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

For each question, select one answer from A to D and put a cross in the box X in the
Answer Book. If you change your mind, put a line through the box 2¢ and then mark your new
answer with a cross X.

1 This question is about the reaction shown.
2Fe**(aq) + Ti(s) — 2Fe’*(aq) + Ti*"(aq) E., = +2.40V
(a) The electrode potential for the Fe’*/ Fe** electrode system is +0.77 V.

What is the electrode potential for the Ti**/ Ti electrode system?

A 317V
B -1.63V
C +1.63V
D +3.17V

(b) What metals should be used for the electrodes in the cell for this reaction?

Metals used for the electrode

Fe®'/ Fe** electrode system Ti**/ Ti electrode system
A iron titanium
B iron platinum
C platinum titanium
D platinum platinum
2 P87628A
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(c) The half-cell for the Fe**/ Fe’* electrode system is prepared by mixing equal
volumes of solutions of iron(ll) sulfate, FeSO,, and iron(lll) sulfate, Fe,(SO,);.

What concentrations of the original solutions are needed for the
resulting mixture to be standard?

Concentration of the original solution

FeSO, Fe,(SO,);
A Tmoldm™ 0.5moldm™
B Tmoldm™ Tmoldm™
C 2moldm™ Tmoldm™
D 2moldm™ 2moldm™

(Total for Question 1 = 3 marks)

2 Methanol can be used as the fuel in a fuel cell.
The half-equations for the reactions taking place in acidic conditions are
CO, + 6H" + 6e = CH;OH + H,O
150, + 2H" + 2e” = H,0
The half-equations for the reactions taking place in alkaline conditions are
CO, + 5H,O + 6e = CH;0H + 60H
0, + H,O + 26 = 20H

The value for E,, in alkaline conditions is exactly the same as E, in acidic conditions
because the

A acid and alkali are catalysts
B £~ values for the half-equations are the same
C  overall reaction is the same
D temperature and pressure are the same
(Total for Question 2 = 1 mark)
P87628A 3
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3 An electrochemical cell is set up to measure E, for the reaction
Fe(s) + Sn’*(ag) — Fe’*(aq) + Sn(s)

What is the cell diagram for this cell using the conventional representation of

half-cells?

A ) | Fe**(ag) || Sn(s) | Sn*'(aq)
B Fe2+(aq) | Fe(s) || Sn**(aq) | Sn(s)
C ) | Fe**(aq) || Sn*(aq) | Sn(s)
D Fe“(aq) | Fe(s) || Sn(s) | Sn**(aq)

(Total for Question 3 = 1 mark)

4 The apparatus shown was used to measure the standard electrode potential for the
reduction of Cr,03 ions to Cr’* ions in acid solution.

Cr,03(aq) + 14H*(ag) + 6e” — 2Cr’*(aq) + 7H,0()

(V)
L

H, gas at — ) SEIthndge
100kPa " —— :(ad)
at 298K
N (» - N -
electrode 1 ) ‘ ’
\ ° ° | electrode 2
o< | Do +
. (@) (0] L .
solution 1 — | L solution 2
- / - J

(a) Solution 2 is best acidified with

A H,SO,
B HCl
C HBr
D H,CrO,
4 P87628A
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(b) Solution 2 contains 14.71g of K,Cr,0,.
What mass of Cr,(50,);:18H,0 should also be used?
[Data: M, K,Cr,O,=294.2 Cr,(S0,); =392.3 Cr,(S0,);+18H,0 = 716.3]

A 981g

B 17919
C 19.62¢g
D 35.82g

(Total for Question 4 = 2 marks)

5 Which of the following elements is both a d-block element and a transition element?
A calcium
B copper
C scandium
D znc
(Total for Question 5 = 1 mark)
6 A ligand exchange reaction occurs when EDTA is added to a solution containing the
ion [Cu(H,0),(NH,),]*".
What is the best explanation for this?
A acomplex forms with copper and EDTA which is more soluble than the original
B acomplex forms with copper and EDTA which is less soluble than the original
C  AH.uuion is positive for the reaction of [Cu(H,0),(NH5),]** with EDTA
D AS,en is positive for the reaction of [Cu(H,0),(NH,),]* with EDTA

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Zinc hydroxide reacts with acids to form [Zn(H,0)s]** ions and with alkalis to form
[Zn(OH),)* ions.

From this information, it can be deduced that zinc hydroxide is

only acidic

A

B only basic
C amphoteric
D

not acidic, basic or amphoteric
(Total for Question 7 = 1 mark)

8 Which are the correct colours of the complex ions formed by copper(ll) ions with
butylamine and with chloride ions?

[Cu(C,HoNH,)4(H,0),1* [CuCl,]”
A blue green
B blue yellow
C yellow blue
D yellow green

(Total for Question 8 = 1 mark)
9 Platinum forms a complex with the formula Pt(NH;),Cl, and chromium forms a
complex with the formula CrCl;.

What are the shapes of these complexes?

A  both complexes are square planar

B both complexes are tetrahedral

C  Pt(NH,),CL, is tetrahedral and CrCl, is square planar
D Pt(NH,),CL, is square planar and CrCl, is tetrahedral

(Total for Question 9 = 1 mark)

6 P87628A
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10 A sample of 0.25mol of a cyclic hydrocarbon produced 66 g of carbon dioxide and
22.5 g of water on combustion. The hydrocarbon is
A  cyclohexane
B cyclohexene
C benzene
D ethylbenzene

(Total for Question 10 = 1 mark)

11 Grignard reagents react with

A water giving primary alcohols
B all aldehydes giving secondary alcohols
C ketones giving secondary or tertiary alcohols
D carbon dioxide giving carboxylic acids
(Total for Question 11 = 1 mark)
12 When recrystallisation is used to purify a solid, which of the following statements
is true?
A allinsoluble impurities are removed by filtering the hot solution
B all soluble impurities are removed by filtering the hot solution
C allimpurities must be insoluble in the solvent used
D all impurities must be soluble in the solvent used
(Total for Question 12 = 1 mark)
13 The reaction of ethene with bromine occurs under normal laboratory conditions, but

the reaction of benzene with bromine to form bromobenzene requires heat and the
presence of a catalyst.

The best explanation for the difference in reactivity is that the delocalised electrons
in benzene

A  resultin a kinetic barrier to intermediate formation

B repel electrophiles

C result in benzene having an endothermic enthalpy of formation
D

make benzene thermodynamically stable with respect to the formation
of bromobenzene

(Total for Question 13 = 1 mark)
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14 Phenylamine can be produced from benzene by the reaction sequence shown.

NO, NH,
Step 1 Step 2
yield 70% yield 60%
benzene phenylamine
M, =78 M, =93

The mass of phenylamine, to 2 decimal places, produced from 3.90 g of benzene is

A 195¢g
B 279g¢
C 3.26g9
D 4659

(Total for Question 14 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

8 P87628A
EEmC



Chemistry - 2026 - Jan - Paper 2H - QP

15 The structure of the asthma medication salbutamol is shown.

OH

NH
HO j<

HO

(@) Which functional group is not present in salbutamol?

A  alcohol
B amide
C amine
D phenol

(b) What is the molecular formula of salbutamol?

A C;HuNO,
B C;HuNG;
C  C;3HyuNOs
D (3HoNG;

(Total for Question 15 = 2 marks)
16 Separate 0.1 moldm™ aqueous solutions of ammonia, butylamine and phenylamine

were prepared.
Which of the following sequences shows the solutions in order of increasing pH?

A  phenylamine, ammonia, butylamine

B ammonia, butylamine, phenylamine

C  butylamine, phenylamine, ammonia

D ammonia, phenylamine, butylamine

(Total for Question 16 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

P87628A 9
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SECTIONB

Answer ALL the questions in the Answer Book.

17 This question is about benzene and some of its compounds.

(a)

10

In 1865, Kekulé suggested that the benzene molecule was a six-membered
carbon ring with alternate double and single bonds.

However, this suggestion does not fully explain the structure and stability
of benzene.

Explain evidence from three distinct methods that led to this structure of
benzene being rejected, in favour of benzene with a ring of delocalised electrons.

Benzene reacts with a mixture of concentrated nitric acid and concentrated
sulfuric acid to form nitrobenzene.

Draw the mechanism for this reaction, including the formation of
the electrophile.

Benzene reacts with pure bromine in the presence of a Friedel-Crafts catalyst.
Phenol reacts with bromine water at room temperature.

(i) Write the equation for the reaction between phenol and
excess bromine water.

State symbols are not required.

(ii) Explain why phenol reacts with bromine under much milder conditions than
those required for the reaction between benzene and bromine.

P87628A
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( )

(d) (1-Chloroethyl)benzene is used in perfumes and can be produced in two steps
from 1-phenylethan-1-one.

@/k . compound Z ., @)\

1-phenylethan-1-one (1-chloroethyl)benzene

Draw the structure of compound Z.
(1)

(e) N-phenylethanamide can be produced from nitrobenzene in a two-step process.

State the reagents and reaction conditions for each step.
(2)

(Total for Question 17 = 14 marks)

\_ J
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18 (a) Steelis an alloy of iron and carbon. A group of students determined the iron
content of a sample of steel wire by a redox titration method.

The relevant half-equations are shown.
Fe* + e = Fe™*
MnO, + 8H' + 5 = Mn®> + 4H,0

A known mass of the wire was dissolved in dilute sulfuric acid and the
resulting solution made up to 250.0 cm® with more dilute sulfuric acid and
mixed thoroughly.

Fe + H,SO, — FeSO, + H,

25.0cm’ samples of the resulting solution were titrated with 0.0195 moldm™
potassium manganate(VIl) solution.

(i) State the colour change at the end-point of the titration.

(i) One student used 2.06 g of the wire (weighed directly on the balance pan)
and obtained a mean titre of 29.15cm’.

Calculate the percentage of iron in the steel wire. Give your answer to
three significant figures.

(iii) A second student carried out the same experiment but incorrectly used
deionised water instead of sulfuric acid to make up the solution in the
volumetric flask.

The student observed a brown suspension forming during the titration.
Explain how, if at all, the titre value would be affected by the student error.

Use the table of data in the Answer Book when you answer this question.

12 P87628A
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4 R
(b) The uncertainties of the apparatus used in the experiment are shown.

Uncertainty on each = Percentage uncertainty
Apparatus Value measured .
reading on value measured / %
Balance 2.069g +0.005g 0.49
Burette 29.15cm? +0.05cm’
Pipette 25.0cm’ +0.06cm’
Volumetric flask 250.0cm’ +0.3cm’

Complete the table in the Answer Book.
(2)

(Total for Question 18 = 11 marks)

. J
P87628A 13
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19 This question is about the element chromium and some of its compounds.

(@) (i) Complete the electronic configuration in the Answer Book of the
chromium atom, using the s, p, d notation.

(ii) The electronic configuration of the chromium atom is unusual compared with
that of most other transition metals.

Give two reasons why chromium atom has this electronic configuration.

(b) (i) A solution containing chromium(ll) ions can be produced in the laboratory by
reducing a solution of potassium dichromate(VI) using 50% hydrochloric acid
and zinc. This reaction takes place in two steps.

First the dichromate(VI) ions are reduced to chromium(lll) ions.
Then the chromium(lll) ions are reduced to chromium(ll) ions.

Calculate the E, values for each step, stating why these are spontaneous.

Use your Data Booklet.
(ii) State the colour changes you would expect to see during this reaction.

(c) Chromium(ll) ions in aqueous solution are quickly oxidised by the oxygen
in air. One method of stabilising chromium(ll) ions is by adding a solution of
sodium ethanoate, forming a complex, [Cr,(CH,CO,),(H,0).].

This complex may be represented by the structure below.

|
/C\ /CH3
O Oc
0™\,
H,0——Cr——Cr=—0OH,
i

T Lo

0. 0
/
CH; \Cl/
CH,

(i) State the type of ligand that the ethanoate ion is in this complex.

14 P87628A
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(ii) Name the type of bonding between the ethanoate ligands and the
chromium(ll) ion.

(iii) Suggest two unusual features in the structure of this complex.

(iv) The resulting complex is red.
Explain why the colour of chromium(ll) ethanoate complex is different from
that of [Cr(H,0)¢]*".

(d) Chromium(lll) chloride can exist in aqueous solution as three possible complex
ions with some free chloride ions.

Complexion Free chloride ions
X [Cr(H,0)el™* 3CU
Y [CrCL(H,0)s]* 2C10
z [CrCl,(H,0),]" cr

(i) There are two possible structures for complex ion Z.

Complete the diagrams in the Answer Book to show the two possible
structures for complex ion Z.

(i) The formula of the complex ion formed in the solution is found by
adding aqueous silver nitrate to the solution. This reacts only with the
free chloride ions to form a precipitate of silver chloride.

Ag‘(ag) + Cl(ag) — AgCl(s)
The precipitate is then filtered, washed, dried and weighed.

In an experiment, 0.024 mol of one of the forms of chromium(lll) chloride was
used and 6.88g of silver chloride was formed.

Deduce the formula of the complex ion. You must show your working.

(Total for Question 19 = 18 marks)

P87628A 15
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4 R
*¥20 Rhodium is one of the metals used as a catalyst for the removal of pollutants from the

exhaust fumes of car engines.

Vanadium(V) oxide is a catalyst used in the Contact Process for the manufacture of
sulfuric acid.

Compare and contrast the mechanism of action of both of these catalysts.
Include relevant equations.

General definitions of catalysts are not required.
(6)

(Total for Question 20 = 6 marks)

TOTAL FOR SECTION B =49 MARKS

\. J
16 P87628A
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided in the Answer Book.

21 Organic molecules are an important source of colour in both the natural world and in
a wide range of industrial applications.

The naturally occurring compound curcumin contributes to the yellow colour of
turmeric spice. It is used as an additive in cosmetics and foods. Research also suggests
that curcumin can act as an antioxidant and anticancer agent, through reaction

with free radicals and proteins. Excitingly, it may also inhibit Alzheimer’s disease by
complexing to toxic metal ions.

0] OH
(0] S = = O\

HO OH
curcumin

Azo dyes are synthetic compounds that do not occur naturally. They can be used to
colour textiles such as cotton. The acid-base indicator methyl red is an azo dye.

\

N—

HO N=—N

methyl red

Indigotin is used to dye denim a blue colour and coumarin 440 is used to generate

blue light in lasers. Both dyes occur naturally in plants but can be synthesised in
the laboratory.

o
N
> < \
\
" 0 H,N o 0]
indigotin coumarin 440
P87628A 17
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A simplified structure of curcumin is shown.

(a)

H
\O

Complete the left-hand side of the equation in the Answer Book by adding
curly half-arrows.

(b) Selenide anions attached to protein side-chains may undergo

18

nucleophilic addition reactions with curcumin.

Complete the mechanism in the Answer Book for one of the steps in such a
reaction, adding curly arrows to the simplified structures shown.

Curcumin anions can act as bidentate ligands in metal-curcumin (M-curc)
complexes. The oxygen atoms of the curc ligand occupy adjacent
coordination sites in the complex as shown.

7N
o o}
R 7 g

The formulae of two complexes formed with the curc ligand are [Co(curc),]"and
Fe(curc)(C,HsOH),(NO,),.
State the coordination number and shape for each complex.

P87628A
EEmC
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(d) Methyl red can be synthesised starting from 2-nitrobenzaldehyde and
phenylamine.

(i) State the reagents and conditions needed in Step 1.

Ox HO~__O

N02 NOZ
Step 1

2-nitrobenzaldehyde 2-nitrobenzoic acid

(i) Write the equation for the reduction of 2-nitrobenzoic acid to produce
2-aminobenzoic acid.

Use [H] to represent the reducing agent.

(iii) 2-Aminobenzoic acid is then converted to the
2-carboxybenzenediazonium ion shown.

0]
OH

N'=N
cl

State the reagents needed for this conversion.

P87628A 19
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4 )
(iv) The final steps of the synthesis of methyl red are shown in the diagram below.
Give the structure of compound J in the labelled box in the Answer Book.
(1)
NH, o
excess CHsl OH
h—, +
eat N"=N
clr
phenylamine compound J
stepZ
\
N -
o)
HO N=—N
methyl red
(v) The temperature used in Step Z should be kept as close to 5°C as possible.
Suggest why the temperature should be kept this low.
(1)
. J
20 P87628A
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(e) Indigotin can be synthesised from 2-nitrobenzaldehyde and propanone in
aqueous sodium hydroxide.

o
N
)
H O
indigotin

(i) Complete the equation for this reaction in the Answer Book.

(i) Calculate the mass of 2-nitrobenzaldehyde required to make 5.00g of
indigotin from this reaction when the percentage yield is 83.5%.

(f) Give the structure of the organic product of each of the following reactions of
coumarin 440.

X

H,N 0) @)

coumarin 440

(i) Hydrolysis with excess aqueous sodium hydroxide.

(i) Condensation with ethanoyl chloride.

(Total for Question 21 = 21 marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER =90 MARKS

P87628A 21
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SECTIONA
Answer ALL questions.
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0 ¢
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(d)
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o (
(iii)
(3)
Electrode reaction E°/V
1 MnO, + e = MnOj; +0.56
2 MnO, + 2H,O0 + 2¢° = MnO, + 40H" +0.59
3 Fe’* + e = Fe* +0.77
4 MnO, + 4H' + 2¢° = Mn’* + 2H,0 +1.23
5 MnO, + 8H' + 5¢° = Mn** + 4H,0 +1.51
6 MnO, + 4H" + 3e° = MnO, + 2H,0 +1.70
7 MnO; + 4H" + 2e° = MnO, + 2H,0 +2.26
(b)
(2)
0.49
(Total for Question 18 = 11 marks)
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(Total for Question 19 = 18 marks)
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(Total for Question 20 = 6 marks)

TOTAL FOR SECTION B =49 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.
21
(@)
(1)
@) R O R
. ’ —— TH 4+
U '0
(b)
(2)
Protein
N .
Se- Protein <
o) Se O
XA\)J\Y X)\/\Y
. J &
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f
(f)
\
H,N (0] (0]
coumarin 440
(i)
(2)
‘z
(ii)
(1)
(Total for Question 21 = 21 marks)
TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER =90 MARKS
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