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1.~ (20%) For an open system containing N components, each component has n; moles; /=1, 2, 3,.. N.

(a) (10%) please derive the universal criteria for an irreversible process. ( GrLL; - Pwhew\ W}'a‘n )
(b) (10%) please describe in details how to determine the most stable state.

2. (30%) Please draw appropriately molar Gibbs free encrgy versus composition diagrams at the indicated
temperatures for the two A and B binary systems whose phase diagrams appear below.

@) (b)

3. (30%) A real gas is described by Van der Waals equation (P + ‘gz‘)(v —b)=RT, where P is pressure, v is
v
molar volume, T is temperature, R is the gas constant, and a and b are positive constants. Below the critical

point T, the liquid and the gas phases can coexist.
(a) (6%) Please plot the corresponding P versus v at T > I,, T=T,,and T<T,, respectively.

(b) (4%) What is the change of molar Gibbs free energy Ag from state 1 with P), v, to state 2 with Py, v,
when T'is a constant?

(c) (6%) Please plot the corresponding Ag versusPat I'>7,, T=T,,and T < T, , respectively.
(d) (6%) Are he P-v curves of part (a) and the Ag -P curves of part (c) corresponding the truly most stable
state curves? i not, please draw the P-v curves and Ag -P curves corresponding to the most stable states.

(¢) (8%) Please dewrmine the critical temperature, critical molar volume, and critical pressure.

4. (20%) Please find tie work W, the heat Q, thechange of internal free energy AU, the change of enthalpy
AH, and the change ~f Gibbs free energy AG, for an isothermal reversible expansion from an initial
volume ¥ to a final voluxe ¥, for # moles of a gas which obeys the equation P(V —nb)=nRT.
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