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Interaction between Solute Elements at Any Given Concentration

in Homogeneous Multicomponent Solution.

Toshisada Mort and Akira MORO-OKA

Synopsis: .
~'The general relationship between activities and activity coefficients based on Raoultian and Henrian
reference states at any given concentration was derived and the relationship among concentration quo-
tients of solute activity at constant concentration and at constant concentration ratio was also derived.

WAGNER type theoretical series expansion is valid at any concentrated solution, and Taylor series ex-
pansion using the interaction parameters at constant concentration ratio is also possible. The conversion.
equations between several kinds of interaction parameters valid at any given concentration in a multi-
component solution were derived by the aid of Gibbs-Duhem equation and Maxwell cross differentials..

In a ternary system 1-2-3, the following relations were obtained at any given concentration:

dln 7, 7(811173 dlnyy
( a N, >N;“ oM, )N;+< 3Ny >N1

1 /8 logfe 1 /dlogfs 1 /9 log fi

TG s e 0 X, >X3+ M\ ox, >X1
where 7 (or f) is the activity coefficient in mole fraction basis (or in weight percent basis), N (or X)
is the mole fraction (or weight percent), M is the atomic weight and the underscript signifies the
component to be kept constant. It was also shown that the interaction parameter at constant mole
fraction ratio f (ij’= B ‘ji’ is valid at the condition N;=Nj, and from this it follows that 91n 7,/ d Ny=

0Inys/d Ny at Ny=N,=0"5 in a binary solution. A discussion was made concerning the solution iron-
nickel as an example.
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Schema of the relation between Raoultian
activity and mole fractions.

AA3AzA3 is mole fraction plane, 4A;BA; is the
plane representing Raoult’s law (4:°(R)=N,),
A,B is activity axis of the component 2, and cu-
rved surface A; BA; batched in part is activity
surface of the component 2 based on Raoultian
reference state, respectively.

If P,is the intersection point of the activity surface
and the vertical line PPz at an arbitrary‘point P
on AA AzA;3, and Pp is that of the line and Ra-
oult’s law plane, the activity coefficient of the

component 2 is given by 75=PP,/PPp.

Fig. 1.
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4A;'G'Ag" corresponds to 4A;CA; in Fig. 2,
equation is represented by a:°(%)cuy=7:'Xz/ {M,

Schematic representation of the activity
coefficient in mole fraction unit based on
Henrian reference state.

4A,CA; represents Henry’s law plane given by
a:°ca>=72'Ng, where 7o' is the tangent:(das/dN;) v,
at the point Q. Then PPy is equal to 73'N,, and
22 is given as the ratio 15?4/13‘15;[.

B

Schema of the relation between Raoultian
activity and weight percentage.
4A'Ag'Ay'" is the weight percent plane. Though
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use this Henrian plane is related to weight per-
cent.

Hence, Henrian activity coefficient f, re-

lated to weight percent is given by fo=PP,/PPy’.
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