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Answer ALL questions.

Write your answers in the spaces provided.
1 The enthalpy change for the reaction between zinc and copper(ll) sulfate solution can
be determined using the procedure shown.
The equation for the reaction is:
Zn(s) + CuSO4(@q) — ZnSO,@q) + Cu(s)
Procedure
Step1 Weigh about 5g of zinc powder. This is an excess.
Step2 Measure 50cm’ of 1.0moldm™ copper(ll) sulfate solution into a polystyrene cup.

Step 3 Start a stop clock. Stir the solution continuously with a thermometer and
measure the temperature of the solution each minute for 3 minutes.

Step4 At exactly 3.5 minutes, add the zinc powder to the copper(ll) sulfate solution.
Step 5 Continue to stir the mixture and read the temperature each minute from 4 to

10 minutes.

(a) (i) Name the most suitable piece of apparatus for measuring 50 cm® of
copper(ll) sulfate solution.
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(i) The diagram shows part of the thermometer at 4 minutes. Record the
temperature in the table of results and plot the point on the graph.
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(b) The maximum temperature change for the reaction, AT, is estimated by drawing
two lines of best fit on the graph and extrapolating them.

(i) Give the reason why the point you plotted in (a)(ii) should not be included in
the lines of best fit.

(ii) Estimate the maximum temperature change, AT.
Show your working on the graph.

(iii) Give a reason why the temperature of the solution is measured for 3 minutes
before adding the zinc.

(iv) Give the main reason why the temperature of the solution is measured over a
period of time after adding the zinc.
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(c) (i) Use the value you have obtained for the temperature rise (AT) in (b)(ii)
to calculate the heat energy produced in the reaction between zinc and
copper(ll) sulfate solution. Include units with your answer.

(Assume the specific heat capacity of the solution to be 4.2 Jg'°C™" and the
density of the solution to be 1.0gcm™.)

(ii) The solution contained 0.050 mol of copper(ll) sulfate.
Calculate the enthalpy change, AH, for the reaction between zinc and
copper(ll) sulfate solution.
Give your answer to an appropriate number of significant figures and include
a sign and units.

(d) Suggest one improvement to the procedure, other than changing the measuring
equipment or repeating the experiment, which would give a more accurate result.

(Total for Question 1 = 13 marks)
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2 Astudent was given five boiling tubes, each containing one aqueous solution:

dilute hydrochloric acid, HCl(aq)
potassium carbonate, K,COs(aq)
sodium iodide, Nal(aq)

dilute nitric acid, HNOs(aq)
sodium chloride, NaCl(aq).

The solutions were labelled A, B, C, D and E, but not necessarily in this order.

The student carried out three tests on each solution.

Test 1

e The student put about 2cm?® of each solution into separate test tubes.

e The student added one spatula measure of solid sodium carbonate, Na,CO;, to

each test tube.

o Observations were recorded in Table 1, in the column labelled Test 1.

Test 2

e The student put about 1cm?® of each solution into separate test tubes.

e The student added an equal volume of aqueous silver nitrate solution, AgNO;, to

each test tube.

o QObservations were recorded in Table 1, in the column labelled Test 2.

Test 3

e To the final mixture in each test tube from Test 2, the student added about 1 cm?

of dilute nitric acid, HNO;.

o Observations were recorded in Table 1, in the column labelled Test 3.

Solution Test 1 Test 2 Test 3
A effervescence no reaction unchanged
B no reaction yellow precipitate unchanged
C no reaction white precipitate unchanged
D effervescence white precipitate unchanged
E no reaction white precipitate effervescence
Table 1
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(@) (i) Identify each of the solutions from the observations recorded in Table 1.
Write the letter that corresponds to each solution in Table 2.

Solution Letter
dilute hydrochloric acid, HCl(aq)
potassium carbonate, K,COs(aq)
sodium iodide, Nal(aq)
dilute nitric acid, HNOs(aq)
sodium chloride, NaCl(aq)
Table 2

(ii) State how you use the observations to distinguish between potassium carbonate
and sodium chloride solutions.

(b) The student suggested that a flame test could also be used to help to distinguish
between potassium carbonate solution and sodium chloride solution. State how
the flame colours would differ.

(c) A further chemical test was carried out on the precipitates from Test 3 to confirm
the identity of the original solution.

Give this test, and its result, which would distinguish between sodium iodide
solution and sodium chloride solution.

(Total for Question 2 = 7 marks)
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3 This question is about the reaction sequence involving compound F, which has the
molecular formula C;H;O.

Colourless liquid F Reaction 1 . Colourless Liquid G

C3Hgo PClS C3H7Cl

K,Cr,O d
Reaction 3 HZS?) (;(;)q) an Reaction 2
220,
\/ \/

Colourless liquid, J GasH

C3HGO C3H6

(@) Inreaction 1, misty fumes were observed.

(i) Identify, by name or formula, the misty fumes.
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(b) The infrared spectrum of liquid F is shown.

Transmittance (%)

3000 2000 1000

Wavenumber / cm™

Give the wavenumber range of the absorption which confirms your deduction in (a)(ii).

(c) Gas H, C;H,, was formed in Reaction 2. The functional group present in H was
identified by shaking a sample of H in a test tube with a few drops of bromine
dissolved in a non-polar organic solvent.

(i) Give the colour change observed for this reaction.

(i) Write an equation for the reaction of C;Hy with bromine.
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(d) Reaction 3 was carried out by slowly adding a solution of acidified
potassium dichromate(VI) to liquid F in a cooled flask. The flask was set up for
distillation and gently heated. The product, J, was distilled directly out of the
reaction mixture.

(i) Draw a diagram of the apparatus suitable for the distillation of J from the
reaction mixture.

(ii) Draw the structures of two possible isomers of J, C;HO, in the boxes.
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(e) The identity of J can be confirmed by spectroscopy and by chemical tests.
(i) The infrared spectrum of J has absorbances at 2716 and 2893 cm™.

Identify the bond responsible for these absorbances, and hence the
functional group in J.

(Total for Question 3 = 14 marks)
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4 A class of students carried out experiments to determine the value of x in the formula
of hydrated sodium carbonate, Na,CO;.xH,0.

Hydrated sodium carbonate was heated until no more water of crystallisation
remained. Anhydrous sodium carbonate, Na,CO;, was formed.

Na,CO;.xH,0 — Na,CO; + xH,0

The students were given the following instructions:

e weigh a sample of the hydrated sodium carbonate in a pre-weighed crucible
e heat the crucible containing the sample to remove the water of crystallisation
e allow the crucible to cool and then reweigh the crucible.

A student’s results are shown in Table 3.

(@) Complete Table 3.

Measurement Value /g
Mass of crucible empty 19.36
Mass of crucible + hydrated sodium carbonate 26.06
Mass of crucible + anhydrous sodium carbonate 21.98

Mass of hydrated sodium carbonate
Mass of anhydrous sodium carbonate

Mass of water removed

Table 3

(b) (i) Calculate the number of moles of water removed on heating the hydrated
sodium carbonate.

(i) Calculate the number of moles of anhydrous sodium carbonate, Na,CO;,
formed after heating.
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(i) Use your answers from (b)(i) and (b)(ii) to calculate the value of x. Give your
answer to three significant figures.

(c) Each use of the balance to find a mass reading in the table has a maximum
uncertainty of +£0.005g.

Calculate the percentage error in the measurement of the mass of the crucible
and hydrated sodium carbonate (26.06 g) before heating.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



(d) The Data Book value for x is 10.

One student obtained a value for x of 8.63 and another student obtained a value
for x of 10.79.

Explain the practical errors that could have led to each of these values.
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(e) Devise an experiment involving a titration that could be used to determine the
value of x in Na,CO;.xH,0.

List the essential steps in the practical procedure.

You are not expected to explain how the data is used to calculate x.

(Total for Question 4 = 16 marks)

TOTAL FOR PAPER =50 MARKS
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