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1. (25 %) Explain the following terms:
(a) chemical potential, (b) entropy, (c) critical point, (d) tie-line, (e) spinodal
curve.

2. (20 %) A real gas is described by Van der Waals equation (P+izj(v—b)= RT,
v

where P is pressure, v is molar volume, T is temperature, R is the gas constant,
and both a and b are positive constants.
Does the volume affect the internal free energy and the heat capacity at a fixed

temperature? Please debate your answers in quantitative derivations.
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Please derive the equation which describes the relationship between the equilibrium
constant Kp and the standard molar gibbs free energy difference ag’, ie.,
Ag® =-RThK,.

4. (30 %) For a regular solution of binary A and B mixtures, the mixing Gibbs free
energy per mole, AG,,, is given by
AG,=RT(x,Inx, +x;Inx,)+Qx,x,

where R is the gas constant, T is the temperature, x, is the mole fraction of

component [, I =A, B, and (2 is the net interaction parameter between A and B.

(a) (8 %) Please derive the activity of component A, a,.

(b) (12 %) Please plot AG, versus x4 for various 2 values. Please also plot
the corresponding a, versus x,. For the curves you plot, please explain if
there exists one-phase region and/or two-phase region. Why?

() (6 %) Please determine the critical value of (2, above which there exists
two-phase region.

(d) (4 %) Please draw the phase diagram in terms of 2 and x,.
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