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1. Consider the equilibrium reaction of pure solid CaSi at 1000° K with Ca and Si
dissolved in a solvent. Suppose that Ca initially has an activity of (.5 in solution and
{aSiis pure. Given that AGO for Ca{s) + Si(s) = CaSi{s) at 1000° X is -200 kJ/mol.
and p.,% = 15 N/m?, please find:

) the activity of Si in equilibrium with Ca{a=0.5) and CaSif(s), (5 points}

b} the partial pressure of Ca{g) in equilibrium with the dissolved Ca {5 points)
c) the free energy of the teaction

Ca(a = 0.5) + Sifa = 0.4) = CaSi (a = 0.8) {10 points)

(where the notation "a" designates the activity, while "3* and "g" in the parentheses
refer to solid state and gaseous state).

2, a) Explain the second law of thermodynamics, (5 points)
- b) using the second law, construct a thermodynamic quantity that can be used to
getermine whether a reaction 1s spontaneous thermodynamically. (5 points)

3, An f.c.c. alloy of composition 40 % A and 60% B shows substantial short-range
order. P,p, the number of the A atom - B atom pairs, can be measured from x-ray

scattering and was found to be 1.04 Himes the value for 4 random solution. Calculate
P, and Py in a gram-atom of alloy. (10 points}

4, Prove that entropy 18 additive by showing that the entropy S, of a system composed
of two identical compartments and each of which has an entropy S, is equal to 28,
(3 points)

5. Given that dU = T3S -pdV, desive the Maxwell equation between pressure p and
- ®mperature T, (3 points)
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6. {8%) From the e.w.f. measurements at 327°C,the following values

of the activity cocfficient of A, »,, in A-B solutions have been
obtained as a function of the molar fraction of &, K,

Noo 1. 0.3 .4 0.5
¥ur 2,103 1.817 1.544 1.352

— i3

1t can he shown that the A-BE solution cxhibits regular behavior,
calculate the excess integral aalar entropy of mixing.

7. (10%) The rormal boiling point of ATy, is 907C. Calculate the
vapor pressure in e He al 800°C. Assume that A follows Trouton s
rutc and the proportional constant between the wolar heat of
vaporization, A, and the builing point, Ts, i3 around 21.

a. 110%) The free energy of the reaction A-B—2C can be represenied
in terws of the standard free energy AGY, temperature T. gas constant
I and molar fraction Wi as

G'=2G°, +N, (—ﬁcu}ﬂﬁr[w,, ln-f-"gi +{1- ¥ )n{1- N, )}

IT AG®= -q000-6T J/Moie,

evaiuale the gguilibriur concentration Ky when the temperature
approaches infinity.
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g C10%) Solid Sife is reacted wilh Cly gas in the presence of
excess solid carbon to produce gaseous SiCla. The output stream
conraing vnreacted Clz and Lhe product gases: C0,00: and SiCls,

pssume Lhat the solids do not form solutions. Apply the phuse rule
analysis to the system, and answer the [ollosing:

(1Y components (list then)

{2) phases (list them)

(3) species (list them)

(4) independent chemical reactions (give balanced equation)

(5) depree of freedom (specifty them)

10. . 017%) Nalriple choice (EIE—REEND 53

o sThe change of enthalpy for supercooled pure liguid melal
[Tozen isothermally and isobarically at s temperature 25°C helow its
equilibrium melting poinb. (a) negatlive () positive (c) zero (d)
mndetermined

20 JThe change of entrepy far probiem 1. {(adnegative (bl
poaitive (c) zero f{d) no way to determine

(3¢ YThe change of free enetey lor problem 1. (a)nsgative (b
meitive () zero (diundetormined

(43¢ 1The charge of eslhalpy for an endothermic chemicel reaction
oeeurred spontaneously wilhio o constant tesperature and pressure
system. {amegative (b) positive (g0 zero (diundctermined

(B3 3 The change of entropy for problem 4. (anegative (b)
positive {¢) zero (diundetermined '

(6 3 The change of froc encrgy for preblem 4. (ajnegative (bl
positive (¢ zero {diundelermined




