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The last page of each examination is a periodic table.

[Gas constant = 8.314 J/mol K; 1 faraday = 96500 J/V mol e-]

1)  For the following reaction at 298 K

I2(g) + Cl2(g) ( ( 2ICl(g)
(H( = -26.9 x 103 J and = (S( = 11.3 J/K. What is (G( for the reaction?
a) –50.6 kJ/mol
b) –30.3 kJ/mol 

c)   18.4 kJ/mol

d)   50.6 kJ/mol 

e)   102 kJ/mol
2)  Predict the sign of S°, if possible, for the following reaction:



2C(s)  +  O2(g)  ------>  2 CO(g)


a)  S° is positive


b)  S° is negative


c)  S° is zero


d)  cannot predict the sign of S°

3)  For a spontaneous reaction the value of G is:

a)  Positive.

b)  Negative.

c)  Zero.

d)  doesn’t matter what the value of G is.

4)   For the reaction below H = 131.3 kJ and S = 133.6 J/K.  Assuming H and S do not 

      vary with temperature, at what temperature will this reaction become spontaneous? 

      (Change from non-spontaneous to spontaneous)
C(s)  +  H2O(g) (  CO(g)  +  H2(g)

a) 273oC

b) 325oC

c) 552oC

d) 710oC

e) none of these

5)  For a reaction that has an equilibrium constant of 3  102   (K=300), which of the following statements must be true?

a) [image: image1.wmf]D

H

°

is positive.

b) [image: image2.wmf]D

G

°

is positive.

c) [image: image3.wmf]D

S

°

is positive.

d) [image: image4.wmf]D

H

°

is negative.

e) [image: image5.wmf]D

G

°

is negative.

6)  For a reaction with H° > 0 and S° > 0, you can deduce that the reaction will be:


a)  spontaneous at all temperatures.


b)  nonspontaneous at all temperatures.


c)  spontaneous at low temperature; nonspontaneous at high temperature.


d)  nonspontaneous at low temperature; spontaneous at high temperature.


e)  none of the above.

7)  Calculate G° for the following reaction at 500K.



Cu(s)  +  H2O(g)  ------>  CuO(s)  +  H2(g)







H°f (kJ/mol)

S° (J/K)




Cu(s)

0


33.3





H2O(g)

-241.8


188.7





CuO(s)

-155.2


43.5





H2(g)

0


130.6


a)  +110.6 kJ


b)  -86.6 kJ


c)  +23.9 kJ


d)  -62.6 kJ


e)  +301 kJ

8)  Which process below leads to a decrease in the entropy of the system as the process  

      proceeds?


I.
2H2O (s) ( 2H2O (l)


II.
CaO (s) + CO2 (g) ( CaCO3 (s)


III.
2C (s) + O2 (g) ( 2CO (g)


IV.
2MnO2 (s) ( 2MnO (s) + O2 (g)


V.
O (g) + O2 (g) ( O3 (g)


a) Only II leads to a decrease in entropy of the system


b) Only I leads to a decrease in entropy of the system


c) Both I and III leads to a decrease in the entropy of the system


d) Both II and V lead to a decrease in the entropy of the system

e) None of the processes lead to a decrease in the entropy of the respective systems.

9)  Given the following


H2O  +  Creatine-phosphate  ------>  Creatine  +  Phosphate

G° = -43 kJ/mol


ATP  +  H2O  ------>  ADP  +  Phosphate



G° = -31 kJ/mol


calculate G° for the following reaction:


Creatine-phosphate  +  ADP  ------>  Creatine  +  ATP

a)  -74 kJ/mol

b)  +74 kJ/mol

c)  +12 kJ/mol

d)  +1333 kJ/mol

e)  -12 kJ/mol

10)  Calculate S° for the decomposition of ozone from oxygen.





2 O3(g)  ------>  3 O2(g)


S° = 205 J/mol K for O2 and 239 J/mol K for O3 at 25° C.

a)  137 J/mol K.

b)  -137 J/mol K.

c)  24 J/mol K.

d)  -34 J/mol K.

e)  444 J/mol K.

11)  For the reaction: 3 C(s)  +  4 H2(g)  <======>  C3H8(g)




S° = -29 J/(mol K)




H° = -103.8 kJ/mol


Calculate the equilibrium constant at 25° C for the reaction above.


a)  1.04


b)  0.962


c)  2.09 x 10-17

d)  4.79 x 1016

e)  2.1 x 1032

12)  Which half-reaction correctly represents oxidation?

a)  Mg  +  2e-  ------>  Mg2+
b)  Mg2+  +  2e-  ------>  Mg

c)  Mg2+  ------>  Mg  +  2e-
d)  Mg  ------>  Mg2+  +  2e-
e)  None of the above.

13)  In the reaction



2 Al(s)  +  3 Cu2+(aq)  ------>  2 Al3+(aq)  +  3 Cu(s)


the copper is

a)  reduced, and the oxidation number changes from 0 to +2.

b)  oxidized, and the oxidation number changes from 0 to +2.

c)  reduced, and the oxidation number changes from +2 to 0.

d)  oxidized, and the oxidation number changes from +2 to 0.

e)  None of the above.

14)  In the reaction



2 Fe2+  +  Cl2  ------>  2 Fe3+  +  2 Cl-

which is the oxidizing agent?

a)  Fe2+
b)  Cl2
c)  Fe3+
d)  Cl-
e)  Cannot determine from the information provided.

15)  A proposed battery involves the reaction of Zn(s) and Cl2(g) to give ZnCl2. If the battery is to deliver 1.5 A for 25 hours, what mass (g) is needed for the zinc anode?  (At. wt: Zn = 65.38)

a)  35

b)  46

c)  64

d)  82

e)  91

16)  The equilibrium constant for the following general reaction is 3.9 ( 10-6.  Calculate E˚ for  

        the cell.

X2 (s) + Y2+ (aq) (( X22+ (aq) + Y (s)

a)  -0.08

b)  -0.16

c)  -0.30

d)  +0.30

e)  +0.16

17) Given the standard potential for the reaction of hydrogen and oxygen,

2H2 + O2  2H2O
E˚ = +1.23 V

what is the standard potential for the following reaction?

H2O  H2 + (1/2)O2
a) -2.46 V

b) -1.23 V

c) -0.625 V

d) 0.625 V

e) 1.23 V

18)   Calculate the voltage (E) of a cell in which the following reaction occurs:



Zn(s)  +  2H+(aq, 0.001 M)  ------>  Zn2+(aq, 1 M)  +  H2(g, 1 atm)


The standard reduction potential for zinc is:



Zn2+  +  2 e-  <======>  Zn


E° = -0.763

a) +0.73 V

b) +0.41 V

c) +0.58 V

 
d) +0.70 V

e) –0.41 V

19)  Which of the following reactions is a redox reaction?

I.   K2CrO4  +  BaCl2  ------>  BaCrO4  +  2KCl

II.  Pb22+  +  2Br-  ------>  PbBr

III.  Cu  +  S  ------>  CuS

a) only I

b) only II

c) only III

d) I and II

e) all three (I, II and III)

20)  What is the coefficient of Fe3+ when the following equation is correctly balanced?




CN-  +  Fe3+  ------>  CNO-  +  Fe2+  (basic solution)

a) 1

b) 2

c) 3

d) 4

e) 5

21)  If a piece of tin and a piece of copper were submerged in a solution containing SnSO4 and CuCl2, what would happen?


Cu+2(aq)  +  2e-    Cu(s) 
E° = 0.337 V



Sn+2(aq)  +  2e-    Sn(s) 
E° = -0.136 V

A. The tin electrode would gain weight and the copper electrode lose weight.

B. The tin electrode would gain weight and the copper electrode gain weight.

C. The tin electrode would lose weight and the copper electrode lose weight.

D. The tin electrode would lose weight and the copper electrode gain weight.

E. Nothing would happen.

22)  What process occurs at a cathode?

a) oxidation

b) reduction

c) oxidation and/or reduction

d) neither oxidation nor reduction

e) None of the above

23)  Given the following standard electrode potentials:




Reaction


   E°



Al3+  +  3e-  <====>  Al

-1.66



Ni2+  +  2e-  <====>  Ni

-0.250


Concerning the cell:




Al  |  Al3+  ||  Ni2+  |  Ni

Which one of the statements below is incorrect?  (assume all substances are in the standard state)

a)  Electrons will flow from Ni through the external circuit to Al.

b)  If the standard hydrogen half cell were substituted for the Ni half cell, the voltage 
      would be 1.66.

c)  The cell voltage will be 1.41

d)  The negative terminal of the voltmeter should be attached to Al and the positive to Ni.

e)  The following electrode reaction will occur spontaneously in this cell:

      Ni2+  +  2e-  ------>  Ni

24)  Given the following standard electrode potentials (electrons omitted):





Reaction


   E°




Al3+  <====>  Al


-1.66




Cd2+  <====>  Cd


-0.403




Hg2+  <====>  Hg


0.854


Which one of the reactions below will proceed spontaneously from left to right?  (Equations below are not necessarily balanced)

a)  Hg  +  Cd2+  ------>  Hg2+  +  Cd

b)  Al  +  Hg2+  ------>  Al3+  +  Hg

c)  Al3+  +  Cd2+  ------>  Al  +  Cd

d)  Hg  +  Al3+  ------>  Hg2+  +  Al

e)  None of the above

25)  Electrolysis refers to an electrochemical reaction that is

a) exothermic.

b) spontaneous.

c) nonspontaneous, but forced to proceed.

d) voltaic.

e) oxidation-reduction.

EC 1)  The measured voltage for the reaction with the indicated concentrations is E=1.50 V. 
        Calculate E˚. (Watch your coefficients when using Q) SHOW ALL WORK
    
Cr (s) + 3 Ag+ (aq, 0.10 M) (( 3Ag (s) + Cr3+ (aq, 0.30 M)

EC 2)
Consider the cell:   Zn (s) | Zn+2 (0.10 M) || H+ (aq) | H2 (g) (1 atm) 

This cell can be used to provide a measure of the pH in the cathode compartment.  What is the pH in the cathode compartment if the cell emf is measured to be 0.60 V when [Zn+2] = 0.10 M and PH2 = 1.00 atm?  ( Recall pH = - log [H+] )

You MUST show all work.
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