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It is shown that thermal dissociation of complex compound A, B, in the
mixture containing components A or B depends on the value of stoichio-
metric coefficients r and s. In the systems of the type A—A,B, for s > | and
B—A,B, for r > 1 the degree of thermal dissociation of the complex com-
pound at infinite dilution equals one (b, = 1) and the change of mole
fraction of undissociated compound with the change of composition of the
system equals zero. In this case there occurs a minimum on the curve of
dependence of the degree of dissociation on composition of the system.

On the contrary in the system of the type A—A,B, for s = | and in the
system B—A B, for r = 1 the degree of dissociation of the complex com-
pound monotonously decreases with decreasing content of the compound in
the system and at infinite dilution it approaches to a value which is generally
different from one. The change of mole fraction of undissociated compound
with the change of composition of the system differs from zero in this case.

[Toka3aHo, YTO TEPMHYECKOE PA3JIOKEHHUE CJIIOXKHOrO coeauHeHus A, B,

Ha CMeCh, COAEPXKALLYID KOMIIOHEHTbl A WM B, 3aBHCHT OT 3HaueHHs
CTEXHOMETpHYECKUX K03(dHIUEHTOB r 4 5. B cuctemax Tuna A—A B, nns

s> 1u B—A,B, nns r > | creneHs TepMUUECKOR TUCCOLUALIUU CIOXKHOTO
coeMHEHHUs NMpU OecKkOHEYHOM pa3baBiieHUu b, = |, U U3IMEHEHHE MOJIb-
HOM [OJIM HEIUCCOLMHPOBAHHOTO COEOUHEHHS MPU M3MEHEHHMH COCTABA
CHCTEMBI PABHO HYJIO. B 3TOM Cilyyae uMeeT MeCTO MHHUMYM Ha KpUBOMH
34BHCHMOCTH CTENEHH JUCCOLMALIHH OT COCTABA.

Haobopor, B cucteme Tuna A—A B, s s = | u B cucteme B—A B, nis
r =1 cTeneHb AUCCOLUMALMU CJIOXKHOIO COEAUHEHUS PABHOMEDHO YMEHb-
ILIAETCS NP CHIKEHMH COOEpXKAHMS COCOMHEHHS B CHCTEME M mpH bec-
KOHEYHOM pa30aBieHUM NPUOJIMKAETCS K BEJIMYHMHE, B OOLIEM cllydyae
OTJIMYHOM OT eauHH1bl. U3MeHeHHe MOJILHOM T0JIH HEAUCCOLIMUPOBAHHOT O
COEeMHEHUS NPH U3MEHEHUH COCTABA CUCTEMBI OTJIMYHO OT HYJISi B AAHHOM
ciyqae.
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The existence of complex compounds with nonzero degree of thermal disso-
ciation in the molten systems remarkably influences their physicochemical
properties. The products of dissociation can be volatile or chemically active and
this can be important for the design and control of technological processes.
Knowledge on dissociation of complex compounds in molten systems as it
follows from thermodynamic analysis is important also because of lack of direct
experimental evidence of chemical compounds in high temperature systems by
spectroscopic methods. The thermodynamic analysis is based on the data on
solid—liquid equilibria, volume properties, vapour Ppressure, etc., which are
easier available than direct spectroscopic investigation.

Let us consider the system A—B in which a congruently melting compound
A,B, is formed. This compound partly thermally dissociates under melting
according to the scheme

AB, =2 rA+sB (4)

This system can be divided into two binary systems A—A B, and A,B—B. After
this transformation of coordinates the weighed-in mole fraction of the complex
compound A, B, = Z in its mixture with substance A will be denoted as x. Then
the mole fraction of A in this mixtureis | — x. As the complex compound partly
thermally dissociates under melting (the degree of dissociation will be denoted
as b) it holds for the amounts of substances in 1 mol of the molten mixture

nya=1—x+4rxb
ng = sxb (1)
n, = x(1 —b)
Then for mole fractions of the components in the mixture it holds
I —x+rxb
'\‘A =
1+ xb(r+s—1)
sxb
Xg = (2)
1+ xb(r+s—1)
x(1 —b)

.\_Z =
I+ xb(r+s—1)

x, is the mole fraction of undissociated complex compound. Let us denote the
degree of thermal dissociation of this compound in the melt of composition
corresponding to this compound (x = 1) as b,. The degree of dissociation at
infinite dilution (x — 0) will be denoted b, . When we assume an ideal ther-
modynamic behaviour of molten mixture (this assumption does not influence
conclusions about behaviour of the system at infinite dilution) the activities of
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components equal to their mole fractions and for the equilibrium constant of the
reaction (A4) it holds

(xrb+ 1 —x) (xsb)"
[xb(r4+s—1)+1]""*"" x(1 = b)

Kdis(Z—A) = (3)

Analytical solution of the relationship (3) for b = f(x) is available only for the
simplest case when by # 1, r =1, s = 1. Then it holds

4)

At the derivation of the relationship (4) only the values b > 0, which have a
physical meaning, are considered.

General analytical solution for the degree of dissociation in the form b =
= f(by, x, r, s) is not possible. This task can be solved only numerically for
chosen values of b, x, r, and s. Model calculations of the dependence b = f(x)
were carried out for all combinations of stoichiometric coefficients changing
from 1 to 5 and the values of b, changing from 0.1 to 0.9 with the step 0.1. For
illustration in Fig. | there is plotted the function b = f(x) in the systems A—AB,
and A—A,B. (Detailed numerical calculations are not presented in this paper.
They are available at the authors on request.)
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Fig. 1. Dependence of the degree of thermal
dissociation of complex compound of the type
Z = AB, (dashed linc) and Z = A,B (full line) 0.0 q
on composition of the system Z A (b, = 0.3: ’ x(Z) =1 ti x(Z)=0
of A
0.5:0.7). x(A) =0 mole fraction x(A) =1

Analysis of the obtained data showed that the course of the thermal dissocia-
tion of compound Z = A B, in its mixture with substance A depends remarkably
on the value of the stoichiometric coefficient s. (The case of the mixture B—A, B,
is similar. Here the degree of dissociation depends on the coefficient r.)
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When s = 1 then it holds for eqn (3)
bxrb+1—x)"

K is Z—A — (5)
ol ) (xrb+ 1)" (1 —b)
At infinite dilution when x — 0
: (Z—A
Ki(Z—A) = b, ,Tesp. b, = _KalZ—A) (6)
1-b, Kg(Z—A) + 1

It can be shown that for decreasing x (the mole fraction of complex compound
A,B in its mixture with substance A) the degree of thermal dissociation of this
compound decreases from the value of b, to b, . It is important that in this case
b, differs from 1. It can be also proved (see Supplement A) that it holds

K

lim (db/dx) = r ——— 7
lim (db/dx) "X+ 0 (7)
lim (dx,/dx) =1 -8, 8)

In a special case (which is, however, very frequent) when also r = 1 it holds
]im{ (dx,/dx)=1—-b¢ r=1,s=1) 9
x—=0 #

From the derived relationships it follows that in discussed cases we can judge
from the value of b, on the degree of dissociation of complex compound at
infinite dilution. For illustration we present in Table 1 the relationships between
the constants b, and b, for some typical cases.

The case when s > 1 is from the mathematical point of view more com-
plicated than the former case because we cannot get rid of the term x*~' in
numerator of the relationship (3).

In infinite dilution we obtain the relationship

0
1 _bv_

(10)

lim Ky(Z—A) =
x—0

As the equilibrium constant differs from zero denominator in eqn (/0) must be
equal to zero and thus b, = 1.

Mathematical analysis of the dependence b = f(x) shows that this function
has an extremum (for s > 1). Coordinates of the extremum can be found from
the condition db/dx = 0 (see Supplement B). There exists no general analytical
solution of this problem and thus the coordinates have to be determined
numerically. It can be proved that at the limit for x — 0 it holds
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Table 1

Relations between the degrees of dissociation b, and b, for chosen types of complex compound A B

Compound  r s b, =1(by)
AB 1 1 b, =b;
K}
A,B 2 1 b= 260
1 + 3b,
2763
A,B 3 b, =——2t0
1852 + 8by + |
2563
AB 4 1 b, = .
1 + 156, + 8062 + 160b;
3125b¢
AsB 5 I b

b, =
| + 24b, + 22562 + 10006 + 187557

lim (dxz/dx) = 0 (1)

The proof of the statement (/7) is briefly discussed in Supplement B. (This
conclusion can be understood when we take into account that in similar rela-
tionship (8) b,, approaches to one.)

Discussion

From the physical point of view the phenomenon of the dependence of
dissociation on the stoichiometry of complex compound can be explained on the
basis of following model. Let us consider the system of the type A—A, B, with
s = 1. At infinite dilution of the complex substance there is only a negligible
amount of molecules B in the system. Thus in the neighbourhood of each
molecule B there is sufficient amount of molecules A for formation of complexes
A,B. However, in the case that s > 1 formation of the complex requires in
addition to molecules A also s molecules of substance B. When the substance B
is present only in a small amount formation of this compound is not probable.
It corresponds to the total dissociation of the complex compound.

Similar reasoning can be used for explanation of total dissociation of com-
plex compound A,B, at infinite dilution in the melt of substance C which
contains neither molecules A nor B. This case is well-known and it has been
discussed in literature. As example we can give the case of dissociation of
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Supplement A
The derivation db/dx can be obtained by implicit derivation of the relationship (3).

_OF
db O0x
== 2
Y (12)
ob
F(x,b)=K[bxr+ 1]"x(1 =b) —[x(rb— 1)+ 1]"xb=0 (13)
db _ Kribxr+11"""br(1 = b) —rlx(rb = 1) + 1" ' (rb = 1)b (14)

dx - Krlbxr + 11" 'xr(1 — b) — K[bxr + 11" — r[x(rb — 1) + 1" " "bxr — [x(rb — 1) + 11"

In the limit for x — 0 we obtain from the relationship (/4) the result (7).
For the change of model mole fraction of component Z with the change of weighed-in mole fraction of this component it

holds

%= M=b+x(=b)[l +xb(r+s—D]—x(1 =b)[p(r+s—1)+xb'(r+s—1)] (15)
dx (14 xb(r+s— 1)

b’ in the relationship (/5) denotes the derivation db/dx. In the limit for x — 0 we obtain the relationship (§).
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Supplement B
At the extremum of the function b = f(x) it must hold db/dx = 0 and thus also 0F/0x = 0.

oF

6— =K1 =b)[bx(r+s— D)+ 11" bx(r+s—D(r+s)+ 1] =[x(b—= 1)+ 1]"" " (sb)'x* "[x(rb = 1) (r + 5) + 3]
X
(16)
dbjdy =211 8 (17)
C
where

A= —K(1 =b)[bx(r+s—1)+ 11" 2[bx(r+s—=1D(@r+s) + 1]

B=[x(rb—1)+ 11" (sb)'x* " [x(rb— 1)(r + 5) + 5]

C=Kxbx(r+s—1D)+ 11" +s=1V+x(1 =b)—[bx(r+s— 1)+ 1]} —
—x[x(rb— 1)+ 1177 x* 7 (sb) T {2 (xsh) + s [x(rb — 1) + 1]}

Because for x — 0 the numerator and denominator in the relationship (/7) equal zero the limit of the expression (/7) has
to be calculated using the I'Hospital rule. For x approaching zero the value of expression (/7) differs from zero. Then from
the relationship (/5) it follows that

lim (dvz/dx) = 1 = limb=1—b, =0 (18)
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Na,AlF, in the melt of NaCl [1]. Molten sodium cryolite Na,AlF, yields seven
new (foreign) species in the melt of sodium chloride.

As an example of the system A—A, B where the degree of thermal dissociation
of infinitely diluted complex compound differs from one the system NaF—
—Na,SO, [2] can be quoted. In this system the complex compound Na,FSO,
is formed. Degree of dissociation of pure compound at its melting is b, =
= 0.73—0.75. At infinite dilution in molten NaF the degree of dissociation
approaches 0.55, which is close to b3 (Table 1). This confirms good agreement
between theory and experiment.

It is difficult to find suitable example for the case of the system A—A B, with
s > 1. The reason is that in this case besides the complex compound A,B, with
s> 1 also a compound with s = 1 is formed. As example one can present the
system NaF—NaAlF, in which the following complex compounds are formed:
Na,AlF, (type A,B) and Na,Al,F,, (type A,B;). Thermodynamic analysis
and calculation of model composition of this system have been published by
Cochran [3]. The results of cited paper are in agreement with conclusions about
dissociation of complex compounds which are presented in this work.
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