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1 Which of the following statements about the group 17 
elements is false? 

 
A The ionization energy decreases down the group. 
 
*B The group contains both metals and non-metals. 
 
C Electronegativity decreases down the group.  
 
D The melting point increases down the group. 
 
E The most common ion formed by these elements 

is X−. 
 
 
 
2 Which of the following has the highest melting point? 
 
 

A I2(s) 

B C60(s) 

C NaCl(s) 

*D LiF(s) 

E Xe(s) 

 
 
3 The acid ionization constant for HNO2 is Ka = 4.5×10−4 

at 298 K. What is the pH of 0.100 mol L−1 HNO2(aq) at 
298 K? (Choose the closest value.) 

 
A 1.00 

*B 2.17 

C 1.67 

D 3.23 

E 6.53 

 
4 A 0.100 mol L−1 solution of which of the following salts 

has the highest pH at 298 K?  
 
 

A NaF 

B NaIO3 

*C NaCN 

D NH4F 

E NH4IO3 

 

 

 

 

5 A solution is prepared by dissolving 4.50 grams of 
solid NaOH in 1.00 L of 0.100 mol L−1 HNO2(aq) at 
298 K? What is the pH of this solution? Assume that 
the final volume is 1.00 L.  

  
 
 A 7.00 
 
 B 1.90 
 
 C 2.45 
 
 *D 12.10 
 
 E 13.05 
 
 
 
6 If 1.00 L of 0.100 mol L−1 HNO2(aq) is diluted with water 

to a final volume of 4.00 L, then which of the following 
statements regarding the new solution is true? 

  
A The percent ionization of the acid decreases and 

the pH remains the same. 
 

B The percent ionization of the acid increases and 
the pH decreases. 

 
*C The percent ionization of the acid increases and 

the pH increases. 
 

D The percent ionization of the acid decreases and 
the pH decreases. 

 

E The percent ionization of the acid increases 
and the pH remains the same. 

 
 
7 Which of the following equilibria shifts to the left when 

the external pressure is increased and shifts to the 
right when the temperature is increased? 

 
A N2(g) + O2(g)  2 NO(g)   ΔH > 0 
 
B 2 H2O(g)  O2(g) + 2 H2(g)    ΔH < 0 
 
C PCl3(g) + Cl2(g)  PCl5(g)   ΔH > 0 
 
D N2(g) + 3 H2(g)  2 NH3(g)   ΔH < 0 
 
*E 2 CO2(g)  2 CO(g) + O2(g)   ΔH > 0 

 
 
 
 

Ionization constants  
(at 298 K) 

HIO3, Ka = 1.7×10−2 
HF,  Ka = 6.3×10−4 
HCN,  Ka = 6.2×10−10 
NH3, Kb = 1.8×10−5 
H2O, Kw = 1.0×10−14 

Ionization constants  
(at 298 K) 
HNO2, Ka = 4.5×10−4 
H2O, Kw = 1.0×10−14 

CHEM 13 NEWS EXAM 2008 - Answers 
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Use the table of standard reduction potentials given below 
to answer questions 8 through 10. 
 
Half–Reaction E o  
Ag+(aq) + e−  Ag(s) +0.80 V 
O2(g) + 2H2O(l) + 4e–  4 OH–(aq) +0.40 V 
Cu2+(aq) + 2e−  Cu(s) +0.34 V 
2H+(aq) + 2e−  H2(g)   0.0 V 
Sn2+(aq) + 2e−  Sn(s) –0.14 V 
Ni2+(aq) + 2e−  Ni(s) –0.25 V 
Fe2+(aq) + 2e−  Fe(s) –0.41 V 
Cr3+(aq) + 3e−  Cr(s) –0.74 V 
Zn2+(aq) + 2e−  Zn(s) –0.76 V 
2H2O (l) + 2e−  H2(g) + 2OH−(aq) –0.83 V 
Al3+(aq) + 3e−  Al(s) –1.66 V 

 

8 Which of the following is the best reducing agent 
under standard conditions? 

 
 A Cu(s) 

 *B Zn(s) 

 C Al3+(aq) 

 D Fe2+(aq) 

 E Ag(s) 
 
9 The metal X dissolves in HCl(aq) but does not react in 

pure water, even its powdered form.  It is a better 
reducing agent than Ni(s).  It forms an oxide with the 
formula X2O3. What is X? 

 
 A silver, Ag 

 B copper, Cu 

 C zinc, Zn 

 D aluminum, Al 

*E chromium, Cr 

 
10 Sacrificial anodes are attached to the hulls of ships to 

protect the iron (Fe) in the hull from corrosion.  Which 
of the following metals could be used as a sacrificial 
anode for protecting the iron hull of a ship? 

 
A nickel, Ni 
 
*B zinc, Zn 
 
C tin, Sn  
 
D copper, Cu 
 
E silver, Ag 

 
 

11 The phase diagram for carbon dioxide is shown 
below.  The temperature and pressure at the triple 
point (TP) and the critical point (CP) are shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Which of the following accounts for the fact that liquid 
CO2 is not observed when a piece of solid CO2 (dry 
ice) is placed on a lab bench at 25oC and 1 atm? 

 
A The triple point temperature is less than the 

critical point temperature. 

B The critical temperature is greater than 25oC. 

C The triple point temperature is less than 25oC. 

D The critical pressure is greater than 1 atm. 

*E The triple point pressure is greater than 1 atm. 
 

12 When 1.50 grams of a compound containing only 
carbon, hydrogen, nitrogen and oxygen is burned 
completely in excess O2,  1.72 g CO2, 0.585 g NO 
and 1.23 g H2O are produced.  What is the empirical 
formula for the compound? 

 
*A C2H7O2N 

B C2H14O2N 

C CH7ON 

D C2H7ON2 

E CH7O2N 
 

13 What is the hybridization of the carbon atoms in 
benzene, C6H6? 

 
A sp2 and sp3 
 
B sp3 only 
 
C sp, sp2 and sp3 
 
*D sp2 only 
 
E sp only 

 

CP 

TP 

−57oC 31oC

5.2 atm

72 atm

gas 

liquid 
solid 
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14 How many structural isomers are there for C4H8? 
 

A one 
 

B two 
 
C three 
 
D four 
 
*E more than four 

 
 
15 The reaction below was studied at 40oC using the 

method of initial rates.  Data are given in the table 
below. 

 −2
2 8S O (aq)  +  2 I−(aq)   →   2 −2

4SO (aq)  +  I2(s) 
 

 
run 

[ ]−2
2 8S O  

(in mol L-1) 
[ ]−I  

(in mol L-1) 
Initial Rate 

(in mol L−1 s−1) 
1 0.010 0.10 3.5×10−4 
2 0.020 0.20 1.4×10−3 
3 0.020 0.40 2.8×10−3 

 
What are the correct value and units of the rate 
constant, k? 

 
 A 0.35 mol L−1 s−1 
 
 B 3.5 mol L−1 s−1 
 
 *C 0.35 mol−1 L s−1 
 
 D 0.35 mol−2 L2 s−1 
 
 E 1.8×102 mol−1 L s−1 
 
 
16  For the reaction below, ΔH o = −879.6 kJ. 

  3 N2O(g) + 2 NH3(g) → 4 N2(g) + 3 H2O(g) 

Given that ΔH o
f  = −45.9 kJ mol−1 for NH3(g) and 

ΔH o
f = −241.8 kJ mol−1 for H2O(g), what is ΔH o

f      
for N2O(g)? 

 
 A 684 kJ mol−1

 
 
 B −504 kJ mol−1 
 
 C −684 kJ mol−1 
 
 *D 82.0 kJ mol−1 
 
 E The answer cannot be determined with the 

information provided. 
 

17  The following figure shows the contents and 
pressures of three vessels of gas which are joined by 
a connecting tube. 

 
 
 
 
 
 
 
 
 
 After the valves on the vessels are opened, the final 

pressure is measured and found to be 0.675 atm. 
What is the total volume of the connecting tube?  All 
vessels are at a constant temperature of 25ºC. 

 
 A 0.53 L 
 
 *B 0.056 L 
 
 C 0.094 L 
 
 D 0.040 L 
 
 E 0.023 L 
 
 
18 At a certain temperature, the equilibrium constant for 

the reaction below is Kp = 0.100. 
P4(g)      2 P2(g)  

In an experiment, some P4 gas was added to an 
empty reaction vessel and then the vessel was 
quickly sealed. The total pressure at equilibrium was 
1.00 atm. What was the initial pressure of P4 used in 
this experiment? 

 
 

 A 1.00 atm 
 
 B 0.730 atm 
 
 C 0.752 atm 
 
 *D 0.865 atm 
 
 E 0.667 atm 
 
 
 
 
 
 
 
 
 

valve 
He 

0.75 atm 
1.0 L 

Xe 
0.45 atm 

2.5 L 

Ar 
1.20 atm 

1.0 L 
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19 In acidic aqueous solution, zinc metal is oxidized to 
Zn2+. The net ionic equation for the reaction is given 
below. 

Zn(s) + 2 H+(aq) →   Zn2+(aq) + H2(g) 

In an experiment, 5.0 grams of Zn(s) were added to 
100 mL of 1.0 mol L−1 HCl(aq).  Which of the following 
changes to the procedure would not affect the initial 
rate of the reaction? 

 
 A warming the HCl solution before adding the zinc 
 
 B using zinc powder instead of zinc granules 
 
 *C using 50 mL of 1.0 mol L−1 HCl(aq) 
 
 D using 200 mL of 0.50 mol L−1 HCl(aq) 
 
 E using 100 mL of 1.0 mol L−1 H2SO4(aq) 
 
 
 
20 Which of the following groups of ions and atoms is 

comprised of species having exactly the same ground 
state electron configuration?  

 
A Al3+, O2−, Ne, Cl− 

 
B Ca, Ti2+, Cl−, S2− 

 
C H−, He, Li, Be2+ 

 
D Ne, Ar, Kr, Xe 

 
*E Ca2+, Ti4+, Cl−, S2− 
 
 
 

21 Proteins are polymers of which kind of acids? 
 
 *A amino acids 
 
 B strong acids 
 
 C binary acids 
 
 D inorganic acids 
 
 E lactic acids 
 
 
 
 
 
 
 

22 In separate experiments, a 50.0-mL sample of each 
of the two solutions listed below is titrated with       
0.10 mol L−1 NaOH(aq).  

  
 0.10 mol L−1 HCl(aq),  pH = 1.0 
 0.10 mol L−1 HCN(aq), pH = 5.1 
 
 Which of the following statements is true? 
 

A For both titrations, the pH at the equivalence 
point is 7.00. 

 
B It takes a greater volume of the NaOH solution to 

reach the equivalence point for the titration of the 
HCl solution than it does for the titration of the  
HCN solution. 

 
C For both titrations, the pH at the equivalence 

point is greater than 7.00. 
 
D HCN is a stronger acid than HCl. 
 
*E For both titrations, it takes 50.0 mL of the NaOH 

solution to reach the equivalence point. 
 
 
23 At high temperatures, sodium hydrogen carbonate, 

NaHCO3, decomposes according to the chemical 
equation given below. 

2 NaHCO3(s)    Na2CO3(s) + H2O(g) + CO2(g) 

What is the equilibrium constant expression for this 
reaction? 

 

 A 
[ ][ ][ ]

[ ]
=cK 2 2 2 3

3

H O CO Na CO

NaHCO
 

 B 
[ ][ ][ ]

[ ]
=cK 2 2 2 3

2
3

H O CO Na CO

NaHCO
 

 *C [ ][ ]=cK 2 2H O CO  

 D 
[ ]

[ ][ ][ ]
=cK

2
3

2 2 2 3

NaHCO

H O CO Na CO
 

 E 
[ ][ ]

=cK
2 2

1

H O CO
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24 Which of the following statements is always true? 
 

A A nonelectrolyte is ionized completely in aqueous 
solution. 

  
B Most ionic compounds of the Group 1 elements 

are insoluble. 
 
C A 1 mol L−1 solution of NH3(aq) is a better 

conductor of electric current than a 1 mol L−1 
solution of HCl(aq). 

 
*D A weak acid is partially ionized in aqueous 

solution. 
 
E Cl− will precipitate Na+ from solution. 
 

 
 
 
25 Given the data below, what is the bond dissociation 

energy for the H-Cl bond? 
 
 
 
 
 
 
  
 *A 430 kJ mol−1 
  
 B 384 kJ mol−1 
 
 C 123 kJ mol−1 
  
 D 92 kJ mol−1 
  
 E 767 kJ mol−1 
 
 
 
 
 
 
 
26 Of the following organic compounds, which is least 

soluble in water at 298 K? 
 
 A methanol, CH3OH 
 
 B ethanol, CH3CH2OH 
 
 *C dimethyl ether, H3COCH3 
 
 D ethylene glycol, HOCH2CH2OH 
 
 E ethanoic acid, CH3COOH 
 
 

27 The temperature-time graph is shown below for 
heating H2O at a constant rate of 1.00 kJ s−1. What 
does the line segment DE represent? 

 
 
 
 
 
 
 
 
 
 
 
 A warming of ice 
 
 B fusion 
 
 C warming of liquid 
 
 *D vaporization 
 
 E condensation 
 
 
28 The unbalanced chemical equation for the oxidation 

of −Br  by −
4MnO  is given below. The reaction occurs 

in aqueous acidic solution. 

    −Br  + −
4MnO  → Br2 + Mn2+  

 How many moles of −
4MnO  are required to oxidize   

exactly 1.0 mol −Br ? 
 

A 1.0 mol 
 
 *B 0.2 mol 
 
 C 5.0 mol 
 
 D 0.1 mol 
 
 E 10 mol 
 
 
29 Which of the following is the best choice to measure 

accurately 22.5 mL of a solution? 
 

*A a 50 mL buret 

B a 50 mL Erlenmeyer flask 

C a 50 mL beaker 

D a 50 mL graduated cylinder 

E a 50 mL volumetric pipet 

H-H bond dissociation energy = 432 kJ mol−1 
Cl-Cl bond dissociation energy = 244 kJ mol−1 
Δ fH o for HCl = −92 kJ mol−1 

A

B
C 

D 
E

time 

temperature
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30 Solid NH4NO3 is added to a solution of sodium 
hydroxide, NaOH, and the solution is warmed.  Which 
of the following gases is produced? 

 
 A nitrogen, N2 
 
 B oxygen, O2 
 
 C dinitrogen oxide, N2O 
 

D hydrogen, H2 
 
 *E ammonia, NH3 
 

31 Which one of the following solutions does not conduct 
electricity at 25oC? 

 
 *A 0.10 mol L−1 CH3CH2OH(aq) 
 
 B 0.10 mol L−1 H2SO4(aq)  
 
 C 0.10 mol L−1 CH3COOH(aq) 
 
 D 0.10 mol L−1 HNO3(aq) 
 
 E 0.10 mol L−1 NH3(aq) 
 

32 In which of the following compounds is the oxidation 
state of chlorine equal to +5?  

 
 A HCl 
 
 B ClF3 
 
 *C HClO3  
 
 D PCl5  
 
 E HClO2 
 

33 The structure of which of the following is not a hybrid 
of two or more equivalent resonance structures? 

 
 A −2

3CO  
 
 B −3

4PO  
 
 C C6H6 
 
 D O3 
 
 *E C2H4 
 
 
 

34 For the reaction 

  2 HBr  +  ½ O2   →   H2O   +   Br2,  

 the following mechanism has been proposed. 

  HBr  +  O2  →  HOOBr    fast 

  HOOBr  +  HBr   →   2 HOBr  slow 

  HOBr  +  HBr   →   H2O   +   Br2  fast 

 What is the predicted rate law for the overall reaction? 

 *A Rate = k [HBr]2 [O2]  
 
B Rate = k [HBr]2 [O2]1/2 
 
C Rate = k [HBr] [O2] 
 
D Rate = k [HBr] [O2]2 

 

 E Rate = k 
2 1/2

2

2 2[H O][Br ]
[HBr] [O ]

 

 
 
35 Which of the following substances is the most soluble 

in hexane, C6H14(l)? 
 
 
 A NaCl 
 
 *B Cl2 
 
 C CH3Cl 
 

D HCl 
 
 E CaCl2 
 
 
36 Which oxide of nitrogen is 36.8% N by mass? 
 
 A N2O4 
 
 B NO 
 
 *C N2O3 
 
 D NO2 
 
 E N2O 
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37 A student drew the following Lewis structures for NO, 
CO, NH3 and BH3.  Which of the following structures 
is (are) correct?  

 
          

(1)       (2)  
 

 
 
       

(3)       (4) 
    
           

          
  
 A (1) only 
 
 B (3) and (4) 
 
 *C (1) and (2) 
 
 D (2) and (3) 
 
 E (3) only 
 
 
 
38 The reaction N2(g) + 3 H2(g)  2 NH3(g) is 

exothermic. The reaction is allowed to reach 
equilibrium in a closed vessel.  Which of the following 
will lead to an increase in the number of moles of 
ammonia in the equilibrium mixture? 

  (1)  increasing the temperature 
  (2)  adding a catalyst 
  (3)  increasing the external pressure 
  (4)  adding N2 to the reaction vessel 
  

A (1) only 
 
 B (1) and (2) only 
 
 C (2) and (3) only 
 
 *D (3) and (4) only 
 
 E (1), (2) and (4) 
 
 
 
 
 
 
 
 

39 What is the maximum mass of nickel metal that can 
be deposited from an aqueous solution of Ni(NO3)2 
by the passage of three moles of electrons? 

 
 A 29 g 
 
 B 39 g 
 
 C 59 g 
 
 *D 88 g 
 
 E 176 g 
 
 
 
40 Ethanoic acid, CH3COOH, is a weak acid in water.  

What happens when 0.01 moles of HCl are added to 
a 0.1 mol L−1 solution of ethanoic acid?  

 
A The pH of the solution increases and the percent 

ionization of ethanoic acid increases. 
 
B The pH of the solution decreases and the percent 

ionization of ethanoic acid increases. 
 
*C The pH of the solution decreases and the percent 

ionization of ethanoic acid decreases. 
  
D The pH of the solution increases and the percent 

ionization of ethanoic acid decreases. 
  
E The weak acid is neutralized by the strong acid 

and the pH of the solution is 7.00. 
 
 
 
 
 
 

 

 

N

H

H H

B HH

H

N O C O
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1 

1A 

                 
18 
8A 

1 
H 

1.008 

 
2 

2A 

           
13 
3A 

 
14 
4A 

 
15 
5A 

 
16 
6A 

 
17 
7A 

2 
He 

4.003
3 
Li 

6.941 

4 
Be 

9.012 

          5 
B 

10.81

6 
C 

12.01 

7 
N 

14.01 

8 
O 

16.00

9 
F 

19.00

10 
Ne 

20.18
11 
Na 

22.99 

12 
Mg 

24.31 

 
3 

3B 

 
4 

4B 

 
5 

5B 

 
6 

6B 

 
7 

7B 

 
8 
← 

 
9 

8B 

 
10 
→ 

 
11 
1B 

 
12 
2B 

13 
Al 

26.98

14 
Si 

28.09 

15 
P 

30.97 

16 
S 

32.07

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 

58.69

29 
Cu 

63.55

30 
Zn 

65.38

31 
Ga 

69.72

32 
Ge 

72.59 

33 
As 

74.92 

34 
Se 

78.96

35 
Br 

79.90

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) 

44 
Ru 

101.1

45 
Rh 

102.9

46 
Pd 

106.4

47 
Ag 

107.9

48 
Cd 

112.4

49 
In 

114.8

50 
Sn 

118.7 

51 
Sb 

121.8 

52 
Te 

127.6

53 
I 

126.9

54 
Xe 

131.3
55 
Cs 

132.9 

56 
Ba 

137.3 

57 
La 

138.9 

 72 
Hf 

178.5 

73 
Ta 

180.9 

74 
W 

183.9 

75 
Re 

186.2

76 
Os 

190.2

77 
Ir 

192.2

78 
Pt 

195.1

79 
Au 

197.0

80 
Hg 

200.6

81 
Tl 

204.4

82 
Pb 

207.2 

83 
Bi 

209.0 

84 
Po 

(209) 

85 
At 

(210) 

86 
Rn 

(222) 
87 
Fr 

(223) 

88 
Ra 
226 

89 
Ac 

227.0 

 104 
Rf 

105 
Db 

106 
Sg 

107 
Bh 

108 
Hs 

109 
Mt 

110 
Uun 

111 
Uuu 

112 
Uub 

113 
Uut 

     

58 
Ce 

140.1 

59 
Pr 

140.9 

60 
Nd 

144.2 

61 
Pm 

(145) 

62 
Sm 

150.4

63 
Eu 

152.00

64 
Gd 

157.3

65 
Tb 

158.9

66 
Dy 

162.5

67 
Ho 

164.9

68 
Er 

167.3 

69 
Tm 

168.9 

70 
Yb 

173.0

71 
Lu 

175.0
90 
Th 

232.0 

91 
Pa 

231.0 

92 
U 

238.0 

93 
Np 

237.0

94 
Pu 

(244) 

95 
Am 

(243) 

96 
Cm 

(247) 

97 
Bk 

(247) 

98 
Cf 

(251) 

99 
Es 

(252) 

100 
Fm 

(257) 

101 
Md 

(258) 

102 
No 

(259) 

103 
Lr 

(260) 

DATA SHEET 
CHEM 13 NEWS EXAM 2008 

 
DETACH CAREFULLY 

Constants:              Conversion factors: 

NA = 6.022 × 1023 mol−1           1 atm = 101.325 kPa  = 760 torr    = 760 mm Hg 

R = 0.082058 atm L K−1 mol−1        0oC = 273.15 K 

= 8.3145 kPa L K−1 mol−1 

= 8.3145 J K−1 mol−1 

 
Kw = 1.0×10−14  (at 298 K) 

F = 96 485 C mol−1 

 
 

Equations:   PV = nRT  k t1/2 = 0.693  pH = pKa + log ( [base] / [acid] )  − ± −
=

2 4

2

b b ac
x

a
 


