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1 Potassium chloride, KCI, and magnesium chloride, MgCl,, are both ionic solids.

Table 1.1
energy change value/kJ mol™
standard enthalpy change of solution, AH,, of KCI +15
lattice energy, AH, of KCI(s) —-701
standard enthalpy change of hydration, AH}, ,, of K* -322
standard enthalpy change of hydration, AH} 4, of CI- -364
standard enthalpy change of solution, AH¢,,, of MgCl, -155
lattice energy, AHP,, of MgCl,(s) —2493

(a) Complete the energy cycle involving the enthalpy change of solution and the lattice energy of
potassium chloride, KCI, and the relevant enthalpy changes of hydration. Label your diagram.

State symbols should be used.

KCI(s)

[2]

(b) Use the data in Table 1.1 to calculate the enthalpy change of hydration of magnesium ions,
Mg?**. Show your working.

AH? 4 of magnesium ions, Mg®* = ..., kJmol™" [2]

© UCLES 2022 9701/41/0/N/22
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(c) Explain the reasons why the lattice energy of MgCl, is more exothermic than the lattice energy
of KCL

.............................................................................................................................................. [2]
(d) Define the following terms.
(i) enthalpy change of atomisation ...,
....................................................................................................................................... [1]
(ii) first electron affinity ...
....................................................................................................................................... [1]
(e) (i) Explain what is meant by entropy, S
....................................................................................................................................... [1]
(i) Potassium chloride is very soluble in water at 20°C.
Explain the solubility of potassium chloride by reference to change in entropy, AS.
....................................................................................................................................... [1]

(iii) Use the Gibbs equation and your answer to (e)(ii) to predict whether potassium chloride is
more soluble in water at 20°C or at 80 °C. Explain your answer.

[Total: 11]
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2 (a) (i) Explain whatis meant by the following terms:

NOMOGENEOUS CAtAlYST .....eiii et e e e e e e e e e e ees

[1]
(ii) lodide ions react with peroxydisulfate ions.
2I- + S,0, —» I, + 2SO0,

This reaction is slow, but it is catalysed by Fe?* ions.

Write two equations to explain how this reaction is catalysed by Fe?* ions.

T ettt ettt et e eeeeeteeeeeaeeeeaseeeeateeeeaseeeaaeeeeEeeesteeanteeateeeaneeeanreeeanaeeeanreeeanreeennneas

PRSPPSO
[2]

(iii) Suggest why the alternative route in the presence of Fe?* ions has a lower activation
energy than the route in the absence of a catalyst.

(b) Nitrogen monoxide reacts with oxygen.
2NO(g) + 0,(g) — 2NOy(9)

This reaction is second order with respect to nitrogen monoxide and first order with respect to
oxygen.

Under certain conditions the value of the rate constant, k, is 8.60 x 108 mol? dm®s~".

(i) Construct the rate equation for this reaction.

rate =

[1]

(ii) Calculate the initial rate of the reaction under these conditions when the initial concentration
of nitrogen monoxide is 7.20 x 10“#moldm= and the initial concentration of oxygen is
1.90 x 10 moldm=.

rate of reaction=............................. moldm=3s~" [1]

© UCLES 2022 9701/41/0/N/22
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(c) The drug cisplatin, Pt(NH,),Cl,, hydrolyses in water.
Pt(NH,),Cl, + H,O0 — [Pt(NH,),Cl/(H,O)]" + CI~
The rate equation is shown.
rate = k[Pt(NH,),Cl,]
The value of kis 2.50 x 10°s™" under certain conditions.
(i) This reaction has a constant half-life.

Explain why this is the case.

(ii) Use the information in this question to show that the half-life of this reaction is 2.77 x 10*s.

[1]
(iii) 8.00 x 10-® moles of Pt(NH,),Cl, are added to 100 cm? of water.

Calculate the time taken for the concentration of Pt(NH,),C, to fall to 2.50 x 10° moldm=.

time taken = .........ccceeeeee s [2]

[Total: 10]
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3 Data should be selected from Table 3.1 in order to answer some parts of this question.

Table 3.1
electrode reaction E°IV
Cl, + 2e- = 2CI~ +1.36
2HOC! + 2H* + 2e- = CI, + 2H,0 +1.64
ClO” + H,O + 2e- = Cl” + 20H- +0.89
Sn* + 2e- = Sn* +0.15
Sn? + 2e- = Sn -0.14
V& + 20 =V -1.20
V¥ + e = Vv -0.26
VO* + 2H" + e = V* + H,0O +0.34
VO," + 2H* + e = VO* + H,0O +1.00

(a) Standard electrode potentials are measured under standard conditions.

(i) Describe the standard conditions used in the Sn**/Sn?" half-cell.

(ii) Complete the diagram below to show how E*° (Sn*"/Sn?*) can be measured experimentally.
Your diagram should be fully labelled to identify all apparatus and substances.

[3]

© UCLES 2022 9701/41/0/N/22
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(iii) Equal volumes of 1.0moldm= Sn?*(aq) and 1.0 moldm= Cl-(aq) are mixed.

Use relevant E® values to explain whether a reaction occurs between these two ions.

(iv) Equal volumes of 1.0moldm= of Sn?'(aq) and acidified 1.0 moldm= VO?*(aq) are mixed.

Write an equation for the reaction that takes place in the resulting mixture.

(b) A solution of SnCl,(aq) is electrolysed for a measured time using a steady current.
A mass of 2.95g of tin metal is produced at the cathode.
ALO,(l) is electrolysed for the same time by the same current.

Calculate the mass of aluminium metal produced at the cathode. Give your answer to three
significant figures. Show your working.

mass of aluminium metal = ............ccccooeeeeeeee. g [2]

[Total: 10]
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4 (a) A sample of butanoic acid, CH,(CH,),COOH, is shaken with a mixture of two immiscible
solvents, ethoxyethane and water. The solvents form two layers. The butanoic acid is distributed
between the two layers, its concentration in ethoxyethane being higher than its concentration
in water.

(i) State what is meant by partition coefficient.

(i) The partition coefficient, K, for butanoic acid between ethoxyethane and water is 3.50.

A solution of 2.00g of butanoic acid in 100cm?® ethoxyethane is added to water. This
mixture is left until there is no further change in the concentration of butanoic acid in either
solvent. The mass of butanoic acid dissolved in the ethoxyethane layer is now 1.62g.

Calculate the volume of water used.

volume of waterused = ..........cccceeviienenne cm® [2]

(b) An aqueous solution of butanoic acid can be used to make a buffer solution.

(i) Define buffer solution.

(ii) Suggest one organic compound, and one inorganic compound, that can be added to two
different samples of aqueous butanoic acid to produce buffer solutions.

(o] o =1 ] o3 eT0]a ] 0o 11 ] a o NSRRI

INOIGANIC COMPOUNG ...ttt e et e e e e e et et e e e e e e e s b e e e e e e s aannb e s e e e e e e e eannes

© UCLES 2022 9701/41/0/N/22
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c¢) The solubility of aluminium hydroxide, Al(OH)., in water is 2.47 x 10~°moldm=.
(c) y y 5

(i) Give the expression for the solubility product, K

. Of aluminium hydroxide.

K =

sp

[1]

(i) Calculate the numerical value of the K, of aluminium hydroxide. Include the units of K, in
your answer.

[Total: 9]
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5 A transition element is a d-block element which forms one or more stable ions with incomplete
d-orbitals.

(@) Two of the 3d orbitals are the 3d,, orbital and the 3d,. orbital.

Sketch the shapes of these two orbitals.

3d,, 3d,,
Yy z
A A
z y
» X » X

[1]

(b) The Ni** ion forms many different complexes. A solution containing the [Ni(H,O),]** complex ion
is green. When an excess of 1,2-diaminoethane, en, H,NCH,CH,NH,, is added, the colour of
the solution changes to blue. This is due to the formation of the [Ni(en),]** complex ion.

(i) Explain why the two solutions are coloured, and why the colours are different.

© UCLES 2022 9701/41/0/N/22
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(ii) The [Ni(en),]** complex can exist as a mixture of two stereoisomers.
Complete the three-dimensional diagram to show one of the stereocisomers.

Each en ligand can be represented using N N -

[1]

(iii) Name the geometry of the complex ion drawn in (b)(ii) and the type of stereocisomerism
shown by [Ni(en),]*.

Lo =ToT 0 0= 1Y P PP PPPPPPPPPPPP

STErEOISOMEIISIM SNOWNN ..ottt et e ettt e e et et e e e e e e e e e e s eareaeeans

(c) Iron(II) carbonate, FeCO,, and nickel(Il) carbonate, NiCO,, both decompose when heated.
FeCO, decomposes at a lower temperature than NiCO,.

Suggest a possible reason for this difference. Explain your answer.

© UCLES 2022 9701/41/0/N/22 [Turn over
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(d) Ais a pale green salt containing Fe?" ions. A sample of 2.62g of A is dissolved in water and the
solution is made up to exactly 100 cm?® with water. 25.0cm?® samples of this solution are placed
in conical flasks and titrated against 0.0100 moldm= acidified potassium manganate(VII).
The equation for the only reaction that occurs is shown.

5Fe?* + MnO,”~ + 8H* — 5Fe* + Mn? + 4H,0
The average titre value is 35.0cm?® of 0.0100 moldm= acidified potassium manganate(VII).
(i) Describe the colour change that is seen in the conical flask at the end-point of this titration.
The colour changes from ............evvviiiiiiiiiiiieiiieiieeeeee, B0 e, . 1]

(i) Calculate the percentage by mass of iron in A.

[A: Fe, 55.8]

percentage by mass of iron = ..........cccoceiiieiiiis % [2]

[Total: 12]
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Question 6 starts on the next page.
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6 An aqueous solution of copper(Il) sulfate is a blue colour due to the presence of [Cu(H,O).]*
complex ions.

(@) (i) Write an equation for the reaction between [Cu(H,0),]** ions and NaOH(aq).

(b) If an excess of ammonia is added to a solution of [Cu(H,O).]** a deep blue solution containing
[Cu(NH,),(H,0),]* complex ions is formed.

(i) There are two possible stereoisomers with the formula [Cu(NH,),(H,0),]**.
Complete the diagrams to show the two stereocisomers in the boxes below.

isomer 1 isomer 2

s ° s °
~ - ~ -
- -

S5 S5

[1]
(ii) Use your answer in (b)(i) to deduce whether each of these isomers is polar or non-polar.
POIArity OF ISOMEI 1 et e e e e e e e e e e annes

polarity Of ISOMEr 2 ...oooiiiiiii

(c) The numerical value of the stability constant, K., of the [Cu(NH,),(H,0),]* complex ion is
1.40 x 10",

(i) Define stability constant.

© UCLES 2022 9701/41/0/N/22
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(ii) Compare the stabilities of the [Cu(H,0)]** and [Cu(NH,),(H,0),]** complex ions. Explain
your answer.

(iii) Write an expression for the stability constant, K, of the [Cu(NH,),(H,O),]* complex ion.
State the units of the stability constant.

Ktab =

)

(iv) In a particular solution the concentration of the [Cu(NH,),(H,0),]** complex ion is
0.0074 mol dm= and the concentration of NH, is 0.57 moldm™.

Use your expression in (c)(iii) and the K, value of 1.40 x 10" to calculate the concentration
of the [Cu(H,0)]** complex ion in this solution.

concentration of [CU(H,O)]*" = .ooovviiiiiiiiicee, moldm= [1]

(d) Phenanthroline, C,,HgN,, and ethanedioate ions, C,0O,%, are bidentate ligands.

Ruthenium(III) ions, Ru®*, form an octahedral complex with phenanthroline and chloride ions.
The complex ion contains two phenanthroline molecules.

Iron(I1I) ions, Fe**, form an octahedral complex with ethanedioate ions only.
Deduce the formula and charge of each of these complex ions.
U R oo 1001 ][ OSSPSR

LR ot o o] 1= GRS

[Total: 11]
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7 (@) The structure of compound P is shown in Fig. 7.1.

P
H,N o)
O_
Fig. 7.1

(i) P is optically active.
Use an asterisk (*) to identify all chiral carbon atoms on the structure of P in Fig. 7.1. [1]

(i) Plane polarised light is passed through a pure sample of one enantiomer of P. This is then
repeated with a pure sample of the other enantiomer of P.

Describe the results of these two experiments, stating the similarities and differences of
the results.

(b) P can be used to make compound Q in a single step reaction.

Q
O
O/
HN\"/
@)

(i) Give the structural formula of the compound that is added to P to make Q and give the
formula of the other product of this reaction.

fo7o] 9] 0T ] aTe I=Te (o [To Ik (o 1N =PSRRI

Lo 11 1= o] e e 11 [ SRR

© UCLES 2022 9701/41/0/N/22
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(i) When an ester is treated with LiAIH, in dry ether the ester linkage is cleaved by the
addition of four hydrogen atoms and two alcohols are produced.

Draw the structures of the compounds formed when Q is treated with an excess of LiAIH,
in dry ether.

3]
(iii) Compare the relative basicities of compound P, compound Q and phenylamine.
........................................... S TR
least basic most basic
Explain your answer.
(c) P can be used to make compound R in a two-step reaction, shown in Fig. 7.2.
P R
H,N O H,N O
two steps
o— H,N OH
Fig. 7.2
(i) Identify the reagents and conditions used for the two steps of the reaction.
] =Y o 0t PR REPPRN
] (] o SRR
[2]

© UCLES 2022 9701/41/0/N/22 [Turn over
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(ii) Complete Table 7.1 by drawing the structures of the organic products formed when R is
treated separately with the reagents given.

Table 7.1

reagent

product

HNO,(aq) at4°C

an excess of Br,(aq)
at room temperature

© UCLES 2022

9701/41/0/N/22
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(d) P can be used to produce compound T.

H,N 0

OH

(i) Inaqueous solution, T has a property called an isoelectric point.

Explain what is meant by isoelectric point.

(i) T can polymerise under suitable conditions. No other monomer is involved in this reaction.

Draw a section of the polymer chain formed that includes three T monomers. Identify the
repeat unit on your diagram.

[2]

[Total: 17]
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8 Benzene, C,H,, is an aromatic molecule.
(a) State the C—C-C bond angle and the hybridisation shown by the carbon atoms in benzene.
(o] 0 To =10 T | = PRSP

077 0] 1 LES3= 11 ) o S RSPPPNS

(b) Benzene reacts with chloroethane in the presence of a catalyst. The reaction mechanism is
called electrophilic substitution.

(i) The first step in the reaction is the generation of the *CH,CH, electrophile.

Write an equation for the reaction that generates this electrophile.

(ii) Describe the mechanism for the reaction between benzene and the *CH,CH, electrophile.
Include all relevant curly arrows and charges.

intermediate products

]
T

H H

[3]

© UCLES 2022 9701/41/0/N/22
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(c) Chlorobenzene and chloroethane have different reactivities in nucleophilic substitution
reactions.

(i) Identify a suitable reagent to illustrate this difference in reactivity.

The reagent chosen should give visibly different results with chlorobenzene and
chloroethane.

(ii) Write equations to describe any reactions that occur.

[1]

(iii) Explain the difference in the reactivities of chlorobenzene and chloroethane in nucleophilic
substitution reactions.

[Total: 8]
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9 (a) Gas-liquid chromatography involves a stationary phase and a mobile phase.
(i) Name, or describe in detail, a suitable substance that could be used for each phase.
L] £ (0] g =1 o PP
MO e ————————
A mixture of three organic compounds is separated by gas-liquid chromatography. The

chromatogram obtained is shown in Fig. 9.1. The amount of each substance is proportional to
the area under its peak.

100-
80-:

60-
recorder T

response 1
40-

>
()

20

retention time (min)

Fig. 9.1
(ii) Explain the meaning of retention time.

(iii) Calculate the percentage of B in the mixture. Show your working.

percentage of B = .........ccccociiiiinnnnis % [2]

© UCLES 2022 9701/41/0/N/22
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(b) Complete Table 9.1 to give the number of peaks in the carbon-13 NMR spectrum of each of the
five isomers of C,H,,0, that has an ester group.

Table 9.1

structural formula number of peaks

CH,CH,CH,CO,CH,

CH,CH,CO,CH,CH,

CH,CO,CH,CH,CH,

(CH,),CHCO,CH,

CH,CO,CH(CH,),

[2]

(c) State the number of peaks that would be seen in the proton ('H) NMR spectrum of
methyl butanoate, CH,CH,CH,CO,CH,. Name all the splitting patterns seen in this spectrum.

number of peaks

splitting patterns

© UCLES 2022 9701/41/0/N/22 [Turn over
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(d) D and E are both esters with the molecular formula C,H,,0,. Their proton ('H) NMR spectra are
shown in Fig. 9.2 and Fig. 9.3.

D
3
3
2 2
DL L DL L L L L L L e s
4 3 2 1 0
chemical shift, 6
Fig. 9.2
E
3
6
1
alllu
L L L L L L e
4 3 2 1 0
chemical shift, &
Fig. 9.3
Table 9.2
environment of proton example typical chemical shift
range, 6/ppm
alkane —CH,, -CH,—, >CH- 0.91.7
alkyl next to C=0 CH,—C=0, -CH,-C=0, 2.2-3.0
>CH-C=0
alkyl next to aromatic ring CH,—Ar, -CH A, 2.3-3.0
>CH-Ar
alkyl next to electronegative atom |CH,—O, -CH,-O, 3.2-4.0
—-CH,—Cl
attached to alkene =CHR 45-6.0

© UCLES 2022 9701/41/0/N/22
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(i) Deduce the structures of the two esters D and E and draw their displayed formulae in the
boxes below.

CSH1002 CSH'IOOZ

[2]
(ii) The spectrum of D includes a quartet at 5 4.1.

Identify the protons responsible for this quartet on your structure in (i) by labelling these
protons with the letter F.

Explain why this peak is split into a quartet.

(iii) The spectrum of E has a doublet at 5 1.1.

Identify the protons responsible for this doublet on your structure in (i) by labelling these
protons with the letter G.

Explain why this peak has a chemical shift of 1.1.

[Total: 12]
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Important values, constants and standards

molar gas constant

R =8.31JK"mol™

Faraday constant

F =9.65 x 10*C mol™

Avogadro constant

L =6.022 x 10¥mol™

electronic charge

e=-1.60x10"°C

molar volume of gas

V_=22.4dm*mol™ at s.t.p. (101 kPa and 273K)
V_ =24.0dm*mol~" at room conditions

ionic product of water

K, = 1.00 x 10-“mol?dm-® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg 'K (4.18Jg'K™)

© UCLES 2022
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1 Calcium chloride, CaCl,, is an ionic solid.

The values of some energy changes are shown in Table 1.1.

Table 1.1

energy change value/kJ mol™’
lattice energy, AH2,, CaCl,(s) —2237
standard enthalpy change of atomisation of calcium +193
first ionisation energy of calcium +590
second ionisation energy of calcium +1150
standard enthalpy change of atomisation of chlorine +121
first electron affinity of chlorine -364

(a) Define lattice energy.

(b) Use the data in Table 1.1 to calculate the standard enthalpy change of formation, AH¢, of
calcium chloride. It may be helpful to draw an energy cycle. Show all your working.

AHE(CACLYS)) = covveerveeereeeereerer kdmol' [2]
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(c) Three possible values for the first electron affinity of bromine are shown in Table 1.2. One of
them is correct.

Place a tick by the correct value. Explain your choice.

Table 1.2
possible values place one tick (v') in this column
—342kJ mol™
—364 kJ mol™
—386 kd mol™

(d) The enthalpy change of hydration of the chloride ion can be calculated using the lattice energy
of calcium chloride and the data shown in Table 1.3.

Table 1.3
energy change value/kJ mol’
standard enthalpy change of solution of CaCl,(s) -83
standard enthalpy change of hydration of Ca?'(g) —-1650

(i) Define the following terms.

enthalpy change Of SOIUTION .........cooiiiiiiiii e

(i) Calculate the standard enthalpy change of hydration of the chloride ion, CI~(g). It may be
helpful to draw an energy cycle. Show all your working.

AHE G (CI(G)) = oo kdmol' [2]

© UCLES 2022 9701/42/0/N/22 [Turn over
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(e) Calcium fluoride, CaF,(s), can be synthesised directly from its elements.
The value of AH$(CaF 4(s)) is —1214kJmol™".
(i) Predict the sign of the entropy change, AS®, for this synthesis. Explain your answer.
The sign of the entropy change is ........cccccooviiiiinennen. .

=01 F= T =1 1] o S

(ii) Use the value of AH¢(CaF,(s)) given in (e) and your answer to (e)(i) to predict how the
feasibility for this synthesis will change with increasing temperature.

[Total: 11]
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5

(a) Nitrogen monoxide, NO, reacts with ozone, O,.

NO(g) + O4(g) — NOLg) + O49)

This reaction is first order with respect to both NO and O,.
At 298K, the rate constant k = 11500 mol-'dm?3s™".

(i)

(ii)

(iii)

Complete the rate equation for this reaction.

A reaction is carried out in which the initial concentrations of NO and O, are both
1.20 x 10°moldm™.

Calculate the initial rate of the reaction. State its units.

rate of reaction=.............................. UNitS = ..o, [2]
The reaction described in (a)(ii) is monitored over a period of time.

Predict whether or not the graph of [NO] against time, under these conditions, shows that
the reaction has a constant half-life. Explain your answer.

1= 1o 1] o ISP

EXPIANATION ... e e e e e e e e — e aaaaaana

(b) Nitrous oxide, N,O, decomposes into its elements.

2N,0(g) — 2N,(g) + O,(9)

At a high temperature, a small amount of platinum wire is added to a large amount of
nitrous oxide. The reaction follows zero order kinetics. The platinum wire behaves as a catalyst.

(i)

Sketch a graph, on the axes below, of reaction rate against time for the catalysed
decomposition of N,O under these conditions.

A

reaction rate

time

[1]

9701/42/0/N/22 [Turn over
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(ii) Sketch a graph, on the axes below, of [N,O] against time for this reaction.

A

[N,O]

time
[1]
(iii) Platinum behaves as a heterogeneous catalyst in this reaction.
Describe the mode of action of a heterogeneous catalyst.
....................................................................................................................................... [3]

(iv) Suggestareason why this reaction has zero order kinetics when the amount of nitrous oxide
is large and the amount of platinum is small.

[Total: 10]
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3 Data should be selected from Table 3.1 in order to answer some parts of this question.

Table 3.1

electrode reaction E°/V

Mg? + 2e- = Mg -2.38

Mn? + 2e~ = Mn -1.18

Mn* + e- = Mn# +1.49

MnO, + 4H" + 2e- = Mn?* + 2H,0 +1.23
MnO,~ + e = MnO* +0.56

MnO,~ + 4H* + 3e- = MnO, + 2H,0 +1.67
MnO,~ + 8H" + 5e- = Mn?" + 4H,0 +1.52

(a) An electrochemical cell can be constructed from a Mg#/Mg half-cell and a MnO,~/Mn?
half-cell. The standard cell potential of this cell can be calculated using the standard electrode
potentials of the two half-cells.

(i) Define standard electrode potential. Include details of the standard conditions used.

(ii) Complete the diagram below to show an electrochemical cell constructed from a Mg /Mg
half-cell and a MnO,~/Mn?" half-cell.
Label your diagram.

[3]

(iii) Use a positive (+) sign and a negative (-) sign to identify the polarity of each of the two
electrodes in your diagram.
Use an arrow and the symbol ‘e’ to show the direction of electron flow in the external
circuit. 1]

© UCLES 2022 9701/42/0/N/22



(iv)

(v)

(vi)

9

Calculate the standard cell potential, E¢_,, of this cell.

cell’

Construct an equation for the cell reaction.

Predict how the cell reaction will change, if at all, when the solution in the Mg?*/Mg half-cell
is diluted by the addition of a large volume of water. Explain your answer.

....................................................................................................................................... [1]
(b) A molten magnesium salt is electrolysed for 15.0 minutes by a constant current.
4.75 x 10?2 magnesium atoms are produced at the cathode.
Calculate the value of the current used.
current = ... A [2]

© UCLES 2022

[Total: 11]
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4 (a) The value of the solubility product, K, of iron(IlI) hydroxide, Fe(OH),, is given by the following
expression.
K, = [Fe*][OH]® = 2.0 x 10~*mol*dm~"

(i) Calculate the solubility of Fe(OH), in water.

solubility = ..o moldm= [1]

(ii) Calculate the solubility of Fe(OH), in 0.010 moldm™ barium hydroxide, Ba(OH),(aq).

solubility = .......ccooveieiie moldm= [2]
(iii) Fe(OH), is less soluble in Ba(OH),(aq) than it is in pure water.

Name this effect.

(b) The numerical value of the K, of HBrO is 2.00 x 10~°.
X is a solution of HBrO which contains 4.00 x 10*mol of HBrO in 100cm? of solution. In this
solution the following equilibrium is established in which there are two conjugate acid-base
pairs.
HBrO + H,O0 = BrO~ + H,0"

(i) Define conjugate acid-base pair.

....................................................................................................................................... [1]
(ii) ldentify the two conjugate acid-base pairs shown in the equation above.
PAIFONE oo eciiiees e
acid base
PaIrtWo oo
acid base
[1]

© UCLES 2022 9701/42/0/N/22
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(iii) Calculate the pH of solution X. Show all your working.

PH = oo, 2]

(iv) A solution containing 2.00 x 10*mol of NaOH is added to solution X. A buffer solution is
formed.

Calculate the pH of this buffer solution.

[Total: 9]

© UCLES 2022 9701/42/0/N/22 [Turn over
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5 Copper is a transition element. It forms a wide variety of compounds.

(a) Define transition element.

(b) An aqueous solution of copper(ll) sulfate, CuSO,, contains [Cu(H,O),]* complex ions. If an
excess of concentrated hydrochloric acid is added to this solution a ligand exchange reaction
occurs and [CuCl,]* complex ions are formed.

(i) Complete Table 5.1 to state the geometry, the coordination number of copper, and one
bond angle in each of the two complex ions.

Table 5.1
complex ion geometry coordination number bond angle
[Cu(H,0).*
[CuCl,)*

[3]

(ii) In an isolated Cu?* ion the d-orbitals are all degenerate. In a complex ion such as
[Cu(H,0)]* the d-orbitals are non-degenerate.

Define degenerate and non-degenerate in this context.

Lo =T o 1T T = (SR
NON-AEGENEIALE ....ooiiiiiiiiii i
[1]

(iii) Explain why the solutions of the two complex ions in Table 5.1 are different colours.
....................................................................................................................................... [1]

(c) Cu? forms a complex ion containing water molecules and ethanedioate ions, C,0,%, as ligands.
The formula of the complex is [Cu(C,0,),(H,0),]>". The ethanedioate ion is a bidentate ligand.

(i) Explain what is meant by bidentate.

© UCLES 2022 9701/42/0/N/22



(ii) There are three stereoisomers with the formula [Cu(C,0,),(H,0),]*.

Complete the three-dimensional diagrams to show these three stereocisomers.

13

stereoisomer 1

stereoisomer 2

stereoisomer 3

(iii) Use your answer to (c)(ii) to answer this question.

© UCLES 2022

Stereoisomers 1, 2 and 3 show two different types of isomerism.

Name these two types of isomerism.

[2]

For each type of isomerism identify the pair of stereoisomers that demonstrate this

isomerism.

type of isomerism

pair of stereocisomers

and

and

9701/42/0/N/22

[2]

[Turn over



14
(d) A solution contains 3.70g of Na,[Cu(C,0,),(H,0),] dissolved in 100cm?® of solution. A
25.0cm?® sample of this solution is warmed and then oxidised by 0.0100 moldm= acidified
potassium manganate(VII).
The equation for the redox reaction is shown.

5C,0,% + 2MnO,” + 16H* — 10CO, + 2Mn? + 8H,0

Calculate the minimum volume of 0.0100 mol dm~ acidified potassium manganate(VII) needed
to oxidise all of the ethanedioate ions, C,0,%, in the 25.0cm?® sample. Show all your working.

[M;: Na,[Cu(C,0,),(H,0),], 321.5]

minimum volume = .........cccoceeeviiieneene cm?® [3]

(e) Copper(II) nitrate, Cu(NO,),, and barium nitrate, Ba(NO,),, both decompose when heated.
Copper(II) nitrate decomposes at a lower temperature than barium nitrate.

Suggest a reason for this difference. Explain your answer.

[Total: 16]
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6 An aqueous solution of cobalt(Il) chloride is a pink colour due to the presence of [Co(H,O)]*
complex ions.

(@) (i) Complete Table 6.1 to describe what is observed when the named reagent is added to an
aqueous solution of cobalt(II) chloride.
Table 6.1
reaqent colour of state of
9 cobalt-containing product cobalt-containing product
NaOH(aq)
an excess of conc. HCI

(ii)

(iii)

(b) (i)

(ii)

(iif)

(iv)

© UCLES 2022

[2]

Write an equation for the reaction between [Co(H,0),]** ions and NaOH(aq).

....................................................................................................................................... [1]
Define stability constant.
....................................................................................................................................... [1]
Write an expression for the stability constant, K, of the [Co(NH,),]** complex ion.
Kstab =
[1]

Give the units of the stability constant, K, of the [Co(NH,),]** complex ion.

Units = ..., [1]

The numerical value of the stability constant, K

<y Of the [Co(NH,)]** complex ion is
7.7 x 10%

In an aqueous solution the concentration of the [Co(NH,),]** complex ion is 0.0740 moldm™
and the concentration of NH, is 0.480 moldm= at equilibrium.

Calculate the concentration of [Co(H,O)¢]** in this solution.

concentration = ..............cccc moldm= [1]

[Total: 8]
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7 (@) The structural and displayed formulae of three aromatic compounds, A, B and C, are shown in

Fig. 7.1.
C4H<CH,CH,COOH CH,C,H,OH C4H.CH,CHCICO,H
HO_ _O HO_ _O
OH
cl
A B c
Fig. 7.1

Compare the relative acidities of A, B and C.

most acidic least acidic

Explain your answer.

(b) Methylbenzene, C;H,CH,, can be made from benzene by an electrophilic substitution reaction.

(i) Identify a compound that reacts with benzene to form methylbenzene.
Identify the catalyst used.

o7} 1 2] oo 11 ] o IS
Loz= =1 |2 SR SEPPN
[1]
(ii) The first step in the reaction is the generation of the CH,* electrophile.
Write an equation for the reaction that generates this electrophile.
....................................................................................................................................... [1]

© UCLES 2022 9701/42/0/N/22
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(iv)

(v)

© UCLES 2022
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Describe the mechanism for the reaction between benzene and the CH," electrophile.
Include all relevant curly arrows and charges.

CH;*
[3]
Identify a suitable reagent to oxidise methylbenzene to benzoic acid, C;H,COOH.

Write an equation for this reaction using [O] to represent one atom of oxygen from the
oxidising agent.

[ST=To =T o | PP

L= To V=11 o] o [PPSR

Methylbenzene and benzoic acid are both nitrated with a mixture of concentrated nitric acid
and sulfuric acid to give mononitrated products. The structural formulae of these products
are CH,C,H,NO, and HOOCC,H,NO, respectively.

Draw the structures of these two products.

[1]

9701/42/0/N/22 [Turn over
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(c) Areaction scheme is shown in Fig. 7.2.

(i)

(ii)

(iii)

© UCLES 2022

reaction 1
CH,CzH,NO, = CH,C4H,NH,

l reaction 2

tion 3
CH,CHHOH | =—f CH.C4H,N,"CI-

_ J
l reaction 4

dye molecule Y

Fig. 7.2

Describe the reagents and conditions to produce CH,C,H,N,"Cl- from CH,C,H,NH, in
reaction 2.

TEAGENTS .iiiiiiiii ittt
oo o {110 3 1
[1]
Describe how CH,C,H,OH can be produced from CH,C,H,N,"C[ in reaction 3.
....................................................................................................................................... [1]

Draw the structure of the dye molecule Y formed when CH,C,H,N,"Cl/- and CH,C,H,OH
react together in reaction 4. Describe the conditions for this reaction.

structure

(oo ] L0 [ 1o ] o =TT

[Total: 15]

9701/42/0/N/22



19

8 When answering this question it should be assumed that together all the hydrogen atoms in a
benzene ring result in a single unsplit peak at 8 = 7.2 in a proton ("H) NMR spectrum.
The structures of five isomeric ketones, P, Q, R, S and T are given.

P C,H.COCH(CH,), S C,H,CH,CH,COCH,
Q C,H,COCH,CH,CH, T C,H.CH(CH,)COCH,

R C,H.CH,COCH,CH,

(a) Identify all the chiral carbon atoms on the structures above. Label each chiral carbon atom with
an asterisk (*). [1]

(b) The proton ("H) NMR spectrum of one of the five isomers, P, Q, R, S or T, is shown in Fig. 8.1.

|

d/ppm

Fig. 8.1

(i) Identify which of the compounds P, Q, R, S or T gives this spectrum.
Draw the displayed formula of the compound you have identified. Identify the protons
responsible for the peaks at 6 = 3.7, 6 = 2.5 and 5 = 1.0 on the structure you have drawn.

[2]
(ii) Name the splitting pattern of the peak at 6 = 3.7. Explain why it has this splitting pattern.

© UCLES 2022 9701/42/0/N/22 [Turn over
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(c) Choose from the letters P, Q, R, S and T to identify:

(i) the two compounds that each have a doublet peak in the proton ("H) NMR spectrum

(ii) the compound with only three peaks in its proton ('"H) NMR spectrum.

(e) The proton ("H) NMR spectrum of compound T is compared in the presence of D,O and in the
absence of D,0.

Describe any difference between the two spectra. Explain your answer.

(f) Complete Table 8.1 below to give the number of peaks in the carbon-13 NMR spectrum of each
compound.

Table 8.1

compound number of peaks compound number of peaks

[2]

[Total: 10]
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9 Tyrosine and lysine, shown in Fig. 9.1, are naturally occurring amino acids found in proteins.

O O
H,N
OH OH
NH NH
HO ? ?
tyrosine lysine
Fig. 9.1

(@) The isoelectric point of lysine is 9.47.

Draw the structure of lysine at the stated pH in the boxes below.

lysine at pH 7.00 lysine at pH 9.47 lysine at pH 12.00

[2]

(b) When ethanoic acid is treated with PCI, product D is formed.
When D is added to tyrosine two different isomeric products, E and F, are formed.
E has an ester linkage, F does not.

Draw the structures of D, E and F in the boxes below.

D E F

[3]

© UCLES 2022 9701/42/0/N/22 [Turn over
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(c) Complete Table 9.1 by drawing the structure of the organic product formed when tyrosine

reacts with each named reagent.

Ignore the directing effect of the —-CH,CHNH,COOH substituent.

Table 9.1

reagent

structure

an excess of Br,(aq)

an excess of NaOH(aq)

an excess of HNO,(aq)

[3]

(d) A mixture of tyrosine and lysine can be separated by thin-layer chromatography. Under certain

conditions the R; value of lysine is 0.14 and the R, value of tyrosine is 0.45.

(i) Explain what is meant by R, value.

© UCLES 2022
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Important values, constants and standards

molar gas constant

R =8.31JK"mol™

Faraday constant

F =9.65 x 10*C mol™

Avogadro constant

L =6.022 x 10¥mol™

electronic charge

e=-1.60x10"°C

molar volume of gas

V_=22.4dm*mol™ at s.t.p. (101 kPa and 273K)
V_ =24.0dm*mol~" at room conditions

ionic product of water

K, = 1.00 x 10-“mol?dm-® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg 'K (4.18Jg'K™)

© UCLES 2022
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1 Potassium chloride, KCI, and magnesium chloride, MgCl,, are both ionic solids.

Table 1.1
energy change value/kJ mol™
standard enthalpy change of solution, AH,, of KCI +15
lattice energy, AH, of KCI(s) —-701
standard enthalpy change of hydration, AH}, ,, of K* -322
standard enthalpy change of hydration, AH} 4, of CI- -364
standard enthalpy change of solution, AH¢,,, of MgCl, -155
lattice energy, AHP,, of MgCl,(s) —2493

(a) Complete the energy cycle involving the enthalpy change of solution and the lattice energy of
potassium chloride, KCI, and the relevant enthalpy changes of hydration. Label your diagram.

State symbols should be used.

KCI(s)

[2]

(b) Use the data in Table 1.1 to calculate the enthalpy change of hydration of magnesium ions,
Mg?**. Show your working.

AH? 4 of magnesium ions, Mg®* = ..., kJmol™" [2]

© UCLES 2022 9701/43/0/N/22
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(c) Explain the reasons why the lattice energy of MgCl, is more exothermic than the lattice energy
of KCL

.............................................................................................................................................. [2]
(d) Define the following terms.
(i) enthalpy change of atomisation ...,
....................................................................................................................................... [1]
(ii) first electron affinity ...
....................................................................................................................................... [1]
(e) (i) Explain what is meant by entropy, S
....................................................................................................................................... [1]
(i) Potassium chloride is very soluble in water at 20°C.
Explain the solubility of potassium chloride by reference to change in entropy, AS.
....................................................................................................................................... [1]

(iii) Use the Gibbs equation and your answer to (e)(ii) to predict whether potassium chloride is
more soluble in water at 20°C or at 80 °C. Explain your answer.

[Total: 11]
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2 (a) (i) Explain whatis meant by the following terms:

NOMOGENEOUS CAtAlYST .....eiii et e e e e e e e e e e ees

[1]
(ii) lodide ions react with peroxydisulfate ions.
2I- + S,0, —» I, + 2SO0,

This reaction is slow, but it is catalysed by Fe?* ions.

Write two equations to explain how this reaction is catalysed by Fe?* ions.

T ettt ettt et e eeeeeteeeeeaeeeeaseeeeateeeeaseeeaaeeeeEeeesteeanteeateeeaneeeanreeeanaeeeanreeeanreeennneas

PRSPPSO
[2]

(iii) Suggest why the alternative route in the presence of Fe?* ions has a lower activation
energy than the route in the absence of a catalyst.

(b) Nitrogen monoxide reacts with oxygen.
2NO(g) + 0,(g) — 2NOy(9)

This reaction is second order with respect to nitrogen monoxide and first order with respect to
oxygen.

Under certain conditions the value of the rate constant, k, is 8.60 x 108 mol? dm®s~".

(i) Construct the rate equation for this reaction.

rate =

[1]

(ii) Calculate the initial rate of the reaction under these conditions when the initial concentration
of nitrogen monoxide is 7.20 x 10“#moldm= and the initial concentration of oxygen is
1.90 x 10 moldm=.

rate of reaction=............................. moldm=3s~" [1]
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(c) The drug cisplatin, Pt(NH,),Cl,, hydrolyses in water.
Pt(NH,),Cl, + H,O0 — [Pt(NH,),Cl/(H,O)]" + CI~
The rate equation is shown.
rate = k[Pt(NH,),Cl,]
The value of kis 2.50 x 10°s™" under certain conditions.
(i) This reaction has a constant half-life.

Explain why this is the case.

(ii) Use the information in this question to show that the half-life of this reaction is 2.77 x 10*s.

[1]
(iii) 8.00 x 10-® moles of Pt(NH,),Cl, are added to 100 cm? of water.

Calculate the time taken for the concentration of Pt(NH,),C, to fall to 2.50 x 10° moldm=.

time taken = .........ccceeeeee s [2]

[Total: 10]
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3 Data should be selected from Table 3.1 in order to answer some parts of this question.

Table 3.1
electrode reaction E°IV
Cl, + 2e- = 2CI~ +1.36
2HOC! + 2H* + 2e- = CI, + 2H,0 +1.64
ClO” + H,O + 2e- = Cl” + 20H- +0.89
Sn* + 2e- = Sn* +0.15
Sn? + 2e- = Sn -0.14
V& + 20 =V -1.20
V¥ + e = Vv -0.26
VO* + 2H" + e = V* + H,0O +0.34
VO," + 2H* + e = VO* + H,0O +1.00

(a) Standard electrode potentials are measured under standard conditions.

(i) Describe the standard conditions used in the Sn**/Sn?" half-cell.

(ii) Complete the diagram below to show how E*° (Sn*"/Sn?*) can be measured experimentally.
Your diagram should be fully labelled to identify all apparatus and substances.

[3]

© UCLES 2022 9701/43/0/N/22
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(iii) Equal volumes of 1.0moldm= Sn?*(aq) and 1.0 moldm= Cl-(aq) are mixed.

Use relevant E® values to explain whether a reaction occurs between these two ions.

(iv) Equal volumes of 1.0moldm= of Sn?'(aq) and acidified 1.0 moldm= VO?*(aq) are mixed.

Write an equation for the reaction that takes place in the resulting mixture.

(b) A solution of SnCl,(aq) is electrolysed for a measured time using a steady current.
A mass of 2.95g of tin metal is produced at the cathode.
ALO,(l) is electrolysed for the same time by the same current.

Calculate the mass of aluminium metal produced at the cathode. Give your answer to three
significant figures. Show your working.

mass of aluminium metal = ............ccccooeeeeeeee. g [2]

[Total: 10]
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4 (a) A sample of butanoic acid, CH,(CH,),COOH, is shaken with a mixture of two immiscible
solvents, ethoxyethane and water. The solvents form two layers. The butanoic acid is distributed
between the two layers, its concentration in ethoxyethane being higher than its concentration
in water.

(i) State what is meant by partition coefficient.

(i) The partition coefficient, K, for butanoic acid between ethoxyethane and water is 3.50.

A solution of 2.00g of butanoic acid in 100cm?® ethoxyethane is added to water. This
mixture is left until there is no further change in the concentration of butanoic acid in either
solvent. The mass of butanoic acid dissolved in the ethoxyethane layer is now 1.62g.

Calculate the volume of water used.

volume of waterused = ..........cccceeviienenne cm® [2]

(b) An aqueous solution of butanoic acid can be used to make a buffer solution.

(i) Define buffer solution.

(ii) Suggest one organic compound, and one inorganic compound, that can be added to two
different samples of aqueous butanoic acid to produce buffer solutions.

(o] o =1 ] o3 eT0]a ] 0o 11 ] a o NSRRI

INOIGANIC COMPOUNG ...ttt e et e e e e e et et e e e e e e e s b e e e e e e s aannb e s e e e e e e e eannes
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c¢) The solubility of aluminium hydroxide, Al(OH)., in water is 2.47 x 10~°moldm=.
(c) y y 5

(i) Give the expression for the solubility product, K

. Of aluminium hydroxide.

K =

sp

[1]

(i) Calculate the numerical value of the K, of aluminium hydroxide. Include the units of K, in
your answer.

[Total: 9]

© UCLES 2022 9701/43/0/N/22 [Turn over



10

5 A transition element is a d-block element which forms one or more stable ions with incomplete
d-orbitals.

(@) Two of the 3d orbitals are the 3d,, orbital and the 3d,. orbital.

Sketch the shapes of these two orbitals.

3d,, 3d,,
Yy z
A A
z y
» X » X

[1]

(b) The Ni** ion forms many different complexes. A solution containing the [Ni(H,O),]** complex ion
is green. When an excess of 1,2-diaminoethane, en, H,NCH,CH,NH,, is added, the colour of
the solution changes to blue. This is due to the formation of the [Ni(en),]** complex ion.

(i) Explain why the two solutions are coloured, and why the colours are different.

© UCLES 2022 9701/43/0/N/22
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(ii) The [Ni(en),]** complex can exist as a mixture of two stereoisomers.
Complete the three-dimensional diagram to show one of the stereocisomers.

Each en ligand can be represented using N N -

[1]

(iii) Name the geometry of the complex ion drawn in (b)(ii) and the type of stereocisomerism
shown by [Ni(en),]*.

Lo =ToT 0 0= 1Y P PP PPPPPPPPPPPP

STErEOISOMEIISIM SNOWNN ..ottt et e ettt e e et et e e e e e e e e e e s eareaeeans

(c) Iron(II) carbonate, FeCO,, and nickel(Il) carbonate, NiCO,, both decompose when heated.
FeCO, decomposes at a lower temperature than NiCO,.

Suggest a possible reason for this difference. Explain your answer.

© UCLES 2022 9701/43/0/N/22 [Turn over
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(d) Ais a pale green salt containing Fe?" ions. A sample of 2.62g of A is dissolved in water and the
solution is made up to exactly 100 cm?® with water. 25.0cm?® samples of this solution are placed
in conical flasks and titrated against 0.0100 moldm= acidified potassium manganate(VII).
The equation for the only reaction that occurs is shown.

5Fe?* + MnO,”~ + 8H* — 5Fe* + Mn? + 4H,0
The average titre value is 35.0cm?® of 0.0100 moldm= acidified potassium manganate(VII).
(i) Describe the colour change that is seen in the conical flask at the end-point of this titration.
The colour changes from ............evvviiiiiiiiiiiieiiieiieeeeee, B0 e, . 1]

(i) Calculate the percentage by mass of iron in A.

[A: Fe, 55.8]

percentage by mass of iron = ..........cccoceiiieiiiis % [2]

[Total: 12]

© UCLES 2022 9701/43/0/N/22
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Question 6 starts on the next page.
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6 An aqueous solution of copper(Il) sulfate is a blue colour due to the presence of [Cu(H,O).]*
complex ions.

(@) (i) Write an equation for the reaction between [Cu(H,0),]** ions and NaOH(aq).

(b) If an excess of ammonia is added to a solution of [Cu(H,O).]** a deep blue solution containing
[Cu(NH,),(H,0),]* complex ions is formed.

(i) There are two possible stereoisomers with the formula [Cu(NH,),(H,0),]**.
Complete the diagrams to show the two stereocisomers in the boxes below.

isomer 1 isomer 2

s ° s °
~ - ~ -
- -

S5 S5

[1]
(ii) Use your answer in (b)(i) to deduce whether each of these isomers is polar or non-polar.
POIArity OF ISOMEI 1 et e e e e e e e e e e annes

polarity Of ISOMEr 2 ...oooiiiiiii

(c) The numerical value of the stability constant, K., of the [Cu(NH,),(H,0),]* complex ion is
1.40 x 10",

(i) Define stability constant.

© UCLES 2022 9701/43/0/N/22
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(ii) Compare the stabilities of the [Cu(H,0)]** and [Cu(NH,),(H,0),]** complex ions. Explain
your answer.

(iii) Write an expression for the stability constant, K, of the [Cu(NH,),(H,O),]* complex ion.
State the units of the stability constant.

Ktab =

)

(iv) In a particular solution the concentration of the [Cu(NH,),(H,0),]** complex ion is
0.0074 mol dm= and the concentration of NH, is 0.57 moldm™.

Use your expression in (c)(iii) and the K, value of 1.40 x 10" to calculate the concentration
of the [Cu(H,0)]** complex ion in this solution.

concentration of [CU(H,O)]*" = .ooovviiiiiiiiicee, moldm= [1]

(d) Phenanthroline, C,,HgN,, and ethanedioate ions, C,0O,%, are bidentate ligands.

Ruthenium(III) ions, Ru®*, form an octahedral complex with phenanthroline and chloride ions.
The complex ion contains two phenanthroline molecules.

Iron(I1I) ions, Fe**, form an octahedral complex with ethanedioate ions only.
Deduce the formula and charge of each of these complex ions.
U R oo 1001 ][ OSSPSR

LR ot o o] 1= GRS

[Total: 11]
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7 (@) The structure of compound P is shown in Fig. 7.1.

P
H,N o)
O_
Fig. 7.1

(i) P is optically active.
Use an asterisk (*) to identify all chiral carbon atoms on the structure of P in Fig. 7.1. [1]

(i) Plane polarised light is passed through a pure sample of one enantiomer of P. This is then
repeated with a pure sample of the other enantiomer of P.

Describe the results of these two experiments, stating the similarities and differences of
the results.

(b) P can be used to make compound Q in a single step reaction.

Q
O
O/
HN\"/
@)

(i) Give the structural formula of the compound that is added to P to make Q and give the
formula of the other product of this reaction.

fo7o] 9] 0T ] aTe I=Te (o [To Ik (o 1N =PSRRI

Lo 11 1= o] e e 11 [ SRR
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(i) When an ester is treated with LiAIH, in dry ether the ester linkage is cleaved by the
addition of four hydrogen atoms and two alcohols are produced.

Draw the structures of the compounds formed when Q is treated with an excess of LiAIH,
in dry ether.

3]
(iii) Compare the relative basicities of compound P, compound Q and phenylamine.
........................................... S TR
least basic most basic
Explain your answer.
(c) P can be used to make compound R in a two-step reaction, shown in Fig. 7.2.
P R
H,N O H,N O
two steps
o— H,N OH
Fig. 7.2
(i) Identify the reagents and conditions used for the two steps of the reaction.
] =Y o 0t PR REPPRN
] (] o SRR
[2]

© UCLES 2022 9701/43/0/N/22 [Turn over
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(ii) Complete Table 7.1 by drawing the structures of the organic products formed when R is
treated separately with the reagents given.

Table 7.1

reagent

product

HNO,(aq) at4°C

an excess of Br,(aq)
at room temperature

© UCLES 2022
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(d) P can be used to produce compound T.

H,N 0

OH

(i) Inaqueous solution, T has a property called an isoelectric point.

Explain what is meant by isoelectric point.

(i) T can polymerise under suitable conditions. No other monomer is involved in this reaction.

Draw a section of the polymer chain formed that includes three T monomers. Identify the
repeat unit on your diagram.

[2]

[Total: 17]
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8 Benzene, C,H,, is an aromatic molecule.
(a) State the C—C-C bond angle and the hybridisation shown by the carbon atoms in benzene.
(o] 0 To =10 T | = PRSP

077 0] 1 LES3= 11 ) o S RSPPPNS

(b) Benzene reacts with chloroethane in the presence of a catalyst. The reaction mechanism is
called electrophilic substitution.

(i) The first step in the reaction is the generation of the *CH,CH, electrophile.

Write an equation for the reaction that generates this electrophile.

(ii) Describe the mechanism for the reaction between benzene and the *CH,CH, electrophile.
Include all relevant curly arrows and charges.

intermediate products

]
T

H H

[3]

© UCLES 2022 9701/43/0/N/22
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(c) Chlorobenzene and chloroethane have different reactivities in nucleophilic substitution
reactions.

(i) Identify a suitable reagent to illustrate this difference in reactivity.

The reagent chosen should give visibly different results with chlorobenzene and
chloroethane.

(ii) Write equations to describe any reactions that occur.

[1]

(iii) Explain the difference in the reactivities of chlorobenzene and chloroethane in nucleophilic
substitution reactions.

[Total: 8]
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9 (a) Gas-liquid chromatography involves a stationary phase and a mobile phase.
(i) Name, or describe in detail, a suitable substance that could be used for each phase.
L] £ (0] g =1 o PP
MO e ————————
A mixture of three organic compounds is separated by gas-liquid chromatography. The

chromatogram obtained is shown in Fig. 9.1. The amount of each substance is proportional to
the area under its peak.

100-
80-:

60-
recorder T

response 1
40-

>
()

20

retention time (min)

Fig. 9.1
(ii) Explain the meaning of retention time.

(iii) Calculate the percentage of B in the mixture. Show your working.

percentage of B = .........ccccociiiiinnnnis % [2]

© UCLES 2022 9701/43/0/N/22
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(b) Complete Table 9.1 to give the number of peaks in the carbon-13 NMR spectrum of each of the
five isomers of C,H,,0, that has an ester group.

Table 9.1

structural formula number of peaks

CH,CH,CH,CO,CH,

CH,CH,CO,CH,CH,

CH,CO,CH,CH,CH,

(CH,),CHCO,CH,

CH,CO,CH(CH,),

[2]

(c) State the number of peaks that would be seen in the proton ('H) NMR spectrum of
methyl butanoate, CH,CH,CH,CO,CH,. Name all the splitting patterns seen in this spectrum.

number of peaks

splitting patterns

© UCLES 2022 9701/43/0/N/22 [Turn over
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(d) D and E are both esters with the molecular formula C,H,,0,. Their proton ('H) NMR spectra are
shown in Fig. 9.2 and Fig. 9.3.

D
3
3
2 2
DL L DL L L L L L L e s
4 3 2 1 0
chemical shift, 6
Fig. 9.2
E
3
6
1
alllu
L L L L L L e
4 3 2 1 0
chemical shift, &
Fig. 9.3
Table 9.2
environment of proton example typical chemical shift
range, 6/ppm
alkane —CH,, -CH,—, >CH- 0.91.7
alkyl next to C=0 CH,—C=0, -CH,-C=0, 2.2-3.0
>CH-C=0
alkyl next to aromatic ring CH,—Ar, -CH A, 2.3-3.0
>CH-Ar
alkyl next to electronegative atom |CH,—O, -CH,-O, 3.2-4.0
—-CH,—Cl
attached to alkene =CHR 45-6.0

© UCLES 2022 9701/43/0/N/22
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(i) Deduce the structures of the two esters D and E and draw their displayed formulae in the
boxes below.

CSH1002 CSH'IOOZ

[2]
(ii) The spectrum of D includes a quartet at 5 4.1.

Identify the protons responsible for this quartet on your structure in (i) by labelling these
protons with the letter F.

Explain why this peak is split into a quartet.

(iii) The spectrum of E has a doublet at 5 1.1.

Identify the protons responsible for this doublet on your structure in (i) by labelling these
protons with the letter G.

Explain why this peak has a chemical shift of 1.1.

[Total: 12]
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Important values, constants and standards

molar gas constant

R =8.31JK"mol™

Faraday constant

F =9.65 x 10*C mol™

Avogadro constant

L =6.022 x 10¥mol™

electronic charge

e=-1.60x10"°C

molar volume of gas

V_=22.4dm*mol™ at s.t.p. (101 kPa and 273K)
V_ =24.0dm*mol~" at room conditions

ionic product of water

K, = 1.00 x 10-“mol?dm-® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg 'K (4.18Jg'K™)

© UCLES 2022

9701/43/0/N/22




28

- - - - - - - - - - - 0'8eC 0'Leg 0'zee -
wniouaime| wnijaqou wniAsjspusw wnjwusy wnjuleisule wniulojl|ea wnieieq wnund wniouswe wniuoynd wniunydau wniuein wnjunoejosd wnuoyy wnunoe
n ON P w4 s3 10 3g wo wy nd dN n ed yL oy splounoe
€0l 2ol oL ool 66 86 16 96 G6 6 €6 26 16 06 68
061 LeLL 6891 €91 61791 G291 6851 €/G1 0'zsh 7051 = vyl 6071 L'ovlL 68¢l
wnpan| winiqueRA wninyy wniqse wniwjoy wnisoldsAp wniqJe} wniuljopeb wnidoina wnuewes wniyjewoid wniwApoau wniwApoasesd wnuad wnueyjue|
n7 aA wl 13 OH Aa aL PO n3 ws wd PN id Elo) e sploueyiue|
1L 0L 69 89 19 99 g9 9 €9 29 19 09 65 8S 1S
uossauebo aulssauus) WINLOWLIBAI| wniAnoosow wniaoJaly wniuoyiu wnipluiadod wniuabjuaos wnipejswiep wnuauyisw wnissey wnuyoq wnibioqeas wniugnp wnipJouaying wnipes wniouely
60 sl A N 14 UN ug By sa N SH yg bs qa ™ sprouoe ey 14
8Ll LI 9Ll Sl il €l 443 LLL oLL 601 801 101 901 SOl 0L €0L-68 88 18
= - - 0602 YAV ¥'v02 9002 0.6l 1'G6L 2'z6l 206l 2981 8'¢8l 6081 g8l €lel 6°¢cel
uopes aunejse wniuojod yinwsiq pes| wnijjeyy Ainasew plob wnuped wniput wniwso wniuays ua)sbuny wnjejuey wniujey wnueq wniseeo
uy W od 9 ad 11 BH ny d a1 SO oY M el H | spowwne | G sO
98 g8 8 €8 8 18 08 6L 8L LL 9/ G v, €L cL | WAAC) 99 Gs
glel 6921 9'/2) g'Lch L'8LL 8Ll VL 6°L0L 901 6201 Lol - 6°G6 626 2’6 688 9'/8 G668
uouax auipol wnunjiay Auownue un wnipul wniwped Jonls wnipejjed wnipoys wniuayjnt wniauyos) wnuapgAjow wnigoiu wniuoalz wnupk wnnuons wnipigna
aX I 8l as us ut pPD By pd Uy ny al O aN 4 A S ay
S €9 4] 1S 0S 6v 8Y VA4 ot 514 144 (5% t44 (574 or 6¢ 8¢ 1€
8'¢e8 66 0'6L 6. 9CL 169 ¥'G9 G'€9 18S9 689 8'GS 6'vS 0'zs 6°0S 6Ly 0'Sy Loy 1'6€
uoydAsy aulwouq wnjusjes olussie wniuewab wnijeb ouiz Jaddoo [N 11eqoo uoul asauebuew wniwoJiyd wnipeueA wniue) wnipueos wnioes wnissejod
)Y g SIS sy 89 e9 uz no IN 0D o4 un 10 A 1L o8 eD M
9¢ 15 Ve €e 4 A% 0¢ 62 8c 12 9C 14 vZ €T 44 %4 (14 6l
6'6E G'Ge 1zce o'le 1'82 0'l2 (5874 0'ee
uob.ie auuo|yo anyns snioydsoyd uool|Is wnuiwnie N F —\ r O F @ m N @ m .V m” wnisaubew wnipos
)V 12 S d IS v BN eN
8l A 9l Gl vl €l ZlL L
c0oc 06l 09l [Oh4% 0zcL 801 Sseuwl olwoje aAleal 06 69
uoau auuonyy uabAxo uabouu uogJes uoloq aweu wnifiaq wniyyy
eN B o) N o) g logquwis ojwoje eg 7
0l 6 8 L 9 g Jaquinu o1woe 14 €
oYy ol
wniay uaboupAy >m¥
oH H
Z I
gl | 4 | o | s | n | & z ]
dnoig

SjuawWa|3 40 a|qe] dIpoliad ayL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

9701/43/0/N/22

© UCLES 2022



	Variant 41
	Variant 42
	Variant 43

