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

A student investigated two aqueous solutions, labelled P and Q.
Both solutions were green. Each solution contained one cation and one anion.

(a) Tests were carried out on solution P.

Complete the table.
Test
(i) | Afew drops of aqueous

(iii)

sodium hydroxide were
added to 5cm’ of P

More sodium hydroxide
solution was added

to the mixture from
(@)(i) until there was no
further change

A few drops of dilute
nitric acid were added
to 5cm’ of a fresh
sample of P

A few drops of aqueous
silver nitrate were
added to this acidified
solution of P

Observation

A white precipitate
formed

Inference

Chromium(lll) ions
may be presentin P

Chromium(lll) ions
are confirmed to be
presentin P

The formula of the
anion likely to be

responsible for the
white precipitate is

(b) State why, in the silver nitrate test on P, the nitric acid was not needed in
this case. Justify your answer by considering the role of nitric acid in the
silver nitrate test.
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(c) The student carried out tests on Q and inferred that it was a solution of
iron(ll) sulfate.

(i) The addition of dilute aqueous ammonia to a sample of solution Q produced
a green precipitate which changed colour on standing.

Explain why the colour change led the student to infer that Q contained
iron(ll) ions.

(ii) Describe a test, and its positive result, that the student could have carried out
to show the presence of sulfate ions.

(d) Identify, by name or formula, a metal cation, other than chromium(lll) and iron(ll),
which could give a green colour in an aqueous solution.

(Total for Question 1 = 10 marks)
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2 Two organic compounds, X and Y, are colourless liquids.
Each compound contains only one functional group.

(@) A few drops of deionised water are added to a beaker containing X.
Misty fumes are formed.

A drop of concentrated ammonia on the tip of a glass rod is placed in the
misty fumes. White smoke is formed.

(i) Deduce the functional group in X.
Justify your answer by referring to the observations.

(ii) State the precaution that you would take to minimise the risk of carrying out
this test on the misty fumes.
Assume gloves, safety goggles and laboratory coat are worn.

(b) The >C NMR spectrum of X has two peaks.

Draw the displayed formula of X.
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(c) The mass spectrum of Y is shown.

100 —
80
60 —
Relative
intensity
40 —
20 — ‘
O III!!II!:IIIII! !!IIIIIIIII:!!: !!IIIII!I!II::IIIIII IIIIII
10 15 20 25 30 35 40 45 50 55 60 65 70 75
m/z

(i) Bubbles are observed when aqueous sodium hydrogencarbonate is
added to Y.

Deduce the formula of the ion responsible for the peak at m/z = 45.

(ii) Draw the structural formula of Y.
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(d) Both X and Y can be used to produce esters.

(i) Name the compound that would react with both X and Y to form ethyl esters.

(i) A student prepared an ester using X and a suitable compound.

Explain why the student added aqueous sodium hydrogencarbonate to the
reaction mixture to allow the presence of an ester to be detected.

(e) Both X and Y react with concentrated ammonia but form different products.

Identify these products, by name or formula.

Product with X

(Total for Question 2 = 12 marks)
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3 This question is about an experiment to investigate the kinetics of the reaction
between iodine and propanone with an acid catalyst.

The equation for the reaction is shown.
I(ag) + CH;COCH;(aq) + H'(aq) —» CH;COCH.I(aq) + 2H'(aq) + I(aq)

To obtain the order of reaction with respect to iodine, the concentration of iodine in
the reaction mixture was determined at various times.

Procedure

Step 1 Mix 25cm’ of 1.0moldm™ sulfuric acid with
25cm’ of 1.0moldm™ propanone in a beaker.

Step 2 Start a clock as 50 cm’ of 0.020 mol dm~ iodine solution is added to
the beaker. Mix the reactants thoroughly.

Step 3 Tip a spatula measure of sodium hydrogencarbonate into a
conical flask. After 3 minutes, pipette a 10.0cm’ sample of the
reaction mixture into the conical flask and mix thoroughly.

Step 4 Titrate the iodine in the sample with
0.010moldm™ sodium thiosulfate solution using a suitable indicator.
Record the titre.

Step 5 Repeat Steps 3 and 4 every 3 minutes to obtain four more titres.

(a) State why the sulfuric acid and propanone concentrations are both much larger
than the iodine concentration.

(c) Name the indicator that would be used for the titration in Step 4, stating the
colour change that would be seen at the end-point of the reaction.

7
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(d) Titration results from the experiment are shown.

(

15

16.05 15.30 14.50 13.70

12.95

) Plot a graph of titre against time.

(3)
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(i) State why the volume of thiosulfate may be used for plotting the graph rather
than the concentration of iodine.

(iii) State the order of reaction with respect to iodine.
Justify your answer by referring to your graph.
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(e) Further experiments were carried out to determine the reaction orders with
respect to propanone and sulfuric acid.

(i) A graph of the concentration of propanone against time is shown.

0.20

_—

0.15 \

Concentration

of propanone

/ moldm™ \

0.10 \

0.05

/

0 5 10 15 20

Time/s
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The reaction is first order with respect to propanone.

Determine two half-lives for this reaction.
You must show your working on the graph.

First half-life

(i) A graph of the reaction rate against the concentration of sulfuric acid
is shown.

Rate

Concentration of acid

Deduce the rate equation for the overall reaction of iodine and propanone
with an acid catalyst.
Use your answer from (d)(iii) and information from (e)(i) and the graph

in (e)(ii).

(Total for Question 3 = 12 marks)
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4 A group of students prepared methyl 3-nitrobenzoate by the nitration of
methyl benzoate.

CH, CH,
OO OO
C C
+ HNO; ——> + H,0
NO,
Procedure
Step 1 Measure 9cm’ of concentrated sulfuric acid into a small, dry conical flask.

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7
Step 8

Label the flask A and place it in an ice bath.

Add 4.0 cm’ of methyl benzoate to flask A.
Gently swirl the flask.

Mix 3 cm? of concentrated nitric acid and 3cm® of
concentrated sulfuric acid in a test tube to form the nitrating mixture.
Place this test tube in the ice bath.

Place a thermometer in flask A. Add the nitrating mixture very slowly to
flask A using a dropping pipette.

Take care to ensure that the temperature of the flask contents

does not rise above 15°C.

Remove flask A from the ice bath and allow it to stand at room temperature
for about 10 minutes.

Pour the reaction mixture into a small beaker containing crushed ice.

Stir the contents of the beaker with a glass rod.

Allow the ice to melt. Separate the solid methyl 3-nitrobenzoate by
suction filtration. Wash the solid with a small amount of
deionised water and then with a little ice-cold ethanol.

Recrystallise the methyl 3-nitrobenzoate using ethanol as the solvent.

Determine the melting temperature of the purified crystals of
methyl 3-nitrobenzoate.

(a) An ice bath is a mixture of ice and water in a beaker.

Suggest an advantage of using an ice bath in Steps 1 and 3 rather than a beaker
containing only ice cubes. Justify your answer.
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(b) Side products form if the temperature rises above 15°C in Step 4.

Give the structure of one side product that may form.

(c) One student drew the suction filtration apparatus in Step 6 as shown.

base of Buchner funnel

flask

Identify the three ways in which this diagram is incorrect.
You may assume that the apparatus is suitably clamped.

13
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(d) Describe the stages in the recrystallisation of methyl 3-nitrobenzoate in Step 7,
stating which stages are required to remove the insoluble and soluble impurities.
Only outline details of the method are required.

(e) The crystals must be dried before the melting temperature can be determined.
Methyl 3-nitrobenzoate cannot be dried by the addition of a solid drying agent
such as anhydrous calcium chloride.

(i) Suggest why the addition of a solid drying agent is not suitable to dry
methyl 3-nitrobenzoate.

14
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(f) The mass of dry methyl 3-nitrobenzoate crystals prepared by one of the students
was 3.05g.

Calculate the percentage yield by mass of methyl 3-nitrobenzoate using the
data shown.

Compound Molar mass/gmol™ Density/gcm™

methyl benzoate 136 1.08

methyl 3-nitrobenzoate 181 ><

(g) The melting temperature range of methyl 3-nitrobenzoate is given in a data book
as 78-80°C.

Suggest a melting temperature range for a sample of the
methyl 3-nitrobenzoate before recrystallisation. Justify your answer.

(Total for Question 4 = 16 marks)

TOTAL FOR PAPER = 50 MARKS
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