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Chem 3321 test #1 practice solutions

I want complete, detailed answers to the questions. Show all your work to get full credit.

Problem 1

At atmospheric pressure, liquid water and ice exist in equilibrium at 0 �C. At this tem-

perature, �Hfusion = 6.00 kJ/mol. (Fusion is the phase transition from solid to liquid.) Also

at this temperature, the heat capacity of ice is 38.0 J K�1 mol�1 and the heat capacity of

water is 76.0 J K�1 mol�1.

a) Calculate the molar entropy of fusion of H2O at 0 �C.

Solution:

�Sfusion =
�Hfusion

Tfusion
=

6

273
= 22 JK�1 mol�1 (1)

b) At �10 �C, calculate the molar entropy of freezing (opposite of fusion) of H2O. In

other words, calculate the molar entropy change when supercooled water undergoes a phase

transition to ice. Assume that the heat capacities of each phase are constant in the �10 �C

to 0 �C temperature range.

Solution:

It helps to sketch out the thermodynamic cycle that is being used here. We have

�S =

Z 273

263

C
liquid
P

dT

T
� 22 +

Z 263

273

C
solid
P

dT

T
(2)

=
⇣
C

liquid
P � C

solid
P

⌘
ln(273/263)� 22 = 1.42� 22 = �20.6 JK�1 mol�1 (3)
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Problem 3

One mole of a monoatomic ideal gas initially at T= 400 K and V= 30.0 L has its pressure

doubled through an isothermal process in which w = 3.00 kJ of work is performed on the

gas.

a) Calculate �S = �Ssystem.

Solution: This is an isothermal process. There are two approaches (that give the same

answer)

(i)

S = (3/2)R lnT +R lnV ) �S = R ln(15/30) = �R ln 2 = �5.76 JK�1 (6)

(ii) choose an isothermal reversible path:

qrev = �w = nRT

Z Vf

Vi

dV

V
(7)

Then �S = qrev/T

b) Calculate �Ssurroundings.

isothermal so q + w = 0, thus

�Ssurr =
�qsys

T
=

3kJ

400K
= 7.5 JK�1 (8)

c) Is this process spontaneous or non-spontaneous? Support your answer with an expla-

nation and/or calculations.

�Ssys +�Ssurr = �Suniverse > 0 (9)

Therefore spontaneous since the universe is isolated.

(Note: if you have read Chapter 22, �G is not useful here because the pressure is chang-

ing.)
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Problem 4

1.50 mol of an ideal gas at 450 K is expanded from an an initial pressure of 5.00 bar

to a final pressure of 1.00 bar. C̄P = 5/2 R. The expansion is isothermal and reversible.

Calculate q and w.

Solution:

Isothermal, Reversible

�U = �w + �q

�U = 0 �!) �w = ��q

�q = w = �nRT ln

✓
V2

V1

◆

Under constant T,

V2

V1
=

P1

P2

�q = w = �nRT ln

✓
P1

P2

◆

�q = w = �1.5mol⇥ 8.3145 Jmol�1K�1 ⇥ 450K⇥ ln

✓
5.00 bar

1.00 bar

◆

�q = w = �9.03 kJ
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