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This paper consists of the following.

Exercise 1 Implementing Reactions of some metal ions

Exercise 2 Analysing and Evaluating Analysis of a hydrogen peroxide solution

Exercise 3 Planning Finding the order of a chemical reaction

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 Reactions of some metal ions

Skill assessed Implementing (8 marks)

Introduction

You are provided with four solutions labelled A, B, C and D.
Perform the tests described on the opposite page on each solution in turn.  Record what you
observe in the table.
When no visible change is observed, write “no change”.

You are not required to identify the solutions or any of the reaction products.
Wear eye protection at all times.
Assume that all the solutions and reagents are toxic and corrosive.
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Exercise 2 Analysis of a hydrogen peroxide solution

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

Introduction

Hydrogen peroxide is sold commercially as an aqueous solution.  Hydrogen peroxide solution
decomposes slowly under normal conditions.  A student was asked to carry out an experiment to
find the concentration of a given aqueous solution.

The concentration of a solution of hydrogen peroxide can be determined by titration with a
solution of potassium manganate(VII) in the presence of dilute sulphuric acid.  Half-equations for
the redox reactions occurring are given below.

H2O2 → O2 +  2H+ +  2e–

MnO–
4 +  8H+ +  5e– → Mn2+ +  4H2O

The student diluted the commercial hydrogen peroxide by transferring a 25.0 cm3 sample to a
250 cm3 volumetric flask using a pipette and filler.  The sample in the flask was made up to the
mark with deionised water and shaken well to ensure complete mixing.

A 25.0 cm3 portion of the diluted hydrogen peroxide solution was transferred to a conical flask
using a pipette and filler.  This solution was acidified with dilute sulphuric acid and titrated with a
0.0200 mol dm–3 solution of potassium manganate(VII).  The titration was repeated three times and
the results are shown in the table.

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

1 Deduce an overall equation for the reaction between hydrogen peroxide and manganate(VII)
ions in the presence of dilute sulphuric acid.

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

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

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

Titration number 1 2 3 4

Final burette reading / cm3 28.10 46.10 27.90 48.75

Initial burette reading / cm3 0.00 18.20 0.05 20.90
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2 Identify all the concordant results in the table and use these to determine the mean titre.

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

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

3 Use your answers from part (1) and part (2) to calculate the number of moles of hydrogen
peroxide in 25.0 cm3 of the diluted solution.

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

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

4 Use your answer from part (3) to calculate the concentration of hydrogen peroxide in the
undiluted commercial solution.
(If you could not complete the calculation in part (3), you should assume a value of
1.45 × 10–3 mol.  This is not the correct value.)

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

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

5 Use your answer from part (4) to calculate the concentration, in g dm–3, of hydrogen
peroxide in the undiluted commercial solution.

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

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

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

6 Assume that the maximum errors for the apparatus used in this experiment were

volumetric flask ± 1 cm3

pipette ± 0.1 cm3 (from dilution and titration)
burette total error ± 0.15 cm3 (from two readings and an end point error)

Calculate the maximum percentage error in using each piece of apparatus, and hence the
maximum overall apparatus error.  Use the mean titre to calculate the error in using the
burette.

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

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

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

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

1 Comment on the consistency of the titration results given in the table on page 8.

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

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

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

2 According to the supplier, the commercial solution of hydrogen peroxide had a concentration
of 0.815 mol dm–3.  Calculate the difference between the value calculated in part (4) of the
Analysis section and the supplier’s value.  Express this as a percentage of the supplier’s
value.
(If you could not complete the calculation in part (4) of the Analysis section, you should
assume a value of 0.515 mol dm–3.  This is not the correct value.)

Difference ...................................................................................................................................

Percentage ..................................................................................................................................

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

3 Comment on the magnitude of the difference between the supplier’s value and the student’s
value.

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

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

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

4 Apart from apparatus error, suggest two reasons why the student’s value is lower than the
supplier’s value.  Assume that the supplier’s figure is correct.

Reason 1 .....................................................................................................................................

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

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

Reason 2 .....................................................................................................................................

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

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

6
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Exercise 3 Finding the order of a chemical reaction

Skill assessed Planning (8 marks)

Introduction

The benzenediazonium ion, C6H5N2
+, reacts with water as shown in the equation.

C6H5N2
+(aq) +  H2O(l) → C6H5OH(aq)  +  N2(g)  +  H+(aq)

Below 10 °C the reaction is very slow, but at 20 °C nitrogen is evolved at a measurable rate.  The
volume can be measured by collecting the gas over water or in a gas syringe.

Phenol, C6H5OH, is toxic and corrosive.

Question

You are provided with a solution containing 0.100 mol dm–3 of the benzenediazonium ion at a
temperature below 10 °C.  Describe how, by experiment, you would confirm that the
decomposition of the benzenediazonium ion in aqueous solution at 20 °C is first order with respect
to the benzenediazonium ion.

Your answer must include

1 A suitable volume of nitrogen to be collected.

2 A suitable volume of the 0.100 mol dm–3 benzenediazonium ion solution to be used.  Assume
that in this experiment the nitrogen collected is at a temperature of 20 °C and a pressure of
100 kPa.  (The gas constant R = 8.31 J K–1 mol–1)

3 A labelled diagram of the apparatus you would use.

4 A detailed description of the measurements you would make.

5 An explanation of how you would use your results to confirm that this decomposition is first
order with respect to the benzenediazonium ion.

6 Details of the potential hazards, and the relevant safety precautions you would take.

END  OF QUESTIONS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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