Chemistry 2740 Spring 2009 Test 2 Solutions

1. (a) True. We can prove either one from the other.
(b) False. Catalysts do not change the thermodynamics of a reaction.

(c) False. Fuel cells are limited by the free energy change of a reaction, whereas heat
engines can only convert a fraction of the enthalpy change into work.

2.

Separate half-reactions: Bry — 2BrOg3
Bry — 2Br~

Balance for O: Bry + 6H,0 — 2BrO3
Bry — 2Br~

Balance for H: Bry + 6H,0 — 2BrO; + 12H™
Bry — 2Br~

Balance for charge: Bry + 6H,O — 2BrO; + 12H' + 10e™
Bry + 2¢™ — 2Br~

Add half-reactions: Bry + 6H,O — 2BrO; + 12H' + 10e™

5Bry + 10e™ — 10Br~

6Brs + 6H,O — 2BrO5 + 12H' + 10Br~

or 3Bry + 3H,O — BrO3 + 6H™ + 5Br~
Neutralize HT: 3Bry + 60H~ — BrOj + 3H20 + 5Br~

3. Each fluorine atom can be in any of 6 different positions. For N molecules of fluo-
robenzene, the number of microstates is therefore

Q = 6"
o8 = kplnQ=kpln (6") = NkgIn6.
n = N/L
and R = Lkg.
.S = nRn6.

. Sm = RIn6=(8.314472JK 'mol ') In6
= 14.89753 J K 'mol .

4. (a) The overall reaction can be decomposed as follows:

SrSOy4) — Sr%;:l) + SOZ(_aq) Ky = K¢, (SrS0y)
Sref) +CO5., — SrCOyy Ky = 1/K,(SrCO3)

SrSO4(s) + COg(_aq) — SrCOs3() + SOi(_aq) K = K, (SrSO4)/ K, (SrCO3)
This reaction will have a large equilibrium constant if K, (SrSOy4) > K, (SrCO3).
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b) K = K, (SrSO,) /K4, (SrCO3) = 3.42 x 1077/5.60 x 10710 = 611.
p P
(c) For the solubility equilibrium

S804 = Si%f + 807,

we have

AGS = —RThhK,,
= —(8.314472 JK 'mol 1)(298.15K) In(3.42 x 1077)
= 36.91kJ/mol.
Also, A,GS = A;G°(Sr*" aq) + A;G°(SOF,aq) — AyG°(SrSOy).
SALGO(SPTaq) = AGE — ArGO(SOTT, aq) + ArG°(SrSOy)
= 36.91 — (—744.00) + (—1341) kJ/mol
= —560kJ/mol.

(d)
Ky = (asee+)(agoz-) = 72 [Sr] [SOI7] /(e*)*.

Let the solubility be z = [Sr?"] = [SO3~]. Then we have
3.42 x 1077 — 422% = 0. (1)

The mean ionic activity coefficient is calculated as follows:

L= 5 {22 [577] + (-2 [s0 )

= 4x.
s = —Alzz [(€T) PV,
= —(1.107 x 1070) |(+2)(~2)| [(6.954 x 1071)(298.15)] */* vz
— —9.381V.
e o 9381V

Combining this last equation with equation 1, we get
3.42 x 1077 — ¢ 1876VT,2 —

I solved this equation using the nonlinear equation solver of my calculator with
the initial guess x = 5.8 x 107* (the approximation obtained if 7+ = 1. The
solubility was found to be

x =757 x 10~*mol /L.



