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Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

You should attempt ALL the questions in this booklet.

A periodic table is provided on the Resource Sheet L2–CHE�R.

If you need more room for any answer, use the extra space provided at the back of this booklet.

Check that this booklet has pages 2 – 10 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

ASSESSOR’S USE ONLY Achievement Criteria

Achievement Achievement with Merit Achievement with Excellence
Describe thermochemical and 
equilibrium principles.

Interpret information about 
thermochemical and equilibrium 
systems.

Discuss information about 
thermochemical and equilibrium 
systems.

Overall level of performance  



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

QUESTION ONE

(a) Zinc foil reacts with dilute sulfuric acid to produce zinc sulfate and 
hydrogen gas. 

  Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)

 Two experiments were carried out using the same mass of zinc foil and 
excess sulfuric acid of concentrations 0.500 mol L–1 and 1.00 mol L–1. 
The reactions were carried out at 25°C. A graph showing the results of 
the two experiments is shown below. 
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 (i) Circle the letter of the experiment which was carried out using the 1.00 mol L–1 sulfuric 
acid. 

  Justify your answer in terms of the collision of particles.

  Experiment:    A   B

 Justification:

http://ecx.images-
amazon.com/images/
I/31PoxebBuBL._SL500_
AA300_.jpg
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 (ii) Experiment A was repeated, using the same mass of zinc 
granules instead of zinc foil. 

  The rate of reaction increased.

  Explain this effect on the reaction rate, in terms of the factor 
investigated and the collision of particles. 

 (iii) Experiment A was repeated again; this time the reaction was carried out at a 
temperature of 15°C.

  Discuss the effect of this temperature change. 

  Your answer must include reference to:

  • reaction rate

  • collision of particles 

  • Activation Energy.

www.periodictable.
ru/078Pt/slides/Pt5.jpg
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QUESTION TWO

The following reaction can be used to produce gaseous methanol, CH3OH, from carbon monoxide 
and hydrogen.

 CO(g) + 2H2(g)  CH3OH(g)   Δr H = –90.7 kJ mol–1

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

Kc =

 (ii) At 25°C, the equilibrium constant, Kc = 2.20 × 10–4.

  Explain what this indicates about the relative amounts of reactants and product at 
equilibrium.
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(b) Below are three possible factors that could be changed to alter the amount of methanol 
produced in this reaction.

Factor Possible change
Temperature increased or decreased
Catalyst addition of a copper oxide catalyst
Pressure increased or decreased

 Discuss the changes which could be made to increase the amount of methanol produced.

 Your answer should relate each of the factors in the table above to equilibrium principles. 
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QUESTION THREE

(a) (i) Identify one conjugate acid / base pair for the following reaction:

   NH4
+ + PO4

3–  NH3 + HPO4
2–

    /   
  Acid / Conjugate base 

 (ii)  HSO4
–(aq) is a species that can act as an acid or a base. 

  Write two equations for reactions of HSO4
– with water: one equation where it acts as an 

acid, and one where it acts as a base.

HSO4
– acting as Reaction with water

an acid HSO4
–  + H2O →

a base HSO4
–  + H2O →

(b) (i) Calculate the pH of a 0.0498 mol L–1 solution of hydrochloric acid.

 (ii) Calculate the pH of an oven cleaner containing 0.251 mol L–1 sodium hydroxide.

 (iii) The pH of a sample of rainwater, near a polluted city, is 4.62. 

  Calculate the hydronium ion concentration, [H3O
+], and the hydroxide ion 

concentration, [OH-], in the rainwater.

[H3O
+] =

[OH-] =

6

Chemistry 90310, 2011

ASSESSOR’S 
USE ONLY



(c) Three aqueous solutions, of equal concentration, have the following pH values:

Solution HNO3(aq) HCOOH(aq) KOH(aq)
pH 2.0 2.9 12

 Compare and contrast both the strength and electrical conductivity of these aqueous solutions.

 Include appropriate equations in your answer.
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QUESTION FOUR

(a) For each of the following, circle the correct word to indicate whether it is an exothermic or 
endothermic change. 

 Give a reason for your choice. 

 (i) NH4NO3(s) → NH4
+(aq) + NO3

–(aq)           Δr H = +25.7 kJ mol–1

  exothermic   endothermic 

Reason:

 (ii) Water vapour condensing, forming rain.

  exothermic   endothermic 

Reason:

(b) The overall reaction occurring in many disposable hand warmers can be represented by:

  4Fe(s) + 3O2(g) → 2Fe2O3(s)          Δr H = –1652 kJ mol–1

 
 (i) Calculate the energy released when 1.00 mol Fe2O3 is produced.

 (ii) Calculate the mass of Fe that would be required to release 185 kJ of energy. 

   M(Fe) = 55.9 g mol–1.
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 (iii) Many types of hand warmers are reusable. When these hand warmers are activated, 
heat is generated during the rapid crystallisation from liquid to solid. They can be 
“recharged” by putting them in a pot of boiling water for ten minutes. 

 
  Explain, in terms of thermochemical principles, how hand warmers can be recharged by 

heating.

(c) Hydrogen and methane can be used as fuels. 

  2H2(g) + O2(g) → 2H2O(ℓ)    Δr H = –570 kJ mol–1

  CH4(g) + 2O2(g) → CO2(g) + 2H2O(ℓ)  Δr H = –890 kJ mol–1

 
 Determine which of the fuels, hydrogen or methane, provides the most energy per gram of 

fuel burned. 

 Justify your answer with calculations.

 M(H2) = 2.00 g mol–1          M(CH4) = 16.0 g mol–1
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