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Answer ALL the questions. Write your answers in the spaces provided.
1 This question is about different tests used to identify compounds.

(@) A flame test was used to distinguish between solid samples of lithium sulfate and
potassium sulfate.

Explain how the flame test is carried out.
Include the flame colour for each compound.

Flame test
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(b) Concentrated sulfuric acid was used to distinguish between solid samples of
sodium bromide and sodium iodide.

In the test, a few drops of concentrated sulfuric acid were added to samples of
solid sodium bromide and sodium iodide in separate test tubes.

(i) Give an observation that distinguishes each compound.

Include the identity of one of the gases produced in each case.

Observation to identify sodium bromide
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(c) Two tests were used to identify the ions present in an aqueous solution of
ammonium sulfate.

(i) State the reagents, conditions and positive result for the ammonium ion test.
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(iii) Give the ionic equation for the sulfate ion test in (c)(ii).
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2 Aliquid organic compound X contains two functional groups.
Tests are carried out to identify X.

(a) Test 1 A small amount of phosphorus(V) chloride, PCls, is added to 2cm® of X.

Observation

misty fumes given off

Test 2 Aqueous sodium hydrogencarbonate, NaHCOs(aq), is added to 2 cm’ of X.

Observation

no visible reaction

Name the functional group identified by these tests.

(b) Test 3 A few drops of X are added to 2cm’ of Benedict’s solution.
The mixture is placed in a warm water bath.
The test gives a positive result.

(i) Complete the table by giving the expected observations for the positive result
produced by compound X.

Observations

Initial appearance Final appearance

(ii) Identify, by name or formula, the functional group identified by this test.
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(c) The mass spectrum of compound X has a molecular ion peak, m/z =74.

(i) Draw the two possible structural isomers of X.
Use the information about X and your answers to (a) and (b).

(2)
(ii) Suggest how the mass spectrum fragmentation patterns of X could be used
to identify which isomer is present.
In your answer refer to the structure and m/z values of any
relevant fragments.
(2)

(Total for Question 2 = 8 marks)
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3 An experiment was carried out by a group of students to determine the value of nin
the formula of hydrated sodium carbonate, Na,CO;-nH,0.

Procedure

Step 1 Make up 250.0cm’ of a standard solution using a known mass of
Na2CO3'nH20.

Step 2 Pipette 25.00 cm® of this solution into a conical flask.
Add a few drops of methyl orange indicator.

Step 3 Fill a burette with hydrochloric acid, of concentration 0.100 moldm™.
Titrate the hydrochloric acid against the sodium carbonate solution.

Step 4 Repeat Steps 2 and 3 until concordant results are recorded.

(a) Describe how you would make up the standard solution in Step 1.
You are supplied with a mass of 3.15 g of hydrated sodium carbonate,
Na,CO;nH,0, in a weighing boat and the apparatus shown (not to scale).

Yuﬂ

filter funnel  glass beaker 250.0cm’ dropping stirringrod  deionised water
volumetric flask pipette

deionised
water
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(b) (i) One student’s results are shown.

Titration number 1 2 3
Final burette reading/cm® 22.45 44.40 22.05
Initial burette reading/cm® 0.00 22.45 0.00
Titre/cm’

Complete the table and, using appropriate values, calculate the mean titre.

(i) Calculate the number of moles of hydrochloric acid in this mean titre.

(iii) The reaction taking place in this titration is shown.
Na,COs;(aq) + 2HCl(ag) — 2NaCl(ag) + CO.(g) + H,O(l)

Calculate the number of moles of sodium carbonate present in
25.00cm’ of the solution.
Use the equation shown and your answer to (b)(ii).

(iv) Calculate the number of moles of sodium carbonate present in 250.0cm® of
the solution.
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(v) Calculate the molar mass of the hydrated sodium carbonate, Na,CO;-nH,0O,
and therefore the value of n.

Valueofn= ..

(c) Devise an alternative experiment involving heating crystals of hydrated
sodium carbonate that could be used to calculate the value of n in Na,CO5.nH,0.
List the essential steps in the procedure, including the measurements you
would take.
You are not required to explain how the data is used to calculate n.

(Total for Question 3 = 14 marks)
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4 This question is about practical techniques used in organic reactions.

(a) Give the names of the practical techniques represented by Apparatus A and
Apparatus B.

1 / 1

heat heat

Apparatus A Apparatus B

Apparatus A

(b) Butanal can be prepared by reacting butan-1-ol with a suitable oxidising mixture
and heating with anti-bumping granules in Apparatus A.

(i) Name a suitable oxidising mixture for this reaction and include the colour

change observed.

Oxidising mixture
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(i) Explain why Apparatus B is not suitable for this oxidation reaction.

(c) 1-bromopropane can be prepared by reacting propan-1-ol with a mixture of
sodium bromide and 50% concentrated sulfuric acid and heating the mixture in
Apparatus B for 45 minutes.

CH;CH,CH,OH + NaBr + H,SO, — CH;CH,CH,Br + NaHSO, + H,O

Describe what happens in Apparatus B when the mixture is heated.
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(d)

After heating for 45 minutes, the mixture is allowed to cool and then some
deionised water is added. The contents of the round-bottomed flask are then
transferred to Apparatus A and heated.

The resulting mixture collects in the conical flask and consists of two layers.
One is an aqueous layer and the other contains the impure 1-bromopropane.

Draw a fully labelled diagram of the apparatus that would be used to separate
the impure 1-bromopropane from the aqueous layer.

The density of 1-bromopropane is 1.35gcm™ and the density of the
aqueous solution is approximately 1.0gcm™.

In an experiment, 10.0cm’ of propan-1-ol was used and, after purifying the liquid,
7.98 g of 1-bromopropane was collected.

[Data: M, values propan-1-ol = 60.0, 1-bromopropane = 122.9
Density of propan-1-ol = 0.80gcm™]

Calculate the percentage yield of 1-bromopropane in this experiment.

(Total for Question 4 = 13 marks)

TOTAL FOR PAPER = 50 MARKS
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