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Answer ALL the questions. Write your answers in the spaces provided.
1 Malachite is a green mineral which has been widely used to make jewellery and

decorative objects, including vases and fireplaces. Malachite is a basic carbonate with
the formula Cu,CO5(OH),.

The use of malachite is limited by its reactivity. It reacts readily with mineral acids
and on heating the following decomposition occurs at about 300 °C.

Cu,CO;(0H), —» 2CuO + H,0 + CO,

(@) (i) Give two observations that you would expect to make when a sample of
powdered malachite is heated in a boiling tube.

(i) Describe a chemical test that you could use to show that water is formed.
Give the positive result of the test.

o &
o
T,
LB
D
S

SREE
R oee o
S

i
%

PN
ogpsesaeiare:

%

(i) Describe a chemical test that you could use to show that carbon dioxide is
formed. Give the positive result of the test.
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(b) (i) Give two observations that you would expect to make when dilute sulfuric acid
is added to a sample of powdered malachite in a boiling tube.

(2)
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(i) Write the equation for the reaction of dilute sulfuric acid with malachite. State
symbols are not required.
(1)

(iii) When the reaction of dilute sulfuric acid with malachite was complete, a
solution of compound M was added to the reaction mixture until no further
change occurred. The final solution was a deep blue colour.

Identify compound M.
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(c) The apparatus below was used to confirm the formula of a sample of malachite.
Solid X absorbs water and solid Y absorbs carbon dioxide. The malachite was
heated until the decomposition was complete.

malachite

solidY

f

heat solid X

(i) Suggest a suitable substance to use as solid X.
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(iv) State the measurements that you would make in carrying out this experiment
to confirm the formula of malachite.
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(Total for Question 1 = 15 marks)
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2 This question is about the three isomeric carbonyl compounds shown in the table.

o pentanal

/\/\/
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/\)K pentan-2-one
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pentan-3-one

(@) (i) Each of these compounds was subjected to three chemical tests.

Complete the table below to show the observation for each test.
If appropriate, write ‘'no change.

A

(5)
Observations
Test
peiiEinel pentan-2-one pentan-3-one
- 2,4-dinitro-
Lo phenylhydrazine
i

07
s
o

&

SR
o

Tollens’ reagent

s

lodoform test

J

5

R I Tl Turn over »
P 4 8 3 8 6 A 0 5 1 6



(i) Name the reagents that are required for the iodoform test, and describe the
procedure for carrying out this test.

(3)
(b) On the structures in the table below, circle the proton environments in each
molecule that would produce a peak in its nmr spectrum, indicating clearly if any
of these environments are identical. Hence give the number of different proton
environments in each molecule.
(3)

Number of different

Structure .
proton environments
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(Total for Question 2 = 11 marks)
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3 A student measured the standard emf of a cell which uses the following half-reactions:
Cu*(aq) + 2e~ = Cu(s) E® =+0.34V
Fel*(aq) + e = Fe¥(aq) E~=+0.77V

The following apparatus was provided:
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copper(ll) sulfate 1 1
\\

(a) Identify the parts of the apparatus.

(i) Instrument C

(1)
(ii) The metal used for B

(1)
(i) The metal used for D

(1)
(iv) The components needed to make item A

(2)

P 4 8 3 8 6 A 0 8 1 6

=4
Sk

v
X

D
S
e

S
oo

totetese!
’3&"

oo,

s
S5

S
o

s

<R
<

S

55

o
s
S5
WIS
R
bt Sosetel

e
5%




(v) Solution E

(b) Using the apparatus above, the student obtained a value of E¢, = +0.35 V for the
cell reaction.

(i) Write the equation for the cell reaction. State symbols are not required.
(1)

(i) Calculate the percentage error in the student’s measurement compared with
the value calculated using the data at the start of the question.
(2)
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(c) In afurther experiment, the student investigated the effect of changing the
concentration of the copper(ll) sulfate solution on its electrode potential.

The following results were obtained:

Electrode
CuSO )
[/#\m é(rano_ll] potential (E) log;,[CuSO,4(aq)]

/V
1.0 0.35 0.0
0.10 0.31 -1.0
0.010 0.28 -2.0
0.0050 0.27 23
0.0010 0.24 _30

(i) Outline how you would use the apparatus available in a school laboratory to
prepare, as accurately as possible, at least 100cm? of a 0.10 moldm=3 solution
of copper(ll) sulfate, starting from the 1.0 moldm= copper(ll) sulfate solution.
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(ii) The student was advised that the results would be more accurate if the
measurements were made starting from the most dilute solution and working
in order to the most concentrated. Explain why working from high to low
concentration would be less accurate.
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(iii) Plot a graph of electrode potential, E, (on the vertical axis) against log,,[Cu?'].
Use appropriate scales, and label the axes of the graph.

(3)
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(iv) State the relationship between the electrode potential of the Cu?*(aq)|Cu half-cell
and the concentration of the copper(ll) ions.

(1)

(Total for Question 3 = 18 marks)
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4 The preparation of 1-methyl-2-nitrobenzene (2-nitrotoluene) is similar to the
preparation of nitrobenzene. The following sequence gives the procedure in outline.

Step 1 A nitrating mixture is prepared by mixing 12.5 cm? of concentrated sulfuric acid
with 10.6 cm? of concentrated nitric acid. Both acids are pre-cooled and
the mixing is carried out very slowly.

Step 2 9.20 g of methylbenzene is placed in a round bottom flask and the
nitrating mixture is added very slowly while cooling the mixture. When
mixing is complete, the mixture is allowed to warm to room temperature
and then stirred for two hours.

Step 3 The reaction mixture is poured into water. The organic layer is separated
and sodium hydrogencarbonate solution is added.

Step 4 The organic layer is separated again, and a drying agent is added before
the mixture is distilled.

Some of the physical properties of 1-methyl-2-nitrobenzene and the other significant
organic products of this sequence are shown in the table.

Melting Boiling
Name Structure temperature | temperature
/°C /°C
CH,

1-methyl-2- NO,

nitrobenzene -10.4 222
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(@) Complete the table of hazard symbols for nitric acid.

(1)
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Corrosive Toxic

(b) Explain why in Step 1 the components of the nitrating mixture are pre-cooled and
mixed very slowly.

(c) Explain why Step 2 is carried out so that the reaction mixture is always at or
below room temperature.
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(e) Suggest the temperature range at which 1-methyl-2-nitrobenzene would be
collected in the distillation.

(f) Suggest the best way to obtain some pure 1-methyl-2,4-dinitrobenzene after the
distillation.

(Total for Question 4 = 6 marks)

TOTAL FOR PAPER = 50 MARKS
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