
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: Br2 → 2BrO−3
Br2 → 2Br−

Balance for O: Br2 + 6H2O→ 2BrO−3
Br2 → 2Br−

Balance for H: Br2 + 6H2O→ 2BrO−3 + 12H+

Br2 → 2Br−

Balance for charge: Br2 + 6H2O→ 2BrO−3 + 12H+ + 10e−

Br2 + 2e− → 2Br−

Add half-reactions: Br2 + 6H2O→ 2BrO−3 + 12H+ + 10e−

5Br2 + 10e− → 10Br−

6Br2 + 6H2O→ 2BrO−3 + 12H+ + 10Br−

or 3Br2 + 3H2O→ BrO−3 + 6H+ + 5Br−

Neutralize H+: 3Br2 + 6OH− → BrO−3 + 3H2O + 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

Ω = 6N .

∴ S = kB ln Ω = kB ln
(
6N
)

= NkB ln 6.

n = N/L

and R = LkB.

∴ S = nR ln 6.

∴ Sm = R ln 6 = (8.314 472 J K−1mol−1) ln 6

= 14.897 53 J K−1mol−1.

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

SrSO4(s) → Sr2+
(aq) + SO2−

4(aq) K1 = Ksp(SrSO4)

Sr2+
(aq) + CO2−

3(aq) → SrCO3(s) K2 = 1/Ksp(SrCO3)

SrSO4(s) + CO2−
3(aq) → SrCO3(s) + SO2−

4(aq) K = Ksp(SrSO4)/Ksp(SrCO3)

This reaction will have a large equilibrium constant if Ksp(SrSO4)� Ksp(SrCO3).
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(b) K = Ksp(SrSO4)/Ksp(SrCO3) = 3.42× 10−7/5.60× 10−10 = 611.

(c) For the solubility equilibrium

SrSO4(s) 
 Sr2+
(aq) + SO2−

4(aq),

we have

∆rG
◦
m = −RT lnKsp

= −(8.314 472 J K−1mol−1)(298.15 K) ln(3.42× 10−7)

= 36.91 kJ/mol.

Also, ∆rG
◦
m = ∆fG

◦(Sr2+, aq) + ∆fG
◦(SO2−

4 , aq)−∆fG
◦(SrSO4).

∴ ∆fG
◦(Sr2+, aq) = ∆rG

◦
m −∆fG

◦(SO2−
4 , aq) + ∆fG

◦(SrSO4)

= 36.91− (−744.00) + (−1341) kJ/mol

= −560 kJ/mol.

(d)
Ksp = (aSr2+)(aSO2−

4
) = γ2

±
[
Sr2+

] [
SO2−

4

]
/(c◦)2.

Let the solubility be x = [Sr2+] =
[
SO2−

4

]
. Then we have

3.42× 10−7 − γ2
±x

2 = 0. (1)

The mean ionic activity coefficient is calculated as follows:

Ic =
1

2

{
(+2)2

[
Sr2+

]
+ (−2)2

[
SO2−

4

]}
= 4x.

∴ ln γ± = −A |z+z−| (εT )−3/2
√
Ic

= −(1.107× 10−10) |(+2)(−2)|
[
(6.954× 10−10)(298.15)

]−3/2√
4x

= −9.381
√
x.

∴ γ± = e−9.381
√

x.

Combining this last equation with equation 1, we get

3.42× 10−7 − e−18.761
√

xx2 = 0.

I solved this equation using the nonlinear equation solver of my calculator with
the initial guess x = 5.8 × 10−4 (the approximation obtained if γ± = 1. The
solubility was found to be

x = 7.57× 10−4 mol/L.
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