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

1 Solid benzoic acid is usually purified by recrystallisation from hot water.
The method used is:

1 Theimpure solid is dissolved in the minimum volume of hot water.
The solution is quickly filtered.

The solution is allowed to cool and crystallise.

2
3
4 The crystals are filtered from the remaining solution.
5 The crystals are washed with a little cold water.

6

The crystals are left to dry.

(a) State how steps 2, 4 and 5 remove impurities from the benzoic acid.

(Total for Question 1 = 5 marks)
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2 Compound A is a green solid containing one cation and one anion. It dissolves in
water to form a green solution.

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

(b) A student adds dilute sodium hydroxide solution, drop by drop, to an aqueous
solution of A.
A green precipitate forms, which dissolves in excess sodium hydroxide solution to
form a dark green solution.

(i) Give the formula of the cation in A.

(i) Give aformula for the green precipitate.

(iii) Give a formula for the species present in the dark green solution.
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(c) The student adds a few drops of acidified potassium manganate(VIl) solution to
another sample of a solution of A in a test tube.

State the colour change that occurs.

(d) The student acidifies 2 cm? of a solution of A with dilute nitric acid in a test tube
and then adds a few drops of aqueous silver nitrate. A white precipitate is formed.

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

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

Explain why this procedure in not suitable to confirm the identity of the anion

inA.
(Total for Question 2 = 9 marks)
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3 The equation for the reaction between iodine and propanone is:
CH,COCH,(aq) + l(aq) — CH,COCH,l(aq) + H*(aq) + I(aq)

The kinetics of this reaction were studied.

(@) The order of the reaction with respect to iodine was determined by preparing a
mixture of solutions of iodine and sulfuric acid in a conical flask. A solution of
propanone was then added and a timer started. After one minute, a 10.0 cm?
sample of the reaction mixture was removed. Further 10.0 cm?® samples of the
reaction mixture were removed at regular time intervals during the experiment.

After removal, each sample was immediately added to sodium hydrogencarbonate
solution and then titrated with sodium thiosulfate solution to determine the
concentration of iodine.

The table shows the volumes and initial concentrations of the substances in one

experiment.
Substance Volume / cm3 Concentration / mol dm-3
iodine 50 0.020
sulfuric acid 20 2.5
propanone 25 2.0

(i) Deduce, by calculation of the amounts used, whether propanone or iodine
was in excess.
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(ii) Name the piece of apparatus which is most suitable for measuring the volume
of sulfuric acid.

(iii) Name the piece of apparatus which is most suitable for removing the sample
from the reaction mixture.
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(b) The graph shows the results of titrating the samples of the reaction mixture.

20 —
volume of
sodium thiosulfate |
solution / cm?
0 | T
0 10 20

time / minutes

Explain how you can deduce the order of reaction with respect to iodine from this
graph.
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(c) These graphs were obtained in other experiments to determine the order of
reaction with respect to propanone and to sulfuric acid.

rate of rate of
reaction reaction

[CH,COCH] [H*]
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Use these graphs and your answer from part (b) to comment on whether this
proposed mechanism for the reaction is correct.

0] OH
step 1 g + H* — (|:@ fast
PR PN
H.C CH, H,C CH,
OH OH
o |
step 2 C — C + H* slow
TN Z N
H.C CH, H,C CH,
/H
(|)H %o
I
step 3 /C\ + , — I\ /C\ + |- fast
H,C CH, C CH,
H2
/H
@ﬁ o
|
| +
step 4 - /C\ — |\ /C + H fast
C CH, C CH,
H, H,
(Total for Question 3 = 9 marks)
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4 This question is about the effect of changes in temperature on reactions.

(@) An experiment to determine the activation energy for the reaction between
magnesium and hydrochloric acid was carried out. The time taken for 0.100 g
of magnesium to react completely when added to 20.0 cm?of 1.00 mol dm™3
hydrochloric acid was recorded at different temperatures. A summary of the
processed data is shown.

Temperature / K % /K Ink
283 3.53x 1073 -4.80
299 3.34x 1073 -3.56
311 3.22x1073 -3.00
322 3.11x 1073 -2.25
329 3.04x 1073 -1.79

The activation energy, E_, of the reaction can be found using the equation:

E
Ink=-——"+c¢

1
Use this data to plot a graph of In k against T and hence determine the activation
energy in kJ mol.

In k
1
— /K™
T
Activation €Nergy = ... kJ mol™!
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*(b) In the study of a different reaction, a compound X reacted reversibly with
concentrated sulfuric acid to form two isomers, A and B.

compound X + H,SO,(conc) = isomer A + isomer B

At 40°C, approximately 95% of the product was isomer A. At 160°C, the product
contained approximately 85% of isomer B.

The diagram shows the reaction profiles for the formation of the two isomers.

enthalpy

compound X

isomer A

isomer B

extent of reaction

Use the information to comment on the different yields of isomer A and isomer B
at different temperatures.

(Total for Question 4 = 10 marks)
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5 Ammonia is produced industrially by reacting nitrogen and hydrogen.

N,(g) + 3H,(g) = 2NH,(g) AH® =-92.0 kJ mol™

2

A temperature in the range of 673 to 773 K is used.

The standard entropies, S°, of N,(g), H,(9) and NH,(g) at 298 K are given in the table.

substance N,(9) H,(9) NH.(g)

2 2

ST /JK "mol’ 192 131 193

(@) Show that this reaction is feasible at 298 K by calculating AG™ in kJ mol~". Give
your answer to an appropriate number of significant figures.

(b) Explain, in terms of entropy, why this reaction is not feasible at very high
temperatures.
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(c) Nitrogen and hydrogen were reacted together at 673 K and 200 atm pressure in a
closed vessel.

N,(9) + 3H,(9) = 2NH.(9)

2

The reaction mixture was allowed to reach equilibrium. The number of moles of
each gas at equilibrium were found to be:

N,(g) 288  H(g) 864  NH,(g) 6.48

Calculate the value of Kp at 673K, giving appropriate units.

(Total for Question 5 = 12 marks)
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6 This question is about the chemistry of the alcohol functional group.

(@) Ethanol and water mix together readily because of the formation of hydrogen
bonds between the molecules.

Devise an experiment to estimate the strength of this interaction including how
you would process the data collected.
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(b) The painkiller aspirin can be synthesised by the reaction between
2-hydroxybenzoic acid, which contains a hydroxyl group, and ethanoic anhydride,
using concentrated phosphoric acid as a catalyst. The reagents are heated under
reflux, then the excess ethanoic anhydride is removed by reacting it with water.

COH CO,H
OH + (CH,C0),0 — 0,C—CH, + CH,COH
2-hydroxybenzoic ethanoic aspirin
acid anhydride

(i) The percentage yield for this synthesis is 65%.

Calculate the mass of aspirin you would obtain using 2.0 g of
2-hydroxybenzoic acid.
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(ii) The diagram shows a proposed set-up of apparatus used for the stage of the
synthesis that requires heating under reflux.

Identify three improvements that should be made to this set-up. Give a
reason for each improvement made.

You may assume suitable clamps are used.

«— waterin

— water out

flask contains 2 g of 2-hydroxybenzoic acid,
4cm? of ethanoic anhydride and a few
drops of concentrated phosphoric acid

electrical heater

(Total for Question 6 = 15 marks)
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7 The diagram shows a calomel electrode, which can be used for measuring standard
electrode potentials.

KCl solution

mercury —
mercury and
Hg,CL, /
mercury platinum wire filter paper plug

(@) (i) State a solution that could be used in the side arm to act as the salt bridge.
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(b) A calomel electrode can be used to measure the standard electromotive force
(emf), E_, of the cell:

Pt|[2Hg(l) + 2Cl-(aq)],Hg,Cl,(s):: Ag*(aq)|Ag(s)

KCl solution -
mercury —
mercury and
Hg,CL /
mercury platinum wire filter paper plug

(i) Complete the diagram above by drawing a suitable silver half-cell including
the appropriate electric circuit.

(ii) State the concentration of the solution in the silver half-cell and a suitable
experimental condition.
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(c) (i) Use the Data Booklet to calculate the standard emf of the cell in b(i), given:

Pt|[2Hg(l) + 2CIaq)],Hg,Cl.(s) E¥ =+0.27V

(ii) The emf of the cell shown below is:
Pt|[2Hg(l) + 2CI-(aq)],Hg,CL(s) :: [Fe**(aq),Fe**(ag)]|Pt E_, =+0.50V
Use this value to calculate the standard emf of the following cell:

Pt[Fe?*(aq),Fe*(aq)] :: Ag*(aq)|Ag(s)

(iii) Write the overall equation for the cell reaction when current is being drawn.

(iv) Calculate the numerical value of the equilibrium constant for this reaction at
298 K using AG™ = -2892 J mol-'and the relationship AG™ = -RTInK.

(Total for Question 7 = 14 marks)
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8 Cinnamon is a spice that is extracted from the bark of the cinnamon tree.

It is extracted by crushing the soft bark with water, and then steam distilling the
mixture to produce cinnamon oil.

(@) The steam distillate is washed with saturated sodium chloride solution and the oil
separated and dried.

(i) Draw a diagram of the apparatus you would use to separate the oil, labelling
the oil.

[Densities: cinnamon oil 1.050 g cm=3; sodium chloride solution 1.122 g cm™3]
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(i) Give the name of a chemical that could be used to dry the oil.

(b) Compound Q is the main component of cinnamon oil. Some chemical tests are
carried out to try to find the structure of Q.

The results of each test are given in parts (i) to (iii).
Deduce from the results of each test what functional group may be present in Q.

(i) Qdecolourises both bromine water and acidified potassium manganate(VIl).
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(c)

100 —

80 —

relative intensity

20 —

(o))
o
l

N
o
|

Q has the empirical formula C,H,O and its mass spectrum is shown.

0 — J|”|||||=!I?”||||||=||| !||||||”|:|!||||||?||=| |i||||||||=i||||||||||||ii |
25 50 75 100 125

m/z

(i) Predict the identity of the fragment ions causing the peaks at 77 and 103.

m/z formula of fragment ion
77
103

(ii) Deduce two possible displayed formulae for Q.
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(iii) The peak at m/z = 132 in the mass spectrum of Q is the molecular ion peak.
The mass spectrum also shows a peak at m/z = 133.

Give a reason why the peak at m/z = 133 occurs.

(d) Compound Q can be converted into cinnamic acid which contains a carboxylic
acid functional group and is a monobasic acid.

1.78 g of cinnamic acid is reacted with 250 cm?® of 0.500 mol dm= NaOH.
25.0 cm? of the resulting solution was titrated with 0.400 mol dm= HCI.
28.25 cm?® was needed for complete neutralisation.

Calculate the M_of cinnamic acid, giving your answer to one decimal place.

(Total for Question 8 = 17 marks)
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9 Brass is an alloy of copper and zinc.

(@) (i) Explain why copper is classified as a transition element but zinc is not.

(ii) Brass has a structure similar to that of metallic copper, but with zinc ions
replacing some copper ions in the lattice.

Explain why brass is malleable whereas a crystal of sodium chloride is not.
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(b) A sample of brass was weighed on a balance, reading to two decimal places. The mass
of the sample was recorded as 5.00 g.

This sample of brass was reacted with excess concentrated nitric acid and the resulting
solution was made up to 250 cm? in a volumetric flask using distilled water.

25.0 cm? portions were taken from this solution using a pipette. Each portion was
neutralised by adding sodium carbonate solution; and excess potassium iodide
solution was then added. The liberated iodine was titrated with 0.250 mol dm~ sodium
thiosulfate solution, using a freshly prepared solution of starch as indicator.

The mean titre was 22.70 cm?.

(i) Use the equation for the reaction to give two observations when nitric acid reacts
with copper.

Cu(s) + 2NO,(aq) + 4H*(aq) — Cu®*(aq) + 2NO.(g) + 2H,0(l)

(ii) Complete the equation for the reaction between iodine and thiosulfate ions.
Include state symbols.

l(@aq) + 25,0, (aq) —
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(i) Copper(ll) ions react with iodide ions to form iodine.
2Cu**(aq) + 4l(agq) — 2Cul(s) + 1(aq)

Calculate the percentage by mass of copper in the brass. Give your answer to
an appropriate number of significant figures.
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(iv) A student wants to identify the piece of apparatus that contributes most to
measurement uncertainties in this experiment, so that the procedure can be
modified.

The percentage measurement uncertainty is marked on the pipette as +£0.24%,
and on the volumetric flask as +0.08%.

By using appropriate calculations for the other apparatus used, deduce the
most significant source of measurement uncertainty in this procedure.

(Total for Question 9 = 15 marks)
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10
Benzene

Benzene was first discovered by Michael Faraday in London in 1825. He identified it
by distilling a liquid obtained from condensing a gas produced by heating whale oil.

In 1834, Mitscherlich discovered the same liquid could be obtained by heating
benzoic acid with lime.

Benzene is now produced from petroleum. Petroleum is fractionally distilled and
benzene is obtained from the hexane in the naphtha fraction.

Hexane is heated to about 770 K. It then passes to a reactor where it reacts to form
cyclohexane and hydrogen. The cyclohexane is then dehydrogenated to form
benzene. Other aromatic products like methylbenzene and dimethylbenzenes are
also produced. The aromatic products are separated by further distillation.

Benzene is the starting compound for a large number of useful chemicals and
materials. For example it is used to make the polymer, poly(phenylethene).

(@) Write an equation for the reaction between benzoic acid and lime, calcium oxide.
State symbols are not required.

(b) Deduce, with references to oxidation numbers, what has happened to the carbon
in the conversion of cyclohexane to benzene.
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(c) The infrared spectra of benzene and methylbenzene are shown.
Identify which infrared spectrum is that of methylbenzene.

Justify your answer by identifying one distinguishing feature in your chosen

spectrum.
Spectrum 1
100
8
9
C
£ 501
g
c
o
0""|""|"'|"'|""|""|""|
4000 3000 2000 1500 1000 500
wavenumber (cm™)
Spectrum 2
100
8\/ <4
]
|9
C
g 50
S
e
o
O T T LI N T T 1 T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000 500
wavenumber (cm™)
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(d) Phenlyethene is used to make the polymer poly(phenylethene).

Write an equation for the polymerization of phenylethene.

(e) Diphenylmethane is used to provide the geranium fragrance in soap.

QO Q

It can be synthesised in five steps from benzene. The first two steps in the process

are
Br MgBr
Step 1 . Step 2
Br, / catalyst Mg / dry ether

phenylmagnesium
bromide

(i) Name the catalyst in Step 1.
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(i) Write a three step synthesis to convert phenylmagnesium bromide to
diphenylmethane, including reagents used in each step.

(Total for Question 10 = 14 marks)

TOTAL FOR PAPER = 120 MARKS
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