray powd.er photographs can be used" as à means

of l-d-entlfylng crystalllne subsüances.

The presenee of a hyd.rate of a crystalllne substance

can be d.emonstraüed. by X-ray analysls.

The X-ray pattern of the hyd.rate can be conparecl wlth

that of the anhyd.rous subsüanoe obtalned by heatlng and.

drylng ln vacuum. There normally should. be a markecl

d.lfferenoe ln ühe two patterns'

Conpound. fornatlon beüween two salts can be conflrmecl

by X-ray analysls. The pattern of the new oompotmd wlII

be cllfferent from tl¡at of elther of the components; new

Ilnes w111 appear anct others may ctlsappear.

Solld solutlon formatlon can also be conflrmed by

X-ray analysls. {Ihe X-ray pattern w111 be that of the
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prlnary lattlce but the llnes w111 be sllghtly d.lspIaced.

d.ue to the presenee of the other components.

X-ray analysls helps to d-Lstlngulsh between solld.

solutlon and. a heterogeneous mixture of the two salts.
The X-ray pattern of a heterogerreous mlxture of two com-

ponents w111 be a mlxture of that of each component

the paütern vü111 lnc1ud-e llnes fron each component.

To conclud.e lt should. be emphaslzed. ühat deüectlon

by X-ray analysls ls llmlted. to about 5 per cent" If less

than 5 per cent of one conponen.t 1s present ln the mlxture,

the X-ray pattern of the mlxture w111 nqt show any llnes
of that component.



TNTROÐUCTTON

The sysüem L12S04-LlBr0r-Hr0 has been stuclted. as an

ane.logue to the systen NarSO4-NaBrO3-HZ0 stud.lecl by J. E.

Blcol (1).

R1ocl clalned. the exlstenee of an acLd.ltlonal type

of solld. solutlon, whtch he caI}ed. rthe sixth typer, to
the flve types of sollcL solutlon ln the Roozeboon classL-

flcatlon.
Roozeboom (6) showed. that flve cl.lfferent ty¡ies of

solld. solutlon are posslble. These üytries d.epend- upon the

nutual solublllty of the two salü components ln ühe soIld

phase or phases posslble. Three of ühese types are concerned

wtth oomplete mlsclþlllty of the soIld. components. fhe

oüher two types refer to systems ln whlch the mlsciblllty
ls lnconplete ancl ln whleh there are always two serles of

so110 solutlons (conJugate solld solutlons).

Ty¡le I lne1ud.es systems ln whlch ühe mlsclblllty
ls compleüe ancL the oonoentratlon of one of ühe two salts

ln the llquld. phase exceecls that of the sane salt in the

solld. phase for all ooncentratlons.

ïype IT lnoluêes systems ln whlch the mlsclblllty
ls r-¡nllmlteö buü ühe ooncentratlon of one of the salts ln

the llqulil phase exceecls that of the same salü ln the

solld. phase for lovner total concentratlons and ls less

for higher total concer¡tratlons.
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{Prue III lnclud.es syetems ln tohlch the mlsclblIlüy

ls un].lmlted but the concentratlon of one of ühe salts

ln the llquld phase ls less tha:a that of tbe same salt ln

ühe solld p?rase for lower total ooncenüraülon ancl ls nore

for hlgher total conoentratlon.

In Type IV one of ühe two solld. solutlons eonüaLns a

larger conoentratlon of one of the salts tharr Ëhe eoexlsttng

lf.quld. and" the other sollcl solutlon contalns a smaller

concentratlon of frh;ab sane salt than ln the coexlstlng

IlquLd.. lhe equlllbrlum d.lagran for a systen of Ty¡re IV

vrl1l resemble Flgure XII.

Heo

FIGUBE )(II

System Showlng Type IV So1ld. So1utlon Fornatlon
ln Boozeboomr s Classlflcaülon
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In Tnle V atso we have two serlea of aotld.

solutlon but ühe oonoentratlon of, one of Ëhe ealts ls
arways grealter ln the llquld, thån ln the ooexlsùlng solld,,
A systen of Type V te gf.ven tn Fi.gune XIII. '

FTGTTËE )(III
Syeten Showlng fype V of Solld, So1uülon ln

Boozeboom I s CLasslfloatlon

Bo ühe above flve üypes of eolld eoLutlonr & El.xth

type elalnei[ þy J. 8., Rlool (X) nay nollr be ad.iled,. Hê

stud,3.ed. the system Na2$04-NeBR03-II20 at IgoC, Z|oC, 30oC,

3?.SoC, t+5oe and. 52oC.,

.: :. :..r'
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Aü 10oc, 25oc and. 30oc Rleol obtalnecl relatlvely

slmple equlllbrlun d.lagrams. No complex formatlon or sollil

solutlon was oþta1ned.; the only sollct phases were NaBrO3

ancl Na2S04.10H20. frhe systen aü 25oC ls shovÛt below ln

Flgure XIV.

UÈo

ilaPo* r.l¿tù

FIGU8ts ](ÏV

fhe Systen Na2SO4-NaBrOS-II2O (1) aE 25oC.

It shoulct be noted. t]na.E, though the tra^nsLtlon tem-

perature for the reaoülon

Na2SOq.1OH20 + Na2S04+L0H20

ls only 32.5oC, 1ü has not been lowerecl to 25oc by as muoh
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as 11 per cent NaBr03r 1.ê. no anhyclrous Na2S04 appears.

At 3?.5oc, t+Soc ana. 52oc t]ne systen Nazso4-NaBro3-

HZ} can be represenËed. by Flgure ICV whlch glves ühe ¿l5o0

lsotherm.

túo19cq

FÏGUBE )ST

The Sysüem Na2S04-NaBrA3-H20 (1) at 45oe,

Aü these hlgher tenperatures the stable sollct phases

are: anhyclrous NarSO4 for solutlons between a anct b; sollö

solution (anhyd.rous) for soluülons b-c; and. NaBrO3 for
solutlons c-dr

That the phase ln equlllbrlun wlth solutlons on

the curve bc of Flgure X\I ls a solld. solutLon (a honogeneoug
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sollil phase of varylng composltlo4') ls seen fron the behav-

lour of the tle llnes ln that reglon.

the l1nlüs founil for the soIld. solutloa öo nof corr€s-
..: :: :..:-:..:'..

pondl to any cleflnlte stolcholnetrlc raËlo of the two salts

whlch nake lt lmposslble to consj.d.er thls phase as a

solld. solutlon of Na2SO4 ln any complex. 
l

hf 
., ,. .,'..

, At those tenperatr¡res at whlch the sollcl solutlon ,,

,,,. exlsts the foJ-lowlng sequence of solld. phases is observed. 
:.,1,:,' 

,

oxt an lsotherm: Pure cornponent Na2S04r anhyörous sotlcl

solutlon (not correspond.ing to any stolcholmetrlc compouncl)

, ancl Èhe other pure oomponent, NaBrO3. Thls mealls th;at ln

blnary systen IrTa2S04-NaBr03 at these tenperatures, ühe

nisclblllty ls lncomplete and. yet there ls no palr of

, conJugate soIld. solutlons but a slngle ltmlted. phase of

: solld. solutlon.

Though thls rslxüh typet of sollcl solutlon ls noü
.. t. .: ì.:

,,, lnolucled. ln the Roozeboom classlflcatlon, experlnenËaIIy ,,:,..:,,::.,:r,;

:., there are many blnary systems where the mlsclblllty ls t,,,,,,,, 
,.:.. .:.:ì.

lncomplete þut there ls only one serles of sollcL sol-uülon. "
The folJ-owlng ternary systems serve as examples:

1. NarS04-KrS04-Hr0 at 25oC (?)
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H"o

f(¡6o¡, þ b'

glaserlte 3K2S04, NarSO4.

maxlmum amount of soÖlun

cllssolve at 25oc, 3.3 per

There 1s no oorrbsPond.lng

The Sysüen Na2S04-KrS04-Hr0 at 25oC

lhe polnt G represenüs the composltlon of pure

lù"90*

FTGITBE )(\II

lhe polut GI represents the

sulphate whlch glaserlte ean.

oent accord.lng to Ha¡nlû (? ).
soIld. soluülon of glaserlte ln

Na2504.
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2. NarCOr-K rCOr-HrO 
at ?lOoC

Here there ls a slngle so}lð soluülon Phase lnslile

solutlon of llZCO3.6nrO aæ.a

(8)

the trlangle, oonslstlng of a

Narcor.6B10

k.6¡ Na.tu

FTGURE )ffÏT

The Systen NaZC03-K rCOr-HrA 
at 25oC

3. L12So4-Na ÌSO4-H2A at' 25oC (3)

Flgure xvIIl shows extenslve sollil soluþlllty of

llthlurn sulphate !n sofllum sulphate þut no oorrespond'lng

soltd. solutlon of sod.lr¡¡o sulphate ln llthlun suJ'phate.

l'l"D
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lü$oçUHro

Lir"gq.H.o

ligo" ño.5o¡t

FIGUBE XI/ÏÏI

The System L12S04-Na 2504-H2O at 25oC.

The naln obJectlon to thls tme of behavlour exhlblt-

J.ng only one serles of sollcl solutlon was put by Rlvett

(9). Blveüt argueÖ that sLnce the composltloa of a pure

conponent ls always tbe $ame even at fllfferent üemperatures,

tt cannoü þe ln equlllbrlun wlüh varylng solutlons at dlffe-

rent temperatures. But the argument ls fa1llþIe slnce

chemlcal oomposlülon 1s not a thernoclyrnanle varlable requlrecl

by the phase rule; the three thermod.ynamlc varlables used- ln
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the derLvatlon of ühe phase rule are temperature, pressure

ancl concentratlon. Che¡olca1 conposltton Aoes not necessarlly
glve the true conoenüratlon. :....,.:,:¡..;..

l.t .,..rt;¡.:,
Thermoclynamlea1ly however lü can be shor^¡tx ühat a

pure component can þe ln equlllbrlun wlth a varylng solld.
sorutlon" slnce specrflc vorume changes wlth tenperature 

,,.,.,,,r,,.,,i,r,.:,.1

Èhe chemleal potentlal of a pure component cloes change wlüh l¡';:';:'',;':';'"

üenperature a^ncl therefore ühe same eomponent (cherolcally) :;',:':,::':::.':':

can be la equlllbrlun at cllfferent temperatures wlth soru-

tlons of varying eomposltlons. Henoe thernod.ynanleaS-Iy

the r slxthr üype of sollcl solutlon ls not lnposslble.
the sysüem .t12S04-LlBr03-iIr0 lnvestlgateil by ne

a.Iso showecL only one serles of soIld. soluüion aü Z5oC.

The lnvestlgaülon was caruied. further uslng ühe

poüasslum saltsr 1.€. K2S04-KBr03-H,0 buü ln thie case there

üraÊ no soIld" soluËlon whaüsoever. That was ln llne wlth

the general observatlon that potasslr.nn salts do not favour

solld. solutlon formatlon.



LTTERATiIBE REVTEI{

The only systenatlc work oa llthlu¡n bromaüe has been

Garrled. out by I.N. Averko Antonorrlch (10). Ile cheekeil the

, so}ublllty of llthlr¡n bromate la water for the temperature 
.r:.,,.l:,:',.,

range+soTf to tll3oc. At }Ll,gol he gave a value of 65.54 for

the so1ublllüy ln water. He conflrned- the exlstence of a

monohydrate at roon tenperaüure anil d"eternlned. ühe transl- 
;,,,r, , ..

. tlon temperature for ühe reactlon LlBrOr.HZO Ë l,1Br03 ;';:';'; 
'

+ HZQ. He founcl the transltlon Èemperature Èo be 52oC. :,,,,.'r.' . .

He also noted. Elnat the anhyd"rous form exlsts metastably d.own

I to ooc.

?6



E)CEBIIVIENTAI, METHOD

1. PTJR]TY OF MATERÏJTLS

A1] the chenloals were used. as supplled' by the

manufacturer wlthout further purlflcatlon. All the salts

wlth the exceptlon of llthf.um sulphate r'¡ere kept 1n an

oven whosê tenperature was kept constant at 100oC.

I d.ld not attenpü to dry the llthlum sulphate slnce

lt would have dehyd.raüed. easlly.

The reagents used. are llsted. ln Table I.

rAB[,8 T.

Supp]-ler Grad.eSalÈ.

1. NaBrO3

2. KBr03

3, L12S04.H20

Lt. LlBro,

5. K2S04

FLeher Sclentlflc Co. Cerülfleð
reagent

Flsher Sclentlflc Co, Certlfled.
reagent

¡{al11a@krod.t Chemloal Analytlcal
Works reagent

Clüy Chemlcal Corpora- Purl.fleÖ
tlon

Brltlsh Drug Houses Ltd. ånalar.

2. EXPERTIIENTAI, DETERMTNATION 0F SOLUBILTÍY

BoËh the Schrelnemakersr method. of wet resld.ues ancl

the synthetlc aomplex method. were useCl ln the ðetermlraatlon

of the solublllty ourves.

z7
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The apparatus used. ls sho¡ma ln Flgure )ClX. A complex

of lcnovnr welghts of each salt A ancl B and. water was sülrred.

for forty-elght hours ln a oonstant temperature bath kepü

at 25.00 t o.0IoC. The conposltlon of the complex was

calculatecL to welghü percentages ancl plotteÖ on the d-1a-

gratn¡

The nlxture was then allowecl to sett]e whlle sttl]

malntalnecl at 25oC and. sone of the olear llqulcl was

flltered off , welghecl, d.lIuüed. uflth a known amounü of water

ancL ühen analysefl. Thls a:ea]ysls gave a polnt on the solu-

blllüy curve Ç

For the analysls of the wet resld.ue on clear 1J-qu10

rìÍas flltered. off leavlng the solld phase as d"ry as posslþle.

Some of the crysüals stlcklng to the fllter were scrapecl

off lnto a welghlng bottle, welghed., Ölssolvecl ln a knolcn

volume of water and- then analysecl. Thls analysls Save

another polnt on the trlangular d.lagram.

These three polnts: the complex polnt, the solutlon

polnt and. the wet resldue polnü nust be 1n one stralght

llne; lf ühey are not bhen elther there has þeen sone nls-

take ln the analysls or the system had. not yet reached. equl-

Ilbrlun when the analysls was carrled. out.

The l-lne Jolntng the solutlon polnt, the complex

polnü and. the wet reslèue polnt must pass through the true

solld. phase,
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3. CHEIVIICAL ANAJ,YSIS

The sol-utLons made by dllutlng the welghed a¡oount of

clear llquld in a lcaown volume of water and. by d.lssolvlng 
,..-.,.,:,,:.

the welghed amount of wet resid.ue in a lcaovrn volune of water

were analysed. for each rad"lcal. [he volumetrlc apparaüus

used was lnltla1Iy stand"arcllseCL,
t,rt,ltttrrt.ltt)t '

A. ESTI}HTTON OF ANIONS
:1..r.:-: :.: :: :.

'tal.'-'.t.'

In thls case the bromate rad-lcaI vras estlmatecl

lod.ometrically using the method" ad.opted. by Vogel (11) and-

Kolthoff and Sand.ell (tZ¡.

I d.ld not attenpü to estlmate the sulphate radical

by the barluro sulphate preclpltatlon metkrod slnce thls method

has been found- by Campbell and Kartzmark (3) to be very un-

rellable 1n the presenee of alkall lons.

In the estlnatlon of the bromate radlcal 25 rù of the

dllute solutlon was treated. wlth. 2 grs of lodate-free potass- ,:,,,:,,,r,,,.,

lum lod"ld.e alalö, 5 mI of 4U iryOrochlorlc acld ln a conlcal ,,1:,,,1 ,

.':i. 
,; j: .....

flask, tlghtly oorkecl and left stand,ing for 2-l mlnutes.

The llberaüed" lod.lne was then tlüraüed against standarcl

sod.ium thiosulphate sol-utlon uslng starch aÊ lnÕlcator'
:....':::l:1],j ,

This method. of estlmaülng the bromate radlcal gave 
";"t'";:"i"

very reltable results when the analysls was carrlecL ouf

using k¡rown welghËs of l1th1um bromate. Ín an aotual
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stand-ardlsatlon experlment the followtng results were

obtalned.

lüt.of LlBrOq Vol.of NaeS0q Nornallüy Wt. of L1Br03 fr '','.',':.',.,".""'iä"ãI-- -' - (ãrl '. ' of thlo- founcl - error :::'::!ii:.::'1

2.9?LO 33.05 o.toolN 2.9??O o'04

z.?OL 30.01 O 'looLN 2.?ol+ o 'ro
' i, .. , :, .'.ì:.:.

The appllcablllty of the methofl of analysls ls shornn' ,

by the lOW perOentage e1rfolr . 11'1'',','1,

B. ESTII{ATTON OF CATIONS

Analyslsofthephasesforeatloirswasmad.euslng

the flane photorueter. The flame photoneter !s an lnstrument

d.eslgned. for the rapld. d.etermlnatlon of the alkaIl and'

alka1lne earth netals ln solutlon. It measures quantltatlvely

the llght emlttecl by the varlous metals when atomlzeÖ from

solutlon, fed. to a propan'e burner ancl excltecl" to speotral 
!,:t:i:::: ::

enlSglOn ln a flame. BeCaUSe ühe lntenSlty Of llght ¡"';','}:;":"''::;';"

enltted by each elenent cLepenôs upon the concentratlon of 
,'::,,ii',',;;,,,',',',::t.,
:,1: : r.;.: ::. :-

atoms of the element ln the flame aE a glven lnstantt a

measure of the llght lntenslty produoed nakes posslble the 
ri,,

quantlüatlve d"etermlnatlon of that elenent 
.,:,:,r.i.: ...:,,

In Figure )o( a diagra¡n of the Perkln-Elmer (mod'el ll+6) ' : ":' '

flane photometer is shown. The llquld sanples are lntro-

Ouoed. tnto ühe atomlzer where they are blown lnto the
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atomlzer chamber by a stream of compressed. alr and. thence

lnto ühe base of ühe Meker-tytrle þurner. The aþomízer ls

d.eslgned to retaln the large ]|quld. partlcles ancL üo pass

the flne Ilquld. nlst to the burreer causlng spectral emlss-

lon by the followlng rapld" stePs:

I. The water evaporates leavlng mlnute partlcles

of salt.
2. hi the elevaüed. temperature of the flamet

d"ecomposltlon or chemlcal reactlon may take plaoe.

3. The salts or thelr deeomposltlon prod.ucts vaporlse

and. may also d.lssoclate lnto constituent atoms or

rad lca1s.
l+, The vapours of the metal are then exclted by ühe

ühernal energY of the f1ame.

The process of exeltatlon results ln the ralslng of

an electron to a hlgher energy level followed" by the loss

of a d.lscrete amor¡nt of energy !n the forn of rad.latlon

energy as ühe exclted eleotron retr¿rns to a lower state.

The entrance sllt allows a þeam of llght fron the

flane to fall ullon a,,monooh.ronator, where lt ls d.lsperseô

lnto a speotrun by a prism. .&nother s]lt [s usecl üo llnlt

the bandwldth of rad.tatlon passecl on to the phototube

detectors. The phototube oQnl/ertg the selecteil wavelengüh

to an eleotrLc current, whlch ls ampllfled. ar¡d. lnd.lcated. on
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i;he meter.

Süand.arcl solutlons for llthlum, sod.lum and- potasslun

were nad.e from fused. salts of ühese netals ln eoncentratlons

of 10, 20r 30 etc., parts per mllllon of the alkall netal.

fhese were used. to draw a oallbratlon curve of lntenslty

agalnst concentratlon of lons from whlch the experlmentaL

soluttons dlfuted üo the proper range eould" be found' graphl-

cally.
Wlüh the f}a.¡ne photoraeter lt ls advlsable to use very

d.lIute solutlons because:

1. Flane enlssloix tend's to saturate a't hlgh

concenüratlons.

2. Interferenoe effects fall off markeèIy wlüh

cLllutlon.

3.Hlghconoentraülonsofsaltsaffectinstrument
operatlonbyd'eposltlonrcorroslonrburneror
atomlzer clogglng or by lntrod'uelng a memory

effeot from samPle to sa^nP1e.

The d-lrect Lntenslty methocl was useil; thls assumecl

ühat the atonlzer d,ellvery was oonstant, the portlon of

ühe sanple nebullzed. remal¡xed, the same anfl the flame

aLtarac1.erlsülcs d.ld not vary for both the stanÕard ancl

experinental solutlons. But these assumptlons are not

strlctly valltL and. the aocuracy obtalned- ls around two per

oent.
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Relatlve lnterferences au¡ong the three a}kall netals

as $iell as the lnterferenoes d.ue to sulphate and. bromate

ln the solutlon are negllglble.

I+. Ð(AMPLE OF A CAICUI,ATION

In a typlcal ex¡rerlment for the systen Ll2S04-LlBr03-

HZO the orlglnal conplex was found to have the followlng

welght percentaä 
fi water = 44.gg

Welght %nt2So4 = 3.t+5

!{elghÈ %ntwo3 = 5t.67

The sod.lun thlosulplnate solutlon was standard"lsecL uslng

stand"ard. potassium lod.ate solutlon.

The nornallty of the sod.lum thlosulphate solutlon

was for¡nd. to be 0.1238N.

A. THE LIQUID PTIASE

20.??lg grs of clear saturateð soluülon were fllterecl

off and. d"lluted üo I lltre for ühe bromate ana}ysls.

25 al of the aþove solutlon üfere used" for each tltra-

t1on.

It was found t;¡¡at B?r5O ml of standard (0.1238N) ühlo-

sulphate solutlon were requlred. for neutrallzaþlon of ühe

llberateô Iod.lne.
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But 1 mI of N - NaZSZ03 = 0.0225 grs L1Br03

, ,87 .5 mI of 0.I238N-Na ZSZO j = Q .0225x0.1138x87 ,5

= 0. ?tÐZ grs LlBrO3

But thls welght of LIBrO3 ls present ln

W grs of solutlonr l.ê. ln
0.5193 grs of solutlon,

.". welght 7" r,tnro, = ffi x loo = 46.93

% rt+ aue þo r+6,gj% LrBro3 = 46.r, "ffi z,\05

uslng the l'lame photometer rt was for.md- that the
solutlon contaLned 2.773 parts tl+

.'. % tt* d.ue to L12S04 = z.??l.-?"Uos

= 0.368

Md% H2S04=0.368"r9?.?¡ = z.9r1fi
13.88

Therefore the solutlon potnü ls:
I'Ielght % ftnrO3 = 46.93

Hrelght 16 t t2SO4 = Z.gz

îhls polnt was protted" on the trlangurar iLlagram.

B. TITE SOLTD PHASE

Welght of weü resld.ue taken = I.O33j grs.
The solld. was d.lssorved" rn I lltre of water and"

analysed. for llthlun content using the flame photometer.
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It was found. that lt contalnei¡. 5.012 pts L1*.

Fron the tltratf.on lt was for¡nd. that 25 nL of the

above Soluülon were neutralized. by 7.I0 mI of 0.1238N

sod.lum thlosulphate soLutlon.

.'. ,{elghü %ttnro3= 
x1oo

tt

= 76.67

% nr* due üo L1Br03 = ?6.6? 
Ëfe 

= 3.9t+6

.'. % I',r* due to L12S04 = 5.012 - 3.9t+6

= L.066

Md % L12So4 = 1.066 x 109.q5
13.88

= 8.411

Thls polnt (?6.6?fi t,rcro, and. 8.t+4% Lr2S04) üras

plofted. on the trlangular ô"Lagram'.



E}CPERTT/IBNTAT BESULTS

Tbe experlmental results are oollected. ln Table IÏt

IIl and. ÏV.

Tablellllststheconposltlonsoftheorlglnal
complex, saturated" solutlon and- wet resld.ue for the systen

LlZSO4-L1Br03-tlr0 .

TablefTlllststheconposttlonsoftheorlglnal
oomplex, saturaüed. solutlon and. wet restðue for ühe system

K,SO4-KBro3-HZo r

fab1eW llsts tÏre compostrülons of tlre orlglna1 complext

saturated solutlon anct wet resldue for the system NaBr03-

L1Br03-Hr0.

The equlllbrtr,r"m d,lagrams are shoi,¡¡r tn Flgures )Q(I,

)OffI and. þilII resPectlvely.

TablesV,VIand.VIIglvetheX-raypowilerÖatafor
L12SO4 .H20, L1Br03 (anhydrous) anÖ LlBtQ3,firO respectlvely'

[aþIes VIII anð IX glve the X-ray powder d'aüa for

f,þs weË reslcLue at ühe two extremes of the sollcl solutlon r.l.-,.':,::',.i'11;;.:i : :::;::-1::r

'. .-.: .,.reglon. ,::.:1,;,,.,, .,.
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TABLE V. X-ray Powd.er Data for Llthlun
SulphaËe ivlonoþd.raüe

Rad"latlon:
Copper KtE- Llterature DleasurecL

8.0
5.1
4.13
3.81t
3.69
3.55
3 "Q32.95
2,7 2
2.65
?.l|to
?.34
2.29
2,28
2,Q6
lr92
1.8r
L.72
1.70
r.5g
r.55

7,.8
5.L
11..lz
3.81+
3.68
3.54
3.02
2.93
?.72
2.65
2.1+L
2.33
2.28
2.18
2.01+
l.gL
1.81
L.72
1.70
t.59
t.55
l.4g
1.38

t+

10
10

9
t+

9
?
7
6
3
5
2
2
3
2
z
2
2
2
2
2
2
2



t+7

TABLE VI. X-ray Powiler W.ta for Llthlun
Bromate AnhYÕrous.

Iter: NlckeRacl.lat 11.:

KcÊCopper
I/Io

L1üefature
dL (13)

¿. I
3

10
3
2
3
,+

L+

L
2(I

¿1
¿1(I
(I

3
¿1
c1(1
(1

1
I
3¿I(1

(1
¿1
(1
I

(1

Lt.26
3.92
3.96
3.t+7
2.99
2.796
2.7 5L+
2.527
?.1+l+B
2.376
2.327
2.23
2.L53
2.L24
L.g6L
r.930
1.8?5
t.856
1.936
1,807
l,7l+9
t,733
1.678
1.640
L.622
1.599
T.55t
L.5LI+
1.500
L.t+72

3.96
3.47
z.gg
2,796

2.527

2.376
?.327
2,230

2,1?4
t.g6t
L.930

1.807

1,733
t.679
L.640
r.62?

r.55J.

r.5oL
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TABLE VII. X-ray Powcler Data for Llthlum
Bromate MonohYctrate L1Br03.H2O

Raitlat
T

: Copper I(0t

I
7
7
2
2
2

10
5
5
5
3
5
9
3
2
I
¿l

2
2
?
?
2
2
2
2
2
2
2
2
2
2
2
2
2
2

7.25
5.52
5.3L
t+.87
Lþ.1+a6

4.L35
3.837
3,693
3.l+L+l
3.28A
3.161+
3.083
2,9L9
2.848
2..720
z.6t+4
2.388
2.?l+7
2.?05
2.l-l+9
?.12,2
L.997
L.933
1.880
1.951
1.809
I.78'+
1.750
1,7l.3
t.687
L.6Ll?
L,622
t.589
L'51+4
1,501

cont lnuecl



t+g

TA3IÆ VTT CONTINUED

2
?
2
2
2
2
2
2
2
2,

2
2

l.l+6ll
L.I+31þ
L.39tI
t.355
t.328
t.294
t.264
t"250
L.236
1.2r8
1.200
r.182

atlon: CopPer
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TABIE VIII. X-ray Powd.er Data for the
WeË Resldue at One Extrene
of the Solld. Solutlon Beglon

+ t+ dJI' (measurecL)Ll LO

8.2
5,L5
4.zo
3.88
3.70
3,60
3.05
2.98
2.72
?169
2.u8
2.36
2,32
?.22
2.08
2.00
L.86
1,76

l+

10
10
10

5I
I
I
6
3
5
2
2
2
2
2
2
2
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TABLE IX. X-ray Powcler Data for the
Wet Reslclue aü the Other
Extreme of ühe So110-
$o1utlon B.eglon

8.2
5.20
l+.zl+
3.88
3 r72
3.60
3.05
2.98
2.72
2,69
2.1þ8
2,36
2.32
2.22
2.08
2.00
1,86
L.7 6

l+

10
10
TO

5I
I
I
6
3
5
2
2
2
2
,?
2
2



DTSCUSSION OF RESTff,TS

Í'he equlllbriu¡o d.lagraur for the system L12S04-L1Br03-

H2O at 25oC shown ln Figure )O( has many interestlng features.

There are two lnvarlant trlangles: L12S04.H r}-b-z
ancl c-Y-L18r03.H20. The composltlons of the saturaüed, sol-u-

tlon, orlgtnal complex anil wet resldue for the two lnvarlant

polnüs b anfl c are glven below !n Tables X anÖ XI respectlvely.

Orlglnal ComPIex
L12S0þ LlBrO3

58,06
5L+.63
54'.2t
62,3t+

IABT"E XT

L 03

5z
6Z
14
99

1Br

3.
6.

lf.
7.

l+1.21
35.t+9
35,02
t+5,32

.3.45
5.52
2.1+o

L6.93

6,86
8.t+7

11.01-
9.22

5L'-6?
49.08
Lþ9.86
¿+5.87

Orlglnal Complex
L12S04 t1Br03

2.?2 1V6"93
2.68 t+6,84
2.72 t16.93
2.72 Lt6.9Z

8.4t+ 76.6727.9t 59,5t6.00 72.t3
35.01 Lþ5,L0

In the f lrst trj_angle the three phasea are: llthlun

sulphate monohyd.raËe, solutlon of composltlon b aad. solld

solutlon of composltlon z. In the other trlangle the

thiee phases are llthlum bromaüe monohydrate, solutlon of

composltlon c and. solld. solutlon of composltlon y.

The soIld. phases stable ln ühe ternary system at 25oC

are: Ilthlum sulphate monohyd"rate for solutlons þetween

potnts a anÖ b; sollÕ solutlon for solutlons b-c and. llthlun

TABI,E X

Saturatqë
Ll2504

18.58
L8.l+2
18.5¿þ
18 

"¿18

L1Br03

L0,63
10.64
L0,62
10'-59

Resld-ue

Wet Resldue

5z
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bromate nonohyd.rate for solutlon c-d-.

That the phase in equlllbrlum wlth solutlons on the

curve b-c ln Flgure )0( ls a so}ld" solutlon - a so11d" phase

of varylng composltlon - ls Seen from the behavlour of ühe

tie llnes ln that reglon. [he existence of the sollil solu-

tlon was conflrmed- by X-ray analysls of the wet resldues.

Talo1es VIII and" IX glve the X-ray powÖer d-ata of the weü

resld.ues at the two extremes of the so}lð soluülon reglon.

Comparlng the data from Tab1es VIII and IX wlth those from

Tables V and. VII lt oan be seen þlnat no new Ilnes have

appeared. in the x-ray pattern of the wet resld.ues - ühe

patterra ls litentlcal wlth that of ]lthlum sulphaüe monohy-

d.rate except tfuaþ the td.r values ha.ve become sllghtly

blgger due to the presenoe of ltthir.¡.m brona.te monohydrate

a.s part of lts lattlces.
It should. be polntecl out at thls stage that the

slngle serlesof ,solldl soluülon exlsts only between the

polnts Y, and Z. Fron Z to L12S04.FI20 there ls h-eterogenelty

anil any system lnslËLe Ëhe lnvarlant trtangle L12S04.H20-b.z

w111 break up lnto L12S04.H20, 11quLd. of composltlon b ancl

solld. solutlon of composltlon Z.

algebralc extrapolatlon of the tle-Ilnes gives the

f ollowlng 11mlts ln percentage by welght of LIBr0 3.H2A for

ühe solld. solutlon at ZSoC:'"2.2'per cent Eo 4J'2 per cerLt.

Because of the very dlfferent crystal struoüures of l1Br03.



5t+

HZ} and. LlrS0ru,HZ0 (f,ferO, .tIZO ls rhombic and' L12S04'H20 ls

nonocllnlc) lt luas very surprlslng that there should' be any

sol1d solutlon at all.

Bhe analysls of the solutlong ancl wet reslÖUes whlch

I|e ln the reglon of ühe soltd solutlon were oarefully

verlfled. afüer the complexes had. been stlrred for aü least

two d.ays. In a few caSes the complexes were stlrretl for

one week to ensure ürue equlllbrlum before analysing the

solutlon and. wet reSlil"ue. Hence ühere vüas no d.oubt about

the existels"ce of the solld solutlon. There was 11o evld'enoe

of the exlsüence of a conpound^; there was no tend-ency for

the tle llnes to lnferseot.

The equlllbrlun dlagram for the sysbem L12S04-L1Br03-

Heo aþ 25oC as glven ln Flgure )Q( ls d.lfflcult to e:q>laln.

On1y one Ferles of so}ld. solutlon ls obtalned. between Z and"

Y; rlo compound. has been found. to exist using X-ray analysls.

Stoicholmetrieally however two oompound"s couJd. exlsü ln

the reglon of the so1ld solutlonr 1.e. beür¡een Z and. I; a

oonrpound. of the form (8L12S04.L18r03)BHZ0 havlng the foIlow-

lng welghü percentages: LlzSo¿u 75.?t+%, L1Br03 LL.??% ar.d

HZO 1.2.54 could. exlst at Z and- a compor.md. of the form

(Zf.,frSO4.I,1Br03)3HZO havlng the f ollovrlng welght peroentages:

L12SO4 53.80ø, LiBro3 32.99fr and H20 :-3,2I% oould' exist near

the other extreme of the sollil solutlon region. But as has

been salcl. earller X-ray analysls d.oes noü lnd.lcate the
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exlstenoe of any compound.'

The system L12S04-LflBrO3-HrO at Z5oC 1s very slmllar

to the sysüem L12S04-Na2S04-H20 stud.led. by Canpbell ancl

Kartzmark (3). The systen L12S04-Na2S04-H20 at 25aC ls

represenüed by Flgure )O(IV.

H.o

li6c*.t o

li.g"{ ,lo9of

FIGUBE )OffV

The System L12S04-Na2SA4-H20 at 25oC.

Here agaln there Is only

ancl no compound has been fot¡nd.

metrlcally however a compound.

orâe serles of solld. soluüton

to exlst at 25oC. Stolchol-

of the form L12$04.NaZS0¿+ oan
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exlsü ln the reglon of the soIld. solutlon. [hls conpound.

L12SO4.Na'S04 has lnd.eed been for¡nil to exlst at and. above

39.5oc.

Ihe systen Na2S04-NaBr03 -HZA at þJog studled by

J. E. Rlccl (1) ls aleo very slmllar to the above two

systems. The equlllbrlun d.iagram for this systena ls shor,se

ln Flgure )O(II.

dc.So¡ ìlo0r0)

FIGUBE X}$

The Sysüe¡n NaZS04-NaBr0r-HrO e.þ 45oC.

Only one serles of soIld. soluülon has been found. to

exlst extend"lng from 2,5 per cenü to 17 per oent NaBrO3.

Ìl.o
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,no
There 1s no evld-ence of compound. formatlon andlhypothetlcal

oompound. cor¡ld- be rpln-ned.r d.ovsn ln the reglon'of the solld.

solutlon.

In a.lL these systems viz L12S04-L1Br0 3-H2A at 25oC,

L12S04-Na2S0p-Hr0 at 25oC an.iL NÞ2S04-NaBr0 
3-HZO 

at Ll5oC

the followlng sequence of solfd. phases are oþserved on an

lsothern: flrst a pure cotponent, second. an anhydrous solld.

solutlon (hydrated. ln the flrst systen) and. thlrd the other

pure oomponenü. Thls means Eh,aþ ln the blnary sysüems

L12S04-L1Br0r, L1ASO4-NaZSOI¡ and NarSO4-NaBrO3 ut fhose

üenperatures at whlch ühe solld. solutlons are oþserved

the mlsclþlllüy ls lnoomplete and yet there ls not a palr

of conjugaüe so1lcl solutlons but a slngle Ilm1ted. phase

of sol-tcl solutlon. A.s has been mentloneil" ln the inüroduc-

tlon sueh a blnary systen d.oes not belong to any of the flve

types of blnary sysüens formlng solld. solutlons ln the

Boozeboom classlflcatlon. Three of the flve types are con-

cerned. wlth complete nlsolblllty of the soIld. oomponenüs"

The other two types refer to sysüems 1n whlch the nlsclblllty

ls J-nconplete anÖ ln whtch there are aLways two serles of

solld. solutlons (conJugate soIld. solutlons). In other

words lt Ls assumed. that lf the nutual soJ.ubf.llty ls not

unllnlted solld solutlons always exlsü ln conJugate palrs.

Experlmentally however i.t has now been provecl thaf

the last statement ls not true (ef the Inüroductlon). It
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f.s qulte posslþIe üo have llmltecl mlsclblllty but wlüh

only one serles of solld solutlon. Thermodynanlcally also

1t has been proved. that a pure component can coexlst wlth

a solld- solutlotx. Hence what has been oallect the slxth

type of so}ld. solutlon by J. E. Rlccl (1) ls not lnposslble.

The maln dlfference between the system Na2s04-NaBr03-

Hz} and" the systems L12S04-L1Br0r-Hr0 and L12S04-Na2$04'Hz0

lles ln the faot tinat ln the latter systeüs a hypothetloaL

complex exlsts ln the reglon of ühe sollcL solutlon but 1n

the systeú Na2SO4-NaBrO3-Hr} no oonplex co¡¡Ict be fornulated.

ïn the systen LlZS0*-NarSOp-Hr0 the ercistence of a complex

of the form L12So4-NaZSO4 $ias proved at 39, 5oC. Tn the

systen LIZSOII-L1BrO,-H,0 at 25oC whlch I stuÖlecl two Gorn-

plexes of the form (2LL2S04.LlBrO3)3Hr0 and (8t12504.L18r03)

SHZO ooulcl exlst ln Ëhe reglon of the solld. solutlon but

thelr exlstenee could" not be conflrmeil by X-ray anaS-ysls.

lbe X-ray Õlffractlon patteras of the wet reslðues ilo not

lniLloate the exlstence of such conplexes - they lncllcate

the existence of a solld. solutlon.

The X-ray d.tffracülon patterns of some of ühe weü

resid.ues lylng ln the reglon of the solld soluülon were

taken and. the results for the wet resld.ues at ühe tv¡o

extremes of the so15.Ö solution reglon are glven ln Tables

VfiI anÖ IX. The patterns are ld.entlcal wtüh that of

llthlum sulpha|e monohydrate except t1aat the rd"r values

ate slightly blggern
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Sucharesultlsunusual,l.€.Slncenosolld-8o1u-
tlon occurs ln the pure components lt would- be expectecl

t\7ab the lattlce of tbe sollð solutlon region would' be 
, ::,::,,;:,.,i.:::

d.lfferent from that of elther Component. It begane of ::'r:r'1:ì'j':i':r:l

lnterest to ascertaln the arralogous behavlour ln ühe L12S04-

NaZS0¿þ-HZ0 sYstemô

For thls reASOn ühe x-ray plcture of a wet resldue 
",:,'-,';',;¡i,,1:,,;;,,',,

lylng ln ühe reglon of the solld. Folutlon for the system :.,, :,;.'.

L12S04-Na2$04-ä20 at 25oC (3) was taken.

ThepatternobtalneclwasthatofNa2S04;therewere

no nevÍ llnes to lnd.lcaüe ühe exlstenoe of a compound'. [hat

was la agreenent v¡lth ny resulüs; I 01d not obtain any

new llnes ln the X-ray patterns of the vret reslilues lylng

ln the sollcl solutlon reglon.

one polnt whlch ls common to all the three systens

mentloned earller vlz Ll2S04-LlBr0r-H2O' Ll2S04-NarS04-HrO

and Na2So4-NaBr O3-H2O ls that there ls no sollil soIùtlon of ''"''' .'l'
-,..at.,tatt.t '

t12$04 ln L1Br03r NaZSO4 ln NaBrO, whlle there l-s sollcL 
,r;,,.'.,.,,.,.1,,

solutton of L1Br0, ln L1rS04r LIZSOT+ ln Na2S04, arrÖ NaBrO3 ': :::i:r:':l:

ln NarSO4.

Iflnd.ltdlfflculttoe4plalnthefactthaÈoneof
the componenüs oan have the other oomporxent as part of its r¡,',,'1i'r'.,

-._ _.:--:.. -

lattloe þut tkre reverse does not happen.

.Another perplexlng polnt ls why LlBrO3 'HZQ shoulcl

dlssolve ln Ll2S0t+.H1¿0 only when the concentratlon of



LlBrOr.HZO 1s between .2.'2 peî cent

6o

and l*5.0 per cent. Wtry

amounts of LlBrO3.H2Q?

but an unable to offer
d.oes noü Ll2S04.H20 d-lssolve smaller

T am conpletely certaln of the fact
an er¡llanatlon.

It would. not ttave been very d.lfflcult to errplaln

the exlstenoe of the soIld. solutlon lf lt were a contlnuous

one starting fron 0 per cenü LiBrO3 "HZO. fhe same dlfflculüy
arlses ln the system Na2S04-NaBr03.H2O at 45oC(f) and ln ühe

sysüen Ll2S04-Na2SO4-H2O at 25oC (3 ).
That llthlurn bronate exlst s as a monohyd.ratè was shonn

by I.N. Averko ¿åntoaowlch (10). He deterrnlned the transLtlon

temperature for the reactlon LlBrO3,HrO * lierO3 + H20 ancl

for¡nd. 1t to be 52.ao}.
. Burns (13) uslng a lnot X-ray camera obtalned. the X-ray

pattera of llthluu bronaüe at 5ZoC. Hls results are glven

ln colunn I of laþle VI. I used the anhyd.rous powd.er sealecl

ln a caplllary tube for the X-ray analyslsr My results are

glven ln colunn II of table VI.

T also d.etermlned. the X-ray paÈüern of ltthlun bromate

nonohyd.rate. The results are glven ln faþIe VIT. Bo be

qu1üe certain bhaü I had. the monohydrahe, the anhyd.rous

powÖer was kept ln conüacü wIüh water for a week' A,fter

t:nat perlod of tlne the crystals vüere d.rled. Ln between fl}ter

papers and. a¡r X-ray plcture was taken, Comparlson of [ables

Vl anÖ VII wll} show tlnat the two subsþances are qulfe
!
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d.lfferent. trnihlIe LlBrO3 has lbs strongest 11ne a.t ð. = 3.868,

L1Br03.H2O inas strong llnes at d = 3.838 an¿ cI = 2.92R ana

two other mod.erately sürong llnes at d = ? .258 ancl cL = 2.388.

The X-ray powd.er d-ata Of the üWo substanceS are glveïÌ On '";.'':'

pages Lvl and 48.

ThesyStenK2S04-KBr03-H20representeÖbyF1gure

XI(II ha.s only one lnvarlant polnt and the lnvarlant llquld- ,.:,, ;

has the followlng compoeltlon g3l+ per cent K2SO4 årrd 4.00 
,,1,:t,,,,,

per eent KBr03.

lhe system NaBr03-I,18r03-H20 represented by Flgure

X)OI] a.lso has only one lnvarlanË polnt and the lnvarlant

llquld. has the following composltlon: 3.OZ per oenü

NaBrO3 and. þ9.96 per oent LlBr03.



CONCLUSTONS

1o The equlllbrtun d.lagrans for the ternary systems

L12S04-LlBr03-Ht0, K2S04-KBn0 3-H2O anil IIaBr03-L1Br03-

HrO have been d.eternlnecL at 25oC.

2. The exlstence of a monohyclrate of llthlun bromate has

been proven and. lts X-ray powd.er d.ata have been d.eter-

mlned.. ,

i. The system Ll2S04-tr18r03-H20 aü 25oC shov¡s extenslve

solld. so1ublllty of L1Br03.HZ0 ln LltS04"H20.

t+. The system L12S04-L1Br03-H'0 at 25oC seeüs to belong

to th.e rsixth type I of solld. solutlon formaülon

mentloned. by J. E, Eiocl (1).

6z
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