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Answer ALL the questions.  Write your answers in the spaces provided.

1. This question is about the reaction between calcium carbonate and hydrochloric acid.

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

One method of studying the kinetics of this reaction is to measure the volume of carbon
dioxide given off at various timed intervals when using an excess of calcium carbonate.

(a) Suggest TWO other methods for following this reaction.  Explain your choices.

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................
(2)

(b) Suggest why the volume of carbon dioxide given off in the first few seconds of the
reaction is an unreliable measure of the initial rate of the reaction.

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................
(1)
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(c) In an experiment, the following results were obtained.

(i) What was the final volume, Vfinal?

..........................................................................
(1)

(ii) Complete the table.
(1)

(iii) To what is (Vfinal – Vt) proportional?

................................................................................................................................
(1)

Turn over*N22214A0312*

Time
/s

Volume of CO2
Vt/cm3

(Vfinal – Vt)
/cm3

5 3 85

35 42 46

65 62 26

95 72

125 79

155 84

185 87
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(iv) Plot these results on the grid below.

(2)

(v) On your graph measure and record THREE successive half-lives.  Deduce the
order of the reaction.  Justify your answer.

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................
(3)

(vi) Give the rate equation for this reaction.

(1)

(vii)What are the units of the rate constant?

..................................................................
(1)
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(d) What would you expect the signs of ∆Ssystem and ∆Stotal to be for the reaction between
calcium carbonate and hydrochloric acid?  Justify your answers.

∆Ssystem ...........................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

∆Stotal .............................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................
(4)
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2. For each of the following reactions, give the names of all of the organic products.

Also give the type or mechanism as indicated for each reaction.

(a) CH3CO2H  +  NaOH  CH3CO2Na  +  H2O

Name of organic product ..............................................................................................

Type of reaction              ..............................................................................................
(2)

(b)

Name of organic product ..............................................................................................

Type of reaction              ..............................................................................................

Mechanism                     ..............................................................................................
(2)

(c) CH3COCl  +  2NH3 CH3CONH2 +  NH4Cl

Name of organic product ..............................................................................................

Type of reaction              ..............................................................................................

Mechanism                     ..............................................................................................
(2)

(d)

Names of products          ..............................................................................................

..............................................................................................

Type of reaction              ..............................................................................................
(3) Q2

(Total 9 marks)
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3. This question is about a compound, A, used as a food flavouring.  It has the molecular
formula, C9H8O.

(a) For each of the following pieces of information, state what can be deduced about the
structure of A.

(i) A burns with a very sooty flame.

................................................................................................................................
(1)

(ii) A reacts with Brady’s Reagent (2,4-dinitrophenylhydrazine) to give an orange
precipitate.

................................................................................................................................
(1)

(iii) When A is heated with Benedict’s solution, a red precipitate forms.

................................................................................................................................
(1)

(iv) A decolorises bromine water.

................................................................................................................................
(1)

(v) A is the cis isomer.

................................................................................................................................

................................................................................................................................
(1)

(vi) Use all of the above information to draw the displayed formula of A.

(2)
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(b) Compound A can be converted to benzoic acid, C6H5CO2H, which is formed as a
white precipitate.

(i) The precipitate can be purified by recrystallisation, using water as the solvent.
Describe how you would carry out this recrystallisation, explaining the reason
for each step in your method.

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................
(5)

(ii) How would you check that the purification had been successful?

................................................................................................................................

................................................................................................................................

................................................................................................................................
(1)
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(c) (i) Write the equation for the reaction which occurs when solid benzoic acid is
added to sodium carbonate solution.  Include state symbols in your equation.

(2)

(ii) Benzoic acid is slightly soluble in water.  Write the equation for the dissociation
of benzoic acid and hence the expression for the acid dissociation constant, Ka.

(2)

(iii) Calculate the pH of a 0.00100 mol dm–3 solution of benzoic acid.  
[Ka for benzoic acid is 6.30 × 10–5 mol dm–3.]

(3)

(d) Give the name or formula of an organic compound which, when mixed with a
solution of benzoic acid, forms a buffer solution.

(1)
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4. Dichloroethanoic acid reacts with pent-1-ene as shown by the following equation:

CHCl2CO2H(l)  +  C5H10(l)  CHCl2CO2C5H11(l)

(a) Give the name of the product of this reaction and also the name for the new functional
group it contains.

.......................................................................................................................................

.......................................................................................................................................
(2)

(b) In an experiment to determine the equilibrium constant, 1.00 mol of dichloroethanoic
acid was mixed with 2.30 mol of pent-1-ene.  The total volume remained at 300 cm3

throughout.  When equilibrium had been reached, it was found that 0.40 mol of
dichloroethanoic acid was left.

(i) List the steps in the experiment you would carry out to determine the
concentration of dichloroethanoic acid present at equilibrium.

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................
(4)

(ii) Give the expression for the equilibrium constant, Kc, for this reaction.

(1)
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(iii) Complete the table for the number of moles and concentrations at equilibrium.

(3)

(iv) Calculate the value of Kc, and give its units.

(3)

TOTAL FOR PAPER: 60 MARKS

END

Q4

(Total 13 marks)
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Substance

CHCl2COOH

C5H10

CHCl2COOC5H11

Number of
moles at start

Number of moles 
at equilibrium

Concentration at
equilibrium
/mol dm–3

0.40 1.331.00

2.30

0
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