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on this section. For each question, select one answer from A to D and put a cross in the box [X.

1

SECTIONA
Answer ALL the questions in this section. You should aim to spend no more than 20 minutes

If you change your mind, put a line through the box & and then mark your new answer with
a cross X.

A reaction of benzene produces benzenesulfonic acid:

OH

|
0—5—0

This reaction is carried out using

[J A concentrated nitric acid and concentrated sulfuric acid.
[l B concentrated sulfuric acid.

[0 € fuming sulfuric acid.

[ D sulfurdioxide and steam.

(Total for Question 1 = 1 mark)

It may be deduced that benzene is unsaturated because it

[J A decolourises bromine water.

[J B turns acidified potassium dichromate(VI) green on heating.
[J € burns with a smoky flame.

[J D forms separate layers when added to water.

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 Methyl orange is an indicator with the structure

P N\\N

SO;Na*

(@) Methyl orange is an azo dye. The benzenediazonium intermediate can be made using

[ A HNO,

[ B HNO;

[0 € H,S0,and HNO;
[l D HClonly

(b) The reaction conditions for the formation of methyl orange from the
benzenediazonium intermediate are

reflux at 50-55°C.
heat with AlCL.
LiAlH, in dry ether.

ice-cold alkaline solution.

(Total for Question 5 = 2 marks)

6 An example of an addition polymer is

HN. O

]
S
Which of these is the monomer of this polymer?
[J A CH,CH,CONH,
[J B CH,CHCONH,

[J € H,NCHCHCOOH
[ D CH;CH(OH)CONH,

(Total for Question 6 = 1 mark)
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7 The amino acid lysine has the structure
NH,
CH CH CH 0
i &C( &C( ~F
L
(@) Which of these could be a repeat unit for poly(lysine)?
(1)
L] A APN CH 1 B +CH C+
CH 2)a NHZ H,), NH2
0] 0]
= JFCH Lo 0 D JFN—CH—!—OJr
o, " T T
(b) The reaction of lysine with excess hydrochloric acid produces
(1)
L] A ] B
NH, NH3Cl
CH CH CH 0] CH CH CH 0]
g e e e e "
! b
(N« L] D
NH3Cl NH3ClL
CH CH CH 0] CH CH CH o)
crH3R1/ &c( &c( \C/ crH3R1/ &c( &c( \c/

l L
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(c) The presence of amino acids such as lysine can be detected by the use of

L[] A 24-dinitrophenylhydrazine (Brady’s reagent).
B iodine.
[J € ninhydrin.

D Tollens' reagent.

(d) Lysine is a crystalline solid with a high melting temperature.

The best explanation is that

[J] A each lysine molecule has strong London forces due to the high number of electrons.

[] B each lysine molecule can form hydrogen bonds at both ends.
[J € proton transfer within the molecules results in ionic bonding.

[J] D the molecular shape allows the molecules to pack together closely.

(Total for Question 7 = 4 marks)

The reaction of aluminium with oxygen has ES, = +2.17 V.
Aluminium is corrosion-resistant in air because

[J A aluminium does not react with oxygen.

[J B aluminium forms a stable oxide coating.

[J € thereaction is not carried out under standard conditions.

[J D the reaction is not thermodynamically feasible.

(Total for Question 8 = 1 mark)

A disadvantage of the use of methanol in a fuel cell is that methanol is
[0 A difficult to store.

0 B difficult to transport.

0 € flammable.

[0 D made from fossil fuels.

(Total for Question 9 = 1 mark)
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10 The colour of the complex [CrCl,]” in aqueous solution is due to the

[J A movement of electrons to a higher quantum shell.
L] B return of excited electrons to the ground state.
[J € splitting of a d orbital.

[J D promotion of electrons between d orbitals.

(Total for Question 10 = 1 mark)

11 The reaction shown is between aqueous chromium(lll) ions and excess concentrated

hydrochloric acid.
[Cr(H,0)sI" + 4Cl" — [CrCl,]” + 6H,0

(@) This reaction is an example of

[J A amphoteric behaviour.
1 B ligand exchange.
[J € oxidation of the chromium ion.

[] D reduction of the chromium ion.

(b) What are the coordination numbers of the chromium ion in each complex?

[Cr(H,0)*" [CrCL]
A 1 1
[]B +3 -1
c 6 6
D 6 4

(Total for Question 11 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 The advantage of steam distillation over distillation is that

] A

it is cheaper to use steam.

[] B the neutrality of the steam does not affect organic molecules.

[J € the process is gentler with temperature-sensitive substances.

[l D asafety valve or outlet is not required from the condenser.

(Total for Question 12 = 1 mark)

13 Ammonia, butylamine and phenylamine all form alkaline aqueous solutions.

The order of increasing pH of equimolar solutions is
] A
] B
] c

[l D

phenylamine < butylamine < ammonia
ammonia < butylamine < phenylamine
ammonia < phenylamine < butylamine

phenylamine < ammonia < butylamine

(Total for Question 13 = 1 mark)

14 Which of the following is not a bidentate ligand?

J/NH
O A  HN INHZ 0B HN NH,

O

C

(Total for Question 14 = 1 mark)
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15 The relationship of ES) with AS and E

LTA
IB
Jc
LJD

S, with InK. is

AS

InK.

directly proportional

directly proportional

directly proportional

indirectly proportional

indirectly proportional

directly proportional

indirectly proportional

indirectly proportional

(Total for Question 15 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

16 This is a question about gold, Au.

Some electrode potentials for gold are shown in the table. You will need these in
addition to the values in the Data Booklet.

Right-hand electrode system ES/V

Au**(aq),Au’(aq) | Pt +1.29
Au*(aq) | Au(s) +1.41
Au*(aq) | Auf(s) +1.69

(@) An electrochemical cell is set up by connecting two half-cells, with electrodes of
gold and silver dipping into separate solutions of gold(lll) ions and silver(l) ions.
Both solutions have a concentration of 1 moldm™.

X
SR RRKL
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2 CRRKKK
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(i) Draw a labelled diagram of the apparatus to measure ES, for this
electrochemical cell.
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(ii) Write the equation for the cell reaction, including state symbols, and calculate E,.
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(i) Explain, using the electrode potential data in the table, why aqueous solutions
of gold(l) ions are unstable, giving an equation for the reaction that occurs.

State symbols are not required.

(b) Solutions containing gold(l) ions are stabilised by the addition of cyanide ions.
The reaction is

Au®(ag) + 2CN(ag) — [Au(CN),] (aq)

(i) Suggest the shape of the [Au(CN),]” ion.

(ii) During the production of gold from its ore, zinc is added to a solution
containing [Au(CN),]” ions. The reaction is

2[Au(CN),] (ag) + Zn(s) — 2Au(s) + [Zn(CN),J* (aq)

Explain which species is the reducing agent in this reaction, illustrating your
answer with a half-equation.

(Total for Question 16 = 10 marks)

11

R 000 O A Turn over
P 6 4 6 1 8 A 0 1 1 2 8



17 Chromium is a transition metal with many of the typical properties of these elements.

(a) State the meaning of the term ‘transition metal’.

(b) Chromium and copper have the same outermost electronic configuration.

Give this outermost electronic configuration.

(c) Use your knowledge of the oxidation states of chromium to predict the formulae
of two chromium oxides.

*(d) Green precipitates can be formed by the addition of a small volume of
sodium hydroxide solution to separate aqueous solutions of Cr’* ions, Fe** ions
and Ni** ions.

Explain how separate samples of these precipitates can be distinguished.

12
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(e) On addition of excess ammonia, chromium(lll) ions form
hexaamminechromium(lll), [Cr(NH,)¢]*".

(i) Draw a diagram to show the three-dimensional shape of this complex ion.
(2)

(i) State the H—N—H bond angle in this complex ion.
Justify your answer.

(iii) When EDTA is added to an aqueous solution of the [Cr(NHs)]*" complex, the
formation of the EDTA complex is favoured.

Explain why this is so.
(2)
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(f) Sodium chromate(VI), Na,CrO,, often contains impurities.

14

A procedure to determine the percentage purity by mass of a sample of
sodium chromate(VI) involves:

o conversion of chromate(VI) ions into dichromate(VI) ions in acidic conditions

« use of the dichromate(VI) ions in acidic solution as an oxidising agent to
convert Fe’" to Fe’*

Procedure
Step 1 1.599 of the sodium chromate(VI) sample is weighed out.

Step 2 The sample is transferred to a 250.0 cm’ volumetric flask and 100 cm® of
dilute sulfuric acid is added. The dichromate(VI) solution formed is made
up to the mark with deionised water and thoroughly mixed.

Step 3 A burette is filled with the dichromate(VI) solution.

Step 4 25.0cm’ of a 0.0492 moldm™ solution of ammonium iron(ll) sulfate, (NH,),Fe(SO.),,

is pipetted into a conical flask.

Step 5 Sulfuric acid and phosphoric acid are added to the conical flask followed
by a few drops of a diphenylamine indicator.

Step 6 The dichromate(VI) solution is added from the burette into the conical
flask with swirling until an intense blue-violet colour forms.

Step 7 The titration was repeated until concordant results are obtained.

(i) Write a balanced ionic equation for the conversion of the chromate(VI) ions
into dichromate(VI) ions in acidic solution to show the 2:1 molar ratio.
State symbols are not required.
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(i) Calculate the percentage purity by mass of the sodium chromate(VI) sample if
the mean titre is 10.80cm’.
The reaction between the dichromate(VI) ions and the iron(ll) ions is

Cr,07 + 6Fe* + 14H" — 2Cr’* + 6Fe* + 7H,0
(6)
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(g9) There are a number of different industrial catalysts which contain chromium.
One of these is copper(ll) chromite(lll), Cu,Cr,Os which is a solid used in organic
synthetic pathways.

Suggest how a heterogenous catalyst, such as copper(ll) chromite(lll), speeds up
the rate of a chemical reaction.

(Total for Question 17 = 22 marks)
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18 This is a question about an unknown organic compound, X.
Xis an unbranched cyclic hydrocarbon.

The complete combustion of a 4.10g sample of X formed 7.20dm? of carbon dioxide
and 4.50g of water at room temperature and pressure.

(@) Use the combustion data to show that the molecular formula of X could be CH,,.
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(b) The organic compound Y is formed when X reacts with excess liquid bromine.
The molecular formula of Y is C;H;0Br.

Write the displayed formulae of X and Y.

K (c) When X reacts with bromine water, a different organic compound Z is formed
which has optical isomers.
(i) Draw the skeletal formula of Z.
&
2
ce
L0
=

XXX
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(i) Describe how the presence of a single optical isomer could be detected,
including the expected result.

(d) Give the wavenumber ranges of two absorptions that you would expect in the
infrared spectrum of X, indicating the bonds responsible.

(e) Xis used to make a number of intermediates in industrial synthetic processes.
Examples of such intermediates are adipic acid and maleic acid.

0 0
N

OH HO

@)
OH OH

adipic acid maleic acid

(i) State the systematic name of adipic acid.

18
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(i) Write an equation for the formation of a nylon polymer using adipic acid and
an amine of your choice.

(iii) Maleic acid can undergo an elimination reaction, losing a water molecule.

A mechanism has been partly drawn for this reaction but four curly arrows are missing.

Complete the mechanism by adding the curly arrows.

0] H

o
73
I
IT— O+

(3)

(2)
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(iv) Draw the geometric isomer of maleic acid and suggest why this isomer is
much less likely to undergo dehydration.
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

19 Aspirin, ibuprofen and paracetamol are common pain relievers that can be obtained
without a doctor’s prescription. Their structures are

OH
5 HO O @
0 0 N
i EEV T T
: o)

OH )
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I IIIIIIIIIIIAIIIIIIIAK

. DONOTWRIEINTHISAREA

X

aspirin ibuprofen paracetamol

RXARKK

These pharmaceutical drugs are included in the World Health Organization’s model
list of essential medicines. However, none of these drugs is without hazards. For
example, possible side effects of taking aspirin include stomach bleeding and
stomach ulcers.

CARXAK

These drugs may be taken in tablet or liquid form.

RHRKK

XA

Adults can take ibuprofen and paracetamol at the same time if necessary. This is not
recommended for children. The advice is to take ibuprofen with food or after having
just eaten.

A compound related to aspirin is found in the bark of the willow tree. The health
benefits of willow bark have been known for over 2000 years. |buprofen was
discovered after many years of drug research into finding an anti-inflammatory drug
to treat rheumatoid arthritis. Paracetamol was initially discovered in the 1880s, but
it was not until the 1940s that it was further investigated by the pharmaceutical
industry, which led to its worldwide use today.

(a) Name the functional group that is present in both aspirin and ibuprofen but not
paracetamol.
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(c) A simplified synthetic pathway for ibuprofen is shown.

o)
Step 1
_— —> —>
o)

molecule B

molecule A

OH

mechanism for the reaction of benzene in Step 1 with the electrophile shown.

(i) Use your knowledge of electrophilic substitution reactions to write the

(3)

electrophile
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(i) Identify, by name or formula, an organic compound that could be used to
form the electrophile given in (c)(i).

(1)

(iii) Give a reason why lithium tetrahydridoaluminate(lll) in dry ether cannot be
used to convert molecule A into molecule B.
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(d) Paracetamol can be synthesised from phenol.
A summarised synthetic pathway is shown.
OH OH OH
Step 1 Step2 Intermediate Step 3
 — R Q R
NO, A
Intermediate P H
o)
*(i) Step 1 does not require a mixture of concentrated nitric acid and
concentrated sulfuric acid, which is required for the nitration of benzene.
Explain why the nitration of phenol (Step 1) occurs in much milder conditions
than the nitration of benzene. State the reagents and conditions required.
(3)
.
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(ii) State the reagents and conditions required to convert intermediate P into
paracetamol in Steps 2 and 3. Identify intermediate Q.
(3)

(e) Aspirin is only slightly soluble in water.

(i) Calculate the volume of aspirin solution, of concentration 0.0161 moldm,
required to give the same dose of aspirin as two 300 mg tablets of aspirin.
Give your answer to three significant figures and include units.
(3)

\. J
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(ii) Give the skeletal formula of the sodium salt of aspirin.
(1)
(iii) Give a reason why the sodium salt of aspirin is used when the drug is required
in liquid form.
(1)
(f) Attimes, a stereo-specific drug molecule needs to be synthesised.
Give two reasons why a single enantiomer may be required.
(2)
(Total for Question 19 = 20 marks)
TOTAL FOR SECTION C = 20 MARKS
TOTAL FOR PAPER =90 MARKS
.
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