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

1 Substance A is a green solid which dissolves in water to form a green solution.
Substance A is an ionic compound containing one cation and one anion.

(@) Give the formulae of two cations which could be responsible for the green colour
in the solid.

(b) A student added dilute sodium hydroxide, drop by drop, to an aqueous solution
of A. Initially, a green precipitate was formed. The precipitate did not dissolve in
excess sodium hydroxide solution. The precipitate darkened on standing to give
a brown solid.

(i) Write the formula of the cation in substance A.

(c) The student added a few drops of acidified potassium manganate(VIl) solution to
another sample of a solution of A in a test tube.

Describe the colour change that occurs.
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(d) The student acidified about 2 cm? of a solution of A with dilute nitric acid in a
test tube and then added a few drops of aqueous silver nitrate solution. A white
precipitate was formed.

(i) Give the formula of the anion present in A.

(i) The testin (d)(i) is usually followed by the addition of ammonia solution to
test the solubility of the precipitate.

Explain why this is not a useful procedure in this case.

(Total for Question 1 = 10 marks)
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2 Solution B is copper(ll) sulfate dissolved in water.

(@) When an excess of concentrated hydrochloric acid is added to solution B, the
colour of B changes from blue to yellow.

Give the formula of the complex ion responsible for the yellow colour.

(b) What would you observe as dilute ammonia solution is added, drop by drop, to
another sample of solution B?

(c) 20.0 cm? of solution B was added to excess aqueous potassium iodide solution
and the volume made up to 250 cm?. The following reaction occurred:

2Cu**(aq) + 4l(aq) — 2Cul(s) + |(aq)

25.0 cm?samples of the resulting mixture were titrated with 0.120 mol dm=3
sodium thiosulfate solution. The mean titre was 17.85 cm?.

(i) Complete the ionic equation for the reaction of thiosulfate ions with iodine.
State symbols are not required.

252032- O e

(ii) Calculate the concentration of solution B, in mol dm=.

(Total for Question 2 = 8 marks)
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3 An ester is hydrolysed in the presence of an acid catalyst forming a carboxylic acid
and an alcohol C. The alcohol contains four carbon atoms.

In order to investigate the kinetics of this reaction, two solutions, X and Y, were made
up.

Solution X: 100 cm? of a 0.20 mol dm=3 solution of the ester
Solution Y: 100 cm? of a 0.20 mol dm= solution of hydrochloric acid

Flasks containing the two solutions were placed in a water bath at 50 °C and when
both solutions had reached the temperature of the water bath, the solutions were
mixed and a clock started. As soon as the clock was started, a 10 cm? sample was
taken from the reaction mixture, transferred to a cooled conical flask and titrated with
0.050 mol dm= sodium hydroxide solution. Other samples were taken at two minute
intervals and analysed in the same way.

Results:
Time/min 0 2 4 6 8 10 12 14 16
Titre/cm? 20.0 | 234 | 26.2 | 28.5 | 30.5 | 32.1 | 334 | 34.5 | 355

V = (40 - titre)/cm? 200 | 166 | 138 | 115 | 95| 79 | 66 | 55 | 45

V is directly proportional to the concentration of the ester remaining in the solution.

(@) Why was each sample cooled before titration?

(b) Two indicators are available for the titrations: phenolphthalein and methyl
orange.
Which one should be used? Give a reason for your answer.

YO AT O e

Reason

(c) (i) Explain why the titre at time zero is 20.0 cm?® rather than 0.0 cm®. No
calculation is required.
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(d) Plot a graph of V on the vertical axis against time on the horizontal axis. Use
your graph to determine the order of the reaction by measuring two successive
half-lives.
(4)
FIEST @I e
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(e) The alcohol Cis oxidized using potassium dichromate(VI) and dilute sulfuric acid.
State the colour change observed.

(f) The oxidation results in the formation of either a carboxylic acid or a ketone.

() Suggest a chemical test that could be used to show that the purified product
is a carboxylic acid.

Give the observation that you would make when this test is carried out.

Reagent

Observation

(i) Suggest a chemical test that could be used to show that the purified product
is a ketone.

Give the observation that you would make when this test is carried out.

Reagent

Observation
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(h) A simplified nmr spectrum for alcohol C is shown below:

Q
|I|||||I|

5 4 3 2 1 0

Chemical shift 6 / ppm

() What can you conclude from the fact that there are four sets of peaks?

(i) Using your answers to (g) and (h)(i), and the fact that alcohol C contains four
carbon atoms, draw the displayed formula of alcohol C.

(i) On the displayed formula you have drawn in (h)(ii), circle the atom or group of
atoms responsible for the peak labelled Q.

(Total for Question 3 = 17 marks)
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4 This question concerns the preparation of an ester, 3-methylbutyl ethanoate. The
ester can be produced by the reaction of 3-methylbutan-1-ol and ethanoic anhydride:

C.H,,OH + (CH,C0),0 — CH,COOCH,, + CH,COH
Reagents

e 3-methylbutan-1-ol [molarmass = 88.0 g mol™; density = 0.81 g cm™]

e ethanoic anhydride
Required product

¢ 3-methylbutyl ethanoate

[molarmass = 130.0 g mol™'; boiling temperature = 142 °C]
Safety information

¢ 3-methylbutan-1-ol is highly flammable
e 3-methylbutyl ethanoate is highly flammable

e ethanoic anhydride is corrosive, causing skin blistering and peeling
The steps of the experimental procedure are as follows:

Step 1 Place 10.0 cm? of 3-methylbutan-1-ol in a flask and add a few anti-bumping
granules.

Step 2 Set up the apparatus for reflux. Pour 12.5 cm?® of ethanoic anhydride (a slight
excess) down the condenser. Warm the mixture until the reaction starts and
then reflux gently for five minutes. Allow the mixture to cool.

Step 3 Transfer the cooled mixture to a separating funnel, leaving the anti-bumping
granules in the flask. Add about 25 cm? of water and shake the mixture.
Allow the two layers to separate and discard the lower aqueous layer. The
addition of water converts any unreacted ethanoic anhydride into ethanoic
acid.

Step 4 Add about 10 cm? of aqueous sodium hydrogencarbonate to the separating
funnel and shake carefully. When the vigorous effervescence has
finished, insert the stopper and shake the funnel, frequently releasing the
pressure. Repeat the washing with further quantities of aqueous sodium
hydrogencarbonate until no more gas is produced. Discard the lower
aqueous layer each time.

Step 5 Transfer the ester to a conical flask and shake the flask for five minutes with a
suitable drying agent.

Step 6 Filter the dried ester directly into a flask. Set up the apparatus for simple
distillation, adding a few anti-bumping granules to the flask. Distil off the
ester.

10
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(a) State two safety precautions, each related to a specific hazard of this experiment.
You may assume that eye protection and laboratory coats are being worn and
that the experiment was carried out in a fume cupboard.

PrOCAUTION 2 ..ot e e e e ettt

(b) Draw a labelled diagram of the apparatus needed for heating under reflux in
Step 2. You do not need to show stands or clamps.

11
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(c) Why are anti-bumping granules added to the flask in Step 1?

(e) In the following list of substances, only one would be a suitable drying agent to
use in Step 5. Identify this drying agent, giving a reason for your choice:

e concentrated phosphoric(V) acid
e sodium hydroxide solid

e anhydrous sodium sulfate

e concentrated sulfuric acid

DIPYING @QEBNT .o
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(f) In Step 6, the ester is distilled off. Suggest a suitable temperature range over
which to collect the ester.

(g) (i) Calculate the maximum mass of 3-methylbutyl ethanoate that could be
obtained in this experiment from 10 cm? of 3-methylbutan-1-ol. Give your
answer to three significant figures.

12
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(i) A student carried out the synthesis and obtained 9.45 g of
3-methylbutyl ethanoate. Calculate the percentage yield.

(Total for Question 4 = 15 marks)

TOTAL FOR PAPER =50 MARKS
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