Chem 132 Chapter 18 Key begins on page 3.

1. What are the three laws of thermodynamics?

2. Which substance has the higher entropy in each of the following pairs?
a) A sampleof Dry Ice (solid CO,) at —78 °C or CO, vapor at 0 °C

b) Sugar, asasolid or dissolved in acup of tea

¢) Two 100 mL beakers, one containing 1 mol of pure water and the other containing 1 mol of pure alcohal,
or a beaker containing a mixture of water and alcohol

3. Without consulting the thermodynamic tables, predict whether the entropy change is positive or negative for
each of the following reactions. Give reasons for your predictions.
a) 2KCIO, (9 ® 2KCIO,(9 + O, (9)

b) N, (@ ® 2N
C) 2Na(s) + ZHZO () ® 2NaOH (ag) + H2 (9)
d) 2LiOH (ag) + CO,(g) ® Li,CO,(aqg) + H,O (1)

4. Caculate the standard molar entropy change for each of the following reactions at 25 °C.

a Ca(g + 2HO (N ® CalOH),(a0) + 2H,(g)

b) Na,CO; (a) + 2HCl (eq) ® 2NaCl (ag) + H,O (1) + CO,(g)

5. What isthe value of DG,® for BaCO, (9), if DG, = +218.1 kJ for the reaction

xn

BaCO,(9 ® BaO(s +CO,(g)
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6. For the combustion of butane gas, C,H,,(g) + 13/20,(g) ® 4CO,(g) + 5H,0(g)
Calculate DG® by two different methods.

7. Consider the decomposition of calcium carbonate: CaCO,(s) ® CaO(s) + CO, (g)
Calculate the pressure in atm of CO, in an equilibrium process
(@ at25°C

b) at 800 °C. Assume that DH°= 177.8 k and DS’ = 160.5 JK

8. Inwhat form is the portion of reaction enthalpy given off that cannot do work? What happens to a portion
of the useful energy as it does work?

9. The equilibrium constant for thereaction 2 Fe® (ag) + HQ,”" (ag) ® 2F€* (ag) + 2 Hg™ (a0)
isK,=9.1x10° at 298 K.

a) What isthe DG° at this temperature

b) Calculate DG when [Fe**] = 0.20 M, [Hg,?*] = 0.010 M, [Fe**] = 0.010 M, and [Hg*'] = 0.025 M. In
which direction will the reaction proceed to achieve equilibrium?

10. Methanol, on of the most important industrial feedstocks, is made by several catalyzed reactions, on of
whichisCO(g) +2H,(g ® CH,OH ().
a) Demongtrate that this reaction is thermodynamically feasible.
b) Isit favored at low or at high temperature?

c) Cdculate DG° at 100 °C for this reaction.
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