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

An experiment is carried out to determine the enthalpy change for the reaction
between zinc and copper(ll) sulfate solution.

Zn(s) + Cu*(aq) — Zn**(ag) + Cu(s)
Procedure
« weigh 4.509 of zinc powder into a weighing bottle

. use a measuring cylinder to transfer 50.0cm® of 1.00moldm™
aqueous copper(ll) sulfate into a polystyrene cup, held in a 250 cm’ beaker

« stir the solution with a thermometer, record the temperature to the nearest 0.5 °C
and start a timer

« continue to stir the solution, recording the temperature every minute

« atexactly 3.5 minutes, add the zinc powder to the aqueous copper(ll) sulfate,
stirring continuously

« record the temperature of the solution every minute from 4.0 to 9.0 minutes.

The results are shown.

Time / min 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Temperature /°C = 21.5 | 225 | 220 | 220 | 60.5 | 63.0 | 60.5 | 58.5 | 57.0 | 555
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(@) (i) Plota graph of temperature against time on the grid.
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(i) Use the graph to determine the maximum temperature change, AT, in this
experiment. You must show your working on the graph.
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(iii) State why using a series of measurements gives a more accurate temperature
change than taking the initial and highest temperatures.

(i) Calculate the energy transferred in the reaction, in joules.

Assume that the specific heat capacity of the solution is 4.2Jg™'°C".
(1)

(iii) State a second assumption, other than the specific heat capacity of the
solution, that you have made in your calculation in (b)(ii).
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58 (iv) Calculate the enthalpy change of the reaction, using your answers to
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R (b)(i) and (b)(ii).
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(c) Identify two improvements in the experimental procedure that would
improve the accuracy of the result, other than repeating the experiment.
Justify your answers.
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2 The hydrogencarbonate of an unknown Group 1 metal, MHCO;, is a white solid.
Two students carried out a titration experiment using hydrochloric acid.
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The results were used to determine a value for the relative formula mass, M,,
of MHCO; and thus obtain a value for the relative atomic mass, A,, of M. S5
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Both students made solutions containing 2.00 g of MHCO:.. Bt
The first student made a 250.0 cm® standard solution. &g

The second student made a solution by placing the MHCO; in a beaker, dissolving S
the solid in a little deionised water, and then filling the beaker to the 250 cm® mark. S

Both students titrated 25.0 cm’ portions of their solution using hydrochloric acid with S
a concentration of 0.150moldm™. They used the same method and equipment.
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The first student obtained a mean titre of 13.35cm’.
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(@) Calculate the value for the A, of the metal M from the data of the first student.
MHCO; and HCl react in a 1:1 ratio.

You must show your working. Give your answer to two decimal places.
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§§§§§§§§§§ (b) Bqth stuo!ents calcqlated values of the relative atomic mass of M. _ .
§§§§§§§§§§ Using their calculations and the t.otal percentage uncertainty of their experiments,
et they deduced that M was potassium.

<%

The value for A, calculated by the second student was 37.52.
(i) Calculate the experimental error for the second student.

[A; of potassium = 39.1]
(1)
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(ii) The second student calculated the A, value of M to be 37.52 with a
total percentage uncertainty of 4.5 %.
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Comment on the value of 37.52 obtained by this student by calculating the
range of values of A..
(3)
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(iii) The first student suggested that the burette was the biggest source of
experimental uncertainty.

Explain how the percentage uncertainty of the burette reading could be
reduced without changing the apparatus or simply repeating the experiment.

(iv) The second student was told that using a beaker to prepare their standard
solution was incorrect.

Describe the steps the student should take to make a standard solution as
accurately as possible.

Assume that the student is supplied with 2.00 g of MHCO; in a weighing bottle
and the usual laboratory glassware.

(2)

J

P 7 0 9 6 6 A 0 8 1 6

O

OO

SSotototetetels

RIS
GBI

b
2K
00
doSedess

oot setetetotel

LGRS
CRRLHRRL

%
%
55

%
o%

<55
S,

'
0%t

S
KRS
o Reta00%0%5%0%0%0%0 s tetetetetetel

X
R
KK
Bagovetes

RRELEKS

ORRIIRKLLS,
KR

CRKK

2%
CSSIILEELS

Sotesetels
oot tetotetetetetotetotet

AR
020}

CGRRIEIIIAL

0O
SBIRELS
oSedede!
SRKK
9098
55

%
et
2
oSt erates
5
Q’

%

DS
S5
KE=K

QR
SRR



e Bl N
2:3:3§:2:2

QRREARKL . .

:§§§§§§§§ (c) The solution formed from the reaction between MHCO; and HCl can be

KRR . . .

§:§2§§t§:§ evaporated to give a white solid, MCL.
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(i) State the test the students might use on the white solid to show that M was
potassium. Include the expected result.
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(i) Describe a test and the expected result to confirm the presence of the
chloride ion in the white solid.

(3)
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3 Cyclohexene, C¢H,o, was prepared by dehydrating cyclohexanol, C4H,,0H, using
concentrated phosphoric(V) acid, H;PO,.

10

CeHiiOH() — CeHyo() + HO()

Procedure

Step 1
Step 2

Step 3
Step 4

Step 5

Step 6

Step 7

Step 8

Approximately 12 cm’ of cyclohexanol was measured into a small flask.

5cm’ of concentrated phosphoric(V) acid was added slowly to the flask with
cooling and swirling.

Some anti-bumping granules were added to the mixture.

The flask was set up for distillation, using the apparatus shown, and the
distillate was collected between 80 °C and 90 °C.

The distillate was transferred to a separating funnel and washed with an
aqueous solution of sodium carbonate.

The crude organic product was separated from the mixture, placed in a clean
separating funnel and washed with deionised water.

The organic layer was separated and dried using a suitable drying agent.

The dried organic layer was distilled, over a narrow range of temperature, to
give pure cyclohexene.

Substance Boiling temperature / °C = Density / gcm™
Cyclohexanol 162 0.96
Cyclohexene 83 0.81

Water 100 1.00
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§§§§§§§§ (a) Give the most suitable piece of apparatus for measuring the cyclohexanol
SR .

§§§§§§ in Step 1.
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(b) Explain why adding phosphoric(V) acid slowly, with cooling and swirling,
in Step 2 results in a higher yield of cyclohexene.

(2)
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(c) In Step 3 anti-bumping granules are present to promote smooth boiling in
the mixture.
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(d) Explain why, in Step 4, the distillate is collected in a temperature range of
80°C to 90°C.

(2)

Substance Boiling temperature / °C

Cyclohexanol 162

Cyclohexene 83

Water 100

(e) (i) State what is removed by washing the mixture with
sodium carbonate solution in Step 5.
Include an ionic equation for the reaction.
State symbols are not required.
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§§§§§§§§§§ (i) After the washing in Step 5, the separating funnel contains two layers.
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§§§§§§§§§ Draw a diagram of the separating funnel, labelling its contents.

i 2)
<|

Substance | Density /gcm™

Cyclohexanol 0.96

Cyclohexene 0.81

Water 1.00
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(iii) Suggest what might be removed by washing the product with
deionised water in Step 6.
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(f) Identify from the list shown one substance that could be used as a drying agent
in Step 7 of this procedure. Justify your choice.
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(g) Chemical tests may be used to show whether or not reactants and products are
present during the course of the procedure.

(i) State a chemical test and the expected observation for a C=C double bond.
(2)

(i) State a chemical test and the expected observation for an -OH group.

(iii) State whether or not the test in (g)(ii) could be used on the organic product to
show if cyclohexanol remains when Step 5 is complete.
Justify your answer.

(Total for Question 3 = 18 marks)

TOTAL FOR PAPER =50 MARKS
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