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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 multicomponent 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!,

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.*'®): pure
component at the temperature and pressure of the system. The activity coefficient y;
is then normalized so that it holds:

a) y;=>1 as x;>» 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) yi—>1 as x;-0. (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 Scatchard*
has proved satisfactory. His concept is based on the balance of a process during
* Part LXXXIII in series Liquid-Vapour Equilibrium: Part LXXXII: This Journal 44, 2006
(1979).
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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

[ngB + ncC + ... + ngR + ngS + ...] + [(Aeg — ng)R + (As — ng) S + ...] =
= [ngB + ncC + ... + AgR + AS + ...]; 3

[T, P]
In this equation, B, C,... R,S, denote components in the system, ng, ng, ..., ng, Hs,
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

fig > ng, Hg > ns, ... (4)
figfis = ngfns. ©)
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

AGE, =  npfis + ncile + ... + Agilg + Agfle + ...
—MpUE — NCUE — ... — MUK ~ Agi§ — ...
— Al — Tsls ~ ... + Ngjlg + nsiI§ + ... =
= ng(fig — pp) + ne(fic — pe) + ... +
+ne(iR — #R) + ns(A§ — 15) + ..o, (6)
where ui (= RTln y,) is the excess chemical potential of component i (i = B, C, ...
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...R,S,...) in the original solution and i} (= RTIn#,) is the excess chemical
potential of component i in the infinitely dilute solution.

After introducing excess chemical potentials u and activity coefficients y; defined
through the relations

w5 = pf - B = RTIny; = RThn 35, %

where the dashed superscript emphasizes the choice of an infinitely diluted solution
as the reference system, and after introducing a new excess function AG®’, through

AGY = (-AGY), 8
relation (6) can be written in a formally simple form
AGE = ngliy 4 ncpg + ... + npup + ngpg o+ ... 9)

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

dAGY , out’
SRR NG
on; T,P,nyat k O /T Poisas

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

on;

.
8 ("A) _o, (11
T,Pingcsy

so that, by connecting Eqs (0), (11) and (7), we obtain the final form
aAGE . ) X
—_— =yt = RTlny, = RTIny,/7,. (12)
on; T.Pnje1

It is obvious from the resulting equation (12) that if we know the concentration
dependence of the excess function AG*, 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 @ mixed solvent. If the 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

At = RTInjg = 0; [xR - 1] (13)
and, by connecting Eqs (/3) and (/2), we obtain
pp =pr=RTInyp = RTInyg; [x—0,...]. (14)

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

ngB + ncC + ... + ngR + nS + ... = [ngB + ncC + ... + ngR + ngS + ...]
[T, P] (45)
AGE = nguf + nepe + ... + ngug + neps + ... (16)
MR + S + ... = [ARR + AS + ...], [T, P] (17)
AGE = figiiy + Fgits + ... (18)

[ngB + ncC + ... + AgR + AS] = ngB + ncC + ... + AgR + AsS + ...,

[T, P] (19
—AGE = —ngfif — ncfif — ... — AgAEk — Agdt — ... ~(20)
[ngR + nsS + ...] =ngR + nS + ..., [T, P] (21
~AGS = —npfif — ngll§ — ... (22).

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

AGY = AGE + AGE — AGE — AGE =
= nglup — Fg) + ncWe — A + - + ng(uk — Ax) + nslps + F5) + ...
(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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