
Chemistry 2720 Fall 2003 Test 2 Solutions

1. For this reaction,
Q � aP

aA aH2O
�

Note thataH2O
� XH2O. Adding an inert salt to the solution decreases the activityof water,

which increasesQ. Since
∆Ḡ � ∆Ḡ

� �
RT lnQ �

increaseQ can only make the free energy change more positive, and thus cannot make the
reaction spontaneous.
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�
C, we have
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T2
� 261�15K. We have all the data we need to solve this problem:
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3. Everything begins with a balanced reaction:

Hg2Cl2�s� � Hg2�
2�aq� � 2Cl
�aq� �

We can calculate the equilibrium constant for this reactionfrom

Ksp
� �

aHg2�
2
� �aCl� �2 �

To do this, we need the concentrations (in mol/L) of the two ions. First, convert the solubility
to these units:

s � 0�0020g�L
472�09g�mol

� 4�2 	10
6mol�L �

1



According to our balanced equation, this will be the concentration of mercurous ions, while
the concentration of chloride ions will be twice as large. Thus we have

aHg2�
2

� 4�2 	10
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6�� Ksp

� �
4�2 	10
6� �8�5 	10
6�2 � 3�0 	10
16�� ∆Ḡ
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�
f �Cl� � � ∆Ḡ
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4. We aren’t given any free energy data for the mercury (II) ion, so we’ll have to proceed in a

slightly different way. The exam does give a table of standard reduction potentials. From
this table, we extract

Hg�l � � Hg2��aq� � 2e
 E
� � 
0�851V

Hg2�
2�aq� � 2e
 � 2Hg�l � E

� � 0�7973V

Adding these two reactions, we get

Hg2�
2�aq� � Hg2��aq� � Hg�l � E

� � 
0�0537V�
Note that ¯n � 2. The standard free energy for this reaction is therefore

∆Ḡ
� � 
n̄F E

�� 
2
�
96485�342C�mol� �
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This value ofK implies that the reaction is reactant favored, i.e. that there will be more Hg2�2
than Hg2� at equilibrium.

5.

CaO�s� � Cl2�g� � CaCl2�s� � 1
2

O2�g� �
We want to know if∆Ḡ is positive or negative under the stated conditions. To do this, we
need∆Ḡ

�
at 85

�
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�
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�
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In the tables, we have∆Ḡ
�
f �CaO�, but not∆Ḡ

�
f �CaCl2�. However, we have the enthalpy of for-

mation of calcium chloride, along with some relevant entropy data. The formation reaction
is

Ca�s� � Cl2�g� � CaCl2�s� �
Thus,
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To adjust the free energy to 85

�
C, we need the standard enthalpy and entropy changes for

the reaction:
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We will now use the formula
∆Ḡ � ∆Ḡ

� �
RT lnQ

to determine whether the reaction is spontaneous or not.

∆Ḡ � 
141�54kJ�mol
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Since∆Ḡ is negative, the reaction will be spontaneous.
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