
Chemistry2720Fall 2002Test2 Solutions

1.

∆S̄298� 400
� C̄P ln

�
T2

T1 � ��� 28� 87JK � 1mol � 1 � ln � 400K
298� 15K � � 8 � 484JK � 1mol �	 S̄ 
400

� S̄ 
298 � ∆S̄298� 400
� 191� 609 � 8 � 484JK � 1mol � 200� 093JK � 1mol � 1 �

2. Wewantto know if thereaction

Pb2�

aq� � SO2 �4



aq��� PbSO4



s�

is spontaneousunderthegivenconditions.For this reaction,

∆Ḡ 
 � ∆Ḡ 
 f 
 PbSO4 ����� ∆Ḡ 
 f 
 Pb2� � � ∆Ḡ 

f


SO2 �

4 ���� � 813� 04 � � � 24� 24 � � � 744� 00��� kJ� mol � � 44� 80kJ� mol �
Whenwe mix the two solutions,the initial concentrationsof the two reactantsarereduced
by dilution: �

Pb2��� � � 20mL � � 0 � 04mol� L �
35mL

� 0 � 0229mol� L ��
SO2 �4

� � � 15mL � � 0 � 003mol� L �
35mL

� 1 � 29 � 10� 3mol� L �
Wecannow calculatethefree-energy change:

∆Ḡ � ∆Ḡ 
 � RT lnQ� ∆Ḡ 
 � RT ln � aPbSO4� aPb2� � � aSO2 �
4

�! � � 44� 80kJ� mol� � 8 � 314472 � 10� 3kJK � 1mol � 1 � � 298� 15K � ln � 1� 0 � 0229� � 1 � 29 � 10� 3 � �� � 18� 93kJ� mol �
Since∆Ḡ is negative,thereactionis spontaneous,soaprecipitatewill form.
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3. Themaximumpossibleelectricalwork is � ∆Ḡ.

∆Ḡ 
 � 2∆Ḡ 
 f 
 ZnO���"� 2∆Ḡ 
 f 
 Zn� � ∆Ḡ 
 f 
 O2 � �� 2 � � 320� 48kJ� mol� � � 640� 96kJ� mol �	 ∆Ḡ � ∆Ḡ 
 � RT lnQ� ∆Ḡ 
 � RT ln

�
a2

ZnO� aZn
� 2 � aO2

� �� � 640� 96kJ� mol� � 8 � 314472 � 10� 3kJK � 1mol � 1 � � 298� 15K � ln � 1
0 � 2 �� � 636� 97kJ� mol �

This is per two molesof zinc, so the freeenergy changeis � 318� 49kJ� mol Zn. A battery
stores500J,whichcorrespondsto

nZn
� 500J

318� 49 � 103J� mol
� 1 � 57 � 10� 3mol �	 mZn

� � 1 � 57 � 10� 3mol� � 65� 38g� mol� � 0 � 103g �
4. Theprocesswhich concernsusis

s # g �
Ice fog will form below the temperatureat which the vaporis just in equilibrium with the
solid. Sincethevaporpressureof iceat0
 C is 6 � 025 � 10� 3bar,K273

� PH2O � P 
 � 6 � 025 �
10� 3. At thethresholdtemperature,wewill have KT

� 0 � 004.Wecanusetheequation

ln

�
K273

KT � � ∆H̄ 

R

�
1
T � 1

273� 15K �
if wecanfind ∆H̄ 
 for ourprocess.Sinceenthalpy is astatefunction,thepathdoesn’t matter,
soimaginethatwe breakthesublimationprocessshown above into two steps:

s
1� l

2� g �
Weknow theenthalpy changesfor thesubprocesses1 and2:

∆H̄ 
1 � ∆H̄ 
fusion
� 6 � 007kJ� mol �

∆H̄ 
2 � ∆H̄ 
vap
� 44� 91kJ� mol �	 ∆H̄ 
 � 6 � 007kJ� mol � 44� 91kJ� mol � 50� 92kJ� mol�	 1

T
� 8 � 314472JK � 1mol � 1

50� 92 � 103J� mol
ln

�
6 � 025 � 10� 3

0 � 004 � � 1
273� 15K� 3 � 728 � 10� 3K � 1 �	 T � 268� 25K $ � 4 � 9
 C �
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5. (a) FromK1, wecancalculatetheconcentrationof H2Xanwhichwill bepresentin solution
at equilibrium:

K1
� aH2Xan



aq� � 1 � 29 � 10� 4 �	 �H2Xan� � 1 � 29 � 10� 4mol� L �

Theacidionizationdeterminestheamountof HXan� at equilibrium:

K2
� � aHXan� � � aH � �

aH2Xan
�	 aHXan� � K2

aH2Xan

aH � �
aH � � 10� pH � 10� 6 % 5 � 3 � 16 � 10� 7 �	 aHXan� � � 2 � 95 � 10� 8 � 1 � 29 � 10� 4

3 � 16 � 10� 7
� 1 � 20 � 10� 5 �	 solubility � 1 � 29 � 10� 4 � 1 � 20 � 10� 5mol� L � 1 � 41 � 10� 4mol� L �

(b)

ln

�
K310

K298 � � ∆H̄ 

R

�
1

298� 15K � 1
310� 15K � �	 ∆H̄ 
 � R ln � K310

K298 �
1

298% 15K � 1
310% 15K� � 8 � 314472JK � 1mol � 1 � ln � 2 % 04 & 10� 4

1 % 29 & 10� 4 �
1

298% 15K � 1
310% 15K� 2 � 94 � 104J� mol $ 29� 4kJ� mol �

Theenthalpy changefor reaction1 is

∆H̄ 
 � ∆H̄ 
f 
 aq��� ∆H̄ 
f 
 s� �	 ∆H̄ 
f 
 aq� � ∆H̄ 
 � ∆H̄ 
f 
 s�� 29� 4 � � � 379� 6� kJ� mol � � 350� 2kJ� mol �
(c) Theformationreactionfor xanthineis

5C
 s� � 2H2


g� � 2N2



g� � O2



g� � C5H4N4O2



s� �
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Wealreadyknow theenthalpy of formationof xanthine.(It’sgivenin question5b.) All
weneedis theentropy of formation:

∆S̄ 
 f 
 xanthine� � S̄ 
 f 
 xanthine�'� � 5S̄ 
 f 
 C� � 2S̄ 
 f 
 H2 � � 2S̄ 
 f 
 N2 � � S̄ 
 f 
 O2 � �� 161� 1 � � 5 � 5 � 74� � 2 � 130� 680� � 2 � 191� 609� � 205 � 152� JK � 1mol � 1� � 717� 33JK � 1mol � 1 �	 ∆Ḡ 
 f 
 xanthine� � ∆H̄ 
f 
 xanthine��� T ∆S̄ 
 f 
 xanthine�� � 379� 6kJ� mol � � 298� 15K � � � 717� 33 � 10� 3kJK � 1mol � 1� � 165� 7kJ� mol �
(d) For reaction1, wehave

∆Ḡ 
 � � RT lnK1� � � 8 � 314472JK � 1mol � 1 � � 298� 15K � ln � 1 � 29 � 10� 4 �� 22� 2kJ� mol�
However, ∆Ḡ 
 � ∆Ḡ 
 f 
 aq� � ∆Ḡ 
 f 
 s� �	 ∆Ḡ 
 f 
 aq� � ∆Ḡ 
 � ∆Ḡ 
 f 
 s�� 22� 2 � � � 165� 7kJ� mol� � � 143� 5kJ� mol�
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