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1. (15%) The virial equation of state for n-butane at 460 K is Z = 1+ A/V + B/V? in which A = 265

N

(98]

cm’/mole and B = 30,250 cm®/mole®. Calculate A G when the volume of one mole of n-butane is
decreased from 400 to 200 cm® at 460 K.

(15%) For an ideal gas, show that dS = (nC,/T)dT + (nR/V)dV .

The initial state of one mole of a monotomic ideal gas (y=5/3) is P =12 atm and T = 300K.
Calculate AS, AU, AH of the gas for

(a) (10%) an isothermal decrease in the pressure to 1 atm;

(b) (10%) a reversible adiabatic expansion to a pressure of 1 atm.

(25%) The variation, with composition, of G™ (excess molar Gibbs free energy) for a regular
solution system, liquid Fe-Mn alloys, at 1927°C is listed below.
Xwvin 0.1 0.2 0.3 0.4 0.5
G joules 360 640 840 960 1000
Calculate the following answers assuming that the solution still exhibits regularly at a temperature
of 2127 °C.

(a) The respective Gr and Gin (partial excess molar Gibbs free energy of component Fe and Mn)
at X, =0.6 at 2127°C.

(b) The AGM (molar Gibbs free energy of mixing) at Xy, = 0.6 at 2127°C.

(c) The respective activities of Mn and Fe in the alloy of X34, = 0.4 at 2127°C.

(d) The respective partial pressures of Mn and Fe exerted by the alloy of Xy, = 0.4 (as the same
case in (c)) at 2127°C. The saturated vapor pressures of liquid Mn and liquid Fe are given by

InP;, (atm)=— 33,440 —3.02InT +37.68
In P;, (atm) = — 45i90 -1.27In7T +23.93

(10%) A CHy4-H, gas mixture at 1 atm total pressure, in which py, = 0.9425 atm, is equilibrated
with an Fe-C alloy at 1000 K. Calculate the activity of carbon with respect to graphite in the alloy.
What would the value of py in the gas mixture (at Pioat = 1 atm) have to be in order to saturate the
Fe with graphite at 1000 K. Given:

2H2(g) + C(gr) = CH4(g) AG°®° =-91040+110.7T J

(15%) For the reaction M) + Oag) = MOy in AG-T diagram, if M, and MOy are present in
solution with respective activities of ayv and amoz, show a plot of the differences in AG between
the reactions M) + Oz(g) = MOxs) and M sotutiony + O2(g) TMO2(in soturion) 8t a temperature of Tin
the case of amor/am = 1, avor/av > 1, and amor/am < 1, respectively. And, the corresponding lines
for the equilibrium partial pressures of oxygen should be also plotted.



