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DO NOT OPEN THE EXAM UNTIL 11 AM. 

¥  You must turn in your exam by 11:55 AM according to the VLH clocks. 

¥  This is a closed book, closed notes exam.  All of the information you will need 
is provided with the question or can be found on the LAST PAGE of the 
exam. 

¥  You may use a calculator on this exam, but only for simple arithmetic, 
algebraic and logarithmic functions. 

¥  SHOW YOUR WORK!  We are more interested in the way you arrive at 
your answers than in the answers themselves. 



1. (6 pts) Consider a boiling pot of water at sea level.  Gas bubbles form in the 
liquid.  What is the concentration of water vapor (in moles/liter) in the bubbles? Show 
your work and state any assumptions you need to make. 

 
 

 
 
 
 

 
 
 
 
 
 
 
2. (6 pts) The following reaction takes place in a sealed 5.0 L flask held at 450 K.  If 
both reactants begin at partial pressures of 5.0 atm, what will the final partial pressure of 
CO2 be, assuming the reaction goes to completion?  Show your reasoning. 
 
 C3H8(g) + 5 O2(g) !  3 CO2(g) + 4 H2O(g) 

 
 
 
 
 
 
 
 
 
 
 
3. (6 pts) A return to hot water.  Water is heated from 25ûC to 100ûC in a closed, 
rigid flask.  State whether the following thermodynamic parameters for the system are 
greater than, less than or equal to 0. 
 

  q: 
  
  w: 
 
  ! E: 
 



4.  (6 pts) Two mechanisms were advanced for the loss of stratospheric ozone that 
takes place during the Antarctic springtime.  One implicated NO as a participant in the 
process and the other, atomic chlorine.  What experiment was performed to distinguish 
between the two potential mechanisms, both of which are plausible?  (If youÕre not sure, 
feel free to propose an experiment that would distinguish between the two.) 
 
a. NO + O3 !  NO2 + O2   b. 2(Cl + O3 !  ClO + O2) 
 NO2  + O3 !  NO3 + O2    ClO + ClO !  Cl2O2 

 NO3 + hv !  NO +  O2    ClO2 + hv !  Cl + O2 

 
 
 
 
 
 
 
5. (6 pts)  Ammonia is produced from N2 and H2 as follows:  N2 + 3 H2 !  2 NH3.  
What is the rate of the reaction, given the following plot? Show your reasoning. 

 
 
6. (6 pts) A reaction between an unknown metal and HCl produces H2. 30.0 mL of 
gas are collected over water at 20.0ûC from the reaction. The ambient atmospheric 
pressure is 760 mm Hg and the vapor pressure of water at 20.0ûC is 2.34 kPa.  How 
many moles of H2 were produced? 
 
 
 



7. (10 pts) What rate law is predicted by the following mechanism?  Show your 
reasoning fully. 
 
 A + B !  C 
 B + C !  D slow 
 D !  E 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. (10 pts)  A reaction has an activation energy of 8.00 kJ/mol.  How much faster 
will the reaction proceed at 55ûC than at 25ûC? 



9.  (12 points) Three 5-L flasks each contain 4 g of a gas at 273 K.  One contains H2, 
the second He and the third contains CH4.  Rank the flask contents in the following 
categories (1 = highest, 3 = lowest).  If all are the same, indicate that by writing ÒsameÓ. 
 
 H2 He CH4 

Pressure    

Root mean square speed    

Total Kinetic Energy    

Average Kinetic Energy    

Frequency of collisions with walls    

Force of collision with walls    

 
 
 
 
 
 
10. (12 points) Consider the following rate data from the reaction of hydrochloric acid 
and ammonia. 
 
 HCl + NH3 !  NH4Cl 
 

Trial [NH3] (M) [HCl] (M) rate (M/s) 
1 0.15 0.050 0.20 
2 0.15 0.10 0.40 
3 0.20 0.10 0.71 

 
a. What is the rate law for the reaction? Show your reasoning explicitly. 
 
 
 
 
 
 
 
 
 
 
 
b. What is the rate constant for the reaction?



11. (10 points) Consider the following balanced reaction: 
 
 2 A !  B + C 
 
The plot below tracks the concentration of a reactant, A, vs. time.  Use the information 
in that plot to determine the rate law for the above reaction and the value of the rate 
constant (with units).  Show your reasoning explicitly. 
 

  
 
 
 
12. (10 points) Hemoglobin (Hb) is the protein that transports O2 through the blood 
from the lungs to the rest of the body.  In doing so, each molecule of Hb combines with 
four molecules of O2.  
 
 Hb + 4 O2 !  Hb(O2)4 
 
If 1.00 g of Hb combines with 1.53 mL of O2 at 37¡C and 0.977 atm, what is the molar 
mass of Hb? 
 
 
 
 
 



Constants and Equations 
 

R = 8.3145 J/mol K = 0.08206 Latm/molK  
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1 atm = 760 mm Hg = 1.01325 x 105 Pa  1 Pa = 1 kg/ms
2  1 J = 1 kgm2/s2    

 
ln[A]t = ln[A]o Ð akt    1/[A]t = 1/[A]o + akt " = [A]/#(rates of removal of A)  
 

k = Aexp(-Ea/RT)  
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1 
H 

1.0079 

 2 
He 

4.0026 
3 
Li 
6.94 

4 
Be 
9.01 

 5 
B 

10.81 

6 
C 

12.011 

7 
N 

14.01 

8 
O 

16.00 

9 
F 

19.00 

10 
Ne 
20.18 

11 
Na 
22.99 

12 
Mg 
24.31 

 13 
Al 

26.98 

14 

Si 
28.09 

15 
P 

30.97 

16 
S 

32.06 

17 
Cl 

35.45 

18 
Ar 
39.95 

19 
K 

39.10 

20 
Ca 
40.08 

21 
Sc 
44.96 

22 
Ti 

47.88 

23 
V 

50.94 

24 
Cr 
52.00 

25 
Mn 
54.94 

26 
Fe 
55.85 

27 
Co 
58.93 

28 
Ni 

58.71 

29 
Cu 
63.54 

30 
Zn 
65.31 

31 
Ga 
69.72 

32 
Ge 
72.59 

33 
As 
74.92 

34 
Se 
78.96 

35 
Br 
79.91 

36 
Kr 
83.80 

37 
Rb 
85.47 

38 
Sr 

87.62 

39 
Y 

88.91 

40 
Zr 

91.22 

41 
Nb 
92.91 

42 
Mo 
95.94 

43 
Tc 
98.91 

44 
Ru 

101.07 

45 
Rh 

102.91 

46 
Pd 
106.4 

47 
Ag 

107.87 

48 
Cd 

112.40 

49 
In 

114.82 

50 
Sn 

118.69 

51 
Sb 

121.75 

52 
Te 

127.60 

53 
I 

126.90 

54 
Xe 

131.30 
55 
Cs 

132.91 

56 
Ba 

137.34 

71 
Lu 

174.97 

72 
Hf 

178.49 

73 
Ta 

180.95 

74 
W 

183.85 

75 
Re 
186.2 

76 
Os 
190.2 

77 
Ir 

192.2 

78 
Pt 

195.09 

79 
Au 

196.97 

80 
Hg 

200.59 

81 
Tl 

204.37 

82 
Pb 

207.19 

83 
Bi 

208.98 

84 
Po 
210 

85 
At 
210 

86 
Rn 
222 

87 
Fr 
223 

88 
Ra 

226.03 

103 
Lr 

262.1 

104 
Rf 

261.11 

105 
Db 

262.11 

106 
Sg 

263.12 

107 
Bh 

262.12 

108 
Hs 
265 

109 
Mt 
266 

 
 57 

La 
138.91 

58 
Ce 

140.12 

59 
Pr 

140.91 

60 
Nd 

144.24 

61 
Pm 
146.92 

62 
Sm 
150.35 

63 
Eu 

151.96 

64 
Gd 

157.25 

65 
Tb 

158.92 

66 
Dy 

162.50 

67 
Ho 

164.93 

68 
Er 

167.26 

69 
Tm 
168.93 

70 
Yb 

173.04 
 89 

Ac 
227.03 

90 
Th 

232.04 

91 
Pa 

231.04 

92 
U 

238.03 

93 
Np 

237.05 

94 
Pu 

239.05 

95 
Am 
241.06 

96 
Cm 
247.07 

97 
Bk 

249.08 

98 
Cf 

251.08 

99 
Es 

254.09 

100 
Fm 
257.10 

101 
Md 
258.10 

102 
No 
255 

 


