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The enthalpy of a binary liquid system of species 1 and 2 at fixed T and P is repre-
sented by the equation:

H = 400x) + 600x2 + x1x2(40x] + 20x2)

where H is in J mol~!. Determine expressions for f; and H, as functions of x;,
numerical values for the pure-species enthalpies Hy and H,, and numerical values for
the partial enthalpies at infinite dilution H{® and H°.

Solution 11.4

Replace x, by 1 — x) in the given equation for H and simplify:

H =600 — 180x; — 20x] (A)
dH
Whence, —— = —180 — 60x7
dxy
o dH
By Eq. (11.15), Hy =H+x;
dx)

Substitute for H and d H /d x;:
Hy =600 — 180x; — 20x; — 180x2 — 60x7x,
Replace x; by 1 — x| and simplify:
Hy = 420 — 60x] + 40x] (B)
dH

By Eq. (11.16), Hy=H—x—
dx



Here’s Example 11.4
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CHAPTER 11. Solution Thermodynamics: Theory

Whence, Hy = 600 — 180x; — 20x] + 180x; + 60x}
or l-_lz = 600 + 40.7:13 (C)
One can equally well start with the given equation for H. Because d H/dx,
is a total derivative, x» is not a constant. Since xp = 1 — x1, dxz/dx; = —1.
Differentiation of the given equation for H therefore yields:
dH

T 400 — 600 + x1x2(40 — 20) + (40x1 + 20x2) (—x1 + x2)
X
Replacing x3 by 1 — x; reproduces the expression previously obtained.

A numerical value for H) results by substitution of x; = 1 in either Eq. (A) or
(B). Both equations yield H; = 400 mol~!. Similarly, H, is found from either
Eq. (A) or (C) when x| = 0. The resultis H> = 600J mol~!. The infinite-dilution
values I:l]"C and I:lz“’ are found from Eqs. (B) and (C) when x; = 0 in Eq. (B) and
x1 = | in Eq. (C). The results are:

A =420 and H5® = 640 J mol ™!
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(¢) Show that Egs. (B) and (C) satisfy Eq. (11.14), the Gibbs/Duhem equation.



And here’s equation 11.14 below:
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is equation must be satisfied for all changes in P, T, and the M; caused by changes of state

n a homogeneous phase. For the important special case of changes at constant 7 and P, it
implifies to:

> xidM; =0

i

(const T', P) (11.14)

Equation (11.11) implies that a molar solution property is given as a sum of its parts and
at M; is the molar property of species  as it exists in solution. This is a proper interpretation
rovided one understands that the defining equation for M;, Eq. (11.7), is an apportioning
rmula which arbitrarily assigns to each species i a share of the mixture property.?

The constituents of a solution are in fact intimately intermixed, and owing to molecular
teractions cannot have private properties of their own. Nevertheless, partial molar properties,
defined by Eq. (11.7), have all the characteristics of properties of the individual species as
ey exist in solution. Thus for practical purposes they may be assigned as property values to
e individual species.

The symbol M may express solution properties on a unit-mass basis as well as on a
ole basis. Property relations are the same in form on either basis; one merely replaces n,
e number of moles, by m, representing mass, and speaks of partial specific properties rather
an of partial molar properties. In order to accommodate either, we generally speak simply of
ial properties.

Interest here centers on solutions; their molar (or unit-mass) properties are therefore rep-
sented by the plain symbol M. Partial properties are denoted by an overbar, with a subscript
identify the species; the symbol is therefore ;. In addition, properties of the individual
ecies as they exist in the pure state at the T and P of the solution are identified by only a
bscript, and the symbol is M;. In summary, the three kinds of properties used in solution
ermodynamics are distinguished by the following symbolism:

Solution properties M, for example: U HSG
Partial properties M;, forexample: U;, H;, S;, G;
Pure-species properties  M;, for example: U;, H;, S;, G;





