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The cla ss ical aClivity coefficient is ~hown to be unsuita ble for a cha rac teriza tio n of the interac tion 
of components in molten salts. A better a pproach consists in the use o f . he "glo ba l" activity 
coefficient by which the model acti vity must be multiplied to give the thermodyna mic activity, 
o r of the suggested " in terna l" activity coefficient by which the concentra tion varia ble is multiplied 
in the expression for the model activity to become identical with the thermodyna mic ac tivity. 
The conclusions a re illustra ted on a Li F- NaCi me lt. T he interrelation between the globa l a nd the 
interna l activi ty coefficient s is a na lyzed. It is suggested tha t the iI" terna l ac tivit y coefficient may 
find a pplica tion is statistica l modell ing o f melt sys tems. 

Consider a binary liquid-phase system . The partia l molar Gi bbs energy of the ;-th 
co mponent obeys the well-known relationship 

Gil = C? · t + RTln a i = C ?, I + RTln )liXi , (I ) 

/ 
where a j is the thermodynamic activity of the i-th component in the solutio n, XI is , 
its mole fraction , and )I i IS ItS " classical" activity coefficient. The state of the pure 
liquid ;-th substance at the temperature and pl essure of the system is chosen as the 
standard state. 

With respect to the nat ure of the interaction between the components in soluti~n, 
the deviation is either positive, )Ii > 1, or negative, )I i < 1. In the former case the 
interaction is weaker than as corresponds to the ideal solution and the partial molar 
enthalpy of mixing t..H! ;~ i ~ is usually positive; in the latter case the reverse is truc. 

For a melt system in which the two components exist in the ionic state, the classical 
activity coefficient fails to ~erve as a quantity characterizing properly the interaction 
of the components. 

Consider a melt system MA-NB2 in which the components are completely dis­
sociated to M + + A-and N 2+ + 2 B-ions. We shall express the component 
activities in terms of the models of Temkin l (T~m) al]d of Haase2 (Ha), apd. of 
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a universal model 3 (un ). For the three models we have 

(2) 

(3) 

( 4) 

The activity coefficients )' MA = GMA / X MA then are 

(5) 

(6) 

(7) 

These values differ from unity and depend on the mole fraction of the component. 
This is a consequence of the fact that in general the melt system does not obey, in the 
classical conception, Raoult's law or Henry 's law, hence, the relations 

(8) 

are not satisfied (kH is Henry's constant). From this point of view, ionic systems are 
usually divided into two classes, viz. 1st kind systems or solutions for which relations 
(8) and (9) are valid, and 2nd kind systems or solutions for which one or both of 
Eqs (8) and (9) do not hold true4

". 

The activity coefficient of a component in solution of a given composition depends 
appreciably on the model applied. Let us treat, for instance, a LiF + NaCI melt 
saturated with LiF at 1043 K. For the activity of LiF we have 

( 10) 

whele ~H~iF is the fusion enthalpy of LiF, 27'105 kJ mol-I , and Tf is its fusion tem­
perature, which according to JANAF (ref. 6

) is 1121·3 K. 

Since TLF - T = 78·3 K < 100 K, the temperature dependence of ~HLF can be 
neglected. At 1 043 K, Eq. (10) affords the value of aLiF = 0·800. As is found in the 
phase diagram 7, XLiF then is 0·850. Thus the classical activity coefficient is 1'LiF = 

= aLiF/xliF = 0'9458, indicating a negative departure from ideality (1' < ]). 
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Now, let us determine the activity of LiF based on some models. A condition im­
posed on a model express ing the activity of component i along the liquidus in a simple 
eutectic sys tem i - .i is that it mu st sa ti sfy the limiting criterion, vi:. 

(! I) 

where k~:i is Stortenbeker's correction factor , numerically equal to the number o f 
new particles tha t appear in the system of pure component i if one molecule of 
component j is introduce d. In th e LiF- NaCI system (LiF = i, Nael = j) , NaCi is 
supposed to be complete ly di ~sociated into Na + and CI - ion s, hence k~''' C I , LiF = 2. 
This assumpti on can be verified by using experimental data. For XL iI' -> 1, Eq. (10) 
gives 

(! 2) 

or 

(13) 

SubstitutiJlg for the slope kZiF the experimentally fo und value? of approximately 

800 K, we obtain k~'"CI. LiF = 2·07 ~ 2·0. 

It can be demon strated that the limiting criterion (11) is met by the models of 
Temkin and Haase as well as by the universa l model , but not by the model of strictly 
regular so lutions, in which 

RTln i'i = w(1 - x;)2 , (14) 

and thus 

(15) 

and for XLiF -> 1, 

lim daLiF!dx LiF = 1 , (16) 
I 

hence a value different from k~'a CI . LiF' The model of strictly regular so lutions is 
obviously unsuitable for the calculation of the activ ity of LiF along its liquidus in 
the system with NaCI , and ",ill therefole be abandoned. 

In the three models (mod) regarded , i.e., Temkin's, Haase's , and the universal mo­
del, the activity of LiF for XLiF = 0·850 is 0LiF,mod = X~iF = 0'7225, and the activity 
coefficient , 

i'LiF ,mod = aLiF/aLiF.mOd (17) 

is 1'1127 fOf all of the three models . An appreciable positive departure from ideality 
is apparent. Thus, for one and the same system we obtain a negative departure from 
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ideality in the classical thermodynamic approach and a positive departure for the 
above three models . From the physical point of view, the latter models are preferred 
to the former model with regard to the fact that these satisfy the limiting criterion (I 1). 

Numerically the activity and the activity coefficient of LiF in the system can be 
assessed also in a different manner. The composition of the liquid system is XLiF = 

= 0'85 , XNaCI = 0'15, Xlii' + XI·,aCI = 1. Since, however, NaCI is present in the 
form of Na + and CI - ions, the formal composition of the solution should be regarded 
as 0'85mo) LiF, 0'15moINa +, and 0'15molCl - 1 lather than 0·85 mol LiF + 
+ 0'15 mol NaCI. The sum of moles then is 1'15 and the " true" mole fraction of 
LiF is X;:;F = 0'85/1'15 = 0'7391. This is a value approaching that of the model acti­

vity aLiF.mod = 0·7225. The " true" activity coefficient then is l' ~jF = aLjF/x~jF = 
= 0'8039/0 '7391 = 1'0877, a value close to the above model value of 1·1127. The 
diluting effect of Na + and CI- ions on lithium fluoride results in a weakening of the 
interaction in the Li+ -F - complexes playing the role of LiF molecules. This wea­

kening of interaction (with respect to the pure LiF melt) is manifested by a positive 
d eparture from ideality (the activity coefficient of LiF is greatel than unity). 

The activity coefficient defined by Eq. (17) will be referred to as the "global" activity 
coefficient; it is frequently used in papers of Grjotheim and his research groups when 
treating Temkin's model. 

We have 

(i8) 

the global activity coefficient thus relates, in the role of a coefficient, the "model" 

activity aj ,mod with the thermodynamic activity. 

ln all of the three models under cnsideration the activity of the component is a func­
tion of its mole fraction solely, so it can be written as9 

aj ,mod = f(Xi ,mod) (19) 

and 

a i = I'i.mod .f(Xi .mod) . (20) 

Here f(Xi,mod) denotes the mathematical operation that must be performed on Xi to 
convelt it into the activity of component i in the model in question. 

The departures from ideality can be corrected for also in another way. It is possible 
to determine the ideal mole fraction X:~mod having the propel ty that the expression 

f(X:~n"'d)' which will be denoted <mod' will be identical with a i. Generally, X:~mod is 
not identical with Xi; therefore it is convenient to introduce a new activity coefficient 
defined as 

(21) 
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In order to di stinguish this quantit y from the global activity coefficient Yi.mod' it will 

be referred to as the " internal " activity coeff1cient. 

'.ye have then 

(22) 

It will be clear that while by th e global activity coefficient the entire function (Ii,mod 

is multiplied, the quantity multiplied by the internal activIty coefficient is the a rgument 

of the function j(xJ As foll ows from the d efinitions of the two types of activity 

coeff1cient (Eqs (18) and (21)), the interna l a ctivity coefficient is more closely related 

to the classical thermodynamic activity coefficient, y; = oJx; = X;d/X;, than the glo­

bal activity coefficient. 

From the physica l po int of view, the global activity coefficient i' ;,lllod characterizes 

the departure of the actual behaviour of component i, as a whole in the system 

undel study , from the "ideal" behav iour wIllun the scope of the model applied, 

The internal activity coefficient, on the other hand , characterizes the departure of 

the actual interaction from the " ideal" interaction as postulated by the model. The 

species of component i are usually ions, simple or complex, " produced" by electro­

chemical or therma l dissociation, or a lso molecules emergirg li'om the partial thermal 

equilibrium dissociation o f substance i in the so lution, From this viewpo int, the intel­

nal activity coefficient can be expected to find application in the stati stical treatment 

of melt system models, 

l'here is a functional interdependence between the activity coeff1cients y and T, 
as will be demonstrated on the system M A-NB2' The a bove three mo del s - Temkin's, 

Haase's, and the universal model - will be treated, and only component M A will 

be considered, 

For Temkin's model we have 

(23) 

and at the same time, 

(24) 

By euminating QMA from this system of equations we obtain a quadratic equation with 

respect to TMA ,Tcm' the solution of which is 

where 

ZTcm = - YMA,Tcm X M .• .!2(2 - XMA) 

(the other root lacks physical meaning). 

Co lI.ect ion Czechoslovak Chern . Cornrnun. [Vol. 481 [19831 

(25) 

(26) 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



3194 Malinovsky, Kostenska , Vrbenska : 

Analogou sly in Haase's model, 

(27) 

where 

(28) 

a nd in the universal model, 

r MA , un = Y~A , un , (29) 

where 

q = J I k~tDl ,MA ' (30) 

The activities and the activity coefficients Yi ,mod and r i ,mod for the three models 
a nd some system types are given in Table 1. 

The utility of the internal activity coefficient will be illustrated on the example 
of the systems MA- NB2 and MA- NB4 treated in terms of Haase's model. Let the 
global activity coefficients of component MA for a mole fraction if X MA = 0,9000, 

be identical in the two systems, YMA , Ha = 1,3878 (see Table I , system MA- NB4) 
This means that in the two systems the component M A departs from ideality in the 
same manner, as postulated by Haase's model. The internal activity coefficient for 

XMA = 0,9000 is r MA ,Ha = ] ,1183 for system MA- NB2 and 1,0747 for system 

TABLE I 

Activit ies and ac tivity coefficients of the component MA in the various models; x MA = 0 '9000, 
(/ MA 0 ,8500 
----_ ...•. ---------~------~- ------ -------- ------- - -----------------_ .•. '_._-

Activities and activity coefficients 

System Temkin's model Haase's model universal relation 
type 

--~.---------- ~-----------

r (/ r r 

MA- MB 0,9000 0'9444 0'9444 0 ,9000 0'9444 0'9444 0'9000 0,9444 0,9444 

MA- MB2 0,8182 1'0389 1'0210 0,8163 1'0413 1'0218 0,8100 1'0494 1'0244 

MA- MB3 0,7500 1' 1333 1·0494 0,7438 1, 1428 1'0504 0,7290 1,I6fO 1,0525 

MA- MB4 tHi923 1,2278 1'0642 0'6805 1,2490 1'0652 0 ,6561 1,2955 1'0669 
MA- NB 0 ,8100 1'0494 1'0244 0,8100 1'0494 1,0244 0,8100 1'0494 1,0244 

MA- NB2 0,7364 1'1543 1,0515 0,7347 1,1569 1,0518 0,7290 1,1660 "0525 
MA- NB 3 0'6750 1,2593 1,0656 0 '6694 1,2698 "0660 0'6561 "2955 1,0669 

MA- NB4 0'6231 1' 3642 "0742 0'6125 1'3878 1-0747 0,5905 1,4394 ',0756 
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MA- NB4 . 1t can be thus inferred that in the former system the interaction of M + and 

A - ions is appreciably lower , of tha t from the point of view of the interaction this 

system departs more from the ideal behaviour described by Haase's model, than 

the latter system. Such information , which is of importance in the structure elucida­

tion of melt systems, cannot be derived from the global activity coefficient. 

Two remarks in conclusion. First , the systems considered are ionic, but the conclu­

sions arrived at hold al so if the so luti o n comprises neutral spec.ies only (e .g., mole­

cules) or both ion s and neutral specie~ : nal.lIJally, it is necessary to usc a model in 

which allowance is made for thi s fact (Temkin's mode l, for in stance, is here inappli­

cabl e). Second , while in the system considered the activity of a component depends 

on the mole fraction , it is independent of temperature. Should a i .mod be a function 

of both, a i.mod = f(Xi .11l0d ; T), the intern a l activity coefficient could only serve for 

a cOlfection of the concentration coordinate, a = f(ri .l11 rdXj; T). 

REFERENCES 

I. Temkin M .: Act a Ph ys icochim. URSS 20, 411 (1945). 
2. Haase R.: Z. Phys. Chem. (Frankfurt) 73, 1160 (1969). 
3. Malinovsk y M., Kostcn ska I.: C hcm. Zvesti 28, 493 (1974) . 
4. Frohberg M. G.: Arch. Ei se nhUtlen. 32, 597 ( 1961) . 
5. Malinovsky M.: C hem. Zvcsti 30, 730 (1975). 
6. Stull D. R ., Prophet H.: JA NAF Therll/odynamical Tables, 2nd Ed. Natl. Bur. Stand. (USA); 

Coden; NSRDA , 1971. 
7. Gabcova J ., Peschl J., Malinovsky M. , Kostcnska I.: C hclll. Zvcsti 30, 796 (1976). 
S. Grjotheim K ., Krohn C, T oguri 1. M.: Tran s. Faraday Soc. 57, 1949 (1961). 
9. TerlllxlYllamika iOl/ovych tavellill (M. Ma li novsky, Ed.). Rept. No A-1977-42 . Faculty of 

Chemical Technology, Slova k Institute of Technology, Bra ti s lava 1977. 

Translated by P. Adamek . 

Collection Czechoslovak Chern. Cornrnur. . [Vol. 481 [19831 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 




