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You must answer on the question paper.

You will need: Data booklet

INSTRUCTIONS
● Answer all questions.
● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
● Write your name, centre number and candidate number in the boxes at the top of the page.
● Write your answer to each question in the space provided.
● Do not use an erasable pen or correction fluid.
● Do not write on any bar codes.
● You may use a calculator.
● You should show all your working, use appropriate units and use an appropriate number of significant 

figures.
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Answer all the questions in the spaces provided.

1 (a)  The most common oxidation states of cobalt are +2 and +3.

● Co2+   [Ar]  ............................................................................................................................

● Co3+   [Ar]  ............................................................................................................................
[1]

(b) Co2+ and Co3+ both form complexes with edta4–.

half-equation E o / V

Co3+  +  e–   Co2+ +1.82

O2  +  4H+  +  4e–   2H2O +1.23

[Co(edta)]–  +  e–   [Co(edta)]2– +0.38

Co2+  +  2e–   Co –0.28

of Co3+ and [Co(edta)]– are left to stand in the air.

  aqueous solution of Co3+

  ....................................................................................................................................................

  ....................................................................................................................................................

  aqueous solution of [Co(edta)]–

  ....................................................................................................................................................

  ....................................................................................................................................................
[3]
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(c)  Hydrated cobalt(II) nitrate, Co(NO3)2•6H2O, is a red solid that behaves like hydrated 
3)2•6H2O, when heated.

  Describe in detail what you would expect to observe when crystals of Co(NO3)2•6H2O are 

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]

(d)

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]

[Total: 8]
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2 (a)  Iron(II

(i) Use data from the Data Booklet
∆H latt

–1.

Fe2+(g)  +  O(g)  +  2e–

Fe2+(g)  +  O–(g)  +  e–

Fe+(g)  +  O(g)  +  e–

Fe(g)  +  O(g)

FeO(s)

Fe2+(g)  +  O2–(g)

Fe(g)  + 2O2(g)1

Fe(s)  + 2O2(g)1

–141 kJmol–1

–272 kJmol–1

+798kJmol–1

+416kJmol–1

�H latt

∆H latt
–1  [2]
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(ii) II) oxide are found as the mineral wüstite.

20Ox
2+ 3+ ions.

2+ 3+.

 Deduce the value of x.

x

(iii)
CaO(s).

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]
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(b) 3O4, as shown.

reaction 1 → 3O4

3O4
2+ 3+ ions.

(i) Show how reaction 1 can be described as a disproportionation reaction.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [1]

3O4

(ii)
3O4(l).

 .......................................................................................................................................  [1]

(iii) 3O4(l) is electrolysed for 

2+ 3+

PMTPMT
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(c) 4

6.

anode half-equation LiC6 →  6C  +  Li+  +  e–

cathode half-equation Li+ 4  +  e– → 4

(i)
batteries.

 .......................................................................................................................................  [1]

(ii)
and iron at the cathode

metal
from to

lithium

iron

[1]

(iii)

 .......................................................................................................................................  [1]

[Total: 13]

PMTPMT



8

9701/42/F/M/21© UCLES 2021

3 Iodates are compounds that contain the IO3
– anion.

(a)  The IO3
– anion is shown.

O

O O–

I

  Explain, with reference to the qualitative model of electron-pair repulsion, why the IO3
– anion 

has a pyramidal shape.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [1]

(b) The reaction of iodine and hot aqueous sodium hydroxide is similar to that of chlorine and 
hot aqueous sodium hydroxide. Sodium iodate, NaIO3, is formed as one of the products.

  ..............................................................................................................................................  [1]
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(c) 2O2 IO3
–.

  H2O2 IO3
– as shown.

2O2  +  2H+  +  2IO3
– → I2 2  +  6H2O

  This reaction is followed by the oxidation of I2 by H2O2.

half-equation E o / V

H2O2  +  2H+  +  2e–   2H2O +1.77

IO3
–  +  6H+ – 1

2I2  +  3H2O +1.19

O2  +  2H+  +  2e–   H2O2 +0.68

(i) Use the data to show that the separate reactions of H2O2 with IO3
– and with I2 are both 

feasible under standard conditions.

2O2 with I2.

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [3]

(ii) Write the overall equation for the decomposition of H2O2 IO3
–.

 .......................................................................................................................................  [1]
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(d) A student collects some data for the reaction of H2O2 IO3
–, as shown in the table.

experiment [H2O2]
/ mol dm–3

[IO3
–]

/ mol dm–3
[H+]

/ mol dm–3
initial rate of reaction

/ mol dm–3 s–1

1 0.0700 1.47 × 10

2 0.100 0.0700 2.94 × 10

3 0.100 0.140 × 10

4 0.140 8.82 × 10

(i) Use the data to determine the order of reaction with respect to [H2O2], [IO3
–] and [H+].

 order with respect to [H2O2  .............................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 order with respect to [IO3
–  ..............................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 order with respect to [H+  .................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................
[3]

(ii) Use your answer to (d)(i) to write the rate equation for this reaction.

 ............................................................................................................................  [1]

PMTPMT
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(iii)  Calculate the value of the rate constant, k
to (d)(ii).

 Give the units of k.

k

[2]

(e) IO3)2 °C.

  The solubility product, Ksp IO3)2 is 3.69 × 10–13 mol3 dm–9 °C.

(i) IO3)2.

Ksp

[1]

(ii) Calculate the solubility, in mol dm–3 IO3)2 °C.

–3  [2]

PMTPMT
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(f) NH4IO3 is an unstable compound that readily decomposes when warmed. The decomposition 
reaction is shown.

NH4IO3(s) → 1
2N2

1
2O2

1
2I2 2O(l) ∆H –1

(i) ∆S, of the decomposition 
of NH4IO3(s).

compound S –1 mol–1

NH4IO3(s) 42

N2 192

O2

I2 261

H2O(l) 70

∆S –1 mol–1  [2]

(ii) This reaction is feasible at all temperatures.

(f) and your answer to (f)(i).

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [1]

[Total: 18]
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4

(a) transition element.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [1]

(b)

(i)
and in tetrahedral complexes.

energy

octahedral
complex

isolated transition
metal ion

degenerate
d orbitals

tetrahedral
complex

[1]

(ii) Sketch the shape of two d orbitals:

●
●

 Use the axes below.

z

lower energy level

x
y

z

higher energy level

x
y

[2]

PMTPMT
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(c)  Edds4– and edta4– 3+(aq).

edds4–

H
N

N
H

–O2C

CO2
–

CO2
–

CO2
–

edta4–

N
N

CO2
–

CO2
–

CO2
–

CO2
–

– – respectively.

(i) 4– 3+ –.
[1]

(ii) – – is yellow.

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

(iii)  When edds4– 3+

2O)6]3+(aq)  +  edds4–(aq) –(aq)  +  6H2O(l)

 State the type of reaction that occurs.

 .......................................................................................................................................  [1]
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(iv) Write an expression for the stability constant, Kstab
–(aq).

Kstab

[1]
(v) The table shows the values for the stability constants, Kstab, of both complexes.

complex Kstab / mol–1 dm3

– 3.98 × 1020

– 1.26 × 10

– – complexes is more stable.

 Explain your answer with reference to the Kstab value for each complex.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [1]

(vi) When an excess of edta4– –

established.

–(aq)  +  edta4–(aq) –(aq)  +  edds4–(aq)

Calculate the equilibrium constant, Kc Kstab
the table in (c)(v).

Kc

[Total: 11]

PMTPMT



16

9701/42/F/M/21© UCLES 2021

5 (a)

carboplatin satraplatin

Pt
NH3

N
H2

O

O

O

O

Cl

ClO

O
O

NH3

NH3

O

Pt

(i)

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

(ii)

 .......................................................................................................................................  [1]

(iii) not show cis-trans isomerism.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [1]

(iv) 3CO2
–, C6H11NH2, Cl – and NH3.

 Deduce the oxidation state of platinum in satraplatin.

 .......................................................................................................................................  [1]

PMTPMT
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(b) Compound M is made from 1,3-dimethylbenzene in a two-step synthesis.

1,3-dimethylbenzene

C8H6O4 Cl Cl

O
ML

O
step 1 step 2

(i) Draw the structure of L.

[1]

(ii)

step 1  ..................................................................................................................................

step 2  ..................................................................................................................................
[2]

(iii)  Write an equation for step 2.

 .......................................................................................................................................  [1]

(iv) M l 2 in the 
presence of an Al Cl 3 catalyst.

 Benzene initially reacts with COCl 2 as shown.

reaction 1 COCl 2  +  Al Cl 3 →  Al Cl 4
– +  Cl  C  O

reaction 2 C6H6  +  Cl  C  O  →  C6H COCl  +  H+

 Reaction 2 is the electrophilic substitution of Cl  C  O for H+ in benzene.

[3]

[Total: 12]

+

+

+
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6

HO2C
CO2H

fumaric acid

(a)  Identify the products of the reaction between fumaric acid and an excess of hot, concentrated, 
VII).

  ..............................................................................................................................................  [1]

(b)

(i) Draw the repeat unit of the addition polymer poly(fumaric acid).

[1]

(ii) Draw the repeat unit of the polyester formed when fumaric acid reacts with ethane-1,2-diol,
(CH2OH)2.

 The ester bond should be shown fully displayed.

[2]

(iii)

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [1]

PMTPMT
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(c) VII) to form compound P.

P

CO2H

OH

OH

HO2C

  Only three stereoisomers of P exist. One of the stereoisomers is shown.

CO2H

OH

OH
H

H
HO2C

other two stereoisomers 
of P.

HO2C HO2C

[2]

PMTPMT
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(d) The enzyme fumarase catalyses the reaction of fumarate ions, C4H2O4
2–, with water to form 

malate ions, C4H4O 2–.

C4H2O4
2–  +  H2O   C4H4O 2–

catalyse a reaction.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................
[3]

[Total: 10]
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7

proline
O

OH
N
H

(a)

(i)

 The peptide bond must be shown fully displayed.

[2]

(ii) Name the type of reaction that forms a dipeptide from two amino acids.

 .......................................................................................................................................  [1]

(iii)

 A section of a poly(proline) chain is shown.

N

O

N

O O

N

cannot

 .............................................................................................................................................

 .......................................................................................................................................  [1]

PMTPMT
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(b) The reaction scheme shows several reactions of proline.

proline
O

OH
N
H

prolinol

OH
N
H

reaction 1

reaction 3reaction 2
CH3COCl

R
C7H11NO3

Q
NaOH(aq)

(i) Write an equation for the reaction of proline with NaOH(aq) in reaction 1.

C4H7NHCO2H  +  ...........................................................................................................  [1]

(ii)

RCOCl

NH  +  RCOCl

H3C

H3C

NCOR  +  HCl

H3C

H3C

dimethylamine

R, C7H11NO3, the product of reaction 2.

[1]

(iii)

 .......................................................................................................................................  [1]

PMTPMT
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(c)

2(CO2C2H )2 and CH2 U.

stage 1 CH2(CO2C2H5)2  +  CH2 H C

U

CHCN CO2C2H5

CO2C2H5

CH2CH2CN

(i) Name all

CH2(CO2C2H )2  ....................................................................................................................

CH2  .........................................................................................................................
[2]

(ii)

 .......................................................................................................................................  [1]

U V to form W.

stage 2 H C

U

CO2C2H5

CO2C2H5

CH2CH2CN

H C

W

CO2C2H5

CO2C2H5

CH2CH2CH2NH2

reagent V

(iii) V.

 .......................................................................................................................................  [1]

  X and Y are the only products of the reaction.

stage 3 H C

O
X

+ Y

W

CO2C2H5
CO2C2H5

CO2C2H5

CH2CH2CH2NH2

HN

(iv)

 .......................................................................................................................................  [1]

(v) Deduce the identity of Y.

 .......................................................................................................................................  [1]

PMTPMT
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Z is produced.

CO2H

NH2

Cl

Z

Z reacts via a nucleophilic substitution mechanism to form 
proline.

(vi)

CO2H

proline

N
H

CO2H

NH2

Cl

Z

[3]

(vii) Identify with an asterisk (*) the chiral centre in proline.

CO2H

N
H

[1]

PMTPMT
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(d)

NC

C
O

O

C

O

C

H
H
N

H
N

H
N

H
C

H
N

H
C

C

O

NC

O

H
N

N
H

C

O

H

C N

H

C

C

O

O

H

C

H

HCH3

CH2

CH2

CH2

H
C

H2C

H2C

CO2
–

NH

C

NH2

NH2

+

C
O

  Identify the number of amino acid units in the structure shown.

  ..............................................................................................................................................  [1]

(e) (i)

 Draw the structure of the zwitterion of proline.

 Explain how the zwitterion of proline forms.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [2]

PMTPMT
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(ii) The isoelectric point of an amino acid is the pH at which it exists as a zwitterion.

points are shown.

amino acid

isoelectric point

proline

6.5

alanine

6.0

H2N CO2H

glutamic acid

3.1

H2N

CO2H

CO2H

CO2H

N
H

pH 4.0.

position of each of these three species after electrophoresis.

 Explain your answer.

+ –

mixture applied here

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  [4]
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27

9701/42/F/M/21© UCLES 2021 [Turn over

(f) The weak acid ACES
experiments.

OH
H
N

O
ACES

H2N S

O O

  The anion of the sodium salt of ACES, C4H9N2O4

● 4H9N2O4SNa is dissolved in 100 cm3 of distilled water.
● 3 of 0.200 mol dm–3 dilute hydrochloric acid is added to the solution.
● 3 volumetric flask, and the solution made 

up to the mark.

  C4H9N2O4SNa reacts with HCl with a 1 : 1 stoichiometry.

  The pKa of ACES

  [Mr:  C4H9N2O4SNa, 204.1]

[Total: 28]
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