1974

WO3(s) + 3 H2(g)  W(s) + 3 H2O(g)
Tungsten is obtained commercially by the reduction of WO3 with hydrogen according to the equation above. The following data related to this reaction are available:


WO3(s)
H2O(g)

Hf (kilocalories/mole)
-200.84
-57.8


Gf (kilocalories/mole)
-182.47
-54.6

(a)
What is the value of the equilibrium constant for the system represented above?

(b)
Calculate S at 25C for the reaction indicated by the equation above.

(c)
Find the temperature at which the reaction mixture is in equilibrium at 1 atmosphere.

Answer:

(a)
G = [3(-54.6) + 0] - [-182.47 + 0] = 18.7 kcal


Keq = e-G/RT = e-(18700/(1.9872)(298)) = 1.93(10-8

(b)
H = [3(-57.8) + 0] - [-200.84 + 0] = 27.44 kcal
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T = H / S = 27440 / 29.2 = 938K

1977 B

CH3OH(l) + 3/2 O2(g)   2 H2O(l) + CO2(g)
The value of S for the reaction is -19.3 cal/mol-degree at 25C.



Hf
S


kcal/mole at 25C
cal/mole-degree at 25C



-------------------------
----------------------------------


CH3OH(l)
-57.0
30.3


H2O(l)
-68.3
16.7


CO2(g)
-94.0
51.1

(a)
Calculate G for the complete combustion of methanol shown above at 25C.

(b)
Calculate the value for the equilibrium constant for this reaction at 25C.

(c)
Calculate the standard absolute entropy, S, per mole of O2(g).

Answer:

(a)
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= [2(-68.3) + (-94.0)] - [-57.0] = -173.6 kcal


G = H - TS = -173.6 + (298)(0.0193) kcal


= -167.8 kcal

(b)
Keq = e-G/RT = e-(-167800/(1.9872)(298))

= 1.1510123
(c)
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-19.3 = [2(16.7) + 51.1] - [30.3 + 3/2 X]


X = 49.0 cal/mol K

1978 B



Standard Entropy


Substance
cal/deg mole

N2(g)
45.8


H2(g)
31.2


NH3(g)
46.0

Ammonia can be produced by the following reaction:

N2(g) + 3 H2(g) ( 2 NH3(g)
The Gibbs free energy of formation Gf of NH3(g) is -3.94 kilocalories per mole.

(a)
Calculate the value for H for the reaction above 298K.

(b)
Can the yield of ammonia be increased by raising the temperature? Explain.

(c)
What is the equilibrium constant for the reaction above at 298K?

(d)
If 235 milliliters of H2 gas measured at 25C and 570 millimeters Hg were completely converted to ammonia and the ammonia were dissolved in sufficient water to make 0.5000 liter of solution, what would be the molarity of the resulting solution?

Answer:

(a)
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= [2(46.0)] - [45.8 + 3(31.2)] = -47.4 cal/K


H = G + TS = -7.88 + (298)(-0.0474) kcal = -22.0 kcal

(b)
No, since H > 0, an increase in T shifts equilibrium to left and decreases equilibrium yield of NH3.

(c)
Keq = e-G/RT = e-(-7880/(1.9872)(298)) = 6.01105
(d)
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