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The last page of this examination is a periodic table 

[1 faraday = 96500 J/V mol e-; R = 8.31 x 10-3 kJ/molK]

(1)
Which of the following must have a negative value for an exothermic reaction?




(a)
electrode cell potential




(b)
free energy change




(c)
equilibrium constant




(d)
enthalpy change




(e)
entropy change

 (2)
Which of the following is true when one mole of CO2(g) changes to dry ice, CO2(s)?


1.
The entropy decreases.


2.
The entropy increases.


3.
The enthalpy increases.


4.
The enthalpy decreases.




(a)
2 only




(b)
1 and 3 only




(c)
2 and 3 only




(d)
1 and 4 only




(e)
1 only

(3)
In which of the following processes would one expect (S to have the value closest to zero?




(a)
C2H4(g) + Br2(l) ( C2H4Br2(l)




(b)
H2(g) + I2(s) ( 2HI(g)




(c)
CH3C(O)H(g) + 
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O2(g) ( 2CO2(g) + 2H2O(g)




(d)
2NO(g) + O2(g) ( 2NO2(g)




(e)
N2(g) + O2(g) ( 2NO(g)

 (4)
Which of the following processes involve an increase in (S°?


1.
Br2(l) ( Br2(g)


2.
2H2(g) + O2(g) ( 2H2O(g)


3.
2KClO3(s) ( 2KCl(s) + 3O2(g)


4.
2HgO(s) ( 2Hg(l) + O2(g)




(a)
1, 3, and 4 only




(b)
2 only




(c)
1, 2, 3, and 4




(d) 1 only




(e)
3 and 4 only

(5)
Calculate (S° for the decomposition of ozone from oxygen.




2O3(g) ( 3O2(g)


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




(a)
-137 J/(mol • K)




(b)
+34 J/(mol • K)




(c)
-34 J/(mol • K)




(d)
+137 J/(mol • K)




(e)
+444 J/(mol • K)

(6)
The free energy change of a reaction is a measure of




(a)
how rapidly the reaction occurs.




(b)
the excess entropy given off to the surroundings.




(c)
the excess heat given off to the surroundings.




(d)
the increased molecular disorder that occurs in the system.




(e)
the direction in which a net reaction occurs.

(7)
For the following reaction at 25°C





I2(g) + Cl2(g) [image: image2.wmf]2ICl(g)


(H° = -26.9 kJ and (S° = 11.3 J/K.  Calculate (G° for the reaction in kilojoules.




(a)
-50.6 kJ




(b)
50.6 kJ




(c)
102 kJ




(d)
+18.4 kJ




(e)
-30.3 kJ

(8)
When ammonium nitrate dissolves in water, the solution becomes cold.  We can conclude the following:




(a)
(H° is negative and (S° is positive.




(b)
(H° is negative and (S° is negative.




(c)
(H° is positive and (S° is negative.




(d)
(H° is positive and (S° is zero.




(e)
(H° is positive and (S° is positive.

(9)
For a reaction that has an equilibrium constant (Keq) of 2 x 10-3, which of the following statements must be true?




(a)
(G° is positive.




(b)
(G° is negative.




(c)
(H° is negative.




(d)
(S° is positive.




(e)
(H° is positive.

 (10)
All of the following have values of zero for free energy of formation EXCEPT




(a)
N2(g)




(b)
S8(s)




(c)
Fe(l)




(d)
Hg(l)




(e)
Br2(l)

(11)
Predict whether the following reaction, as written, is (a) spontaneous, (b) non-spontaneous, or (c) contains an equilibrium mixture with significant amounts of both reactants and products:


(Ba(OH)2•8H2O)(s) + 2NH4NO3(s) 
[image: image3.wmf]  
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 2NH3(g) + 10H2O(l) + Ba(NO3)2(aq)


(G° = -25.8kJ



(a)
spontaneous reaction



(b)
nonspontaneous reaction



(c)
equilibrium mixture

 (12)
Which half-reaction occurs at the cathode in an electrolytic cell in which an object is being plated with copper?


(a)  Cu(s)  ------>  Cu2+  +  2e-

(b)  Cu(s)  +  2e-   ------> Cu2+

(c)  Cu2+  ------>  Cu(s)  +  2 e-

(d)  Cu2+  +  2e-  ------>  Cu(s) 

(e) none of the above

(13)
In the reaction



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


the aluminum


(a)  gains protons


(b)  gains electrons


(c)  loses protons


(d)  loses electrons

(e)  none of the above

(14)
Given the reaction



3 Cu  +  8 HNO3  ------>  3 Cu(NO3)2  +  2 NO  +  4 H2O


the reducing agent is


(a)  Cu


(b)  N5+

(c)  Cu2+

(d)  N2+
(e)  NO

(15)
Which is a redox reaction?


(a)  CaCO3  ------>  CaO  +  CO2

(b)  NaOH  +  HCl  ------>  NaCl  +  H2O


(c)  2 NH4Cl  +  Ca(OH)2  ------>  2 NH3  +  2 H2O  +  CaCl2

(d)  2 H2O  ------>  2 H2  +  O2
(e) OH-  +  H+  ------>  H2O

(16)
Given the reaction



3 Ag  +  Au3+  ------>  3 Ag+  +  Au


Which equation correctly represents the oxidation half-reaction?


(a)  3 Ag  +  3e-  ------>  3 Ag+

(b)  3 Ag  ------>  3 Ag+  +  3e-

(c)  Au3+  +  3e-  ------>  Au


(d)  Au3+  ------>  Au  +  3e-
(e)   All of the above

(17)
Given the following standard electrode potentials:




Reaction



E°




Li+  <======>  Li


-3.05




Cr3+  <======>  Cr


-0.740




Cu2+  <======>  Cu


 0.337


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


(a)  Cu  +  Li+  ------>  Cu2+  +  Li


(b)  Cr3+  +  Cu2+  ------>  Cr  +  Cu


(c)  Cr  +  Cu2+  ------>  Cr3+  +  Cu


(d)  Cu  +  Cr3+  ------>  Cu2+  +  Cr

(e)  None of the above

(18)
  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.
(19)
Use the following standard reduction potentials in V:



I2  ------>  I-

+0.54



Br2  ------> Br-
+1.07



H+  ------>  H2

 0.00



Cu2+  ------>  Cu
+0.34



Ni2+  ------>  Ni
-0.28


Which one of the following species could be used to oxidize Br- to Br2?

(a)  Br2
(b)  H+
(c)  Cu2+
(d)  Ni2+
(e)  none of the above

(20)
In an electrochemical cell, a tin electrode is immersed in 1.0 M Sn2+ .


Sn2+  +  2e-  ------>  Sn
E° = -0.14V



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

E° = -0.23 V


Calculate the concentration of Ni2+ if the cell is allowed to run to equilibrium at 25° C.


(Hint: First write the complete equation for the reaction using the half reactions above.)
(a)  1.1 M

(b)  -0.10 M

(c)  0.001 M

(d)  1100 M

(e)  none of these

(21)
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

(22)
What is the equilibrium constant for the following reaction at 25oC ?

Co(s) + 2H+(aq) ( Co+2(aq) + H2(g)

The standard reduction potentials (Eo) of Co+2  is -.028v,   and reductio0n potential of H+ is 0.0v.


(a)  0.277



(b)  4.31 x 10-10


(c)  2.32 x 109


(d)  4.82 x 104


(e)  none of these

(23)
Nickel is electroplated from a NiSO4 solution.  If a constant current of 5.00 amp is applied by  

            an external power supply, how long will it take to deposit 100 g of Ni?



(a)  18.3 hours



(b)  2.40 days



(c)  63.1 minutes



(d)  56.7 seconds



(e)  1.20 seconds

Extra Credit: Show all work for credit

The standard emf for the cell using the overall cell reaction below is +2.20 volts.

2Al (s)  +  3I2 (s)   (  2Al+3 (aq)  +  6I- (aq)

The emf generated by the cell when [Al+3] = 4.5 x 10-3 M and [I-] = 0.15M is _____volts?
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