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General relations between excess thermodynamic functions and activity coefficients related 
to different standard states are derived in a thermodynamically exact way and discussed from 
the point of view of their chemical-engineering applications. 

In a thermodynamic quantitative description of a muIticomponent liquid system 
one usually proceeds by comparing properties of components in the solution with 
those in selected standard state. To facilitate this comparison, auxiliary thermo
dynamic functions were introduced, namely the activity and activity coefficient 1. 

If the critical temperature of a component is higher than the temperature of the 
system, it is usual to choose the standard state as (for the details see, e.g.2

•
3

): pure 
component at the temperature and pressure of the system. The activity coefficient Yi 
is then normalized so that it holds: 

a) Yi -+ 1 as Xi -+ 1 . (1) 

If the critical temperature of a component is lower than the temperature of the system, 
it is suitable to choose the standard state as : component in a hypothetical pure state 
extrapolated from its behaviour in an infinitely diluted solution. The activity coef
ficient Y; is then normalized so that it holds 

b) (2) 

The main practical task in the thermodynamics of mixed phases dwells in searching 
for a thermodynamically consistent description of the dependence of activity coef
ficients of both types on state variables, especially on composition. 

In the case of type (a) activity coefficients, the method employed first by Scatchard4 

has proved satisfactory. His concept is based on the balance of a process during 
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which a solution is formed from its pure components at the temperature and pres
sure of the system. The difference between changes in the Gibbs function associated 
with the real and ideal mixing process is equal to the so called excess Gibbs function 
of mixing. The expression of its composition dependence is a further step in the 
process and partial derivatives of this excess function with respect to the number 
of moles of a component lead to a thermodynamically consistent description of the 
concentration dependence of type (a) activity coefficients. 

In this communication we will show that in the case of activity coefficients normalized 
according to Eq. (2) it is suitable to start from the balance of a process during which 
an infinitely diluted solution is formed from a solution of a given composition. 

Let us consider a process during which a multicomponent mixture is diluted 
with a large excess of a mixed solvent 

[T, p] 

In this equation, B, C, ... R, S, denote components in the system, nB, nc,··., nR, ns, 

their amounts in mol, the symbols in bracket denote solutions of a given com
position and [T, P] emphasizes that the process proceeds at constant temperature 
and pressure. The following relations hold between the amounts of components 
of the mixed solvent 

The change in the excess Gibbs function associated with the process described' 
by Eq. (3) is given by the difference between values corresponding to the final and 
initial states of the system, namely 

ilG!il = nBji~ + nci"i~ + ... + nRji~ + nsji~ + .. . 

-nBJl~ - ncJl~ - ... - nRJl~ - nsJl; - .. . 

-nRji~ - nsji~ - ... + nRji~ + nsji~ + ... = 

nB(ji~ - Jl~) + nc(ji~ - Jl~) + ... + 

+ nR(ji~ - Jl~) + ns(ji~ - JlD + ... , (6) 

where Jl~ (= RTln Yi) is the excess chemical potential of component i (i = B, C, ... 

Collection Cze.choslov. Chern. Commun. [VoL 44] [19791 



Relations between Excess Thermodynamic Functions 2457 

... R, S, ... ) in the original solution and ji~ (= RTln iii) is the excess chemical 
potential of component i in the infinitely dilute solution. 

After introducing excess chemical potentials J1~' and activity coefficients y; defined 
through the relations 

(7) 

where the dashed superscript emphasizes the choice of an infinitely diluted solution 
as the reference system, and after introducing a new excess function ~GE', through 

relation (6) can be written in a formally simple form 

Partial differentiation with respect to the number of moles of component 
further to 

(8) 

(9) 

leads 

(10) 

According to the Gibbs-Duhem relation, the second term on the right-hand side 
of Eq. (10) is equal to zero 

(11) 

so that, by connecting Eqs (10), (11) and (7), we obtain the final form 

-- = l1i = RTln Yi = RTln y;jYi' (a~GE') E' , _ 

ani T,P,"J" 

(12) 

It is obvious from the resulting equation (12) that if we know the concentration 
dependence of the excess function ~GE', it is possible to express consistently the con
centration dependence of type (b) activity coefficients by a simple mathematical 
operation, i.e., by partial differentiation with respect to the number of moles of a com
ponent. 

Eq. (6) was derived by a general method for a-mixed solvent. Ifthe solvent is the 
pure component R, its chemical potential is equal to that of the pure component R; 
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since it holds 

ii~ = RTlnYR = 0; [XR -> 1J (13) 

and , by connecting Eqs (13) and (12), we obtain 

J.lr = J.l~ = RT In Y~ = RTln YR; [xs -> 0, ... J . (14) 

Further it will be shown how the process described by Eq. (3) can be replaced by the 
following steps: 

[T, pJ 

[T, pJ 

(15) 

(16) 

(17) 

(18) 

(19) 

- (20) 

(21) 

(22) . 

By algebraic addition of contributions (16), (18), (20) and (22) we obtain the relation 
which is identical with the equation (6) 

AGE' = AG; + AG; - AG~ - AG~ = 

= nB(J.l!; - ii!;) + nc(J.l~ - ji~) + '" + nR(J.li - ji~) + ns(J.l~ + iin + '" 
(23) 

Eqs (12) and (23) are directions for mutual recalculations of activity coefficients and 
excess thermodynamic functions related to different reference systems and facilitate 
the use of practically verified assumptions of the concentration dependence of the 
excess thermodynamic function of mixing. 
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