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A binary system of ionic character composed of one simple and one complex 
compound is treated and the possible interactions in this system are analyzed. It 
is assumed that the simple compound brings into the melt of pure molten 
complex compound different number of cations and/or anions. It is proved that 
semiempirical relationships and rules which are used in cryometry of molten 
substances can be rationally derived. 

Рассмотрена бинарная система ионного характера, состоящая из одного 
простого и одного сложного вещества; рассмотрены также возможные 
взаимодействия внутри этой системы. Полагается, что простое вещество 
вносит в расплав чистого комплексного соединения различное число 
катионов и/или анионов. Доказано, что возможно вывести рацио­
нальным путем полуэмпирические соотношения и правила, исполь­
зуемые в криометрии расплавленных веществ. 

Application of the cryometric method in investigation of molten salts systems 
consists in determination of the value of the slope of tangent /c0(i) to the liquidus 
curve of the substance i in the eutectic system i—j. No solid solutions must exist on 
the basis of the component i in the system. Then it holds 

where fco(i) is the slope of tangent to the liquidus curve of the i-th component when 
the mole fraction of this component, jc(i), in solution tends to unit. AH{(i) is the 
molar enthalpy of fusion of the component i. /cst(j/i) is Stortenbeker's correction 
factor. It equals the number of species formed in the system of pure molten 
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substance i as the result of addition of one molecule of component j . 
The semiempirical relationship (1) can be rationally derived from the 

LeChatelier—Shreder equation. From this equation it follows 

k (\\- lim 4T(i)_R[Tf(i)Y .. d«(i) 
/co(i)= lim ,. = л г т / . ч lim ч (2) 

X ( i W , djc(i) AH,(i) , ( i ) ^i djf(i) 

T(i) is the temperature of liquidus of component i in the system i—j. x(i) is the 
mole fraction of component i in the liquid phase. a(i) is the thermodynamic activity 
of component i. When *(i)—»1, fl(i)—>jt(i)—»1. 

From comparison of eqns (1) and (2) we readily obtain the rational relationship 
for the semiempirical Stortenbeker's correction factor 

M J / i ) = H m ^ (3) 
x(ibi Qxy}) 

Knowledge of the quantity /cst(j/i) allows to judge on the character of dissociation 
of component j in the system i—j providing that the concentration of the substance 
j is sufficiently small. 

As it has been shown in paper [1] when the component i corresponds to 
a complex compound Z with nonzero degree of thermal dissociation into simple 
compounds or elements then we can write for the slope of tangent /c0(Z) to the 
liquidus curve of compound Z in the system Z—R 

L- C7\ lim dTW R[T,(Z)Y 1 .. da(Z) , 

T(Z) is the temperature of liquidus of compound Z in the system Z—R, jc(Z) is the 
mole fraction of "weight-in" compound Z in the solid mixture Z + R. a0(Z) is the 
activity of compound Z in the solution which is formed by melting of pure solid 
compound Z, i.e. when the mole fraction JC(Z) of the solid compound equals one. 
When the compound Z melts it thermally dissociates and the melt contains also 
products of this dissociation. Let us assume that in the melt of pure solid compound 
Z the mole fraction of nondissociated compound Z equals JC 0(Z). We choose 

flo(Z) = JCo(Z)<l. 

Comparing eqns (Í ) and (4) we obtain in this case for Stortenbeker's factor the 
following rational relationship 

/cst(R/Z) = - ^ r lim ^Щ (5) 
flo(Z) X(z>^i d * ( Z ) 

Now we shall consider interaction in the system Z—R where Z = M r CD is the 
complex compound of the type (1 + 1) which partially undergoes the thermal 
dissociation into two completely stable anions denoted as C" and D". Activities of 
substances in solution will be expressed on the basis of Temkin model [2]. In 
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writing the reaction schemes we will respect the fact that according to this model 
the magnitude of electrical charge of ions is not substantial. Together with thermal 
dissociation also the electrolytical dissociation takes place in the melt. We postulate 
that the melt formed after melting of pure compound Z consists of the mixture of 
ions M+, CD", C", and D~ 

Further we assume that also the substance R which is added to the melt of 
substance Z has ionic character. We shall discuss four types of possible interactions 
of compounds Z and R: 

1. Substance R brings no new (uncommon) species in the molten compound Z. 
2. Substance R brings in the molten compound Z only anions as new species. 
3. Substance R brings in the molten compound Z only cations as new species. 
4. Substance R has no common species with the molten compound Z. 
Our aim is to prove consistency in the theoretical approach to the topic of 

cryometry on the basis of complex compound. We will show that theoretical 
conclusions are in full agreement with the results which follow from experimental 
experience. 

1. Substance R brings no new species into the melt resulting from melting of pure 
solid complex compound Z 

Let us consider complex compound Z = MrCD where M+ is the cation and CD~ 
is the complex anion. The pure solid compound Z dissociates under melting both 
electrolytically and thermally. Formally we may write that compound Z after 
melting partially thermally dissociates according to the scheme 

MrCD «± MPC + M,D (p + q = r) 

The thermally nondissociated complex compound Z = MrCD as well as the 
products of its thermal dissociation MPC and M4D dissociate completely electrolyt­
ically 

MrCD -н> rM+ + CD" 

MPC -+ pM+ + C-

M,D -• <?M+ + D-

When 1 mol of pure solid substance Z = MrCD melts, it forms 

I m o l Z -• r molM+ 

(1-bo) molCD" 

b0 mol С" 

bo mol D~ 

bo denotes the degree of thermal dissociation of pure complex compound Z at its 
melting temperature; 0 < b0 < 1. 
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For the sum of amount of substance of cations and anions it holds 

rt(2(cation))/mol = r 

/i(Z(anion))/mol = 1 + b0 

For the activities of constituents in solution which is formed by melting of pure 
solid compound Z it holds 

flo(Z) = JCS(M+) • Jto(CD-) = JCO(CD-) 

a0(MpC)=xpo(M+)-Xo(C-) = J C O ( C " ) 

«io(Mf,D) = .v{J(M+) JCO(D-) = J C O ( D " ) 

The quantities a0(Z) = a0(MrCD), a0(MpC), and a0(MqD) denote the Temkin 
activities of corresponding substances in solution which results from melting of 
pure solid complex compound Z = M rCD. It is seen that there is only one kind of 
cations in this system and thus x0(M

+) = 1. 
For the equilibrium constant of thermal dissociation, X0(Z, dis) of pure com­

pound Z it holds 

IT (7 л\л - flo(MpC)' До(И/Р) _ Хо(С~) • *o(D~) . . . 
Ko(Z, dis) /л* r-n\ ~~ ТТ^Гл— ( 6 ) 

Since Xo(C~) = Jto(D-) = bol (I + bo), J C 0 ( C D " ) = (1 - bQ)l{\ + bo), it holds after 
rearrangement 

Ko(Z,dis) = T ^ ? ? (7) 
1 - bo 

Now we shall determine the equilibrium constant of thermal dissociation K(Z, dis) 
of compound Z in its mixture with substance R which brings no new species in the 
solution formed by melting of pure solid compound Z. With respect to the chosen 
scheme of dissociation of compound Z the substance R must be identical with 
substance M P C or M q D (R = M P C or R = M 4 D). 

Let us assume that R = MPC. For melting process of the mixture consisting of x 
mol of pure solid compound Z and (1-х) mol of substance R it holds 

jcmolZ -> x(l-b) m o l C D " 

xb mol C~ 

xb mol D " 

( 1 - х ) mol R -> ( 1 - х ) molC-

The quantity b is the degree of thermal dissociation of complex compound Z in 
the molten mixture Z 4- R. From the physical point of view it must hold 0 < b < 1. 
Generally also b Ф b0. 
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With respect to the fact that in the system Z—R there is only one kind of cations, 
i.e. M+, it is sufficient in all dissociation schemes to consider only anions. For the 
sum of amount of substance of anions it holds 

rt(2(anion))/mol = x — xb + 2xb + 1 — x = l+ xb 

For the Temkin activities of constituents (substances) in the molten mixture Z + R 

it holds 

a(Z) = a(MrCD) = jc(MrCD) = j t ( C D ) = ^ ' ^ (S) 

a(MpC) = x(MpC) = x(C-) = X\++

l

xb

X (9) 

a(MqD) = x(MqD) = x(D-) = j j ^ (10) 

For the equilibrium constant of thermal dissociation K(Z, dis) of complex 
compound Z in its mixture with substance R = M P C it holds 

a(MpC) a(MqD) _x(C')-x(D') 
K ( Z ' d , S ) - a(MrCD) - jr(CD-) ( U ) 

The quantities a(MpC), etc. denote the Temkin activities of corresponding 
constituents in melt of the system Z + R. Introducing from eqns (8—10) into eqn 
(11) we obtain 

Let us assume that K(Z, dis) = K0(Z, dis). This assumption is the more correctly 
fulfilled the more the mole fraction x(Z) (related to solid mixture Z + R) tends to 
unit. In limit x(Z) —> 1 this equality holds precisely. Then we can write 

(xb + \-x)b = bl 
(\-b)(l+xb) 1-Ы 

or 

(13) 

f>2 + — 6 - ^ = 0 (14) 
X X 

It is seen that this is a quadratic equation with respect to b; b = f(x; b0). It is 
apparent that only the solution which satisfies the condition 0 < b < 1 has physical 
meaning. It readily follows 

2~|l/2 

»-^FžF'f] <"> 
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When we introduce b as it follows from eqn (15) into eqn (8) we obtain 

.1-х Г(1-*) 2 , игЛ1П 

X+-^ l^—2- + xbl\ 
a(Z) = - L J 

i - x , r ( i - ^ ) : 

2 +[^H' 
This relationship can be simplified (we shall write a instead of a(Z)) 

l + s - [ ( l - j c ) 2 + 4jcbg]1 

l+x + [(l-x)2 + 4xblY 
U ~ 1 J I.IY1 _ _ \ 2 , /|vL211/2 U ° ; 

In the next we need to determine the expression da/dx (for simplicity we shall 
write dx instead of d*(Z)) and finally also lim(da/djt) for x —» 1 (we again write x 
instead of x(Z)). 

At calculation of the expression da/dx we shall use the substitution a = U/ V, 
where U denotes the numerator on the right-hand side of the fraction (16) 

U = l + j c - [ ( l - J t ) 2 + 4jcb2

)]
1/2 

and V equals the denominator of the fraction (16) 

V = l + j t + [( l-Jt) 2 + 4jtb2J1/2 

It holds 

da _ dx dx 
dx~ V2 (17) 

^ = 1 - | [ ( 1 - ^ ) 2 + 4 ^ Г 1 / 2 - [ - 2 ( 1 - х ) + 4Ь?] (18) 

~l+\[(\-x)2 + Axbl]-V2-[-2(\-x) + Abl] (19) 

For the case lim JC —> 1 it holds 

r _. ľ dt/ r TT v dV hm V l i m - lun U h m — ,. da dx dx r o n . 
h m — = jr.—77Г2 (20) 

dx (hm V)2 

Now we shall determine values of the corresponding limits 

lim U = 1 + 1-2Ьот=2-2Ьо (21) 

lim V = l + l+2bo = 2 + 2bo (22) 

lim^=l~^bô1'4b2o = l-bo (23) 
dx 2 2 
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l i m ^ = l + | | f e ô 1 - 4 f e ž = l + bo (24) 

After introducing eqns (21—24) into eqn (20) we obtain 

. da (2 + 2bo)(l - bo) - (2 - 2b0)(l + b0) 

dx (2 + 2fe0)
2 

or 

d r l ^ ( l + f e o ) ( l - f e o ) - - ( l - f c o ) ( l + M 
~"d* 2(l + 6o): 

l im^T- ^ т т ^ -° (2 5) 

After introducing eqn (25) into eqn (4) we find that 

, R(Ttf 1 da , . 
fc0 = —Т7Г lim — = 0 (26) 

AHt a0 dx 
The relationship (26) holds regardless of the magnitude of a0, provided а0ФО, 
which is always fulfilled. Of course it must also hold AHf Ф 0. The latter condition is 
satisfied in the case of all phase transitions of the first order [3]. 

Validity of the relationship (26) means that the slope of the tangent to the 
liquidus curve of the complex compound Z = M r CD in its mixture with substance 
R = MpC equals zero. This is an exact proof of the semiempirical rule which states 
that the addition of substance R into molten substance Z causes in limit x(Z) —> 1 
no decrease in the temperature of primary crystallization of the compound 
Z providing that the substance R does not bring in the melt of substance Z any new 
species. Simultaneously it means that in this case it is not possible to use the 
dependence of the temperature of liquidus of the compound Z on mole fraction 
x(Z) for cryometric treatment. 

2. Substance R having a common cation with the complex compound Z 
brings in the system formed by melting of pure compound Z 

totally t new particles (anions) 

Let us consider the system Z—R, namely M r CD—ME,. For melting process of 
the mixture composed of x mol of pure solid substance Z and (l — x) mol of 
substance R (the substances Z and R have a common cation) it holds 

x mol Z -• x(l - b) mol C D " 

xb mol С" 

xb mol D " 

( l - j c ) m o l R -• ( 1 - J C ) / m o l E " 

H(Z(anion))/mol = t - (t - \)x + xb 
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For the Temkin activities of species forming the molten mixture Z + R it holds 

Д Ю - * ( С Р - ) - , - ( ' ( Л " ) ^ < 2 7 > 

a(MpC) = a(M,D) = x(C~) = x(B~) = (_(( _X^ + ^ (2S) 

a t M E , ) ^ ^ ^ ^ ^ ^ ] ' (29) 

After introducing from eqns (27) and (28) into eqn (11) we obtain for the 
equilibrium constant of thermal dissociation of the compound Z, K(Z, dis), in the 
melt with the substance R = ME, the relationship 

K ^ ^ = (l-b)[t-f-l)x + x b ]

 (30) 

(31) 

Let us assume again that K(Z, dis) = K0(Z, dis). Then it holds 

xť Ы 
(l-b)[t-(t-l)x + xb\ 1-bl 

and it readily follows 

ь2+ь — 1Ь2

0+
{х~х~'ы=о 

X X 

b = -^ tbl + [&^£ rbi-'-^f^bij' (32) 

We may insert b from eqn (32) into eqn (27). After rearrangement (we write a 
instead of a(Z)) we get 

2x + (1 - x)tb2o - [(1 - x)2t2b% - 4(tx2 -x2- tx)bl]1/2
 ( 

a~2t- 2(t - l)x - (1 - x)tbl + [(1 - x)2t2bt - 4(tx2 - x2 - tx)bl]1/2 {JJ ) 

For calculation of the expression da/dx we shall use the substitution a = U/V, 
where 17 denotes the numerator and V the denominator, respectively, in the 
right-hand side of fraction (33). 

It holds further 

™ 2 - tbl - \ [(1 - xft2b% - 4(tx2 -x2- tx)bl]~l/2• 

• [ - 2(1 - x)t2b4o -4(2tx-2x- t)bl] (34 ) 

^ = - 2(t -1) + tbl + \[(\ - xft2bt - 4(tx2 -x2- tx)blYV2 • 

• [ - 2 ( 1 - x)t2bi-4(2tx-2x- t)bl] (35) 
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For the calculation of the expression lim da/dx when x tends to unit we shall use 
eqn (20). The values of the corresponding limits are following 

Hm U =2-2bo 

lim V =2 + 2bo 

lim^ = 2-bo(2-t)-bit 
dx 

lim^=-2(t-l) + bo(2-t) + b2ot 
ax 

If we introduce these values into eqn (18) we get after rearrangement the 
relationship 

«-s-kz- <*> 
As we stated before (see eqn (27)) 

a ~t-(t-\)x + xb 

If x —* 1, a —* a0, b —* bo 

- T Í Ž ( 3 7 ) 

In the way of introducing eqns (36) and (37) into eqn (4) we obtain after 
rearrangement 

The substance R = MEř brings in the system formed by molten pure complex 
compound Z = MrCD totally t new particles, viz. anions E" Therefore fcst(R/Z) = 
= t. The same conclusion results when we insert eqns (36) and (37) in eqn (5). 
Therefore it can be stated that for the case of the system MrCD—ME, the 
correctness of cryometry on the basis of complex compound MrCD = Z has been 
rationally proved. 

3. Substance R having a common anion with the complex compound Z 
brings in the system formed by melting of pure compound Z 

totally ; new particles (cations) 

Let us consider the system Z—R, namely MrCD—N,-C or M rCD—N ;D. We shall 
choose the first of these two equivalent possibilities. For melting process of the 

Chem. zvesti 38 (4) 433—447 (1984) 441 



M. MALINOVSKÝ 

mixture consisting of x mol of pure solid compound Z and (1-х) mol of substance 
R it holds 

x mol Z —> xr mol M+ 

jt(l - b) mol CD" 

xb mol C" 

xb mol D" 

( l - j t ) m o l R -> ( l - * ) ; m o l N + 

(1-х) molC" 

/i(2(cation))/mol = / + (r - j)x 

rt(2(anion))/mol = 1 4- xb 

For activities of corresponding constituents of the molten mixture Z + R it holds 
according to the Temkin model 

„(M.CD) = ,-(M-) «CD-^lj^jrf . í í i ^ l (39) 

„(M„c) -*.<*•).*№-) =[ r R iL_] ' . i t±lz i ( 4 0 ) 

„(M.D) =,.(М*).»а>-) . [ - ^ J V - Ä - (41) 

„(N,C) - , ' (N*) , (C-) - [ J ^ J ] ' • * * £ * ( « ) 

As p + q = г it holds for K(Z, dis) 

а(МрС)а(М<,Р) ^(C-)x(p-) 
K(Z,dis)- a ( M C D ) - х ( с с г ) 

After introducing we get 

^*)-á-wVŽ) (,2) 

which is the relationship identical with eqn (12). Further procedure is identical 
with the relationships (13—15), We can readily replace the expression x(l - b)l 
/(1 + xb) in eqn (39) by the right-hand side of eqn (16), We get 

Г *r V ! + * - [ ( ! - s ) 2 + 4 * * 3 ' " (d~ v 
Ly + ( r - 7 > J l + jc + [(l-jc) 2 + 4xbg]1/2 l 4 J ; 
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For the calculation of the expression da/dx we shall use the substitution 

a=A-y 

A = \j + (r-j)x\ 

U=l+x-[(i-xf + 4xbl]1/2 

V = 1 + x + [(1 - xf + 4xbl]V2 (44) 

It holds 

^L — Ы. Й^л. A djc dx 
djc"Vdjc V2 

dA= Г xr Y"1 r; 
d x " 4 y + (r-y)xj [j + (r-j)x]2 

^=1-\[{\-хУ + 4хЬ1Г/2[-2{1-х) + 4Ъ1} 

~\+\[(\-xy + 4xblYV2[-2{\-x) + Abl] (45) 

For the expression lim da/dx when JC —> 1 it holds 

,. da lim U ,. dA , 
lim — = -.—г; • lim ~r~ + 

dx lim V djc 

lim Vlim — lim U • lim — 
+lünA (kvř £ (46) 

The corresponding limits are 

lim A = 1 lim dA/djc = ; 

lim U = 2 - 2 bo Hm d U/dx = 1 - b0 

lim V = 2 + 2bo Hm dV/dx = 1 + b0 

After introducing into eqn (46) we get after rearrangement 

,unďI-TTb„' ;+ ЩШОГ ( 4 7 ) 

Value of the expression lim da/dx (and in accordance with eqn (4 ) also of the 
expression lim dT/dx) is given by the sum of two terms. The first term corresponds 
to the contribution of noncommon cations which are introduced in the melt of pure 
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compound Z by the substance R, while the second term depends on the contribu­
tion of noncommon anions of substance R. In this case we postulated that 
substance R and substance Z have only noncommon cations. Thus the second term 
must be zero from physical principle, which is in full agreement with eqn (47). 

Definitively it holds 
,. da 1 — bo . z > 0 ч 
l i mÄTľT&;'= f l o-' {48) 

After introducing eqn (48) into eqn (4) we get 
D T 2 

Substance R = NyC brings in the system formed by pure compound Z = MrCD 
totally j new particles, viz. cations N+ Therefore fcSt(R/Z) = /. The same result will 
be obtained when we insert eqns (37) and (48) in eqn (5). Thus in the case of the 
system MrCD—N7C the correctness of cryometry on the basis of complex 
compound MrCD = Z has been proved. 

4. Substance R which has no common ion with the complex compound Z 
brings in the solution formed by melting of pure solid compound Z 

totally q new particles, viz. j cations and t anions 

Let us consider the system Z—R, namely MrCD—N,E,. For melting process of 
the mixture composed of x mol of pure solid compound Z and (1 — JC) mol of 
substance R it holds 

x mol Z -*xr mol M+ 

j t ( l - b ) m o l C D -

xb mol С" 

xb mol D" 

(1 - JC) mol R -* (1 - x)j mol N+ 

(l-x)t molE" 

n(2(cation))/mol = ; + (r - j)x 

n(2(anion))/mol = t - (t - í)x + xb 

For the Temkin activities of corresponding species in the molten mixture Z + R it 
holds 

e(M,CD) = *'(M4 • -(CD") =[тф^.т-ф=^-в (50) 
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a(MPC)^4M-)-,(C-)^]T^]P-t_(r_f);c + ;cfc (51) 

a(M,D)^4M-),(D-)47TT^]g
f_(/_f)jc + jcfo (52) 

. ( H E ^ ^ N ^ - ^ E ^ ^ ^ ^ J ^ ^ ^ - ^ J - (53) 

After introducing eqns (50—52) into eqn ( I í ) we find out that 

к^^=(1-ь)[{-
Хо-1)х+хЬ] W 

which is identical with eqn (30). Further procedure can be represented by the 
equations which are identical with the relationships (31) and (32). Thus we can 
replace in eqn (50) the expression xb/[t — (t — l)x + xb] with the right-hand side 
of eqn (33) and we get 

a = [j + (r-j)x\ 

2x + (1 - x)tbl - [(1 - xfrb% - 4(tx2 -x2- tx)bl]1/2 

(54) 
2t-2(t-l)x-(l-x)tb2

0 + [(l-x)2t2bi-4(tx2-x2-tx)bl]V2 

For the next calculation we shall use the substitution which is defined by eqn (44) 

A U + (r-J)x\ 

U = 2x + (l-x)tb2
0-[(í-x)2ŕb4

0- 4(tx2 -x2- tx)bl\in 

V = It - 2(r - \)x - (1 - x)tbl + [(1 - xfrbi - 4(tx2 -x2- tx)blY'2 

Further it holds 

d_A 
áx 

- I" xr J-1 rj 
~Г U + (r-i)xJ [j + (r-j)x]2 

^ j = 2-tbl-\[(l- xfrbt, - 4(tx2 -x2- tx)blYV2 • 

• [ - 2(1 - x)t2K - 4(2tx -2x- t)bl] 

^=-2(t-\) + tbl + \[(\-xft2bt-4(tx2-x2-tx)blYV2-

• [ - 2(1 - x)t2b% - 4(2tx -2x- t)bl] 

Chem. zvesti 38(4)433—447 (1984) 4 4 5 



M. MALINOVSKÝ 

For calculation of the expression lim da/dx for x —> 1 we shall use the 
relationship (46). The corresponding limits are as follows 

lim Л = 1 

lim U = 2-2bo 

lim V = 2 + 26o 

lim dA/djt =/ 

lim dU/dx = 2-(2-t)bo- bit 

l\mdV/dx=-2(t-l) + (2-t)bo-b2ot 

After introducing into eqn (46) and rearrangement we get 

,. da 1 — bo.l — bot , „ 4 
l i m T " = r T - r i + T T T " ' ř ( 5 5 ) 

djc 1 4- bo 1 + bo 
or 

lim^=\=^o(j + t) = a0(j + t) (56) 

Introducing this result into eqn (4) we obtain the expression 

x^'tWf"+" < 5 7 > 
Substance R = N,Eř, when it totally electrolytically dissociates, brings in the system 
formed by molten pure complex compound Z = MrCD totally q new particles, viz. j 
cations N+ and t anions E~; j + t = q. Therefore fcst(R/Z) = g. It is the same 
expression which we obtain by replacing a0 and lim da/dx (for x —> 1) in eqn (5). 

As we have already pointed out application of the Temkin model for calculation 
of activities of corresponding constituents in the derivation of the cryometric 
relationships reflects very remarkably the influence of the noncommon ions in 
substance R on the value of the expression lim da/dx on the side of compound Z. 
The method of calculation of lim da/dx as the limit of the expression AU/V has 
not only the character of a mathematical rearrangement but it has also physical 
background. The term A is related to the noncommon cations of substance R while 
the term U/V to the noncommon anions. 

In this paper it has been assumed that in the system Z—R the complex 
compound Z = Mr(CD) exists. The phenomenon of the partial thermal dis­
sociation, which is characterized by the degree of dissociation, viz. b0, relates to the 
complex anion (CD)" The result of this assumption is the nonsymmetrical form of 
the right-hand side of eqns (45) and (46). The term which reflects the effect of the 
noncommon cations is substantially more simple than, that corresponding to the 
effect of noncommon anions. 
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If assuming the existence of a complex cation, which undergoes a partial thermal 
dissociation at melting, the corresponding expression would obtain an "inverse" 
form. 

Regardless of the asymmetry of the right-hand side of eqns (45) and (46), after 
introducing the corresponding terms the symmetrical eqn (55) results. It means 
that the effective contribution to the depression of the liquidus temperature of 
complex compound at x —> 1 caused by noncommon cations is quite equivalent to 
that caused by noncommon anions. 

Similar result can be obtained by the direct application of the Temkin model for 
derivation of activities of the complex compound Z in the given system. It holds 

я (MrCD) = * r(M+) - jt(CD-) 

and hence 

da(M rCD) d[x'(M+)] dx(CD-) 

dx(MrCD) X{SAJ > dx(M r CDr * КШ } d*(MrCD) 

For the expression lim da(MrCD)/djt(MrCD) when x(MrCD) —> 1 it holds 

.. da(MrCD) d[*'(M+)] , 
hmďxWČĎ) = lUaX(CD ) h m dx(M r CD) + 

The first term on the right-hand side of eqn (58 ) corresponds to the contribution of 
noncommon cations of substance R, while the second term reflects the contribution 
of the noncommon anions to the value of the expression da(Z)/dx(Z) and, 
therefore, also to the expression lim da(Z)/dx(Z) for x(Z) -» 1. 
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