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

1 A student investigates two aqueous solutions, each containing a salt.
Each salt has one cation and one anion.
Solution A is blue. Solution B is orange.

Solution Observation when aqueous Observation when dilute nitric acid and
sodium hydroxide is added aqueous silver nitrate are added
blue precipitate insoluble in excess . - . .
A preciptt . white precipitate in a blue solution
sodium hydroxide
solution changes from orange to yellow
B gas evolved on warming which turns red precipitate

damp red litmus paper blue

(@) (i) Identify, by name or formula, the salt in A.

(ii) The white precipitate is separated from the solution.

Give a test on the precipitate and its positive result to confirm the identity of
the anion in A.

Test

(b) (i) Identify, by name or formula, the gas given off when B is warmed with
aqueous sodium hydroxide.

(Total for Question 1 = 7 marks)
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2 Astudent is asked to identify three colourless liquids labelled C, D and E.
The compounds are all non-cyclic isomers with the formula CsH,,0.

(@) (i) The student carries out three tests on separate samples of each compound.

Complete Table 1 to show the observations that the student makes.

Observations on addition of reagents

2,4-dinitro Fehling’s or
Sample phenylhydrazine Benedict's solution ) ENel NEORIEG) Functional group
, and warm
(Brady’s reagent) and warm
C orange precipitate R-COCH;

pale yellow precipitate
D R-CH(OH)CH;
antiseptic smell

E orange precipitate R-CHO

Table 1

(i) Identify, by name or formula, the pale yellow precipitate that forms when
iodine and sodium hydroxide are added to a sample of D.
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(b) (i) The orange precipitates produced on the addition of Brady’s reagent to A
samples of C and E are called derivatives. A

The melting temperatures of derivatives are used to confirm the identity d\

of compounds. f‘g/‘\

Solids are recrystallised so that their melting temperatures may be ;;;g;_\
determined accurately. Lo

e
Describe in outline the procedure for the recrystallisation of a solid. g\
(4) o
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( )
(ii) The melting temperatures of the derivatives of the reaction of Brady’s reagent
with some aldehydes and ketones are shown.
Carbonyl compound | Melting temperature of the derivative / °C
3-methylbutanal 123
2-ethylbutanal 134
pentan-2-one 144
cyclopentanone 146
pentan-3-one 156
Table 2
The melting temperature of the recrystallised derivative of sample C is found
to be 138-140°C.
Suggest the identity of compound C.
Justify your choice, using the information at the start of the question and the
data in Tables 1 and 2.
(2)
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(c) The high resolution proton NMR spectrum of E is shown.

o/ ppm

The relative numbers of protons responsible for the singlet peaks shown are P = 1
andQ=09.

Use this information and the results of the tests in (a) to draw the displayed
formula of E, labelling the proton environments.

(Total for Question 2 = 12 marks)
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3 Brass is an alloy of copper. The percentage by mass of copper in a sample of brass can
be determined by a three-stage process.

Stage 1 Oxidation of the copper to copper(ll) ions with excess
concentrated nitric acid.

Stage 2 Reduction of the copper(ll) ions to copper(l) ions with excess iodide ions.

Stage 3 Titration of the iodine produced in Stage 2 against a standard solution of
sodium thiosulfate.

(@) In Stage 1, 2.53g of brass is carefully warmed with 25 cm?® concentrated nitric acid
in a 250 cm’ beaker.

The equation for the oxidation of copper metal by nitric acid is shown.

Cu(s) + 4H%(ag) + 2NOs(aq) — Cu’"(ag) + 2NO,(g) + 2H,0O(l)

(i) State two hazards in this experiment, giving the precautions you would take
to minimise the risk associated with each hazard.
Assume safety spectacles and a laboratory coat are worn.

7
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(iii) Excess nitric acid must be neutralised before the iodide ions are added
in Stage 2.

Sodium carbonate solution is slowly added to the cooled solution.
The solution is neutralised when a faint precipitate appears.

Suggest why the solution is cooled before the addition of the
sodium carbonate solution.

(iv) Ethanoic acid solution is added, drop by drop, to the neutralised mixture until
the precipitate redissolves.

Describe how the solution in the beaker should then be made into 250.0cm?
of a homogeneous solution before Stage 2.
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(b) In Stage 2, 25.0cm’ portions of the solution from Stage 1 are transferred into
conical flasks.
10cm’ of a solution of potassium iodide is added to each flask and the mixtures
are swirled. Copper(l) iodide is precipitated.

The redox equation for the reaction between copper(ll) ions and iodide ions
is shown.

2Cu**(aq) + 4I(aq) — 2Cul(s) + Iy(aq)

The standard electrode potentials for the half-equations are
Reduction U + e = Cu E<=+0.15V

Oxidation I, + 2 = 2I' E< =+0.54V

(i) Use the electrode potential data to explain why the redox reaction might not
be expected to be feasible.

9
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(c) The procedure in Stage 3 is shown:

« theiodine produced in each flask from Stage 2 is titrated with 0.095 moldm™

sodium thiosulfate solution until the iodine colour is pale yellow
« afew drops of starch indicator are added

« sodium thiosulfate is added drop by drop with swirling until the end-point
is reached

« the titration is repeated until two concordant titres are obtained.

(i) Give a possible reason why the starch indicator is added when the iodine
colour is pale yellow rather than at the start of the titration.

10
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(iii) The results of the titration are shown.

Titration number 1 2 3
Final burette reading / cm’ 27.05 28.65 27.45
Initial burette reading / cm’ 0.00 2.00 1.00
Titre / cm’ 27.05 26.65

Complete the table and calculate the mean titre of the concordant results.

(iv) The redox equation for the reaction between copper(ll) ions and iodide ions
is shown.

2Cu’(aq) + 4I(aq) — 2Cul(s) + I)(aq)
The reaction of sodium thiosulfate solution with iodine is shown.
25,05 (aq) + L(aq) — S,0i(aq) + 2I(aq)

Calculate the percentage by mass of copper in the 2.53 g of brass.

[A, Cu=63.5]

1
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(v) Nitric acid reacts with iodide ions to form iodine.

In another experiment the nitric acid was not neutralised before the start
of Stage 2.

Explain the effect on the value obtained for the percentage of copper in
the sample.

(Total for Question 3 = 20 marks)
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4 Limonene is a liquid hydrocarbon which has a boiling temperature of 176°C and a
density of 0.851gcm’.

It can be obtained from orange peel using steam distillation.

The distillation apparatus is shown.

7 < S
vent to sink
water /
N ¢
= water + orange peel
HEAT HEAT

(@) (i) Label the diagram to show the direction of the water flow in the condenser.

(i) Give a reason for using steam distillation to extract limonene.

13
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(iii) The distillate may be collected in a pear-shaped flask.

Complete a labelled diagram showing the distillate.
You should show clearly the limonene layer.

(b) Limonene exists as optical isomers.

(i) ldentify the chiral carbon on the diagram.

~

(i) The limonene extracted from orange peel is D-limonene.

State how the presence of a single optical isomer could be confirmed, naming
the apparatus used. No experimental details are required.

14
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(iii) A student obtained 1.20cm? of limonene.

Calculate the amount, in moles, of limonene produced.

(3)

DO:NOT WRITE IN-THIS: AREA:

(c) Limonene reacts with acidified potassium manganate(VII).

(i) Give the colour change for this reaction.

(ii) Draw the structure of the organic product which might be expected when
excess acidified potassium manganate(VIl) reacts with limonene.

(1)

(Total for Question 4 = 11 marks)

DO NOTWRITE IN.-THIS:AREA:

TOTAL FOR PAPER = 50 MARKS
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