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ABSTRACT

Salts with unsymmetrÍca.l complex anions are generally

Iow rnelting and are knol,'m .to give rise to strongly covalent

melts.. Lithium chlorate belongs to this group of salts..
Determinations o'f physical properties of l-ithium chlorate
with additÍons of a salt sontaíning a common, cation were made

before in this laboratory. It was therefore important to
investÍgate next a system of s,al-ts- which has a coÍtmon anÍon,..

Chosen for thÍs investigation' was the system lithlum chlorate-
sodium chlorate.

ïn this system the densities of pure lithium chlorate
and pure sodÍurn ohlorate were determined for the solid state
from room tenperature up to a few degrees below the rneltíng

poínt. The density of 'several- llthium ohlorate-sodium chlorate
mÍxtures and of pure sodium ahl-orate was determi.ned in the

molten state.. For the pure salts the increase in molar volume

on melting hras calculated. The dependence of molar rrolume on

composition,and tempeôature was calculated for the lithium
chlorate-sodium chlorate mj.xtures and compared with the

previous investigated common cation containing salt mixture".
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CHA.PTEß 1

GENENAI, INTtsODUCTION

Apart fron the general need to obtaln ctata on nolten

salts for practlcal purposes, there are two naln reasons for

thelr investlgatlon, nanelY:

(a) Molten sal"tÊ form a class of llqulds 1n whloh at

least two d.lfferent opposttely oharged partloles are present¡

(¡) Mtxtures of molten salÙs often behave as lf they

contaln nelü lonlc speoles, suoh as complex lons, formed' by

lnteractlon betvreen slnple lons.

Molten salts oan be consld.ereal to oonslst nainly of lons

antt although they have Èhe usual propertfes of llquldÊ ln

general, there fs the ad.d.ltlona1 property of ühe exlFtenoe

of posltlvely anal negatlvely oharged partlclesr Molten

Ba1ts can therefore be calfett trlonlc flquldË .1
Because in many respeots ùhe Ilquld' state forms an

lnüermeallaùe ¡oode between the solld" and gaÊeous state, we

oan approaoh the tlquld. staÈe eltber from the crystalllne

stato or the gaseous Êtate. There is no reasoÐ. to regard one

approaoh aÊ better than the otber. Therefore the two maln

mod.els of the }lquld stafe are:

1. The quasl gâ.Êeous moilel, whlch 1s nost approprlate

near the orltlcal tenperature, where the llquld closely

reSembfeS a gAS.

't:'l

ii.ì;
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2. The quâÊl orystalllne mode1, whlch trÊats ühe Ilquld.
as a allsordered crystal end is ¡noÊt e.pproprlate near the melt-
lng point .

Because nost of the experlnenùal d-ata on nolten salts Ë
are near the melting polnt, the quasl crystalllne mottel ls
for praotloal purposes the nore lnportanù one.

LIOUTD STATE MODELS

Three ourrent nod.els of the 1lquld state wlll lllus_
trate the theorettcal approach to the llquld. state structure.
Let us regard. the Ilquld aÊ befng built up by unchargeè par-
t1c1es.

1. The oe]l- mod.el or Lennard.-Jones and- ÐevonËhlre

þþeor;f-z 13 ls one ln whlch the llqul¿t ls essentlalLy ¿terlveiL

fnorn a regular lattlce struoture. The laùtloe formÊ a l_arge

number of oells, each celf oontalnlng one mo1ecule.
L2. Eyr1ngry propoÊed. a cel_l nod.el for the llquld. state

ln whloh not all oe]ls contaln a molecule. Thls rDodel fs
generally knotùl as the hole theory, There are unocouplecl

oells or rhoLesn Slngle oocUpancy 1s malntatned. as a ¡ûaxi-

nu¡¡I.

3, Barker ln hls tunnel theory5r6 lmaglned. a lattlce
nod.el whlch 1s one d.lnens lone,lly ttiÊordered.. fnsteact of one

nolecule ln a ceIl as tn prevlous models, he suggests there

ls a whole llne of molecules ln a turnel.
Before treatlng these dtfferent l-1qu1d. state mod.e1s, lt

fs necessary to Aesorlbe a few prlnolples on whlch these

ft.:ir:::ìrì
l:':-;;::i
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theortes are based.. Flrst of all the law of Lnteractfont

aooorôfng to whloh the particles attraoi each other, ¡oust be

knoÍ,ÈI. Seoondl-y, a few statlÊtloal nechanloal prlnolples

must be revlewed shortly.

The Lennardl-Jone s Pobent lal

A slnple and. wld-ely used emperlcal law ls the rrLennard--

Jones 12-6 po|entlalrtT, whlch applles to spherloal non-polar

nofecules. The potentlal ene rgy U(r) as a funot ion of the

dl stance r between Èhe oenters of the partloles 1s glven by:

U(r) = Àr-n - ì: r'E (1)

Where m ) n, usually !2 a.,,d' 6 respeotlvely. ) and" v are paraneters

oharacterlstlo of the lnteraotlon. The flrst tern of equatlon

(1) represents the repu161qe effeot and' the second' tern the

attractlve effeot.

l'0
Flgure I

oan be wrltten in a

ry

Equatlon (1)

calouiLat lons :

form more approprlate for

n0ulrl
I

1.0

L--f; i:,ì
t¡-+i,,!:à
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ê. = max. energY of

attractlon (or depth of potentlal well).

The naxlmun depth of the well ocours at' a ¿ll Etanoe

, = zl/6çl . Thls dlstanoe ts foìrnd by differentlatlng u(r)

and equatlng to zeroo At large separatlons l" ))d ) the sea-

onal ter!û ls cloninant (vander ]i{auL s foroes ) . At the dlstance

r = fr the potenttal elxergy ls zero. Flnally at snafl sêparâ-

tlone (r<<61tine flrgt term, 1.e., the repulslve oomponent

I s d.onlnant r

Íhe potenbla].Ê are taken as ad.d.ltlve8 whlch neans that

the potentlaL energy of N moleoules ls the sum of the palr

potenttals between aLl of the N(N-l),/2 posslble palrs' rn
t

other words, the potentlal energy ls fi- ntnil), where E(RIJ)

ls ühe potenÙla1 energy of lnteraotlon of noleoules 1 a'nd' Jt

depend.lng on thelr separatlon RlJr

Next a short e4)lanatlon of the partltlon funotlon an'l

the oonflguratlonal lntegÌ'al ls neoessarf¡ to see the appll-

oatlon of the 12-6 potentlal energy funoblon.

STATTSTT CAT MECHANICAL PRINCTPLES

con6lder states !¡2¡3 1 ---- R wlth energies D1t E2---

En. [he partttlon funotlon ls then glven by:

* -nrltl
- ¿-ÞZ = ¡-.-.L_¡

where k ls the Boltznann conetantr If the temperature 1s hlgh,

É+,1..i.;i



5

lntegrals may be useai lnstead of slgna slgns. The partltlorl

funotlon for N partloles lp generâIlzed ooordlnateÉ

41 ---* Q3¡rP1-----Þ3¡ ls:

^ 
= #lll "'p 

n(n1'--Ð3¡,a1---e3¡¡) 
1 ---dpN,*qr---d'.rN e,

where H 1s the Ha$lltonlân. The gatlltonlan ls separable as

a sum of ternÊ and- oan therefore be urlÙten as a prod.uot

of slmpler lnt egrals.

In the Hamlltonla"Tl the potentlal energy tern d.epen¿ts on

the coord.lnates on1y, Thls nea,ns that we can lntegrate lmned*

lately over the monentu!¡ part!
f/)

l-,V2
).*, (ffi)dp = (2irrnkr)

- !.)

The pa.rtltlon funotlon (Z) now becomes!

iÌ'Ì-:

.N.
vr = (zlfn k r) z

where ) 3N ts unlt volume.

lntegral and. stands for:

\2 / I \
^ 

= f-t
\2rr m'k r I

a
À3Nr¡¡

q ls calleal the oonflguratlonal-

q = / -/ 
/f-u(sr---s3N'unr---un^

U(41----qr¡{) ts the potentlal energy of the system s's

a fr.¡notlon of the ooorallnates, for whloh generally the Lennaril-

Jones f2-6 potential ls taken.

The Helmholtz ftee energy A 1s relatecl to the partltlon

funetlon by the equation;

i;;¡¡:;siã
Ê!:.i!i,,F¡
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A=-kTl¡¡.Z
where Z ând. A are furxctlons of the tenperature aúd- of any

other variable neoessary to speolfy the systen. Statlstlcal
rneohanlos enable us to d-erlve al"l thermodynanlo properü1es

of the systen onoe the free energy ls imovù¿ as a functlon of

the partftlon functl ono 9

Partltlon functlons of molten salts oan be set up, but

thlF goe8 beyond- the soope of thls lntroductlonr

CEIL THEORY OB FNEE VOI,ÜME TT{EOBY

Of the oell theorles the slnpl-est poselble one 1s tles-

crlbeat by Hlrschfel¿u¡lo ¡ 18 fn thls theory Êpeolftc volume ancl

free vol-urne are essontLal. lhe speclflc volume (VE) ls deflnett

as the average amount of spaco avallable to eaoh molecule,

that ls! total avallable spaoe dlvid.ed þy rxumber of partlotes

t$l . lhe free volume (vr) is the space 1n whloh the oenter

of the moleoule oan move and. etlI} not coll-lde on the average

wl-th the ne lghbourlng noJ-eoules.

Consld.er nolecules numbered. Lrzr3 a13;d" ll as flxed., oa1I

noleoule A ühe wanöerer. ].et the wand.erer nove ln suoh a Ìray,

that tt Just d.oes not ool-lld.e vrlth one of the other four mole-

cules. The spaoe clesorlbed. by ühe centor of the wanderer 1E

called the free volune (B1ack area ln nol-eoule A ln Flg.Z). i:il-iÌ

ooo.%
Flgure 2
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If the nearest nelghbours lie on a sphere of racllus ar about

the cell oenters, then to a good. approxlÌîatlon the free vol-
ume ls the volune of a sphere of rad.lus (a-D) from lte cel1

oentor beforo oolIlcllng ïrllh å¿other moleoule:

v¡ = \1u-o¡3
fhis result urrd.ereÊtlnates the free volune beoauge

(a-D) ls actually the mlnlnuB dlstance the aentral moleeule

óan nove from lts oel1 center to colllslon; ln most atlrections

tt oan nove further. The velue above Ítould. be more acourate

lf the nelghbours were rrsnearedlt uniformly over the sphere of

radlus rra'r (See FlC.3 ) .

It ls lmportant to noùe that lf the Êpeclflc volu"ne 1s

greater than twice the cube of the moleoulan d.laneter the

noleoules are rîo longer oonflnecl to cages fornett by nelgh-

bourlng molecules. At these lovr densltles the free volune

oonoept ls ambiguoìrs.

lÙhen attractlve foroeg betvJeen nolecules are taken

lnto consld.eratlon the assunptlon that nolecufes nove lnde-

pendently ln thelr cells lmpIles that the potentlal energy ls

a.pproxlnated. by the expressf.on:

tf I
E = Eo * ç.7 f(r1) - f(o)f

where EO ls the energy when all- nolecules are at the centers
1lof thelr cells; ,{ r("t") - f(o) | rs tne ohange ln potentlal-t )

energy, when the noleoule n Ls cilsplaced fron the oenter of

lts oell over a d.lstance r, whlle the other molecules renaln



-.*=Te

¡'lgure 3

a ts all sta.noe between ühe oenters of noleouleg

D ls dlameter of noleoule

Blaok area¡ ís aree. negleoted by free volume
. oonoept. A oorreotlon faotor aooount s

for thls noglected vofune ln Èhe oon-
f lguratlonal lntegral.

t.:;

!::.:



ret

ât the centers of thelr ceIls. ln thls oase the free volurne

1s ôeflned by the expresÊlon:
hr

ur=Jþ*n L- {',"",
The conf tguratlonal j.ntegral

r 1)
- r(o)lll tr.rl-l crrn

) ))
is glven by:

.- ¡'il I -''e = vr {e:æ - Ss} (tcc)-r' t. -)

The free volune conoept negJ-eots the oooperatlve

notlon of ne lghbourlng moleoules ana multlpte ocoupanoy of

the oeIls 1s dlsregarded..

The aÊsunptlons of the Lennarct-Jones af}d' Devonshire

oell theory are :

(i) Molecules rnove entlrely lnd.epentlently of one

another ln thelr cells¡
(11) All cages are ld-ent lcal anù each oontains Just

one nolecule.

(111) Potentlal energy lnslde eaoh ceII ls assuneð

to be spherloatlY sYmnetrloal.

The conflnenent of each nolecul"e to a oell results ln

an error ln the entropy of the systemlo (too low). The

oorrectlon tern 1s uBr¡a11y oalled the COnnUnal entropy terB.

lJe w11] deal wlth thlË oorreotlon ter!ß fn nore detall later t

( see conmunal entroPY) .

The Lennaral-Jones and Devonshlre theory falls to allow

for vacant slt.es' Thls treatnent 1n fact resenþIes a solld'

more tharÌ. a Ilquld to allow for the exlstence of solld an¿l

i+;+
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llquld. phases wlth1n the franework of a lattlce ploture

Lennaral-Jone s ârtd. Devonshlrefl¡12 propoged a model ln whloh

N moleoul-eE are d.lstribìrteal on a ]attloe of 2N sltes dlvlded

lnto two lnterpene tratlmg sub-lattlces o1 ana p each of N

sltes. fn thls moèel- the sol1d correspon(lE Ùo an ordered'

state ln whlch g,lnost aII of the noleoules l1e on one of

the two sub-Lattlces, whlle the llqulcl correspond"s to a

dlsorùereð Êtate ln whlch ihe moLecules are dfstrlbutett wlth-

out long range order over the who]-e 2N fatùloe sltes.

If we consld.er two lnterpenetratlng face-centered- cublc

lattioes o( and ß ln whlah eaoh 4 site haE s1x nelghbouring
't

p sltes and vlae versar the comblnecl Latttoe ls a s1mp1e

oublo fattloe. After settlng up the oonflguratlonal lnte-

gral along the llnes alread.y outlfned above, several thermo-

d-ynanl o propertles can be oe.l-oulated.

Instead. of golng lnlo much ùheoretloal detall let us

look at the resul-tÊ obtalned for argor¡ by meanÉ of the Lennard-

Jones a,f}d. Devonshlre theory. Because quantun effeots lnffu-

enoe the propertles of heIlum ancL neon, argon ls ì¡suaIIy

choEen for theoretlcal calouIatlon.

!ùe see that Ùhe values of molar volune change,

entropy a,nd. pressure preôfoted by the theorelloal treatnent for

the prooeEF of meltlng are ln ofose aooord" wlth the experlmen-

tal values r
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TABLE I

¡'USTON OF ARGON17

Obs ervetl Ca].cul at etl

Ah ,.oor melttng at zerovg p'res sure t216 ]2.B*t3.5%

Sç àt zêro pressure
'(83.80K) I,70-l ¡71+kr.66k

pressure of neltlng at 90.3ok- 
( nregadynes orn-2 ) 29L 286 - 294

ooefflolent of expans lon of
Lfquld. ln lnmed.late nelghborhood- of
neltlng point ¡ 4.5xto'3 4-4.9xj-o-3

k lE Boltzmann oonstafit.

f+-l-trd
F.É.l"i:¡
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Comnunal frrtroÞy

Conslder a system of N non-lnteractlng partlcles.

Let us oalculate the dlfference ln êntropy of the two statês

lIIuÊtrateat ln Fig.4.

State_L Perfeoù Gas of
N Molecules 1n Volume V.

State 11. N Molecules t EgelT
One Conf lned to a Ce]l of
Vo1ì¡me V,/N

Flgure 4

ïn Slate f the total volune V 1É shared- by all the

molecules. The partlllon functlon ls thelx:

zlr) - \ -3* tH¡ where À2 = z7;Ç.'r-
fn State II, where eaoh moleoule 1s restrlcted. to

move wLthln lts ovlïr cell of volune $ , tiru

z*(rr)- ) -3* t#l*

From statlstlcal neohanlos the entropy 1s glven by

the followlng equat lon¡

S=krnzr¡*Ë
The entropy ðlfference between Ùhe tvto states is:

sr-srr = k tn 3$. = o rr, $ = llr.
Zfr,

li:,;'Ë-5i::.,llì
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Thls resul-t means that the cell nod.el for a gas glves
an entropy too low by Nk and" a free energy too htgh by Nk.I.

Thls d.ef ect nay be oorrected. by lnsertlng a factor of eN

ln the expresslon for the partltlon functlon Z¡II.

Hole Theory

In the hole theory Eyrlng proposed that in ord.er to
acoount for the many holes 1n the lattlce (abouù O.5% for
normal llqulcls up to JOy'o near the orltic¿l1 pofnt), al lowanc e

Ehou1d. be mad.e for the presenoe of vacant l-attlce oel-ls or
holesÙ The hole theory glves the correct value for the

entropy of the perfect gas so that the oommuna] entropy ls
lnclud.ed" in the l-ow d.enstty 11n1t. At hlgh d.ensltles the
proporü1on of holes becomes very s¡nal- l and reÊembLes more

the cell theory. lransitlon from solld to ltquial 1s regarcled"

aE an lncrease of the number of holeÊ, but rretention of short
range order.

TunneL Theory

Barker ln hls Èirnnel- theory lmaglned. a lattlce nodel

whlch is one dlmenslonally ð1sord.ered. Instead. of one mole-

cule ln a ceIl he suggests there ls a whole llne of rnolecules

ln a tunnel. The d-lsorÖer 1n thls rod.el arlses from the fact
that the poEltlons of the noleoules ln d.lfferent tr.¡r¡eels are

fnd-epend.ent (see Flg.5).
In the tw¡eel theory the conflguratlonal lntegral 1Ê

I

l
l

i

;

j,.:,

-¡ir
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the prodtuot ôf ühe oonflgulatlonêI laùGgrals for Longltuôl-
!å1, ândt tranËvêrâal nottront, llhe oonfLgu¡.êÈloaaL lntêgral
for the lengltuôlnål nôtlorr le one dincnÈlona¡ anê ûên bs

eïaluBùed oEåoùIy. For thè trenËvêrgo üotlon the oonf,lgu-

raüloa&I lnûegral oên be €vsluateô t$ ùhê ßaoe wÂy eD üh€

f,ree volune tn the oetrl roetel. Í[he nosü ËerlôuÞ ålg&ðvêrx-

têge of, ühc Èu¡ne1 nqdel 1g ltÉ anlsot¡roplo ohèraetor.

IONXC MIüLTS

fhe forogof,ng ðfeouoølóa hêÊ þêên regürletedl to
Llqulêe oone!.øtlng of naohergeü Épherloal partlELee, 0b-

vlously nolten saLte alo nat þelang üo thls groupr Exüen-

st.gnE of ühê l,e¡r¡arå-JoaÊs ånå DovoaËhlre a¡rcl hole theo¡rles

üo ohErgeô perùlolEs hBve þéên nad6.l3 Eeeeaùtauy they

oonðtÉü of 8etülng up the pertr.tton f,unoüton for ohêrgedL

perütç3,es ln the sane wey åB yr9Ê slrown for unohatrgedl l)ar-
ü10trcF. ,

Iü lË Bd.vfslþlo üo õùerü theóreüloal oonslôeratlonË

of, tonlo qêLts fren a reguten lonlo ory6tel. XÞnlo ¡aeLùs

er6 foaneê f,rsn ionlo or.yeüala by tatro¿uor.n$ TarLouF klndls

of dll8orilör. Po6lttonal dleordfer ls nÇBt lnpo!üenü f,or

apherloal lons Éual¡ as ühe haLldos. In thÀe oaEe tlrêrô arè

läoLaüèè posùùlonel defeots (SohotüXy ecfeotsSS) o¡r atonp

pS.eoedl lntersültlê].X.y tn ühe lattlo€, oonblaed wlth holeE

(nrenkel ôafeote53)., brlth ronlo orystals, êvêlr $heû ühË

lönã are sphertroèl snð Õf thê ,.l16rF.- cas type on*å1""31å3"

liiri
l:': i

ii,;
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lncludes processes other than slmple randomlzation of posl-

tion. tr'or exarnple when atonÊ ar.e charged., palrecl positlve

or negatfve Sohottky holes l+Tfl w11]. requlre less

energy of fornatlovÌ per lon than when lsolated posltive and

negatlve holes are createal. Posftlve and negative lons may

form neutral palrs ln the nelt, wlth a mlnlnun of potentlal

energy lou¡er tharx that In the oompleteLy ord.eretl crystali

ELectrosþ-ti-cl. -, ComþensaüLon 1n f onlq MeIt s

If the dlstanoeÊ between posltlve and negatlve ions, 1.e.

the oontact rad.11 (r1)o and (r-)c are compared ln the crystal
with the dlstance (r*|* + (r-)U observed for the sarne lon

pa.lr 1n the gas, theré ts a shrlnkage 1n the d"lstanoe (r*) +

(r-) on passlng fron ¿he orystal- to the gas. The extent of

the shrlnkage 1s l-lnearl.y d.epend"ent on the polart Fablltty.l&
Thls ls s hown 1n TabLe II. I'or the sane anlon ân lnoreaËe

1n shrlnkage 1s found wlth lnoreaslng atonlc wefght of the

alkall metals¡

TABI,E Tf

SHBTNKAGE OF ION CONTACT DISTANCE ON PASS]NG
FBOM CRYSTAI., TO GASEOUS TON PATR IN .8,(1[)

i:,,:
i,t :

BrcL
, :::i: 1r::t,:

0.30
o,35
0.38
0 .50

Na
K
Rb
Cg

0,.33
0.30
o.4o
0.5t+

o.34
o.35
o ¿37
0.57
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Thls s hr tnkage folfows from the faat tlnat ln the ldeal

crystal fattlce the electrostatlc forceÊ aabLng between posl-

tlvely and. negatlvely charged atorû8 are partfy oonperrsated'

by the orystal synnetry' Obvlously thlF oompensatlon ôoeE

notooourforthelonpalrslnthegaB}Thlelsatyploa]
exanple where the nelt shows an lnternedl'¿s þ6havlour bet-

ween the arystal and the gaË.

Insofar as a quasl crystalllne nod'el appLles' lt oan be

EeenthatlonicneltscontalnnlororeglonswhoÊeClensltles
occur greatLy be].ow and aþove tbe denslty of the ldeal crystâl

latùloe. guoh nefts nay be regard'eÔ as oonslstlng of a hlghly

dlsortlered., but quâ.s1 orystalllne arrangementt v{hose defecüe

lnclude ho1es, lnterstially posltlon'ed- ions, patrecl holes an'[

patred lonsr as wel} as d.lslooatlons oxùend"lng over nore than

two lons.15

In a liquiô the lnstantaneous struofure changeÊ oon-

tlnuaIly, beoause of ther$al noÙlons of tho part1cleB' Ll-

quids. Íear their freezlng polntÊ stllL posEeÉ shorÈ range

or(ler, but have lost long range or¿ler. fn other wortl$ the

flrst ooordlnatlon sheIl stlll exists, whlle the seoon'l or

thlrd. alo not.

tr'rom thermod'ynanio Etudles of nolten sâIt Tûlxtures a

moÕeI for an td.ea]. nolten salt has been Clevelope.l, whloh may

be intenpreted as one ln whlch the anlons and catlonÊ are

rand.only ¿Ilstributeal anong thenselves, lrrespeotlve of valenoyt

but that eaoh anlon I s surrountl"e'l by câtlons and' vloe versa¡

,t!.1-:j, j.r;

i':l:t¡rir:i;,1:r

¡'!.-niii::
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Thls model, the Temken nod.elÌ6, ls the generally aocepted'

one r

Assoolalton Connfejces ln Ionlo M l:i':

In spherloal lons of groì¡ps IB or IIB 1n the perlo'llc

syÊten, sìroh as Ag+ or znz+, line fornatlon of palrs an'l larger

groupB of atons, tn whlch bondlng 1s actually oovalent, nay ,l ',.. 1,

beoone lnportant. Catlons of groups IA and" IIA are llkely i:r:ìt't'¡
'::;:r.riilj:

to forn only c bonds, whereaÊ the B group oan forn addítíonal z rlir,,:,1,

bond.s . Another tfell kno!,tTr faato'" favourlng cova . ent 1ns teaal

of lonlc bontt$ arlses fron the snaLler rattl't of the B than of

the A catlon; ln soBe cases ühe tenaldnoy to form aÊsociatlon
l

compfexes ls Ëo strong that lt oan be foLl-ovreal by the forrna-

blon of conplex lons even tn dllute solution. 
i

For example Cd hallèes may forn oovalently bond'ed speolest

suoh as [cocr] 
* ana fcacr3] 

- 1n alrute soluülon. rf thls l

conplex lon fornatlon happens tn dllute soltltlons the tendenoy 
.

i":': t::'::l

for anhyalrou8 ha tales Ùo f orn oonplex f ornaÙLon ls oorreeponcl- i,:: -.,.¡,,

lngly Ftronger. lo.i,i

Pol-vatonic Anlons

¡'Ilth polyatomlc anlolxs the tend.enoy to forn lon palrs
r;:i.-:.é:

and assoolatlon conplexes ln the melts tenès to be favoured RÏ.liËij

by the ]1on-spherlcal shape of tbe lons¡ As wlth the snall

rad.lus of the B group catlon8, the non-spherloal shape of

the anlons favours strong locâl polarlzatlon . Meltlng polntÉ

of saltB wlth polyabomlc a¡rlons tenal to be muoh lower than ,..:.i.-
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those of salts where the aJllons are spherloaL (see Tab]e III)q

EXPEBTMENTAL Iì{ETIIODS OF SÍIIDYING MELTS

Slnce ùhe meltlng polnt Tf ls glven by the ratlo $¡

$f, *it.t" Hf ls the heat antl S:1 the entropy of fuslon, factorÊ

such as nultlple neohanlsm of nreltlng thai lnorease S¡ wlth-

out requtrlng too large an lncrease ln Hf tend to glve lower

neltlng polnts .

[he enùropy of fuslonf9 is made up of oontrlbutlons

fron varlous nechaJrlsms for the lncreage ln ¿ÌlÊord'er on melt-

lng.

S¡ = S(posltlon)+ S(orlentatlon)+ S(assoclatlon)

A1]-lonlocrystalsund'ergoamarke.llncreaseofposlttronal
d,isord,er on neltlng, Ïrenoe S(posltlon) always nakes an lmport-

ant oontrlbutf.on to the totaL S¡; for spherlcal lons of the

lnerü gas tYPe lt 1Ê the rnaJor termr

S(orlentatlon) ls lnportenÈ only 1n non-spherfoal- lonaù

Ranalonlzatlon of orlentatloïr nay alreacty exlst ln the orystal-

l_lne-state or alternattvely, thls ranclomlzatlon mAy Occur at

the neltlng polnt, as 1E the oase 1n nost 1on1o orystals. The

factors thaÙ ôeterrûlne whether thls randomtzatl0n w111 0r wlIL

not oocur before the neltlng tenperature, are stlIl not cleari

It may be expected that the nore synmetrlcaL lons suoh as

S04ltorNoiwould'havelowerpotentlalbarrlersthanthelesF
rut d'lfferenoeE ofÊy ûetrlcal lorrs, suoh as SOJ| or NO2r 1
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cryslal structure make it dtfflcult to precllct a trend..

S(assoclatlon). Salts wlth abnormally low neIüfng

polnts (wlth non-spherlcal anions such as C103-r NO;r N0;

or sor2-14¡ nake a large oontrlbutlon to S(agsoc.). The

reâson for an appreolable concentratlon of asÊociatlon oom-

plexeÊ fs usually not the eame for at1 low neftlng salts buÙ

there musü be a d.ecrea8e ln potentlal ene rgy on passlng from

fÉ.lrly rand.on oJ-ose paoklng of ions to the packlng of nloro-

reglonE, oalled assoclatlon conplexe g.

The posltlomal entropy olranges ln low neltlng saltÉ are

nuch the saúe as ln prealonlnånt]-y lonlo melts, but the e:rcesa

contrlbutlone to the entropy of fuslon ln low neltlng 841t8

oan be lnterpreted. âs ¿lue to the nany reasons for oryÊtaL

dlsord.er or occure roe of shorÙ ra,nge low ênergy conflSuratlons.

CHANqE TN MOLAR VOLIJME ON ME.LTTNG

Change s fro¡n one lattloe type to another oan aooounb

for volune ohanges on fuslon'20 If noleoules reamange thon-

selves from a faoe-centered. cubto to a bod.y oenteretl ouble

lâttloe at consta¡rt lntermoleoular separâtlons, there fs an

lnoreaËe of 8.8 percent 1n noleoular volune, Thls results

1s numerloally suffloferrt to aocount for the lncrease ln
voLune of methane ancl d.e.ut ero-nethane on neItlng. But thls
argrÌment 1s nore ad.aptable to ohanges of state fron one sollô

mod.lfloatlon to another, than to the c he.nge of süate froE a

solld to a tlquld.. In ord.er to account for the chs,nge ln

.,,.1

ì: ì:.::i"..:.:]ì
l'l
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volune during fuslon, Cluslus and ueigancL2l u"ed tho follow-

lng argunent: the arrangenent of Ìûoleoules ln a llquld must

be suoh aB to allow a nolecule to pass wlthout great straln 
,,.; ,¡-.,;

frononepha8etoaJÌother,vfhileÊtlllbelnglnoontaotwlth:1::'''.'''
a nunber of nelghbours. lfhls theory aocount s for volume

inoreaseF on mel-t1ng of the lnert gas moleoulesr

For lonlo meLt8 the sltuatlon lE oonslderably x0ore oomplex .'..,,.1.,
.-:']:..

bhan ln argon; the moclel now oonsists of two lntêrpenetratlng 
t;,t,,::,,:,

lattloes, namel-y one of aÍÌlonÊ antl one of catlons. X'rayz3 "
studles of gome alkali haLldes show tha't the coordlnatlon

number for the neareÊt nelghbors is nearer to 4 or 5 þ}r,an

to 6 whloh was the case Ít the soIld' stater

The llqulat struoture thus contalns reglons of a rela-

tlvely hlgh order, ranglng over several atoms ln 
'llstance 

anÔ

as wlth the solldt ?ravlng two maln klnd.s of posltlonE, one for

aïIlons and one for oatlons.

A oomparlEon of the entroples of fuslon and. vorurûe 
¡.,:,.,.,:,,

ohanges of fuslon for slnple al-ka}1 chlorfd.es wlth those for , 1,.,

the rare gas solld.s shows an lnterestlng correlatlon.l? ' ''

'¡¡nr,g tv (I7)

NaCL KC]- Ne Ar Kr Xe

3,35 3.08 3.26 3.35 3.36 3.4

rt ::ozo tozt+ x"e az

S¡

^vf/vsl¿
25.6 20.2 t5;3 ]'u.t+ t5,2 Ls':t
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A conpariÊon of the entropies of fuslon for potasslum

and- sod.lum ohl-or1d.es wllh soliô rare gases show that the

value 1s constant for theÊe orystafllrre Eo}ld.s over a range

of tenperatures. A, simple lonlo ¡nodel of the ¡nolten salt

1s thu8 one fn whfch tfre anlons anci oatfons behave lndepen-

d.ent 1y of eaoh otherr at leasÙ aÉ fal" as entropy cons ld'era-

tlons are conoernealt

Designatlng NaCl ancl KCI as rxormal sinple lonlo ory8-

tals, Ubbol oinde?Z proposedl to take the entropy of fuslon of

3.2 ø.u. per gre ato¡r as Õue to posltlonal meltlngr In lonlo

crystals the conürlbutl.on of posltlonat neltlng ln a nornal

slmple system (e.g. NaCl) ls acoonpanleÉl by an lnorease ln

the lattlce d.efects fron about 2-5 peraeît ln the solld' state

to approxlnately 30 percent ln the.nelt, lead.1ng to a coûpara-

ùlvely large volume ohange (25 peroerLþ 1n NaCI) ¡

Use of the ratlo of the volunes before and after fus-

1o¡. also has been usecl as a oriterlon for associaülon forma-

tlon 1n 1onlo neltsr If the oatlons ana a'nlons cl-uster or

form ohalns ¡¡e,¡ pack rather llke ln the orystalllne state

the ratlo trould be sna]I. Where as the ratlo ls 20-30 per-

oent for nany hallales (see Table V), for nltrates and. chlorates

lt ls 1n the ord.er 1-12 peroenü (see fabte VI). [he snall

volune expanslon on mel-tlng ls usually acoonpanle¿l by a low

¡0elting polnt for the sal"t' Tlre many reasolls for orystal

d'lsorclerwhlchresultln}owerneltlngpolntsnaketheoretlcal
lnterpreüatlon dif flcult.

lllr:,j...'tìÌ;r:

l<: tl¡ì-'.r:

É¡-:*.*Èê



25

TATILE V

IVIOLA¡' VOLI'ME EXPAI\ISION (IN PERCENT)
ON MELTTNG FOR ALKAL] HALTDESz4

Salt M.Proco Vol. Exp. Saft llrP;oc Vol.Expr

Ll¡' 8t+5 3o.9 NaF 995 26

LlCl 610 2t+.8 NacL Boo 25.6

LlBr 55O 22,? NaBr 75O 21;8

Llr t+?o r9.3 Naf 660 2o"3

KF 856 t9 RbF ?75 18

KCl ??2 2O'.2 RbCl ?l? I2.9

KBr 735 16.4 RbBr 680 !2,8
KÎ 685 t5.7 Rbr 640 1.L,1

ffi;
CsF 703 It+

cscl 6t+5 10

CsBr 636 26.8

csr 62]- 28.5

l.i:: i::)_'.t.::
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TABLE VI

MOLAR VOLUME E)(PANS]ON ON IUELÍ]NG
(IN PERCENT) OF ?O],YATOMIC ANTONS

Salt M.P;oc; vol.Exp. Ref.

L1NO" 255 2Br2 25126

NaNO3 3OB llr0 2? 
r,

KNo3 333 3.0 25t26, ii.i
RbNO3 3L6 - O.23 ?8 ,,,.':i

Cs NO3 t+I? 12 29 ' "

AC No3 2:r2 o.? 2?

LlCIo3 12? 6,1+t

NaC1O3 26A :.;2.?3

KC1o3 356 10 30'31

KSCN t? 5.L 5,tt 29

Na3ALF5 1013 20.3 32133

ì!:
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CHAPTER TÏ

NATIJRE OF THE PRESENT ]NVESTIGATTON

The present project followed logícally as a con-

tinuation of the work of Campbell and Nagaral an3!'35 and

Campbell and l¡Iilliam s.36 '37 Previous work (which consisted

of viz. dens ity, vis cos lty measurements ) was done on mÍxtures

of líthium chlorate and líthlum nitrate, in other words on

mixtures wíth a common catlon.The reason for the present

investígatÍon j.s to compare molar volume changes of lithium

chlorate-lithium nitrate mixtures with lithium chl-orate-

sodium chlorate mixtures. .The present work consisted ín the

addilíon of sodium chlorate instead of lÍthium nítrate to

lithium chlorate, thus givíng a mixture with a conmon an-

i.on. Mixtures of sodiun .chlorate with small additions of

lÍthium chlorate were also investigated. Finally thís

investigation included a deterrnination of the change of

molar volume on melting of pure llthiurn chlorate and of

pure sodium chlorate. The melting point of lithium chlorate

is 1z7.9o0 and of sodium chlorate 25g,goc, thus both betong

to the relative Iow melting group of salts.
Unfortunately, llthium chlorate-sodium chlorate nixtures

decompose readily. Decompositíon of pure sodium chlorate

occurs at approxinately 15oC above its meltÍng poj-nt. By

workíng rapÍdly and by 1Ímiting the range of temperature

ín which determinations were carried out, the decomposition

I

Fìì .¡i$
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could be avoided, although measurements were stil1 res-

tricted either to mixtures near pure l.ithiuni chl-orate or

to mixtures near pure sodium chlorate.

The short range in which densÍties of molten

lithÍum chlorate-sodium chlorate mixtures were measured

decreased somehrhat the accuracy of the determinations.

Because of the above mentioned reasonsr,isrii, was impossÈbIe

to cover the conplete range of density measurements from

pure líthium chlorate to pure sodium chlorate.
ïn addition to the already mentioned determina-

tíons, densities of solid lithíum chlorate and of solid
sodiun chlorate were determined in the range from room

temperature up to near the melting point. By extrapolationì

to the melting poínt of the solid, the change in molar

volume on mel-ting could be calculated for both chlorates.
The changes in molar volume on melting of the pure sal-ts

and of the mixtures nay indicate changes in structure.
The system l-Ít,hiun chlorate-sodium chlorate is

represented in fÍg.738. Thls system exhíbits a simple

eutectic at l-O7.loc with an eutectic composition of 34.55

weight, percent sodium chlorate (0.J8 mole fraction lit,hium
chlorate ) . Lithium chlorate has a tra-nsitj.on point in contrast
to sodium chlorate.The transition {L,i010r* pfiCfO, occurs

at 99.loc.40

In some cases X-ray measurements of lattice
spacings can be extrapolated to the meLting point.39 pre-

ir:::.!.ti.i
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3O

meltlng effects are however not considered and the volume

changes calcul-ated tend to be too large.14 X-ray measurements

on lithium shlorate have been carried out only in the p-
region.40 For sodium chlorate&l and potassíum chlorate3o

X-ray measurements at, hlgh temperatures. have been made.

Fig. I shows the dimensions of the sodium chlorate
molecule and its arrangement in the unit celI. Sodiun¡

chlorate crystallizes in the cubic tetrahedral class.

X-ray crystal structure studies show45 that thÍs salt
has four molecules per unit cell. A plot of resistance

vs temperature showed t,hat, the crystal approachíng its
metting point becomes highly ionized.42 À thermodiffer-

.L?ential- analysis*' showed. no changes ín crystal struc-
ture or decompositÍon of sodium chlorate below its
melting poínt.

.'..'¡l
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CHAPTER TTI

EXPERTMENTAL TECHNTSUES

A. PURTTY OF MATERTALS

l,íthíum chlorate was prepared by the method used by

campbell and Griffith".40 Tt consisted of mixing equimolecu-

lar quantities of baríunt chlorate (Matheson, Coleman and

Bell ) and lithium sulphate (Fischer certified reagent )'

After precípitation the bariurn sulphate was filtered off'

The solution of lithiun chl0rate was then títrated with lith-

ium sulphate or barium chlorate until the solutÍon was equi-

mo1ar.

The solution was distilled under vacuum at t 6OoC

until a very viscous tiquid was obtafned.Next followed crystal-

tization.Àfter fíltration of the mother liquid the lithÍum

chlorate crystals were dríed under vacuum. The lithium chlor-

. ate crystals were repeatedty pulverised in a dry box during

the vacuum dryíng process. The melting point of líthíum chlor-

,,ate v,ras found to re 1'27.90Ç.40 c"irtitts repoüted l*27,6oc.

The sodlum chlorate (Fischer certified reagent) was dried

for at least forty-eight hours at 12OoC before using.

B. THERMOSTAT

The relatively low temperature at which the present

study was conducted made it possible to employ dílatometric

techniques. For the same reason Dow Corning silÍcone oi1

fluid 500 was used as a bath liquid. A rectangular Pyrex glass

Ii

lri
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Jar (oa, f gallon capaolty) waE useô as a thernostaÙ. The

Jar wâs s u):rounaled. by a d.ouble-wal- l-ed. wooclen box, and an 
.

outer metal casttng. The spaoe between the ôoubLe wafls

was fllled. wlth Vermlcullte. A glass vrlnd.ow mad.e lt pôssible

to l-ook lnto the bath, whloh was tllul0lnateð from behlnai.

A oopper oonstantan thernocouple (3 Junotlons) was

used. as temperature measurlng devloe. The thermocouple was

calfbrated. wlth pure bo1llng waber (wlth necesÊary pressure

correctfon) and. the ûeltlng polnts of pure t'LT¡ (23L.9oC), pure

blsmuth (2?I3oc) ancl pure cadÍlun (3zo.9oc') as flxed polnts.

ThernoooupLe E.lrli Fr s were ¡oeasured- v'tlth a T;'lnsley Potenllometer

whioh Is capable of measurlng to 1 nicrovoLt. Fluctuatlons

in temperature d.ld not exoeeai t 0.2oc ut á6ooc.' ,

I

C^ PYCNOI\MTER AND DILATOIVIETER

For the sol1d. clenslties a wefð-pycnoneter wlth a volune

of ca. 25 ¡nI üIae useal. Ib was approxlnately half flll-etL wtth

sollat. Because of the large volune lncrease of the(-I1thlum

ohl-orate smaller amount s (ca. 6 grms) were weighed for the

range IOOoC to I20oC. ¡'or' the molten salts a speclal type

d.llatoneter was used..

The d.llatometers were made of pyrex gfass end' essen-

tially oonslsteai of bulbs of oa. 10 rnl capacity s eal-ed. to

stens of I nm cap1l1ary. ThlE caplltary was preclslon d'ts-

i.Í.l
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atrllleal capllfary tube wlth a reporteat tol-erahce of- t O.ooz

rur (Cornlng Glass). Four flne oircular marks 04.20 mm apart,

were nade on the sten to facllltate aac\ Tate measurenent of

the ]1qulal level 1nsld.e the caplll-ary. A slanted sid.e arm

terminat lng 1n a bulb of aa,J nl oapaciùy was attacheð very

near the lop and Êervecl as an overflow for exoess melt.

T'ig.10 1s an tllustratlon of the tlllatoneter usetl.

The volumes of the pycnoneterF and d.llatomefers were

measured by calibratlon wlth redlstll-lett *"tou"y.&6 (Johnson,

Matthey anð l{a1lory). The volune of the pyonometer was

ptotted agalnst benperature. In the case of the 
'lllatoneter

the nenlscus level of the mercury columrr lnsfde the caplllary

was ad.Justed to oolnclde ullÙh one of the marks on the sten.

ThlÊprooedurewasrepeated.foreachofthefourmarkÊâ'n'lat
four d-lfferent tenrperatìireÊ. The plots of volume vÊ tempera-

ture were essentlally llnear. V,lith this method. of callbratlon

it waÊ not neoe€sary to apply corrections for elæarrslon of

the glass or nonunlformlty of the bore.

The densitles of slllconeolI 550 (Dow Cornlng) usetl

as lnert Ilquld. were cletermlned- over the whole temperature

range from 25oC bo 26OoC. ¡'or a certain amount of soIlô

sal-t the volune lnorease could be eas1ly calculateÖ from

the known volune of the pycnoneter aJl¿i the denslty of the

slIloon o11.

Due to the extrernely hygroscoplc nature of anhyðrous

lfthtunchlorate speclal preoautlons were nece6sary to hand'l-e

llaii::.]::i:rJr

lrÈ;:.3È
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thls salt. All manipula.tlons such as f111lng alllatoneüers

sJìd pycnoneters were carrled out ln a d.rybox. In the case of

the soIld-s, after the pycnometer had been f111eè, a snall
'..'..'i arno unt of o11 uras aalôed" â.rrd. the pycnoneter oonnecteð to a ,..,,i,',.,,,-'

vacuwl pr¡np. Regular tapplng was also neoessary to ellnln-

ate àIr bubbles. Altogether the pycnoneter wâs connecte¿l for

l ^t least ten hours to the vaouun punp r No slgns were ¿letect- , ,,,,,,t

able of the o11 attaeklng the sollcl or d.lsso1vlng 1t. The :':f';t'rt;t'''

: i,,it,.;r::,..i pyononeter was kept ln ¿he olL bath for aÙ Least one hour :: i"i : :

to ensure proper temperature equlllbrlun wlth the bath.

Speclal preoautlons were. taken to make sure that the imrnersed.

helght of the dllotoneter ln the bath was the sa¡re for all 
l

temperatures. After removaf from the bath the pycnometer was 
,

altovrecl to cool and. welghed.. At every tenperature at least 
i

I

two welghlngs vrere naðe¡ I

, ?oA spectally deslg3eit transferrlng apparatus'/7 was useal

1n the oase of nolten salts (see F1g'11)' rt consisted' of
t 

u pyrex glass tube separateal lnto two oonpartments by a i¡.' .:i:'ì
;:r:,:::i ..':.':':fitted glass d.lso of medi.un poroslty. A side arn, carrylng 
,,:. i,,-.;

a stop-cook Ítas attacheat to the taperlng end' of lhe tube to

facltltaùe evacuatlon of the assenbly. The transfer tube

ütas sealeal to tbe top of the d.llatoneter as lnatl cated. 1n i.:..,rr-q.r;'

Fi€ijYÆ
F1g"11. The top compartnent of the transfer tube was loaaled

wlth a sufflcfent amount of alrhyd.rous llthiun fhlorate-sod"lum

chlorate nlxture (seperately prepareti), evaouated and. placed

ln the o11 batk¡. The bulb gratiually fl]}ed ltself wlth the 
,...-..;..,.,rì
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molten salt¡ After the Èies1red. amount had. neltecl the top

part was sealed off afld. measurenents of the salt levels ln

the capl1Iary starteal.

By neans of a cathetometer the helghts of the noLten

salt leve1s coutd. be neasurecl at tenperature: lntervals of

approxlmately 3oC. Uslng the aallbratlon graph, the dls-

tanoe between the marks and the helght of the menlsous level

above a oertaln mark on the stem, the volume of lhe liqutd.

was caloulated by an lnterpoletlon teohnlgue. The catheto-

xûeter ûtas oapable of neasurlng helghts correct to 0.002 lcm.

The welght of Ùhe Fpeclnen alone lta s obtair'ed. after

oleaning lhe d.llatoneter, breaking lt and" welghing the

cleanecl broken pl eoe s.

A careful estimate of the over-alI precísÍon of the

method showed that the maximum poss:ible error in the

deteïminatíon of dens'ity amounted to + 0.0004 gr /nL or

to O.O2 lo,.

l!ì'jl::.¡ri,:
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TÀBLE VÏÏ

DENSTTY OF STLTCONE OÍI AT DTFFERENT TEMPERATURES

Temperature Densityoc (erlml)

2T:.0

60.0

9È.3

158. I
194.8

2]-Iþ..O

22I.2

2l+3.8'

25t+.ËJ

1.0ó4

r.o39

1.ô06

o.960

o.935

o.923

0.918

o.9o3

0. 893

Æf[-YEÈÀI r-tsRlRv )
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CHAPTER TV

RESULTS

No data were found in the literature for the density

of either solÍd lÍthium chlorate or sodium chlorate up to

the melting point. Tables VITI, TX and X give the densitíes

and molar volumes of the two salts obtained in this researcËr.

Tn the case of sodium chlorate and Ê -lithium chlo-

rate the best stralght,line is calcul-ated. fn the case of

( -llthium chlorate a plot of molar volume against tempera-

ture gave the solid volume at the melting poínt.

Figures 13 and 14 give respectively a plot of densí-

ty vs. tenperature, nolar volume vs. temperature of sodium.

chlorate. Figure 15 gives a plot of molar volurne vs. temper.a-

ture of ( - and 6 -lithium chlorate. Fina1ly, Fígure 16
't

gives the molar volume of {-lithiun chlorate vs. tempera-

ture.
Because lithium chlorate can exist in two enantio-

tropÍc forms, hysteresis effects made density measurements

below 1O8oC inaccurate hence measurements b¿low 108oC are

not recorded.

Fromr x-ray measurement"4l th" lattice constant rnra s

calculated as a function of ternperature. From these data

the denslty of solid sodium chlorate can be calculated as

a function of temperature. Sodium chlorate crystallizes i.n

the cubic system. The density is related to the lattice
parameter by the following relation44:

¡!Ì,',¡=i

l+l+
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d t $ol.wqlght x. number of moleouLes per unÍt ceI1
Avogadro number x vó lumffi
The volume of the unit cell- is taken !,o be the cube

of the Lattice parameter (a3). fire caloulated and observed

uolumes are given 1n Table XI.
Figure 17 gives a plot of the density vs. temperature

of sodLum chlorate from X-ray data. Table lIf gives t,he

molar volusles of lithium chLorate and sodium chlorate at
their melting point and the ratio AVg,/V"r where AVg is
the change in volume at the melting point and Va the volume

of the sotid at the melting poínt.
Tables l(IIf to XVIII give the densfties and molar

volumes of five molten lithium chlorate and sodÍum chlorate
mj.xtures and pure molten sodium chlorate.

The molar volumes of pure llthium chlorate and

mixtures of 0.0859 and 0.2o32 mole fracti.ons sodium chlorate
are plotted in Fig.18.

ïn the case of the pure salts the molar volume Ís given
by V : $. The following relation was employed for the cal-

d
culation of molar volumes of míxtures:

u == 
lttt * "'*'

d

where n, and n, are the mole fractions and M, and M, are the
molecular weights of lithium chlorate and sodium chlorate.
The nBestttstraight line was calculated by t,he method of
least square analysis from the experímental data.

i :r'r 
''''Lrit
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Isothernal sections from the basic molar volume data

.were obtained in order that the dependence of molar volume

on composition might be interpreted. For t,he lithium chlor-
ate side of the system temperature intervals of lOoC were

chosen, the same temperature intervals- were chosen for the

sodium chlorate-Iíthium chlorate mixture on the high

temperature side. Results are given in Tables.XïX and. XX-

ïllustrations of these isothermals are gÍven in Figures 19

and 20.

The dependence of molar volume on the mole fraction
of sodium shlorate and the depen<Ience of molar volume ou:

the nole fraction of lit,hium chlorate were found to satis-
fy t,he quadratic equation U =."", + aLnZ + urnl , where aor,

al and a2 a:re consta.rts34o. The data were fitted to a nbestn

curve by the method of least squaresì

Table TXII gives the constants ao, â1 and a, for
lithium chlorate with sodium chlorate additions. Table

XXïIT.gives the qonstants for sodium chloràte with additions
of lithium chlorate. The values of the coefficients of
thermal expansion (d ) were calculated by suitably trans-
forrning the equation V = a + bT into the more common form
V =' VoJl + ô(t) çþs¡s rlrr is in centigrade scale., These

values are given in table TXI for pure lÍthÍum chlorate,
all the mixtures and finally for pure sodiu¡n chlorate..



TABLE VTII

DENSTTIES AND MoIAR VO],UME 0F NaC103(SoLID)

Temp Rrature
"c

Dens i tv
(er/mI)

Molar Volume
(m1)

p.5.o

60. o

84.8

96.r

96.8

121.0

124.5

!32.0

r.3 8. 4

144.8

190.1

20Êì.5

2Il+.O

235..r

2t+È.3

2l+9 .l+

252.O

2.487

2.1+?2

2.1+6L

2.1+55

2.451+

2. l+l+5

2. l+l+1"

2.1+4o

2,,436

2.tí34

2.Lrt+

2.40|.

2.402

2.393

2.3 88

2,,?8:6

2.38r,

L2,809

t+3.065

I+3,'254

t+3'.358

43.3Èr

t+3 .539

43.610

t+3,.617

43..70r

t+3.728

4t+.092

l+lþ.265

44. 3 11

4l+,1+92'

4t+.'5lr

44."610,

4t+..625

a:¡i::r,::: i Equation for ttbest straight linett: ¡f- 42'..592 + 0.,008t,
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TABI,E TX

DENSITY ÀND MoLAR VoIIIMES 0F SoLID 0(JiC103

Temperature Densi.ty
o^ ( erlmI- )

Molar Volume
(mI)

108.0

112.0

114.0

117. 0

4r7,.3

119.1

t21. 0

122.O

Lzl+.o

2.jo3

2.3O2

2..3,Or

2.296

2.29è

?.296

2.2èb

2|27 5

2.256

79,260

3.9.272

39.295

j9.378

79..33.:7

3:9.377

j9 .57 5

39.730

40. o71

¡ài

tä:i

i'; a
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TABLE T

DENSITIES AND MorAR VoLUMES 0F p-r.,ic103

Temperature Density MoLar Volume
oc (er/int) ( ml)

25,.O

35.4:

81. 5

8r. s

9 5.o

110. O

2.596 3,4.822

2.592 34.882

2 ..5,i16 3,5 . Og d

2.577 15.L60

2 . 567 3,5 .222

2..5ó3 35.265

Equation for thettbest straight LLnett: V:,34.688 + 0.,005t, I

II ji.:!.il
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Fíg. 13 Density of Pure NaCJ.O3
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T¡,BLE XT

MOLAR VOLUMES OF SOL]D SOD]UM CHLORATE CALCULATED FROM

X-RAY DÀTA COMPARED WTTH OBSERVED VAIUES (àI)

5l+

i;¡.

Temperature Lattice Molar Volume Mola? Volume

^ constantoc ""iã;'"" (cals¡ ) (obs. )

!,5 6.5726 t+2.7 59 t+2..7r2

31 6.lZZo 42.à!+7 42.840

32 6.577t+ 42.852 t+2.848

È2. 5 6 . Sgz6 r+3 .:-5:- 43 ,252

t27 .5 6.6060 ß. t+r5 43 ,6t2
180.0 6.626t 43.811 44,.032

227 6.64?5 4t+,237 44.408

232 6.6U9I t+U.269 \.t+.t+t+8

i::::í
ì¡.:'*
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Plots of densltles of I{aGl0, obtained

frsu d!.lator¡etflo and f,Qfêf noêtsurenent'È.
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TABLE XTT

MOT,AR VOLUME CHANGE AT MELTTNG POTNT

56

Suþstanoe Lvf"E' Method

L1Ct03 6,4t

NaC103 lz.Z3

]2rgg

Dl lat onetr 1o

Dllat ometrl o

X-ray atlffraotlon

Change 1n volurue for L1C103 at transltlon polnt.

Avtn = I1r3B
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TABIE XÏTT

ÐENSITY ÂND MOIAR VoLUllE 0F NaclOr-LiC103 MTXTURES

nZ :MOLE FRACTI0N NaClOr:0.0859

Freezing poínt: f24.8oC

Temp erature
oô

Densåty
(erljnr )

Molar Volume
(ml)

*::.1:

t32..?-

173,.3

13 5,t+

1AA E

13.8. 4

139.5

r.41.3

]-43 .1+

1l+4.8

2.I@2

2'.'IO2

2.O99)

2.O99.)

2.097

?.096

2,o95

2.O93

z|.o92

43.655

l+3,,667

43.7r5

43.728

l+3.763'

43.786

43.8t3

ß..ei't+g

t+3.872

Equation forttbest straíght 1Ínetr: Y : l+I.345: + 0.o17t

ì:ìì,ir,¡::

. l,,.i l
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TABLE XTV

DENSITT AND MoLAR VOÏ,UME 0F Nac103-LiC103 MI)(TURES

NZ = MOl,u FRACTTON NaC10, 2 O.2O32

Freezing Point: LI7.7oC

Tempe rature
oc

58

DensÍty
(er/nI)

Molar Volume
(rn'l)

L26.3

L27.5

I29.I
130.4

133.1

r33.6

134.8

2.12r

2.]-20

2.TL9

2. 1l-8

z.116

2..Lr5

2..rrb

4t+.L49

Lt+.I7O

l+4.201+

l+4,,224

4t+.258

l+l+.29]-

44.310

Equationr for nbest straight Ìinett¡ V: l+1.728 +0.0L9t
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TABLE XV

DENSTTY AND MoL.A,R VoLUME 0F NaC103-LiC103 MTTTURES

n2 = Molar fraction NaC10, I O.7O3t+

Freezing point : 198..1oC

Temp e rature
oc

Ðensity
(er/rîtl

Molar Volume
(mr )

?o2..o

2Ol+.O

206.0

207.5

2ro,5

2r3'.o

2,TL2

2."1r0

2.108

2. r08

2,16:5'

2.LO3

48.138

48.186

48,.237

48.25O

48.314

48.360

EquatÍon for ttbest straight linerf : tt : Lt+.]..l+6 +O.O2Ot

:i .;,::: r,l:-
ll:-:t:r::,':i
..ii. i:i:
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TABLE ÏVf

ÐENSITY AND M0LAR VoLUME 0F NaoLo3-Licto3 MTTTURES

n2 : MoLE FRACTION NaC10, z 0.7569

Freezing Poínt: 211.40C

Temperature Density lviolar Vo1umoc ( er /nt ) (m1) ii,::Ílìt

6ø

2L6.5

218.1

220.o

222,.0

223.5

225..7

227.5

2,II3 t+8.527

¿.II2 t È.559

2.111 t+à,5ß2

2.Io9 48..612

2.108 t+8.653

2,1"06 t+8.692

2. 104 t+8 ,73t+

Equatlon for rtbest straight linett¡ y = l¡d..1¡68 + 0..019 r',:,, ,.,

i--1:.!;-ii
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TABT,E TVTT

DENSITT AND MoLAR VoLUME 0F NaC103-LiC1O3 MI)(TURES

n2 :,MoLE FRACTIoN NacLOr: 0.86&f

Freezing Point: 23L.}oC

Temperature
oc

Densíty
(er/n]-)

It{o1ar Volume
(ml )

2'43 . T

2t+5.7

247.8

249.O

250.5

252,,.5

254.5:;

2,.110

2.108

2:,,].06

2.IO5

2.]-ol+

2.102

2.100

49.tv25

\.9 "t+72

49 .507

t+9 .5L2.

49.T6è

49.6tL3

l+9.(il'6

Equation for ttbest straight 1inerr¡ V = Lt+.t+7J. + O.O20t
f :!i:nf

J:,,i;rii;.::.

i:i:ii.ì:ìn*

[4i;isli¡
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TAB],8 XVTÎT

DENSTTY AND MoLÀR VOÎ,UME 0F PURE NaC10,

Freezing Po:int: 2,59.9oc

Temperature Denslty Molar Volumeoc (sr/rr.r) (mr)

Ëeg

26r,È

26t+.6

266..5

268.5

269,U

2.106 50.543

z.JoL 50.600

2.IO2 5.0.651

2.l-00 50 "685:
2.099 59.70t+

Equation for ttbes.t s,braight lineil¡ V : ¿4.981 +O..O2lt
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;i$¡.i)".¡

Fíg. L8 MoLar VoLr"'re vs. Temperaturo
for LiCL03-NaClOg Mixtu¡res

L3o i

. Temperatur.e o 
C

l,i¡ r:

140

na = 0.0859

---<o ç-Cl'
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TABLE XÏX

TSOTHERIUAL MOLAR VOLIiME AS A FUNC'I]ON OF

MOLE FRACTION OI' NaC103

Temþerature
ô 6 nz=o , oooo rc,z=Q .0859 nz=O .2032 : ., . 

.::

tt6.g t+2.985 t+3,379 43;952

t26 ,g 43 ,L?7 t+3 .553 44.t6+

t36.9 43'.:,69 43,?27 tþt+,356

rt+6.9 I+3.56L 43.gOL 44,-51+8

É i: !1ï ì
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TABLE }(x

ISOTHEBMAL MOLA.B VOLUME AS A FUNCTTON O¡'

MOLE FBACTION 0I' L1C103

;i.: +t)-"

.. ,:.: ..

Temn eratureoc n2=0r0000 nz=o,L359 rT=doz[3t î2=o'.2966 lilj;,."
ir'i:::r':

27o 5o$5I 49.871 49.598 Lr9r5Lþ6

260 5o.t+41 49,6?I t+g*OB 1t9.346

250 50 .23t 49 þw 49.2t8 49,l"46

4t+O 50 .O2r 49.2?L 49 .O2B l+8 ,g+6

::a-i:','

!Ê.:,:Ë
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TABLE )ffI
COE¡'}'TCTENT O¡' THERMAI., EX}ANSTON FOR

NaC10 3-Lf C10 3 MIXTIUBES

v=vo ( l+xü )

Mole Fractlon.^".ñ"cio,;"-*. vo(ml) (x roþ

0.0000 40.?l+7

0.0859 , I+'J-','345

0.2032 4]-,727

0.7034 l+¿+,].45

0.?569 Lr4.t+68

0.8641 44,4?0

I.0000 44.g9o

4,7L

l+rzL

4,60

4,46

Ll ,zo

4,49

4.6o

[,:i
;:.

i';,

þ.if
l.:n
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IABLE )O$I

VAI,UES OF CONSTANTS IN TI{E ESUATION FOR THE IIFESTII

CURVE BY THE METHOÐ OF LEAST SQUARESI

PUBE LlC103 + NaC103

4
V=aO+a7-rL2+a7nz

Tenp.
oc

126.9

136';9

ttt6';9

+3,t78
4J.37o

t+3.56),

3,973

3.589

3.282

4.34?

6'123L

7.753
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TABLE }OffIT

VAI,UES OF CONSTA}üIS TN THE EqUATION FOR THE IIBEST'II

CI,RVS BY TITE METHOD OF LEAST SQUANESI

PUBE Na0lOa - l1010aJ)

V=aO +a¡'r..-+ayr.12

*8fl. ao ar az

27O 50,656 -7.609 13.181

260 5o.t+4t+ -?.t+t+4 Lz;?26

250 5ot234 -?.293 ],2;t+22

2l+0 50.022 -7.L33 12,038

iii
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Fts. 1.9 Molar Volume Isotherms for
LlCl-O3 * NaC103 MLxturos
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Molar volume isotherms of NaCIOt

wlth sma1l additions of LiClOr.
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Fig. 20 MoLar Voh¡.ne . Isothenms
for NaC103 + LíCJ-03 Mixtures
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CHAPTER V

D]SCUSSTON

DÍsintegrating by fusion of a crystalline lattice
produces a melt consisting of simple mole cules, polymerí c

,ì "nfts and ions in varying proportions. Àlthough the lattice 1,. ì

types of several salts may be aIike, differences beti^reen

the polarity and polarisability of the atoms or Íons

,, 
present may become apparent on fusion. The constitution of .,i.,,

' a melt does not depend soleIy upon the crystal LattÍce 
i:ir:;:l

i ..,.,,:
:1;j:a.:,:,l tructure of the solid salt.

The temperature of fusion, percentage volurne increase
on fusion, coefficient of expansion of the 1iquid, latent

; heaù of fusion and entropy of fusion are given in Table

xxïv for a number of sarts. The magnitude of s¡r the change 
I

I of entropy on fusion, is similar for almost all substances i '

(5;12 e.u. ).
The latent heat of fusion34 of lithium chl_orate v,¡a s

found to be Z.l+? kcal mole-l. From the freezing point 12?.9oi , lt:îi:ì: c the entropy of fusion resurts as 6.1 e.u. similarl-y for '.':,,..:';
t4sodium chlorate the latent heat of fusion4T of 5.4 kcal ,"'.' ;1

mole-t resuLts in an entropy of fusion of 9.9 e.u.
The percentage volume j.ncrease on fusion Ís found to

ì b" 6.4t and rz.7 for rlthium chlorate and sodium chlorate F:lïi;i

respectively. A larger increase in voLume on fusion is
usually accompanied by a larger heat of fusi.on and a

larger entropy of fusion (see Table XXIV). The same rule

ii71
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applies to the nitrates. The fact that the vol_une change

on fusion for lithium chl_orate and sodium chlorate is so

much less than in the case of sodium chlorate can be

explained by the restricted òrientation of the Li* and

C103- ions in lithium chlorate and Naf and CIOI ions in
sodiurn chlorate. This means that íonic associatÍon occurs.
Completely free rotation of the C10r- ions would require
an enormous volume increase. Similarly for free rotation
of NOr- fons Ín sodium nitrate the volume increase would
be at l-east 37/" Iarger than the actual .rru1rr"48.

From a knowledge of the densíty and thus the nolar
volume change with temperature information on the change

in the structure of the melt ls gained. Sone approximate
relations between the molar volume and the ioníc character
of a melt have been given by Drossbach:49

(a) Other factors beíng equal, molten coval_ent com'.

pounds, owing to weak intermolecular forces, have larger
molar volumes than those of ionic mel_ts.

(¡) n'or the same reason, the expansivity of covalent
melts is greater than of ionic meÌts.

(c) Melts wfth different stages of dissociation
from the ionic to the covalent state are possible. For
ideal molten salt mixtures plots of molar volume vs. molar
composition at constant temperature are l_inear. The nidealil
behaviour indicates that the free vol_une varÍes 1inearly

i:",ij



m

7l+

with composition. Systems with both positive and negative

deviations from ideal behaviour are known, whereín the free
volume is greater or smaller than that predicted by simple

mÍxture theory. The changes of partial molar volurne with
varying compositíon may indicate whether any pronounced

lnteractÍon is taking place or not. Molar volume isotherms

for both pure sodium-and lithlum chlorates and their respective
' . mixtures show a negative deviation from ideal be-

haviour (¡'igs. 19 and 20).

ït is generally accepted that salts hrith non-spherical

polyatonic anions, such as nitrates and. chloratês possess

a nore covalent qharacter than salts wÍth spherical anions
(e.g. halides ). Klemmr" rrr1"49 states that in general co-

valent melts possess higher molar volune than ionic melts

owing to vreaker intermolecular forces prevalent among salts
of the fírst type. An arbitrary reference temperature has

been adopted for eomparison of molar volumes of different
salts. This arbitrary temperature is chosen as corresponding

to a temper ature !O/o above the melting point in degrees-

Kel-vin.50 th" meltfng point itsel-f is not suitable because

of the possibility of incipient lattice formatíon immediately

above the melting point. The molar volumes of lithiurn chlor-
ate, sodiun chlorate and potassium chlorate increases

steadily from 43.9O, 5I.þ6 to 6lt,,4o cn3 mole-f (Table XX1V).

Jaffe and van Artsdalen5l noted that the coefficient
of expansíon, {, for the chloride s, bromides and iodÍdes of Cs

Rb and K r¡ere almost equalrwhereas for the lithíum halldes.

t,:::
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rñere 3jfo lowere The coefficient of expansion for LiC10, , ', t'
,r

l+.7L x 10-+ deg-',. is larger than that of HaC10, (4.60 x

1o-4 deg-l ) and KCIO, (l .¡g * ¿"g-1 ) (rabl-e xxtv)r. and atso

larger than that of grou-p f halides. These values however do

not compare with the coefficient of expansion of a purely non 
t:.,-,:.

polar liquid such as carbon tetrachloriderd:11.4 x 1O-4 d"g-I
in which the London dispersion forces pred'oninate ; this shows

that coulombic forces determine the general properties of the 
,..i_ir.i
l:i:'':iJ

three alkali chlorates, though the melt of líthium chlorate may i¡ì::',:t

be nore covalent in character than molten KC10, and NaClOr. 
]i:j:.r.

Papousek and Kucirek52 considered the compressibifity ([3r)r

coefficíent of volume expansion (4r) and heat capacity ( Cp or

CU) as being

c ontribut Í on

ß, =

made up of two terms; one being the geometrical

and the other a structural contributÍon:
ß.ßrs'le co=(cP)t + (cp)s

ú,r =N o túo co=.(cu), + (cV)s

where the subscripts S and g stand for the structural and geo-

metric contributi-ons respectively. The geometric and part of
each of the propertíes discussed is taken to aríse so1ely

from changes in the intermolecular (or inter-ionic) dÍstances

due to changes in pressure and volume and temperature.

The structural parts of the compfssibility, heat cap-

acity and coeffÍcient of volume expansion can occur as second

i.,i:iì,.:i]i

i:i'ì:i-'.

ç:ii::¡;
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d.erlvatlves of entropy (as funotlolxs of p, T) and therefore,

represent the stmultaneous lnorease or ¿Lecrease ln the noleou-

lar regularlty of the flquld wlth changes ln pressure, voLune

and. tenperature. In tbe câse of unorlented l-lqui(tst Papousek

anct Kuclrek f ound. the struotural oontrlbutlon to be generally

greater than the geonetrioal contrlbutlon' l¡llth an lncrease

in the orlentatlon (or ortterllneÊs) ln the 11qu1d., the value

of the sl"uctural cóntrlbutlon 1s found to decrease and' ln

the extrene case 9f an exceptlonally denseJ-y packetl' well

orðereè flquld- (e.g. mercury) they found' that the structural

contrlbutlon.lseven}orùerthanthegeometrlcpart.Inthe
case of mlxtures of llqulds, these conslderatlons lead to

useful d.ata on the structural changes laklng plaoe durlng the

process of mixing.

Thls treatment may be applled to changes 1n !ûolar volune

wlth oonposltlon anô tenperature. When it ls applleð to the

system moflen }lthlun- and sodLwûr(hlorate rnixtures lt 1s

neoessary to oh.gose a reference state. The most approprlate

one fs the mel-llng polnt of the pure salti Thls assunptlon

necessarlly lnpI1es that the baslc lattlce of the referenoe

state predonlnates over the entlre range of tenperature and

oonposltlon lnvolved. ln other word's no naJor breakÔol'wr of

the baslc reference state lattloe may oocur ín the reglon of

lnves t lgatl on.

Ir'1o lar volunes of nlxture s oarL be oons ld"erecl to be a
¡

functlon of two varlables, tenperature and composltlont

V - f(Trn2), where n2 ls the mol-e fraotlon of solube: ln

ffi

'.:



the present inrrestigation sodium-r chlorate and

ate, respectively. The change fn molar volume

volune in the reference state is then defined
equation :

77

lithium: chlor-
dV from the

by the

av = Þ-! dT + òV dn^(;f)', (;;")'" ---z

where (òv,/ùr)," 1" th"2"ate or .rrlng" in mol-ar vorume with
^'2

temperature at fixed composltíon and (òV/$nr)* is the rate f,i:;i,
of change rn mor-ar volume wíth composition^ at constant tem- 

:.,'.'.,,perature. Let

v-o2

vr =(U) , then
onÞ

dv : Vrr, dT + VT dn2

The values of V,', at dj.fferent compositions were ob-
tained by differenrrrai3r, of the equations of the rrbestn

straight lines gÍven in Table ïTrr to xvrrr and are tabul-
ated ln TabLe lffiV. trriÍth sodiu¡n ehlorate as solute Vrr.^

remains almost constant, whereas with lithium chloratã as
solute, \Ir,,., decreases s1ightly.

"2
The Ísothe¡rnal molar volumes have been found tor

satisfy the equation

where n, is the Ï"ì""?;l.iili lr"3*r"m chlorare added ro
pure lithium chlorate. The same quadrat!-c equation was used
by Campbell35 !o, Llthium chlorate-sodiun chlorate mixtures.

òv(tr)-
"2

¡:iìÉ-:!.iì¡ì
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Partlal differentiation of V gives':

)v r =- v_ : aI + 2a2n2( 
= ) 'T -I '-2"2
u*2

Fromr the values. of a, and a, in Table XXIï the values of
V, have been calculated at temperatures selected at random ,Ì*,
and are shown in Fíg. 21 as a functiorr of composition., V,

is, tabulated in Table IXVT and it is apparent that VT

values for isothermal additions of sodÍum chlorate to lÍt,h- i,1,,:
i.r.*:t

iun chIo, ate increase steadily. Siml1arly the V' vêlues with
lithium chlotates as solute are tabulated in Table XXVII

and show the same trend, as in the case of sodium chlorate

as solute.
In order to calculate dV (total molar volume ohange )

the term ( òV/¿f¡- dT or V- dT is obtained and gÍven fortrz trz
both solutew in Table XXVITI. In order to calculate the

second term in the expression for dV it is necessary to
calculate the integral:Tl

^) 
VrdT, where V, is a function of nr.. The values of

,MP

the above integrals can be obtained by graphical integration
of Fig.. 21 and Fig.22, using appropriate limits. Th:e. iso-
therms in Fig. 21 and FÍ.g. 22 cross each other. This

crossÍ.ng might indicate a complete change in structure of
the two orÍginal pure salts. It, is significant that, this
crossover occurs more rapidly vüith sodi.um ehlorate as

solute, than with lithium chlorate as solute viz. about O.I
mole fraction sodiun chlorate ln Lithium chlorate as

compared to about 0.21 mole fractfon 1ithium chlorate
in sodíum chlorate. A, possfuLe explanatÍon for this fact



79 ,,,
may be that the bigger soídum ion (0.96R) disrupts the
original lattice of the pure lithium chlorate more rapidly
at smaller concentrations than the smaller !i* ion (O.60g)
disrupts the sodium chlorate lattíce.

Table ÏXIX shows the temperature and composftion part .;...11

of the total change in volume dT for sodium chlorate as

solute. Table TTï shows the same contributions for l-ithium
chlorate as solute. These values are plotted in Ffg. 23 and,

Fig. 2[ respectívely as functions of the composition of the
me1t. Tnspection of Fie. 23 shows:

(a) the temperature contribution (VndT) dominates in
the entire region of temperature and composítion studíed.
This contribution increases considerabl-y with temperature
irrcrease, which probably reflects the process: of breakdown
of 'conpact configurations.

(¡) fire compositíon contribution (Vtdne) shows small
positive contributíons. for smaIl addÍtions of sodium chlor-
ate, higher sodium chlorate concentrations however give rise
to negative contributions.

(c) ttre total volume change in the studied. region is
rnainly determined by the temperature contribution.

fnspectton of FÍg. 24 shows:
(a) The t,emperature contribution (VndT) fs dominant

and determines rnalnly the totat volume change.
(¡) tire compositÍon contribution (VTdn) remains aLmost

constant over the enti.re re¡qion studied.

Éjä;rjl

tì;l;r.:+.;r
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The dV referred. to 1n this dlsolrssion ls the change

ln volune Ïtlth respect to the referenoe state ând not the

excess volume.

Ì:r-.-._,1a

t:a:.::jî

1...,1'.:.

i:r¡"+ili
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TABLE XXV

vAl,uES 0F V- AT DTFFERENT COI{POSITTONS FOR*2

T,TTHTUT4 CHLORATE-SOD]UM CHLORATE MTXTURES

n" J.s mole fraction of sodium chlorate

V
"2'

nz

0..0000

0..0859

o,.2o32

0.019

0.017

0.,019

¡::Ì

i.l:li¿ rli:

n2 is nole fractíor¡ of 1íthÍum chlorate

frz
nz

0.0000

o.t3 19

o.2t+3I

o.2966

0.021

0.o20

0.019

0..020
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TABLE XXVÏ

VALUÐS OF V- ÀT DTFFERENT TEMPERATURES FOR TTTHIUM CHLORATEr
SODIUM CHLORATE MÏXTURES

n2:. mo1" fractionr of sodium chlorate

Temperatureoc nr:o..ooo nr=0..0859ì n¿=o-2a32

L26.9 3',."973 t+..7L9

136.9 3..T89 t+.^659

t46.9 3,2È2 t|..6r3

5i.'73,9

6-..Lz:-

6J+32

TABLE ]ffiVTT

VAT,UES OF V,1' ÀT DIFFERENT TEMPERÀTURES FOR SODIUM CHLORATE i.T

],TTHTUM CHLORATE MIXTUREÐ

l

n^=mole fractionr of lithium chloratez

Temp e rature
oC nr:0.000 IZ=O.I3 59 ¡"=O.at¡JL nr=O..2)66

26a -T.t+hb -3,.972 -:-..zj:j + 0..134

25O -? ,293 -3 .9I7 -:...'2'5L + o .,o7 5

2I+o -7..133 4,.862 -1..281 + o.oo7

=.':ii;
ta.êìi

i¡:+
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Fig. 2l Plot of V, Agaínst Composition of
Pure LiCJ.O3 ånd NaCJ.O3 Mixtures
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TABLE )O(rX

TEMPEBATURE AND COMPOSTTION CONTBTBI]TTONS TO

fOTA¡ VoLUME CHANGE ¡'0R PUnE L1CIo3+NâCIO3

Ivlole Fractlon
NaC103 üoc vndlft vrdn2 ctv

n2=o 
'oooo

nz=o,oB59

nz=O ç2Q32

126.9

L36,9

Llt6.-g

126.9

J-36,9

t46.9

L26.9

û6.9
rL!6,9

-0,019

+O rJ.?z

+Q,361¡

-0 .017

+o .156

+0.331

-0.017

+0.157

+0.331

0

0

0

-0¡009

+0.010

+O,025

-o.ool-

-0.01?

-o . o3t

-0 ' 
019

+0.172

+0.364

-o "026
+o,166

+o,356

-o .0I8
+0.140

+0.300

ì:t r':-
,.l : .. -:::t: :. I

l:I:.ìirl:a+
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TABLE X}tr

TEMPERATUBT AND COMPOSITION CONTIìTBUTIONS TO TTÍE

TOTAL VOLUME CHANGE FOR PIIRË NaC103+L1C103 : :,:,.

ylol.e .[' ract 10rì.
LtC103 : toc V¿dll VndnZ ¿tN

n2= 000 2l+0 +0.ll,14 O +0.41i1250 +0.2o? 0 +0.207270 -O.2O7 0 -O.20?

nz=0.r359 zt+o +0.400 +0.030 +0.430
25o +0.200 +0.012 +o.zLz
27O -0.200 -0.017 -0'.2L7

r.z=0.243r 24o +0.3?It +0,035 +or4o9
250 +0.187 +0.015 +o.2oz
27O -Or1B7 -0.019 -0,206

nz=o .2966 zt+o +o .391+ +0 . o 28 +o .422- 250 +0.19? +O.Ofz +0.209
270 -o.I97 +0.016 -o,2A3

iì1,:::v:
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Fig. 24 Temperature and Composítion
Parts of Change in Voir:me for LiCJ-03-NaCJ-o3 Mixtures
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CHAPTER VÏ

SUMMARY ÀND CONC],USTON

Densities of solÍd l-ithium chlorate and solid sodium

chl-orate were determined over the entire rangè from roon

temperature to melting point. Density measurements of molten

sodium chlorate -lithium chlorate mlxtures were lirnÍted to
small additíons to the pure components. The temperature

range in which density measurements of the molten salts were

made was about ten degrees centígrade.

The molar volume change on neltlng for pure lithium
chlorate (þ-. trl /"1 is about half the increase for pure sodiuûl

chlorate (l.2.?3 /"1 . mis small increase in volume is typical
for all Iow melting salts.

The crossíng of the isothermals Ín a plot of V,,

(partial molar volume at constant tenperature) vs. mole

fraction may indícate a complete change in tattice structure.
Thls cross-over .occurs more rapidly where sodium chlorate is
the solute. For sodium chLorate aw solute the composition

contrÍbution (Vmdnô) is more pronounced at lower concentrationsr¿
than for the same soncentration regionrwhere líthium
chlorate is the solute (see Figs. 23 and 24). For l-ithium

chlorate additions to pure sodium chlorate the conposltion
contributions remain almost constant over the entire region

studíed. These data may support the conclusion that the

bigger sodiun ion influences the lithium chlorate lattice
more rapidly than the small ion of tít,hium the sodiu¡n chlor-

i.+-¡'n
:ri¡i!

ate lattice. 90



g,g".f€
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COMPÀR]SON OF ADDiTTONS OF SODTUM CHLORATE AND OF

LTTHTUM NITRATE,, TO ],lTHTUi\[ CHLORATE.

Àdditions of lithium nitrate and sodium chlorate to
lithiun chlorate reduce the covalent character of lithÍum
chlorate. Evídence is the decrease in the coefficient of
expansíon (o( ) which is, generally, higher in covalent

than ín ionic melts,

The total volume change (¿V) for lithium chl-orate

líthium nitrate mixtures is mainly determined by the

composÍtional- contribution. For líthíum chlorate-sodíum

chlorate mixtures the compositíon contribution is less

dominant. ComparÍson, of sodium chlorate -Iithium chlorate
mÍxtures show that the composítíon contribution is the

small-est where lithium chlorate is the solute.

',:i.:"ii; :::i

f:r:!lj.'.-,,:
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