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You are advised to spend 55 minutes answering the questions in this booklet.

QUESTION ONE

(a) Complete the table below to show the conjugate acid-base pairs.

Conjugate acid Conjugate base

NH4
+

H2PO4
–

Cl–

HSO4
–

(b) Circle the ion below that can act as both an acid and a base.

CH3COO–                                                  HCO3
–

 Justify your choice.

QUESTION TWO

Carbohydrates are an important source of energy in our diet. Two common carbohydrates are 
glucose (C6H12O6) and sucrose (C12H22O11).

The equation below shows the combustion of glucose to form carbon dioxide and water.

 C6H12O6(s)   +   6O2(g)    →    6CO2(g)   +   6H2O(ℓ)           ∆rH = –2820 kJ mol–1

(a) Circle the correct word below to show whether the combustion of glucose is endothermic or 
exothermic. Give a reason for your answer, using the information above.

Endothermic                                                 Exothermic

 Reason:
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(b) Calculate the enthalpy change, ∆rH, when 100 g of glucose reacts to form carbon dioxide and 
water.

 M(C6H12O6) = 180 g mol–1

The equation below shows the combustion of sucrose to form carbon dioxide and water.

 C12H22O11(s)    +    12O2(g)    →    12CO2(g)   +   11H2O(ℓ)

(c) When 150 g of sucrose, C12H22O11, undergoes combustion, 2478 kJ of energy is released.
 Calculate the enthalpy change when 1 mole of sucrose undergoes complete combustion.

M(C12H22O11 ) = 342 g mol–1
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QUESTION THREE

In an experiment, a sample of large marble chips (CaCO3) is added to 200 mL of dilute hydrochloric 
acid in an open conical flask. The reaction that occurs is shown below.

 2HCl(aq)   +   CaCO3(s)    →    CaCl2(aq)   +   H2O(ℓ)   +   CO2(g)

As the carbon dioxide gas escapes from the flask, the total mass of the flask and contents decreases.
The loss in mass is recorded at 5 minute intervals until the reaction has stopped.

The experiment is repeated, using the same mass, but different sized, marble chips.
The results are shown in the table below.

Time (minutes)
Mass loss of flask and contents/g

Large marble chips Medium marble chips Small marble chips

0 0.00 0.00 0.00

5 3.29 3.73 3.98

10 3.88 4.00 4.00

15 4.00 4.00 4.00

(a) What factor affecting reaction rate is being investigated in this experiment?

(b) What conclusion can be made about the reaction rate using the data in the table?

(c) Explain the change in reaction rate that occurs, with reference to the collisions of particles.
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QUESTION FOUR

The table below shows the pH of two acids, HA and HB, each with the same concentration.

Acid pH

HA 1.00

HB 4.00

When these acids react with magnesium metal, hydrogen gas (H2) is produced.

Discuss the reactions of both acids, HA and HB, with magnesium metal when the same volume of 
each acid is used. 

In your answer include:
• species in solution
• rate of reaction
• total volume of gas produced.
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QUESTION FIVE

An equilibrium system is shown below.

3H2(g)   +     N2(g)    É    2NH3(g)

(a) Complete the equilibrium constant expression for this reaction.

Kc =

The pressure of the system is increased, while maintaining a constant temperature. The percentage 
of NH3 in the reaction mixture is recorded and graphed.

Line A

Line B

Line C

Pressure

Percentage NH3
in reaction mixture

(b) On the above graph, identify the line that shows the correct relationship between the 
percentage of NH3 in the reaction mixture, and increasing pressure.

 Circle the correct answer below.

Line A            Line B            Line C

 Explain your answer by applying knowledge of equilibrium principles.
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QUESTION SIX

An equilibrium system involving different species of cobalt(II) is shown in the equation below.

[CoCl4]
2–(aq)   +    6H2O(ℓ)    É    [Co(H2O)6]

2+(aq)    +    4Cl–(aq)

[CoCl4]
2–(aq) is blue and [Co(H2O)6]

2+(aq) is pink.

At room temperature (25°C) the equilibrium mixture is pink.

(a) Describe the expected observation when solid sodium chloride (NaCl) is added to the 
equilibrium mixture. Explain your answer.

 Observation:

 Explanation:

(b) The enthalpy change (∆rH) for this reaction as written above, has a negative value.

 Circle the ion that would be present in the higher concentration when the equilibrium mixture 
is heated.

[CoCl4]
2–(aq)                         [Co(H2O)6]

2+(aq)

 Explain your answer.
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QUESTION SEVEN

(a) Complete the table below to show the hydronium ion concentration, hydroxide ion 
concentration, and pH for the three solutions shown.

 Kw = 1.00 × 10–14

Solution [H3O
+] / mol L–1 [OH–] / mol L–1 pH

hydrochloric acid (HCl) 0.0720

sodium hypochlorite (NaOCl) 11.4

hypochlorous acid (HOCl) 2.24 × 10–11

(b) Hypochlorous acid is a weak acid.
 
 Complete the equation below to show the reaction of hypochlorous acid with water.

HOCl   +    H2O    É       +   

(c) A solution of sodium hypochlorite, NaOCl, is basic. 

 Discuss the above statement, including appropriate chemical equation(s) in your answer.
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Question 
number

Extra paper for continuation of answers if required.
Clearly number the question.
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