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

1 The inorganic compounds A and B contain the same Group 2 cation but different anions.

(@) Two tests were carried out on A. The observations made for each test are
recorded in the table.

(i) Complete the statements in the inference column in the table by writing the
names or formulae of the ions.

Test Observation Inference
Dilute sulfuric acid was A white precipitate formed | Two possible cations in A
added to an aqueous are

solution of A

A sample of A was heated in | A brown gas was evolved The anionin A is
a test tube

A glowing splint was held in | The splint relit

the mouth of the test tube

(i) There were two gases evolved when A was heated; a brown gas C, and a
gas D which relit the glowing splint.
Identify the gases C and D by giving their name or formula.
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(iii) Name a test that could be used to distinguish between the two cations
identified in (a)(i).
Include the expected result of the test for both cations.
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(b) A test was carried out on B. The observations made for the test are recorded in
the table.

() Complete the statement in the inference column in the table by writing the
formula of the anion.

NOTWRITEINTHISAREA

Test Observation Inference
Concentrated An orange-brown gas E was | The formula of the anion
sulfuric acid was added to evolved inBis
“““ a sample of solid B in a test

tube

(ii) Identify the orange-brown gas E by giving its name or formula.
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(iii) Two colourless acidic gases were also evolved in the test in (b)(i).

These gases were dissolved in water.
Aqueous silver nitrate and dilute nitric acid were added to the solution and a
cream precipitate formed.

Give the name or formula of the gas identified by this method.
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(Total for Question 1 = 12 marks)
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2 This question is about an organic compound X.

Information about compound X
Molecular formula: C,H,;,0
Test 1

Phosphorus(V) chloride was added to X.
Steamy fumes were formed.

(@) (i) Use all the information about X to identify the type of functional group

present in X.
(1)
(ii) Draw the four possible structural isomers of X.
Use your answer to (a)(i) and the molecular formula of X.
(4)
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(b) Another test was carried out on X.

Test 2

A few drops of acidified potassium dichromate(VI) solution were added to X
and the mixture was heated.
The mixture stayed orange.

Use the result of Test 2 to further classify the functional group present in X.

NOTWRITEINTHISAREA

(c) Use your answer to (b) to identify which of the four isomers of C,H,,0 you have
drawn in (a)(ii) is X.
(1)

(d) (i) Write the equation for the reaction between X and
phosphorus(V) chloride. State symbols are not required.
(1)
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(ii) The infrared spectrum of X is shown.

Transmittance (%)
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Some data about infrared spectra are given in the table.
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Circle the peak on the spectrum that will not be present in the infrared spectrum
of the organic product of the reaction between X and phosphorus(V) chloride.
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3 This question is about the preparation of crystals of hydrated sodium sulfate.

(@) You are provided with the following apparatus and materials to prepare a solution
of sodium sulfate from sulfuric acid and aqueous sodium hydroxide:

* aburette, ready to use, filled with dilute sulfuric acid to the 0.00cm? line
e anaqueous solution of sodium hydroxide

* methyl orange indicator
* access to other laboratory volumetric apparatus.

The equation for the reaction is

NOTWRITEINTHISAREA

H,SO,(aq) + 2NaOH(agq) — Na,SO,(aqg) + 2H,0(l)

(i) A preliminary (rough) titration shows that about 18 cm? of sulfuric acid is
required to react with 25.0 cm? of the aqueous sodium hydroxide.

Describe how you would carry out a second titration to find the accurate
volume of sulfuric acid that reacts with 25.0 cm?® of the aqueous
sodium hydroxide.

In your answer, you should include the colour change of the indicator at the end-point.
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(i) The results of three further titrations are shown in the table.

Titration number Rough 1 2 3
Final burette reading/cm? 18.2 17.90 35.55 17.65
Initial burette reading/cm? 0.00 0.00 18.00 0.00
Titre/cm? 18.2 17.90 17.55 17.65
Used in mean (v')

Calculate the mean titre.
Show which titres you have used in your calculation by putting a tick (v) in
the appropriate boxes in the table.
(1)

mean titre ..o,

(iii) On the diagram of part of a burette, show the level of dilute sulfuric acid when
the final burette reading is recorded in Titration 3.
(2)
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(b) Using results from the table, briefly describe how to obtain a sample of pure crystals
of hydrated sodium sulfate.
(2)

ONOTWRITEINTHISAREA

(Total for Question 3 = 10 marks)
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4 An experiment is carried out to determine the value of n in the formula of hydrated
zinc sulfate, ZnSO,.nH,0.

The following procedure is used.

Step1  Weigh an empty crucible.

Step2  Add two spatula measures of hydrated zinc sulfate to the crucible.
Reweigh the crucible with the hydrated zinc sulfate.

Step3  Heat the crucible and hydrated zinc sulfate to remove the water of crystallisation.

Step4  Allow the crucible to cool. Reweigh the crucible and the
anhydrous zinc sulfate.
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The equation for the reaction is

ZnSQO,4.nH,0O(s) — ZnSO,(s) + nH,O(qg)

Results
Measurement Value/g

Mass of empty crucible 13.26

Mass of crucible + contents before heating 16.71

Mass of crucible + contents after heating 15.30

Mass of contents before heating 3.45 %
X

Mass of contents after heating G
poats - 1

Mass of water lost %3}?
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(a) Draw a labelled diagram of the apparatus set up for heating in Step 3.
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(b) Complete the table of results.
(1)

(c) (i) Calculate the amount, in moles, of anhydrous zinc sulfate, ZnSO,, left after heating.
(1)

amount of anhydrous zinc sulfate left = ... mol

NOTWRITEINTHISAREA

o (i) Calculate the amount, in moles, of water lost during heating.

amount of waterlost= .. ... ... mol

(iii) Calculate the value of n, using your answers to (c)(i) and (ii).
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(d) A data book gives the formula of hydrated zinc sulfate as ZnSO,.7H,0.

Two possible errors that might occur during the experiment are:

Error 1
Some of the hydrated zinc sulfate was lost from the crucible during heating in Step 3.
Error 2

The crucible was not heated for long enough for all of the water of crystallisation
to be lost.

(i) Predict the effect, if any, each error will have on the measured mass of water lost
and hence the calculated value of n.

Error 1

Effect on measured Mass Of Water IOt ..o

Effect ON CalCUIATEA VAU OF N ..o

Error 2

Effect on measured Mass Of Water Ot ..o

Effect ON CalCUIATEA VaAlUC OF N ..o e
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(i) Suggest how you could improve the experiment to stop the hydrated zinc sulfate
from ‘jumping out’ of the crucible during heating.
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(iii) Suggest how you could make sure that all the water of crystallisation is lost
during heating.
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5 Ethyl ethanoate is a colourless liquid with a boiling temperature of 77 °C.
It can be prepared by reacting ethanol with ethanoic acid.

C,HsOH(l) + CH;COOH(l) = CH;COOC,Hs(l) + H,O(l)
An outline procedure is given.

Step1  Mix 20cm? of ethanol and 20 cm? of ethanoic acid in a pear-shaped flask
and add anti-bumping granules.

Step2  Add 8cm? of concentrated sulfuric acid slowly, and with cooling.

Step3  Set up the apparatus for reflux, with the flask partially immersed in a water bath.
Heat under reflux for 15 minutes.

Step4  Allow the apparatus to cool, and then rearrange the apparatus for distillation.
Collect all the distillate up to 80°C.

(a) Give a reason why anti-bumping granules are used in Step 1.

(b) Suggest a reason why the mixture is cooled as the concentrated sulfuric acid is
added in Step 2.
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(c) Give areason why the flask is heated in a water bath, rather than directly with a
Bunsen flame, in Step 3.
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The ethyl ethanoate is purified as follows:

Step 5 Place the distillate from Step 4 in a separating funnel and add 10 cm? of
sodium carbonate solution. Shake the separating funnel carefully, releasing
the pressure at regular intervals. Allow the layers to separate and then
remove the lower, aqueous layer.

Step 6 Transfer the ethyl ethanoate to a dry flask. Add anhydrous calcium chloride,
stopper the flask and leave to stand for 30 minutes.

Step 7 Pour the ethyl ethanoate into a clean pear-shaped flask. Distil and collect the
pure ethyl ethanoate.

T (e) (i) Identify the gas released when sodium carbonate solution is added to the
R distillate in the separating funnel in Step 5.

(f) (i) Give areason why anhydrous calcium chloride is added to the ethyl ethanoate
in Step 6.
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(i) Suggest a reagent that could be used as an alternative to
anhydrous calcium chloride in Step 6.

(g) Give a suitable temperature range over which to collect the pure ethyl ethanoate
during the final distillation in Step 7.

(Total for Question 5 = 9 marks)
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