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1. List three properties of metals that are different from those of nonmetals.        [3 marks] 
 (a)  good conductor of heat 

 (b)  good conductor of electricity 
 (c)  resistivity increases with temperature (electrical conductivity decreases as temperature 

increases) 
 (d)  reflect light across a wide range of wavelengths (making them shiny) 
 (e)  malleability (can be hammered into sheets, etc.) 
 (f)  ductility (can be pulled into wires) 
 

 

2. Complete the following table by naming each compound.          [3 marks] 

Chemical Formula Name 

𝑁𝑁𝑁𝑁𝑁𝑁 sodium fluoride 

𝐴𝐴𝐴𝐴𝐶𝐶𝐶𝐶3 aluminium chloride 

𝐿𝐿𝐿𝐿2𝑂𝑂 lithium oxide 

 

 

3. Sodium phosphate is reasonably soluble in water.  (A saturated solution is about 0.7 𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿

 
at room temperature.)  On the other hand, lithium phosphate has a very low solubility 
(about 0.004 𝑚𝑚𝑚𝑚𝑚𝑚

𝐿𝐿
 at room temperature). 

 Explain why there is such a large difference between the solubilities of these two alkali 
metal phosphates in water.              [2 marks] 

 𝐿𝐿𝐿𝐿+ is a significantly smaller cation than 𝑁𝑁𝑁𝑁+.  As such, the ionic bonds between 𝐿𝐿𝐿𝐿+ and 
𝑃𝑃𝑃𝑃43− are shorter/stronger than those between 𝑁𝑁𝑁𝑁+ and 𝑃𝑃𝑃𝑃43−.  For this reason, the lattice 
energy for lithium phosphate is larger than that for sodium phosphate. 

 Ionic compounds with larger lattice energies are less soluble in water than those with 
smaller lattice energies since it requires more energy to disrupt the lattice. 
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4. Write balanced chemical equations for each of the following processes.      [10 marks]  

Include states of matter.  Some of these processes can be described using a single reaction 
equation; others require more than one. 

(a) The reaction of potassium metal with water. 

 2 𝐾𝐾(𝑠𝑠) + 2 𝐻𝐻2𝑂𝑂(𝑙𝑙)  → 2 𝐾𝐾𝐾𝐾𝐾𝐾(𝑎𝑎𝑎𝑎) +  𝐻𝐻2(𝑔𝑔) 

or 2 𝐾𝐾(𝑠𝑠) + 2 𝐻𝐻2𝑂𝑂(𝑙𝑙)  → 2 𝐾𝐾(𝑎𝑎𝑎𝑎)
+ +  2 𝑂𝑂𝑂𝑂(𝑎𝑎𝑎𝑎)

− +  𝐻𝐻2(𝑔𝑔) 

(b) The reaction of magnesium metal with chlorine. 

 𝑀𝑀𝑀𝑀(𝑠𝑠)  +  𝐶𝐶𝐶𝐶2(𝑔𝑔)  →  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀2(𝑠𝑠)  

(c) The formation of a precipitate when an aqueous solution containing calcium ions and 
hydrogen carbonate ions (𝐻𝐻𝐻𝐻𝑂𝑂3−) is heated. 

 2 𝐻𝐻𝐻𝐻𝐻𝐻3(𝑎𝑎𝑎𝑎)
−  ⇌  𝐶𝐶𝐶𝐶3(𝑎𝑎𝑎𝑎)

2−  +  𝐻𝐻2𝑂𝑂(𝑙𝑙) +  𝐶𝐶𝐶𝐶2(𝑔𝑔) 

and 𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎)
2+ +  𝐶𝐶𝐶𝐶3(𝑎𝑎𝑎𝑎)

2−  →  𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂3(𝑠𝑠) 

 It is also acceptable to write H2CO3 as a product of the first reaction instead of H2O and 
CO2 and also include 𝐻𝐻2𝐶𝐶𝑂𝑂3(𝑎𝑎𝑎𝑎)  ⇌  𝐻𝐻2𝑂𝑂(𝑙𝑙)  + 𝐶𝐶𝐶𝐶2(𝑔𝑔)  as a second equilibrium.   

 Heating the solution reduces the solubility of carbon dioxide, thereby driving the first 
equilibrium forward.  (It is also fine to write → instead of ⇌.) 

(d) The reaction of aluminium oxide with a non-oxidizing acid. 

 𝐴𝐴𝐴𝐴2𝑂𝑂3(𝑠𝑠)  +  6 𝐻𝐻(𝑎𝑎𝑎𝑎)
+  → 2 𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎)

3+ + 3 𝐻𝐻2𝑂𝑂(𝑙𝑙)  

 It is also acceptable to choose a specific non-oxidizing acid (e.g. HCl) and show the 
reaction between that and aluminium oxide. 

 

5. Fill in the blanks in the following paragraph describing the industrial production of 
aluminium.  Where the answer is a compound, it is acceptable to give either the name or 
the chemical formula.               [8 marks] 

Bauxite is a mixture of aluminium oxides and hydroxides.  It is typically 

contaminated with other minerals such as _iron(III) oxide (𝐹𝐹𝐹𝐹2𝑂𝑂3)_. In order to 

separate the aluminium compounds from the contaminants, it is necessary to add 

_aqueous base �𝑂𝑂𝑂𝑂(𝑎𝑎𝑎𝑎)
− �_. After this addition, the aluminium is found in the 

_aqueous_ phase while the contaminants are found in the _solid_ phase.  The 

two phases are separated, and the aluminium is recovered as 𝐴𝐴𝐴𝐴2𝑂𝑂3 by adding 

_acid (carbon dioxide; 𝐶𝐶𝐶𝐶2)_ and then _heating_ to remove water. 

The pure 𝐴𝐴𝐴𝐴2𝑂𝑂3 is then melted and subjected to _electrolysis_, giving molten 

aluminium metal.  The other product of this reaction is _carbon dioxide (𝐶𝐶𝐶𝐶2)_. 
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6. The alkaline earth metals react with nitrogen to form nitrides.         [8 marks] 
(a) Write a balanced chemical equation for the reaction of calcium with nitrogen to form 

calcium nitride.  Include states of matter.                        [2 marks] 

 3 𝐶𝐶𝐶𝐶(𝑠𝑠) + 𝑁𝑁2(𝑔𝑔)  →  𝐶𝐶𝐶𝐶3𝑁𝑁2(𝑠𝑠) 

 

(b) What mass of calcium nitride can be made when 6.54 g of calcium reacts with an excess 
of nitrogen?                 [4 marks] 

 Step 1: Calculate moles of 𝑪𝑪𝑪𝑪 

 𝑛𝑛𝐶𝐶𝐶𝐶  =  6.54 𝑔𝑔 ×  1 𝑚𝑚𝑚𝑚𝑚𝑚
40.078 𝑔𝑔

 =  0.163 𝑚𝑚𝑚𝑚𝑚𝑚              3 sig. fig. 

 Step 2: Calculate moles of 𝑪𝑪𝑪𝑪𝟑𝟑𝑵𝑵𝟐𝟐 

 𝑛𝑛𝐶𝐶𝐶𝐶3𝑁𝑁2  =  0.163 𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶 ×  1 𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶3𝑁𝑁2
3 𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶

 =  0.0544 𝑚𝑚𝑚𝑚𝑚𝑚 𝐶𝐶𝐶𝐶3𝑁𝑁2           3 sig. fig. 

 Step 3: Calculate mass of 𝑪𝑪𝑪𝑪𝟑𝟑𝑵𝑵𝟐𝟐 

 𝑚𝑚𝐶𝐶𝐶𝐶3𝑁𝑁2  =  0.0544 𝑚𝑚𝑚𝑚𝑚𝑚 ×  148.25 𝑔𝑔
1 𝑚𝑚𝑚𝑚𝑚𝑚

 = 8.06 𝑔𝑔               3 sig. fig. 

 

(c) Lithium is the only alkali metal that forms a nitride.  This is an example of what principle?
                   [1 mark] 

 diagonal relationship 

 

(d) When calcium nitride reacts with hydrogen gas, calcium imide (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) is formed.  This 
reaction has been proposed as a hydrogen storage method.  The hydrogen can be released 
from the imide by heating, reforming the nitride. 

 Draw a Lewis diagram for the imide ion (𝑁𝑁𝑁𝑁2−).             [1 mark]   
Include any non-zero formal charges on the appropriate atom(s). 

N H
-2
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7. The connectivity for chloric acid (𝐻𝐻𝐻𝐻𝐻𝐻𝑂𝑂3) is shown below:          [6 marks] 

 O Cl O

O

H  
(a) Draw one Lewis diagram for chloric acid where all atoms obey the octet rule.        [2 marks] 

Include any non-zero formal charges on the appropriate atom(s). 
 

O Cl O

O

H

-1

-1

+2  
 

(b) Draw one Lewis diagram for chloric acid where all formal charges have been minimized. 
                    [1 mark] 

 
O Cl O

O

H
 

 

(c) Choose one of your Lewis diagrams.  Use that Lewis diagram to determine the molecular 
geometry around the chlorine atom.  Your answer should include:         [3 marks] 

• Which of your Lewis diagrams are you using?  _________ (the one from (a) or (b)?)  
If your answers to part (a) and (b) were both correct, this part is irrelevant since 
both correct answers give the same answers for part (c).  For some students who 
made errors in part (a) and/or part (b), however, this allowed us to give partial 
credit if the answers to part (c) matched the chosen Lewis diagram. 

• The name of the molecular geometry around the chlorine atom. 
• A drawing of the molecular geometry around the chlorine atom. 
• The 𝑂𝑂 − 𝐶𝐶𝐶𝐶 − 𝑂𝑂 bond angle.  Use ~ to indicate an angle that is not exact. 

 

   

 
 
 

It is also acceptable to indicate that the bond angle is <109.5°.  

Cl

~109.5oO O
OH

trigonal pyramidal
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8. The connectivity for the cyanate ion (𝑁𝑁𝑁𝑁𝑁𝑁−) is shown below:         [8 marks] 

 N C O  
(a) Three resonance structures can be drawn for this anion.  Draw all three of them.    [6 marks] 

Include any non-zero formal charges on the appropriate atom(s). 
 

N C O N C O N C O
-1 -1 -2 +1

 
 

 

 

 

 

 

 

 

 

 

 

(b) One of these three resonance structures most closely resembles the true structure of the 
cyanate ion.  It can be considered the ‘most important’ of the three resonance structures.  

Circle this ‘most important’ resonance structure.            [2 marks] 
 In 10 words or less, justify your choice. 

 negative formal charge is placed on most electronegative atom (oxygen). 
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9. Use the data provided in the table below to calculate the approximate standard enthalpy 

change (∆𝑟𝑟𝐻𝐻°) for the reaction between hydrogen selenide and chlorine gas:       [3 marks] 

𝐻𝐻2𝑆𝑆𝑆𝑆(𝑔𝑔) + 𝐶𝐶𝐶𝐶2(𝑔𝑔) → 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2(𝑔𝑔) + 𝐻𝐻2(𝑔𝑔) 

 Table of Bond Dissociation Enthalpies 

Bond ∆𝑩𝑩𝑩𝑩𝑯𝑯° � 𝒌𝒌𝒌𝒌
𝒎𝒎𝒎𝒎𝒎𝒎

� 

𝐻𝐻 − 𝐻𝐻 435.7799 

𝐻𝐻 − 𝑆𝑆𝑆𝑆 305 

𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶 242.85 

𝑆𝑆𝑆𝑆 − 𝐶𝐶𝐶𝐶 322 

 

 
Se HH Cl Cl Se ClCl H H+ +

 
 

 ∆𝑟𝑟𝐻𝐻° ≈ ∑∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) − ∑∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 

 ∆𝑟𝑟𝐻𝐻° ≈ [2∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝐻𝐻 − 𝑆𝑆𝑆𝑆) + ∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶)]− [2∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝑆𝑆𝑆𝑆 − 𝐶𝐶𝐶𝐶) + ∆𝐵𝐵𝐵𝐵𝐻𝐻°(𝐻𝐻 − 𝐻𝐻)] 

 ∆𝑟𝑟𝐻𝐻° ≈ �2 �305 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + �242.85 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

�� − �2 �322 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + �435.7799 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

�� 

 ∆𝑟𝑟𝐻𝐻° ≈ −227 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

        0 decimal places therefore 3 sig. fig. 
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10. Complete the following table.  You may find the partial periodic table (copied from the 

Data Sheet) helpful.  Misspelled elements will not get full credit.         [6 marks] 
 

Atomic Number (Z) Symbol Name 

22 Ti titanium 

24 Cr chromium 

26 Fe iron 

30 Zn zinc 

32 Ge germanium 

34 Se selenium 
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Some Useful Constants and Formulae 
 
Fundamental Constants and Conversion Factors 
Atomic mass unit (u) 1.660 539 × 10-27 kg Planck's constant 6.626 070 × 10-34 J·Hz-1 

Avogadro's number 6.022 141 × 1023 mol–1 Proton mass 1.007 277 u 
Bohr radius (a0) 5.291 772 × 10-11 m Neutron mass 1.008 665 u 
Electron charge (e) 1.602 177 × 10-19 C Rydberg Constant (RH) 2.179 872 x 10-18 J 
Electron mass 5.485 799 × 10-4 u Speed of light in vacuum 2.997 925 x 108 m·s-1 
Ideal gas constant (R) 8.314 462 J·mol-1·K-1 

8.314 462 m3·Pa·mol-1·K-1 
Standard atmospheric pressure 1 bar = 100 kPa 

 
Formulae 
 

λυ=c   υhE =   mvp =   
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h
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π4
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2
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2
1 mvEk =   nRTPV =    

 
 

2mcE ∆=∆   
t
NA
∆
∆

−=   kNA =  ( )12
1

2ln ttk
N
N

−−=







  ( ) 2/12ln tk ⋅=  
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50 

121.757 
Sb 

51 

127.60 
Te 

52 

126.905 
I 

53 

131.29 
Xe 

54 
132.905 

Cs 
55 

137.327 
Ba 

56 

 
La-Lu 

178.49 
Hf 

72 

180.948 
Ta 

73 

183.85 
W 

74 

186.207 
Re 

75 

190.2 
Os 

76 

192.22 
Ir 

77 

195.08 
Pt 

78 

196.967 
Au 

79 

200.59 
Hg 

80 

204.383 
Tl 

81 

207.19 
Pb 

82 

208.980 
Bi 

83 

(210) 
Po 

84 

(210) 
At 

85 

(222) 
Rn 

86 
(223) 

Fr 
87 

226.025 
Ra 

88 

 
Ac-Lr 
 

(265) 
Rf 

104 

(268) 
Db 

105 

(271) 
Sg 

106 

(270) 
Bh 

107 

(277) 
Hs 

108 

(276) 
Mt 

109 

 (281) 
Ds 

110 

(280) 
Rg 

111 

(285) 
Cn 

112 

(284) 
Nh 

113 

(289) 
Fl 

114 

(288) 
Mc 

115 

(293) 
Lv 

116 

(294) 
Ts 

117 

(294) 
Og 

118 
                  
  138.906 

La 
57 

140.115 
Ce 

58 

140.908 
Pr 

59 

144.24 
Nd 

60 

(145) 
Pm 

61 

150.36 
Sm 

62 

151.965 
Eu 

63 

157.25 
Gd 

64 

158.925 
Tb 

65 

162.50 
Dy 

66 

164.930 
Ho 

67 

167.26 
Er 

68 

168.934 
Tm 

69 

173.04 
Yb 

70 

174.967 
Lu 

71 

 

  227.028 
Ac 

89 

232.038 
Th 

90 

231.036 
Pa 

91 

238.029 
U 

92 

237.048 
Np 

93 

(240) 
Pu 

94 

(243) 
Am 

95 

(247) 
Cm 

96 

(247) 
Bk 

97 

(251) 
Cf 

98 

(252) 
Es 

99 

(257) 
Fm 

100 

(258) 
Md 

101 

(259) 
No 

102 

(262) 
Lr 

103 
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