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

1 An organic compound A is a liquid. It contains two functional groups.
Tests are carried out to identify A.

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

Observation

misty fumes given off

Test 2 Aqueous sodium hydrogencarbonate, NaHCO;(aq), is added to 2cm® of A.

Observation

no visible reaction

Identify, by name or formula, the functional group identified by these tests.
Justify your answer.

(2)

(b) Test 3 A few drops of A are added to 2cm’ of Tollens’ reagent
(ammoniacal silver nitrate solution).

The mixture is placed in a warm water bath.

Observation

silver mirror

Identify, by name or formula, the functional group identified by this test.

(1)
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4 A
(c) Compound A is non-cyclic and its mass spectrum has a molecular ion peak with
m/z value of 74.
(i) Draw the displayed formula of the two structural isomers of A, using this
information and your answers from (a) and (b).
(2)
(i) A low resolution proton NMR spectrum of A shows four peaks with relative
areas of 1:2:2:1.
Deduce which of the structures in (c)(i) is correct, by identifying the relative
peak areas on your formula.
(1)
(Total for Question 1 = 6 marks)
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2 A series of experiments is carried out on an aqueous solution of a
chromium(lll) salt, B.

(@) Experiment 1
To a sample of solution B, aqueous sodium hydroxide is added drop by drop until
in excess.

(i) Complete the table giving the observations you would see.

Observation on adding a few Observation on adding an
drops of sodium hydroxide excess of sodium hydroxide

(i) State what you can deduce about the nature of chromium(lll) hydroxide from
the results of Experiment 1.

(b) Experiment 2
5cm’ of hydrogen peroxide solution is added to the final mixture formed in (a) (i)
and heated gently.
A yellow solution containing chromate(VI) ions, CrOj, is produced.

Explain the role of the hydrogen peroxide in this reaction.
Justify your answer.

(c) Experiment 3
Dilute sulfuric acid is added to the yellow solution formed in Experiment 2.
The solution turns orange.

Complete and balance the equation for this reaction.

State symbols are not required.

...Cr0; + ...H" =
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(Total for Question 2 = 6 marks)
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3 A group of students carried out an experiment to investigate the reaction between
potassium manganate(VIl) and ethanedioate ions in acid conditions.
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The equation for the reaction is shown.
2MnOj(aq) + 16H'(aq) + 5C,0:(ag) — 2Mn**(ag) + 10CO,(g) + 8H,O(l)

Procedure

Step 1 Measure 10.0cm’ of potassium iodide solution into each of
eight conical flasks.

Step 2 Measure 100.0cm’ of ethanedioic acid solution into a 250 cm® beaker.
Add 25.0 cm’ of potassium manganate(VIl) solution and 5.0 cm’ sulfuric acid to
the beaker. Mix the contents of the beaker and start a timer.
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Step 3 Immediately withdraw 10.0 cm’ of reaction mixture and add it to the first
conical flask containing (excess) potassium iodide solution.
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Step 4 Continue removing 10.0 cm’ of reaction mixture every minute for seven
minutes. Each time, add the reaction mixture to a new conical flask containing
the potassium iodide solution.
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Step 5 Using starch as an indicator, titrate the iodine formed in the conical flasks with
sodium thiosulfate solution.

The equation for the reaction in Step 3 is shown.
2MnO;(ag) + 16H*(ag) + 101 (ag) — 2Mn*'(aq) + 5l,(aq) + 8H,O(l)
The equation for the titration in Step 5 is shown.
25,05(aq) + l(aq) — S,0:(aq) + 2l(aq)

(@) (i) Explain why Step 3 effectively stops the reaction between
potassium manganate(VIl) and ethanedioate ions.
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(ii) State when the starch indicator should be added during the titrations in
Step 5.
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(b) A student’s results are shown.

(

30.00 | 29.80 | 28.60 | 27.50 | 19.00 | 7.50

2.50

1.50

i) Plot a graph of volume of sodium thiosulfate against time.

(3)
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(ii) Describe how the rate of reaction changes during the reaction.
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ii) Explain why the rate of reaction changes in this way.
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(Total for Question 3 = 10 marks)
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4 This question is about the laboratory preparation of the ester methyl salicylate
(oil of wintergreen).

The equation for this reaction is shown.

0] o)
OH | choH = O—CH 4 ho

OH OH
salicylic acid methanol methyl salicylate water

Procedure

Step 1 20.0g of salicylic acid and 100cm’® of methanol are placed into a
round-bottomed flask.

Step 2 15.0cm’ of concentrated sulfuric acid is added slowly, whilst swirling the flask.
Step 3 The mixture is heated gently under reflux for 45 minutes.

Step 4 After cooling, the mixture is poured into a separating funnel and about
50cm’ of iced water is added. The funnel is stoppered, shaken and allowed to
settle. The aqueous layer is discarded.

Step 5 The organic layer is returned to the separating funnel and washed with
50 cm’ of sodium carbonate solution.

Step 6 The aqueous layer is discarded leaving the crude methyl salicylate.

Step 7 The crude methyl salicylate is distilled and the fraction with the
boiling temperature range 220-224°C is collected.

Step 8 The pure methyl salicylate is transferred to a bottle and weighed.

(@) Show, by calculation, that the methanol is in excess in this preparation.

[M, values: salicylic acid = 138.0 methanol = 32.0,
Density of methanol = 0.791 gcm™]
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(b) State the purpose of the sulfuric acid.
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(c) Draw a diagram of the apparatus used in Step 3 when the mixture is heated
under reflux.

(3)
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(d) Describe how to wash the organic layer with sodium carbonate solution in Step 5.

(2)

(e) The mass of pure methyl salicylate obtained was 14.1g.

Calculate the percentage yield, giving your answer to an appropriate number of
significant figures.
(3)

(Total for Question 4 = 12 marks)
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5 The label has come off a bottle known to contain an ammonium salt, NH,X, where X
K is known to be a halide ion.
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A student carried out an experiment to determine the identity of the halide, X.

Procedure
Step 1 2.27 g of NH,X was placed in a conical flask.

Step 2 50.0cm’ of 1.00 moldm™ aqueous sodium hydroxide was added to the
conical flask.

Step 3 The solution in the conical flask was boiled gently.

The equation for the reaction in Step 3 is shown.
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NaOH(agq) + NH,X(aq) — NaX(aq) + H,O(l) + NHs(g)
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Step 4 The gas coming from the conical flask was tested regularly until all the
ammonia had been evolved.
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Step 5 The flask was removed from the heat and allowed to cool.

Step 6 The entire contents of the flask, containing the excess sodium hydroxide
solution, were titrated with a solution of 1.00moldm™ hydrochloric acid.

(@) (i) Describe how to carry out Step 4.

You should identify both how to perform the test and how you would know
all the ammonia had been evolved.
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(ii) Containers of ammonia gas have the following hazard warning signs.

State these two hazards associated with ammonia.

(i

ii) Give a precaution to reduce the risk when carrying out Steps 3 and 4.
It is assumed that safety goggles and a laboratory coat are used.

(b) The titre in Step 6 is 26.80 cm® of 1.00 moldm™ hydrochloric acid.
(i) Calculate the molar mass of NH,X.

Use the data from Steps 1 and 2.
(4)
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(i) Identify the halide X, present in NH,X, using your answer to (b)(i).

R RIEELELKLS:
R IRIEARIRIAY

NN
CSIEILIIEILIIIILS,
’Mf‘w

-

5

(2)

o

(i

i) Give a chemical test, with the expected result, to confirm the identity of the
halide ion in a sample of NH,X.
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(c) Another student carried out the experiment but did not titrate all the contents of
the conical flask in Step 6.
Instead they transferred the contents of the conical flask to a 100.0cm’
volumetric flask. The solution was made up to the mark with distilled water and
mixed thoroughly.

25.0cm’ portions of this solution were placed in a conical flask and titrated with
1.00 moldm™ hydrochloric acid.

Identify one advantage and one disadvantage of this alternative to Step 6.

Justify your answers.

(4)
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(Total for Question 5 = 16 marks)
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