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1. (20%)

One mole of N gas is contained at 273 K and a pressure of 1 atm. The addition
of 3000 J of heat to the gas at constant pressure causes 832 J of work to be done
during the expansion. '

Calculate:

(1) the final state of the gas,

(2) the values of AU and A H for the change of state,

(3) the values of ¢, and ¢, for N,. Assume that nitrogen behaves as an ideal gas,
and that the above change of state is conducted reversibly.

(4) If the heat supplied was 1500 J, what was the final state if the expansion was
also conducted reversibly at constant pressure?

(5) How much work was it done during the expansion?

2. (20%)

Calculate the change in enthalpy and the change in entropy when one mole of SiC
is heated from 25°C to 1000°C. The constant pressure molar heat capacity of SiC
varies with temperature as:

cp=50.79+1.97x 103 T-492x 10°T2+8.20 x 10* T®  (J/mole K)

3. (20%)

Determine the maximum pressure of water vapor in wet hydrogen at 1 atm
pressure in which chromium can be heated without oxidation occurring at 1500 K. Is
the oxidation of Cr by water vapor exothermic or endothermic?
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4. (20%)

n moles of an ideal gas 4 and (1-n) moles of an ideal gas B, each at 1 atm pressure,
are mixed at total constant pressure. What ratio of 4 to B in the mixture maximizes
the decrease in the Gibbs free energy of the system? If the decrease in the Gibbs free
energy is AG™, to what value must the pressure be increased in order to increase the
Gibbs free energy of the gas mixture by AGM 2

5. (20%)

AL Os, which melts at 2324 K, and Cr, O3, which melts at 2538 K, form complete
ranges of solid and liquid solutions. The molar heat of melting of AL,O5 is 107,500 J,
and assuming that AS°m cros = A\ S manos and that the solid and liquid solutions in
the system Al,O3- CryO3 behave ideally. Calculate a few points on solidus and

liquidus lines (compositions versus temperatures) and draw the phase diagram of
Al Os3- CryOs5 system.
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2Ag. /2021;11 = Ago0is =30; 540+ 661/ F -
AI(O [Al l(l W' 0P "43;“’0‘ 32:261‘ '
Mu- + L 50’!.0 = A‘zﬂam & ‘*l 6,87,200 +326»& -
T+ l‘(io‘lm) = co?g) Bt § & 1,700 — 57-657'
Ceor + Ozpp = Cozm —‘394( OO — 0-84 T
Cip+ ‘/303",‘, + Y28y,.= COS,, . "202.800 +9.96.F .
Cl;gr} + 2H2¢m = CH“.«) "‘gl 040 - 11677‘
) Ciort = CT 1 wrrse i iy ' 22‘600 ~42.26T
CaQy,, + COg,y = CaCly,, - —lﬁsﬂﬂ)ﬂ-!- 1‘44 T

BBy + Crgyy = PeyCyy
¥y + Cyn = ,F‘s‘:tcm

Ligy ¥ ¥Bragy, = LiBry,)

“Fable A-1 The standard Gibbs.free energy changes for several reactions estandard

states are noted by subwnpt) _
Reaction , o AG,jeulss. i

2C80,., + SiOu,, = 2€a0-§i0y,,
CoOy, + 8§04y = CoS0u,, 227860 + 1653 T
2Cryyy + 1502 = CraOny T h0,100 + 24731 :

Wug, + 7104 = Cuxldy, ’ ¥ : T
2Cuy;y + Y20,y = Cs0yy
Iy A Kooy = CuaSyy

P, + "/)'loaw. = FeQy,,
Fe + Y105, = FeOy,
IFe,; + 204 = FeyOuy
Pegy + 28y = FeSiy

Hug, + Clagy = 2HCly
Hiyy + lay = 2HL,
H,}m, + 'i’aoz(m = HzO,',,
Hgar) + ,/?Q'.!lm‘ = ‘HSOM)

: -mm 20T

Mgy, + Clagg, = MgClyy . 9871368
Mgy, + YOy, = MgQ,., : 1363-22&
ZMgOI.ﬂ + Si()'!(:) = Mg‘ZSiOdul ¢ -
M!.-Om + Cozm - MQ‘X’.’N.)
MzOy,, + AlOy,, = MgO‘AIZOmI .

Mag, + WOy, = MnQ;,,

6, 200+ mua T

2981698
2981517

Nog, + 3”3.{; fony Zﬂﬂ'ﬂn

N, F 0.,(‘,&’21%01., o : A0 - : - 2985726
2MNiyy + Oy = M0y | ~506,180 + 19227 ", T2
s Oes = 1O 1w im ~1LO70 = S.877

Phyy + Y00, = PO, ~208,700 + 9175 T : 6001158
Py, + Y200, = PHO,, ~ 181,200 + 68.03 T o 1158-1808
Pbg, + %180 = PbS,,) ~163,200 + 88.03 7 600-1386
PO, + SO + V2050, = PbSO,, —401,200 + 261.5T 2981158

PClug + Clagr = PClgygy ~95,600 = 794 TInT + 23527 298-1000

208-2000. .




