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This paper consists of the following.

Exercise 1 Implementing Titration of a solution of iron(II) sulphate

Exercise 2 Analysing and Evaluating The reaction between hydrogen peroxide and
iodide ions

Exercise 3 Planning Determination of the dissociation constant, Ka, of a
weak acid.

An essential part of any practical work is to plan for the most efficient use of the time available.
There is enough time to complete the exercises set provided that a sensible approach is used.

You are advised to spend approximately

40 minutes on Exercise 1
40 minutes on Exercise 2
40 minutes on Exercise 3
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Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1
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Exercise 1 Titration of a solution of iron(II) sulphate

Skill assessed Implementing (8 marks)

Introduction

You are provided with an aqueous solution of iron(II) sulphate of concentration approximately
0.1 mol dm–3.  Titrate this solution, after acidification, with the 0.0200 mol dm–3 solution of
potassium manganate(VII) provided.

Wear eye protection at all times.
Assume that all of the solutions are toxic and corrosive.

Procedure

1 Rinse the burette with the potassium manganate(VII) solution provided.  Set up the burette
and, using a funnel, fill it with the potassium manganate(VII) solution.  Record the initial
burette reading in the table below.

2 Rinse a pipette with the iron(II) sulphate solution provided.  Using this pipette and a pipette
filler, transfer 25.0 cm3 of the iron(II) sulphate solution to a 250 cm3 conical flask.

3 Using a measuring cylinder, transfer approximately 10 cm3 of dilute sulphuric acid to the
conical flask.

4 Add the potassium manganate(VII) solution from the burette until the mixture in the conical
flask has a permanent pink colour.  Record your final burette reading in the table below.

5 Rinse the conical flask with water and repeat the titration until you obtain two titres which
are within 0.10 cm3 of each other.  (You should do no more than five titrations.)
Have one of your final burette readings checked by your supervisor.

6 Calculate and record the average titre.

Results

Average titre = ………………… cm3

Turn over �
APW/Jun08/CHM6/P

8

Final burette reading/cm3

Initial burette reading/cm3

Volume of potassium manganate(VII) solution used/cm3

Tick the titres to be used in calculating the average titre

For Examiner’s use only
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Exercise 2 The reaction between hydrogen peroxide and iodide ions

Skills assessed Analysing (8 marks)  and Evaluating (6 marks)

Introduction

Acidified hydrogen peroxide reacts with iodide ions to form iodine according to the following
equation.

H2O2(aq) +  2H+(aq)  +  2I–(aq) → I2(aq) +  2H2O(l)

In an experiment to determine the order of the reaction with respect to iodide ions, measured
amounts of sodium thiosulphate solution and starch solution are added to an acidified mixture of
hydrogen peroxide and potassium iodide.  The initial rate of this reaction is investigated by
measuring the time taken to produce sufficient iodine to react with the thiosulphate ions present,
and then produce a blue colour with starch solution.

A series of experiments is carried out, in which the concentration of iodide ions is varied, while
keeping the concentrations of all of the other reagents the same.  In each experiment the time taken
for the reaction mixture to turn blue is recorded.  The results obtained are used to determine the
order of reaction with respect to iodide ions.

The rate of the reaction can be represented as (1/time), and the concentration of iodide ions can be
represented by the volume of potassium iodide solution used.

A graph of log10 (1/time) on the y axis against log10 (volume of KI(aq)) is a straight line.  The
gradient of this straight line is equal to the order of the reaction with respect to iodide ions.

A set of results is given in the table below.  The volumes of potassium iodide solution were
measured using a measuring cylinder.  The time taken for each mixture to turn blue was recorded
on a stopclock graduated in seconds.

Volume ofExpt.
KI(aq)/cm3 log10 (volume of KI(aq)) time/s

1 5 0.70 68 –1.83

2 8 0.90 45 –1.65

3 10 1.00 36 –1.56

4 15 1.18 25 –1.40

5 20 1.30 22 –1.34

6 25 1.40 16 –1.20

log10
1  

time( )
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8

Analysis        Full marks can only be scored if you show all of your working.

1 Use the results given in the table to plot a graph of log10 (1/time) on the y axis against
log10 (volume of KI(aq)).

Draw a straight line of best fit on the graph, ignoring any anomalous points.

2 Determine the gradient of the line you have drawn.

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

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

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

3 For the measuring cylinder and the clock, the maximum total errors are shown below.  These
errors take into account multiple measurements.

measuring cylinder ± 0.5 cm3

clock ± 1 second

Estimate the maximum percentage error in using these pieces of apparatus in Experiment 3.
Hence calculate the maximum overall percentage error in Experiment 3.

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

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

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

......................................................................................................................................................
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Evaluation        Full marks can only be scored if you show all of your working.

1 Consider your graph and comment on the results obtained from the experiments.  Is your line
of best fit good enough for you to deduce an order with confidence?  Identify any anomalous
results.

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

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

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

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

2 State two ways in which the method used in these experiments could be improved, other
than by repeating the experiments.  In each case explain why the accuracy of the experiment
would be improved.

Improvement 1

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

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

Explanation 

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

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

Improvement 2

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

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

Explanation

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

.....................................................................................................................................................
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Exercise 3 Determining the dissociation constant, Ka, of a weak acid

Skill assessed Planning (8 marks)

Introduction

A suitable method for determining the dissociation constant, Ka, of a weak acid involves
measuring the pH values of the solution obtained as aqueous alkali is added to a known volume of
the aqueous acid, until the alkali is present in considerable excess.

A pH curve can be plotted from the results.  This curve can be used to determine the volume of
alkali needed at the equivalence point (end-point).  When half of this volume of alkali has been
added, the pH of the solution is equal to the pKa of the acid.

Question

Describe how you could determine the dissociation constant, Ka, of the acid.

You are provided with a crystalline sample of the weak monoprotic acid HA and a 0.100 mol dm–3

solution of sodium hydroxide.  The Mr of the acid is 150 and the acid is soluble in water.

Your answer must include

(a) the scale you would choose for the experiment and a calculation of the mass of acid you
would use to prepare your solution.

(b) a detailed description of the experiment you would carry out.  You do not need to describe
how you would prepare the acid solution.

(c) a sketch of the pH curve and an explanation of how you would use this curve to determine
the dissociation constant, Ka, of the acid.

(d) details of potential hazards and the relevant safety precautions you would take.

END  OF  QUESTIONS

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

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

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

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

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

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