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Free energies of formation for selected substances (in kJ/mol):
NO2(g)     51.26;  N2O4(g)     97.79;  N2O4(s)     99.60;  I2(g)     19.32

Enthalpies of formation for selected substances (in kJ/mol):
Br2(g)     30.91

Entropies for selected substances (in J/K·mol):
Br2(l)     152.21;  Br2(g)     245.39
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1. (30 pts.) Indicate, whether each of the following statements is true or false.

1. O3(g) has higher entropy than O2(g).                                                  True     False

1. Exergonic process is spontaneous.                                                    True     False

1. Q = 1 at standard conditions.                                                             True      False

1. At equilibrium, K = 0.                                                                          True      False

1. The speed of the reaction increases as the reaction progresses.     True      False

1. Lowering the temperature increases the rate of the reaction.            True     False

1. Catalyst speeds up the reaction in the forward direction only.           True     False

1. If Q > K, then ΔG is positive.                                                              True      False

1. Increasing the volume always shifts the equilibrium to the right.        True     False

1. ΔS is positive for every spontaneous process.                                   True     False

*2. (8 pts.) Consider the reaction:    2 NO2(g) ↔ N2O4(g).
(a) Circle ΔGo (in kJ).

     -16.33     -13.66     -8.93     -4.73     -4.20     4.20     4.73     8.93     13.66     16.33

(b)  Circle ΔG (in kJ) at the following conditions at 25.00 oC : P(NO2) = 0.351 atm and P(N2O4) = 4.52 atm. (Credit for part (b) will be given only if (a) is correct.)

     -16.33     -13.66     -8.93     -4.73     -4.20     4.20     4.73     8.93     13.66     16.33


3. (4 pts.) Which one of the following has the largest entropy?
          CH3Cl(g)          CH3F(g)          CH2Cl2(g)          CH4(g)

4. (6 pts.) From the thermodynamic data, determine the boiling point of bromine (in K).
273.2     285.7     293.4     307.6     318.2     325.8     331.7     341.2     353.9     360.0
*5. (5 pts.) I2(s) sublimes at room temperature. Circle the equilibrium vapor pressure of I2(g) at 25.00 oC (in atm).

1.222x10-5   4.122x10-4   2.134x10-3   6.329x10-2   4.266x102   2.426x103   4.626x104   4.212x105


6. (12 pts.) Consider the reaction, first order in N2O5:  N2O5(g) ↔ 2 NO2(g) + ½ O2(g).
The rate constant at 350 K is 2.31 s-1 and the initial concentration of N2O5 is 0.0300 M.

(a) Circle the half-life (in s).

    0.100     0.150     0.200    0.250     0.300     0.350     0.400     0.450     0.500     0.550


(b) Circle percent completion after 2 half-lives (in %).

        7.50      12.5      25.0      37.5      50.0      62.5      75.0      87.5      92.5      97.5


(c) Circle the concentration of N2O5 remaining after 0.600 s (in M).

0.00500    0.00750     0.0100     0.0125     0.0150     0.0175    0.0200    0.0225     0.0250


7. (8 pts.) Catalytic decomposition of hydrogen peroxide can be described by the following 2-step process:

H2O2(aq) + I-(aq) ↔ H2O(l) + IO-(aq)

H2O2(aq) + IO-(aq) ↔ H2O(l) + O2(g) + I-(aq)

(a) Write down the overall reaction. _____________________________________

(b) Identify the catalyst. __________

(c) Identify the intermediate(s). __________


*8. (5 pts.) Which set of conditions will always make the process exergonic?

ΔH(+) and ΔS(+)         ΔH(+) and ΔS(-)         ΔH(-) and ΔS(+)         ΔH(-) and ΔS(-)
9. (8 pts) Consider the exothermic reaction: C3H8(g) + 5 O2(g) ↔ 3 CO2(g) + 4 H2O(g). Will the following changes cause the equilibrium shift to the left, to the right or there will be no change? Circle your choice in each case.

(a) Increase C3H8(g) pressure         right          no change          left 

(b) Increase the volume          right          no change          left

(c) Increase the temperature         right          no change          left

(d) Decrease O2(g) pressure          right          no change          left


*10. (8 pts.) Consider the following reaction:

CO2(aq) + 2 F-(aq) + H2O(l) ↔ CO32-(aq) + 2 HF(aq),     K = 4.2 x 10-11

The reaction begins with 0.028 M of CO2 and 0.017 M of F-. 

(a) Circle the equilibrium concentration of CO2 (in M).

     0.010     0.012     0.015     0.017     0.020     0.022     0.024     0.026     0.028     0.030


(b) Circle the equilibrium concentration of HF (in M).

1.2x10-6  2.3x10-6  3.5x10-6   4.4x10-6   5.8x10-6    6.6x10-6   7.3x10-6   8.8x10-6  9.5x10-6 



11. (6 pts.) Consider the following RED for the 2-step process.
 (
4
) (
2
)
[image: ]   (a) Which 2 points represent 2 transition states? _________
 (
3
)  
   (b) Which 2 points represent Ea,rev of the first step? _______
 (
5
) (
1
)   
   (c) Is the overall process exo- or endothermic? __________
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