
Instructions

• There is a label attached to this page. Compare the course code on the label with the course
code printed on the Final Test to make sure that they are the same. Tell the Final Test
supervisor immediately if they are not the same.

• The Final Test pages are numbered 1 through 20. Check to see that all 20 pages are there.
Tell the Final Test supervisor immediately if there are any pages missing.

• You may use a non-marked dictionary during the Final Test if one is available at the test
site. You may not use any other books or notes.

• You will need a pen and a scientific calculator.

• There is a periodic table of the elements included at the beginning to assist you with the
chemistry questions.

• You must write your answers in the space provided.

• This test has three parts. A breakdown of the marks and the approximate time needed for
each part is given below. Look over the entire test before you begin. Manage your time
carefully and leave some time at the end to review your work.

Part Activity Marks Time 
(minutes)

Preview 5

A Structure of Matter and Organic Chemistry 25 30

B Oxidation Reduction Reactions, Electrochemistry, 
and Energy

39 40

C Rates of Reaction and Equilibrium Applications 39 40

Review 5

Total 103 120

• At the end of the test, return this test paper and all of your work (including drafts) to the
Final Test supervisor.

• Please note that, for security reasons, marked tests are not returned to students.

• Mathematical solutions require a proper problem-solving format. Final answers must
include the correct units and the correct number of significant figures.
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Time: 2 hours 
Total Marks: 103		 Final Test Score: ____ ÷ 103 × 100 = ____%
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Formula Sheet and Periodic Table of the Elements

Formula Sheet
You will need a scientific calculator that is able to do exponents, logarithms, square roots,	
and cube roots.

 

n =
m
M

c =
n
V

q =mcΔT

ΔH = ∑ΔH f (products) – ∑ΔH f (reactants)

  

ΔH =
−q
n

Keq =
[products]
[reactants]

(for AxBy )      Ksp =[A+]x[B−]y

Ka =
[H3O

+][A−]
[HA]

Kb =
[HB+][OH−]

[B]
pH = − log[H3O

+]
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Part A: Structure of Matter and Organic Chemistry  25 marks (approximate time: 30 minutes)

1. Two of the lines in the hydrogen emission spectrum are coloured violet and blue-green.
Violet light is known to have more energy than blue-green light. How did Niels Bohr
explain the origin of these two lines? (4 marks)

2. Write the electronic configuration for an atom of potassium, which is element 19 on the
periodic table. (2 marks)

3.	 a)	 Draw the Lewis structure (that is, the electron dot diagram) and structural formula 
for the sulfite ion, SO3

2–. (4 marks)
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b) Predict the shape of the sulfite ion. (1 mark)

c) Is the sulfite ion polar or non-polar? Justify your prediction. (3 marks)

4. Methanol and ethane have nearly the same molar mass. Refer to intermolecular forces to
explain why there is such a large difference in their boiling points.

Compound Formula Boiling point (°C)
Ethane C2H6 –89

Methanol CH3OH 65

(3 marks) 
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5. Name these compounds. (4 marks total)

a)

CH3 CH CH CH3

CH3

CH3

b)	 CH3

H3C

c)	

d) CH3 CH2 CH CH 2 OH

OH
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6. Draw the structural formula for these compounds. (4 marks total)

a) 3,4-diethylhexane

b) propene

c) 3,3-dimethylhexane

d) methyl propanoate
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Part B: Oxidation Reduction Reactions, Electrochemistry, and Energy  39 marks 
(approximate time: 40 minutes)

7. Write a balanced equation for each of the following reactions.

a) The reaction of methanol with ethanoic acid in the presence of a sulfuric acid catalyst.
Use structural formulas for all organic compounds in your equation. (3 marks)

b) The complete combustion of ethanol. Use molecular formulas for each chemical.
(3 marks)

8. The following table shows the boiling points of alkanes and the corresponding alkyl
chlorides.

Alkane Boiling point (°C) Alkyl chloride Boiling point (°C)
CH4 –164 CH3Cl –24
C2H6 –89 C2H5Cl 12
C3H8 –42 C3H7Cl 14

a) What effect does the size of the molecule have on the boiling point for both groups
of compounds? (1 mark)

b) What effect does the presence of a chlorine atom have on the boiling point of the
corresponding alkyl chlorides? (1 mark)
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c) Identify the type of intermolecular forces that occurs in both groups of compounds.
Use the difference in forces to explain the difference in boiling points. (3 marks)

9.	 a)	 Chloroethene is the monomer used to manufacture the polymer called polyvinyl 
chloride. Distinguish between the terms “monomer” and “polymer.” (2 marks) 

b) Write a chemical equation showing the synthesis of polyvinyl chloride. (2 marks)
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c) Why is this reaction an example of addition polymerization? (1 mark)

10. Use half-reactions to write a balanced chemical equation for the following net ionic
equation. Assume that the reaction is occurring in water. Show each step in the process.
(6 marks)

Cr2O7
2–  +  NO  →  Cr3+  +  NO3

–
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11. Consider the following reduction half-cell reactions and potentials:

Ag+
(aq)  +  e–  →  Ag(s)	 	 E°  =  +0.80 V

Zn2+
(aq)  +  2e–  →  Zn(s)	 	 E°  =  –0.76 V

a) In the galvanic cell that uses these half-cells, predict which reaction will occur at the
anode and which will occur at the cathode, and state the type of reaction each will
be. (2 marks)

b) Use this information to determine the cell potential if this redox reaction were
occurring in a galvanic cell. (1 mark)

12. These are two half-reactions for a hydrogen fuel cell:

Anode reaction: 2H2  →  4H+  +  4e–

Cathode reaction: O2  +  4H+  +  4e–  →  2H2O

a) Write the overall cell reaction for the hydrogen fuel cell. (1 mark)
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b) Refer to your answer in (a) to explain why running a car on hydrogen fuel cells
would be better for the environment than running it on gasoline. (2 marks)

13. A student heated 100.0 mL of water in an aluminum container using an alcohol burner
filled with ethanol (C2H5OH). The mass of the aluminum container was 42.5 g. The
initial temperature of the water was 17.5°C and the final temperature was 26.3°C. The
initial mass of the alcohol burner was 113.45 g and the final mass was 112.97 g. Calculate
the molar heat of the combustion of ethanol. The specific heat capacities are
cAl = 0.900 J/g°C and cH2O = 4.18 J/g°C. (6 marks)
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14. Butane (C4H10) has a ΔH of –2871 kJ/mol when it undergoes complete combustion into
carbon dioxide and liquid water. Given the following ΔHf values:

Carbon dioxide = –393.5 kJ/mol

Oxygen gas = 0 kJ/mol

Liquid water = –285.8 kJ/mol

a) Write the balanced thermochemical equation for the complete combustion of 1 mol
of butane. (2 marks)
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b) Calculate ΔHf of butane in kJ/mol. (3 marks)

Part C: Rates of Reaction and Equilibrium Applications  39 marks (approximate time: 40 minutes)

15. The balanced chemical equation for the reaction between iodine vapour and fluorine gas is:

3I2(g)  +  6F2(g)  →  2IF5(g)  +  I4F2(g)

A chemist measures the rate at which iodine vapour is consumed to be 4.5 × 10–4 mol/(L•s).
At what rate is F2(g) consumed? (2 marks)
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16. Use the collision theory to explain the following. (2 marks total)

a) Chopped vegetables will cook faster than whole vegetables.

b) When a piece of magnesium is held in a flame, it ignites.

17. Use the concentration-rate data presented in the following table to answer the following
questions about the hypothetical reaction 2A  +  3B  →  2C.

[A] in mol/L [B] in mol/L Rate in mol/L•s
0.100 0.100 3.0 × 10–4

0.300 0.100 9.0 × 10–4

0.300 0.200 3.6 × 10–3

0.200 0.300 ?

a) What is the order of reaction, with regard to each reactant? (2 marks)
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b) Write the rate law equation for this reaction. (1 mark)

c) Calculate the rate indicated by the “?” (2 marks)

18. The following equilibrium reaction has a Keq value of 2.5 × 10–6:

2CO2(g)    2CO(g)  +  O2(g)

Calculate the equilibrium concentrations of all gases if 0.800 mol of CO2(g) is initially
placed in a 2.00 L reaction container. (5 marks)
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19. Le Châtelier’s principle states that when a system at equilibrium is affected by some kind
of stress and loses equilibrium, the system will return to equilibrium by shifting the
reaction either to the right or left (forwards or backwards) to minimize the effect of the
stress. Use Le Châtelier’s principle to describe and explain the shifts caused by the listed
stresses placed on the following equilibrium reaction. (5 marks total)

3Cl2(g)  +  CS2(g)    CCl4(g)  +  S2Cl2(g) ΔH = –465 kJ

a) Adding CCl4(g)

b) Adding Cl2(g)

c) Adding a catalyst

d) Decreasing the volume

e) Increasing the temperature
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20. The Ksp for MgF2 is 6.4 × 10–9. What mass of MgF2 will dissolve in 500 mL of distilled
water? (5 marks)
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21.	 a)	 What is the pH of a strong acid with [HA] = 0.125 mol/L? (1 mark)

b) What is the pH of a weak acid with [HA] = 0.125 mol/L and Ka = 5.4 × 10–7?
(4 marks)
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22. During a titration, 28.0 mL of 0.150 mol/L H2SO4(aq) neutralizes 35.0 mL of NH4OH(aq).
The Ka for H2SO4 is very large. The Kb for NH4OH is 1.8 × 10–5.

a) Write the balanced equation for the neutralization reaction. (1 mark)

b) Calculate the concentration of the NH4OH(aq). (2 marks)
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c) From the table below, select an indicator to use in a titration. Explain your selection.
(2 marks)

Indicator Range of pH of colour change
Bromocresol purple 5.2 – 6.8
Litmus 6.0 – 8.0
m-cresol purple 7.6 – 9.2

23. A buffer is created by adding 0.35 mol of sodium benzoate to 1.00 L of a 0.40 mol/L
benzoic acid solution. The Ka of benzoic acid is 6.3 × 10–5. What is the pH of the buffer?
(5 marks)
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