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Achievement Criteria

Achievement Achievement Achievement
with Merit with Excellence

Overall Level of Performance

For Assessor’s use only

Describe and use
thermochemical and
equilibrium information.

Interpret information about
thermochemical and
equilibrium systems.

Evaluate and explain
information about
thermochemical and
equilibrium systems.

For Supervisor’s use only
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You are advised to spend 45 minutes answering the questions in this booklet.

QUESTION ONE

A 1 g lump of calcium carbonate was added to a 250 mL beaker containing 100 mL of 1.0 mol L–1

hydrochloric acid solution, at room temperature (25∞C). Bubbles of carbon dioxide were produced.

The experiment was repeated under different conditions, as given below.

(a) For EACH change, describe how the reaction rate would be affected.
Use the words ‘increase’, ‘decrease’ or ‘remain the same’ in each answer.

Change 1
The temperature of the reaction mixture was increased to 40∞C.

Effect:

Change 2
100 mL of water was added to the acid. 100 mL of this diluted acid solution was added to a
1 g lump of calcium carbonate.

Effect:

Change 3
The 1 g lump of calcium carbonate was ground to form a powder, and then 100 mL of the
1.0 mol L–1 hydrochloric acid was added.

Effect:

Change 4
A 500 mL beaker was used instead of the 250 mL beaker, but the same amounts of
reactants were used.

Effect:

(b) Explain the effect on the reaction rate for Change 1 and Change 2 above by referring to the
collisions of particles.

Change 1:

Change 2:
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QUESTION TWO

Classify EACH of the following processes as either endothermic or exothermic.

Process endothermic or exothermic

(a) H2(g)   +     O2(g)  æÆ  H2O(g)      DrH = –286 kJ mol–1

(b) Photosynthesis – food-making process in plants

(c) Freezing of water

(d) Dissolving sodium hydroxide in water
(the temperature increases)

(e) Sublimation of solid carbon dioxide to carbon dioxide gas

QUESTION THREE

Hydrogen peroxide, a common bleaching agent, decomposes as follows:

H2O2(l)  æÆ  H2O(l)   +     O2(g)      DrH = –98.2 kJ mol–1

(a) Calculate how much energy is released when 5 moles of hydrogen peroxide decompose.

(b) Calculate how much energy is released when 1.0 g of oxygen is formed by the
decomposition of hydrogen peroxide.

(c) Calculate the mass of hydrogen peroxide that must decompose to produce 600 kJ of energy.

1
2

1
2
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QUESTION FOUR

Write the equilibrium constant expression for EACH of the following reactions:

(a) 2SO2(g)   +   O2(g)      2SO3(g) Kc =

(b) 4NH3(g)   +   5O2(g)      4NO(g)   +   6H2O(g) Kc =

(c)  CH3COOH(aq)      H+(aq)   +   CH3COO–(aq) Kc =
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QUESTION FIVE

Two oxides of nitrogen exist in the following equilibrium system:

 2NO2(g)      N2O4(g)          Dr H = –57 kJ mol–1   and   Kc = 6.3 ¥ 10–5 at 227∞C

(a) Which oxide would you expect to be present in the greater concentration at equilibrium?

(Circle your answer.) NO2          or          N2O4

(b) Justify your answer to (a) above.

(c) NO2 is a brown gas and N2O4 is a colourless gas.

What would you expect to observe when the following changes are applied to the equilibrium
system? In EACH case, justify your observation.

(i) The temperature is increased to 500∞C (without changing the pressure).

Observation:

Explanation:

(ii) More NO2 gas is added to the system.

Observation:

Explanation:
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QUESTION SIX

The pH of a 0.10 mol L–1 solution of acid HX and the pH of a 0.10 mol L–1 solution of acid HY are
measured. The pH of acid HX is 3 and the pH of acid HY is 1.

(a) Which of the two acids, HX or HY, is the stronger acid?

(Circle your answer.) HX          or          HY

(b) Justify your answer to (a) in terms of the measured pH.

(c) Describe another test that could be carried out to confirm that the acid you selected in (a)
above is the stronger of the two.
Describe what you would do and what you would expect to observe.
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QUESTION SEVEN

HCO3
–(aq) is a species that may act as an acid or a base. Consider the equilibrium system:

HCO3
–(aq)   +   H2O(l)      H2CO3(aq)   +   OH–(aq)

(a) Is HCO3
–(aq) acting as an acid or a base?

(Circle your answer.) ACID          or          BASE

(b) Justify your answer to (a) above.

QUESTION EIGHT

A sample of solid ammonium chloride, NH4Cl, is dissolved in water. The solution formed is tested
and is found to be acidic.

Explain why the solution is acidic. Include appropriate equation(s) in your answer.
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QUESTION NINE

Complete the following table by showing the:
• hydronium ion concentration for both solution A and solution B
• hydroxide ion concentration for solution B
• pH of solution A.

Kw = [H3O+] [OH–] = 1.00 ¥ 10–14

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

A 0.0288

B 5.24
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Number

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