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2

1 Which atom has its outermost electron in an orbital of the shape shown, with principal quantum

number 37?
A sodium
B chlorine
C calcium
D bromine

2 Which atom has the same number of electrons as the hydroxide ion, OH™?

A F B Ne C Na D Mg

3 In separate experiments, 5.0 g samples of each of four s-block metals are added to an excess of
water. The gas evolved is collected and its volume measured under the same conditions of
temperature and pressure for each sample.

Which metal produces the largest volume of gas?

A calcium

B potassium
C rubidium
D strontium

4 A student reacts 1mol of copper with concentrated nitric acid to produce 1mol of
copper(Il) nitrate, 2 mol of water and substance X. No other product is formed.

Substance X does not contain copper or hydrogen.

What could be substance X?

A N B NO C NO D NO;

5 In which structure are three atoms bonded together in a straight line?
A poly(ethene), CH,CH,-
B propane, CsHg
C silicon tetrachloride, SiCl4
D

sulfur hexafluoride, SFg
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6 Which statement about aluminium chloride is correct?

A Aluminium chloride has a much higher melting point than magnesium chloride due to the
small size of the aluminium ion.

B Anhydrous aluminium chloride reacts vigorously with water to form a solution with a pH
greater than 7.

Each Al,Clg molecule found in aluminium chloride vapour contains two coordinate bonds.

The bonding between aluminium and chlorine is strongly ionic due to the large difference in
electronegativity.

7 ‘Black powder’ is a mixture of potassium nitrate, carbon and sulfur. The mixture reacts as shown.
4KNOs(s) + 7C(s) + S(s) — 3CO0z(g) + 3CO(g) + 2Nz(g) + KzS(s) + KoCOs(s)

A sealed tube containing black powder has a volume of 10.0cm®. When all of the black powder
reacts, the reaction causes a pressure of 2 x 10°Pa and a temperature of 2500K.

The volume of the K,CO3; and K,S produced can be ignored.

How many moles of KNOj are contained in the sealed tube?

A 481x10™ B 9.63x10™* C 193x10°3 D 9.63x10"

8 For which pair is the boiling point of the first compound higher than the boiling point of the
second compound?

A CH3;CH,OH and CH;CH,SH
B CH3;CO,CH; and CH;CH,CO.H
C CH3;0OCH; and CH3;CH,OH
D CH;CH,CHO and CH;CH,CO.H

9 The equation for an enthalpy change is shown. The enthalpy change is Q.

Q
2C(s) + 3Hz(g) + 3.502(9) > 2C0o(g) + 3H20(I)

What is the correct expression to calculate Q?

A 2 x AHS[CO,(g)] — 3 x AHS[Hx(g)]

C 2x AHP[COx(g)] — 3 xAH$ [Ha(9)]

(
B 3 x AH$[H,0(g)] + 2 xAHZ[CO4(g)]
(
D 3 xAH?[HO()] + 2 xAH$[COx(g)]
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10 A reaction pathway diagram for the reaction of aqueous sodium hydroxide and dilute sulfuric acid
is shown.

2NaOH + H,SO,

energy

Na,SO0, + 2H,0

Y

progress of reaction

What is the value of the enthalpy change of neutralisation, AHeut?

D (X_y)

A X B x-y c X
2 2

11 A student reacts 4 mol of ammonia with oxygen to produce an oxide of nitrogen and water only.
Each nitrogen atom increases its oxidation state by 5 in the reaction.

How many moles of oxygen gas react with 4 mol of ammonia in this reaction?

A 4mol B 5mol C 7mol D 10mol

12 In the treatment of domestic water supplies, chlorine is added to water to kill bacteria. Some CIO~
ions are formed.

What is the change in oxidation number of chlorine when forming the CIO™ ion from aqueous
chlorine?

A 1 B 0 c +1 D +2
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13 Ethanoic acid is mixed with ethanol.
The ethanol is contaminated with a small amount of methanol.
The following equilibria are established.
CH3CO,H(l) + CH3CH,OH(l) = CH3CO,CH,CHs(l) + HyO(l) K. = Ki
CH3CO,H(l) + CH30H(l) == CH3CO,CHjs(l) + HO(l) K. = K,
Which statement about the equilibrium mixture is correct?

A Only ethyl ethanoate will be formed because there is much more ethanol present than
methanol.
[CH,CO,CH,CH,] _

B In this mixture
[CH,CO,CH,]

Ky
K,
Adding water to the mixture will alter the mole ratio of the two esters.

Adding methyl ethanoate to the mixture will increase the number of moles of ethyl ethanoate.

14 SO; is manufactured from SO, and O, in the Contact process.
The reaction is exothermic.

Which row shows the effect on the equilibrium yield obtained in the Contact process of increasing
the temperature and of adding a vanadium(V) oxide catalyst?

increasing the temperature adding \;asnsg::{; éy) oxide
A equilibrium yield decreases equilibrium yield increases
B equilibrium yield decreases equilibrium yield unchanged
C equilibrium yield increases equilibrium yield unchanged
D equilibrium yield increases equilibrium yield increases
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15 The Boltzmann distribution for a gas at a constant temperature of 50 °C is shown.

A

number of
molecules, n

Y

>< e S Q== -
_< S
N S

molecular energy

If the temperature of the gas is reduced by 10°C, the graph changes shape.

What happens to the values of n for the molecular energies X, Y and Z?

X Y z
A higher lower higher
B higher lower lower
C lower higher lower
D lower lower lower

16 A 3.0g sample of Na,CO3 powder is stirred into 50 cm?® of 1.0moldm= HCL The volume of CO,
produced is 600 cm?.

Na,COs(s) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + HO(l)
[M:: Na,COs3, 106.0]

Which volume of CO, is produced if 1.0g of Na,CO; powder is stirred into 50cm?® of
1.0 moldm™ HC1 under the same conditions?

A 600cm?® B 452cm’® C 226cm® D 200cm?®

17 Solid sodium iodide reacts with concentrated sulfuric acid to form more than one product that
contains sulfur.

What is the lowest oxidation number of sulfur in these products?

A -2 B 0 C +4 D +6
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18 Which statement for the element in Period 3 and Group 13 of the Periodic Table is correct?
A It has the highest melting point of the elements in its period.
B It has exactly one electron in its shell with principal quantum number 3.
C It forms an oxide that reacts with aqueous sodium hydroxide.
D

It forms a chloride that dissolves in water to give a neutral solution.

19 A student reacts 0.100 mol of each of sodium, magnesium and phosphorus atoms separately with
an excess of oxygen.

Which rows are correct?

oxide mass of oxide
formed/g
1 sodium 3.10
2 magnesium 4.03
3 phosphorus 7.10

A 1,2and3 B 1and2only C€C 1and3only D 2and3only

20 A mixture contains magnesium carbonate and barium carbonate only. A sample of the mixture is
dissolved in nitric acid to produce a solution.

How could this solution be processed into a magnesium compound and a separate barium
compound?

A Add HCl(aq), filter off the solid barium chloride.

B Add HCI(aq), filter off the solid magnesium chloride.
C Add H,SOy4(aq), filter off the solid barium sulfate.

D Add H,SO4(aq), filter off the solid magnesium sulfate.
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21 A sample of magnesium nitrate is heated in the apparatus shown.

magnesium
nitrate

T

heat

| __gas collected

o __trough

//water

The pH of the solution in the trough is measured.

The gas collected is tested with a glowing splint.

What are the results?

pHir?l;:)?Jl;:]ion splint test
A 8 relights
B 2 relights
C 8 extinguished
D 2 extinguished

22 The results of tests performed on a white crystalline solid, X, are given in the table.

reagent and conditions

observation

X is gently heated
X is shaken with H,O

Y is warmed with NaOH(aq)
AgNO;(aq) is added to Y
Z is shaken with NH3(aq)

X sublimes
a colourless solution, Y, forms
a gas is given off
a white precipitate, Z, forms

a colourless solution forms

What is the identity of X?
A aluminium bromide
B aluminium chloride
C ammonium bromide
D

ammonium chloride

© UCLES 2022
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23 Silicon is heated in an excess of chlorine, producing compound J.

An excess of water is added to the sample of J produced.

9

Which row is correct?

Is HCI produced
structure of J when water is
added to J?
A giant molecular no
B giant molecular yes
C simple molecular no
D simple molecular yes

24 In a catalytic converter, 5.6 g of carbon monoxide react with an excess of nitrogen monoxide.

What is produced in this reaction?

A

B
C
D

2.4g of C and 6.0g of NO,
2.4gof Cand 9.2g of NO,
8.8g of CO, and 1.4g of N,
8.8g of CO, and 2.8g of N,

25 Which reaction mixture produces an acidic gas?

A aqueous ammonium nitrate and solid calcium oxide
B calcium and aqueous hydrochloric acid
C potassium chloride and concentrated sulfuric acid
D sodium oxide and water

© UCLES 2022 9701/11/M1J/22
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26 Ethanol can be used to make propanenitrile in two steps.

X Y
CH3CH20H _—> CH3CHzBr _—> CH3CH2CN

What types of reaction are X and Y?

X Y
A free-radical substitution electrophilic substitution
B free-radical substitution nucleophilic substitution
C nucleophilic substitution nucleophilic substitution
D nucleophilic substitution electrophilic substitution

27 Which compound will react with LiAIH,4 to form two optical isomers?

A CH;CH,COCH;

B CHyCH,CH,CHO

C CH3CH,COCH,CH;
D CHCH(CH3)CH,CO,H

28 How many esters have the molecular formula C4HgO,?

A 2 B 3 cC 4 D 5

29 Carbon monoxide, CO, nitrogen dioxide, NO,, and sulfur dioxide, SO,, are all atmospheric
pollutants.

Which reaction occurs in the atmosphere?
A CO is spontaneously oxidised to CO..
B NO;is reduced to NO by SO..

C NO, is reduced to NO by CO.

D SO, is oxidised to SO; by CO..

© UCLES 2022 9701/11/M/J/22
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30 Oct-1-ene, CH3(CH;)sCH=CH,, can be thermally cracked.
Which of the compounds W, X, Y and Z can be obtained by thermally cracking oct-1-ene?
W X Y z
CH2=CH, CH3CH=CH, CH3CH,CH; CH,=CHCH=CH,

W, X,Yand Z
W, X'and Y only
W, X and Z only
W and X only

o o w >

31 Structural isomerism and stereocisomerism should be taken into account when answering this
question.

How many isomeric alkenes with formula CsHg are present in the mixture produced when
1,4-dibromopentane is reacted with NaOH in ethanol?

A 1 B 2 c 3 D 4

32 The presence of a halogen in an organic compound may be detected by warming the organic
compound with aqueous silver nitrate.

Which compound would be the quickest to produce a precipitate?

A B Cc D
Cl F F Cl
Cz/\ﬁ Cz/\ﬁ F/\ﬁ Br/\ﬁ
Cl F I F
33 17.6g of pentan-1-ol is completely combusted.

Which volume of gaseous products is formed when measured at s.t.p.?

A 224dm? B 24.0dm® C 49.3dm? D 52.8dm?
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34 Crotyl alcohol, CH;CH=CHCH,OH, is a colourless liquid which is used as a solvent.

Crotyl alcohol will react separately with Bry, K,Cr,O7/H*, conc. KMnO4/H* and PCls under
suitable conditions.

Which row is correct?

reactant conditions main product
A Br, room temperature | CH;CH=CHCH,Br
B K,Cr,O;/H* heat under reflux CH3;CH=CHCHO
C conc. KMnO,4/H* heat under reflux | CH;CH=CHCO,H
D PClis room temperature | CH3CH=CHCH,CI

35 The skeletal formulae of two organic compounds are shown.

/\‘/

OH

Y

)

Which reagents can be used to distinguish these two compounds?

1 alkaline Ix(aq)
2 acidified K,Cr,Oy
3  2,4-dinitrophenylhydrazine (2,4-DNPH reagent)

A 1,2and3 B 1and3only C 2and3only D 2only

36 A carbonyl compound, X, reacts with HCN in the presence of NaCN to make a compound with
M, 85. Compound X does not react with Fehling’s reagent.

What is compound X?
A butanal

B butanone
C propanal
D

propanone

© UCLES 2022 9701/11/M/J/22



37 Which compound produces butan-2-ol and ethanoic acid on hydrolysis?
A CH;3;CO,CH(CHj3),
B CH3;CO,CH(CH3)CH,CH;
C CH;CH(CH3)CO,CH,CH3
D

CH3CH,CO,CH(CH3)CH.CH;

13

38 Two 1g samples of Y are reacted separately and completely with sodium and with

sodium carbonate. The volumes of the gases produced are collected and measured.

What could Y be?

A CH;CH(OH)CH,0OH
B CH;CH(OH)CO,H
C CH;COCH,0OH

D CH3;COCO.H

relative volumes of gases

with Na

with N82C03

2

1

39 The diagram shows a section of an addition polymer formed from two different monomers.

One of the monomers is propene.

What is the other monomer?

A

B

Cc

D

© UCLES 2022
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40 A scientist chooses either infrared spectroscopy or mass spectrometry to find a particular piece of
information.

In which row has the best choice been made?

target information analytic method used
A identities of functional groups in an organic compound infrared spectroscopy
B identities of functional groups in an organic compound mass spectrometry
C values of successive ionisation energies of Na infrared spectroscopy
D values of successive ionisation energies of Na mass spectrometry

© UCLES 2022 9701/11/M/J/22
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Important values, constants and standards

molar gas constant R =8.31JK"mol™

Faraday constant F=9.65 x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge e=-160x10""C

molar volume of gas Vim = 22.4dm®mol™ at s.t.p. (101kPa and 273K)
V., = 24.0dm®mol™" at room conditions

ionic product of water K, = 1.00 x 107" mol*dm™ (at 298 K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)
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2
1 Equations involving four enthalpy changes are shown.
Na(g) — Na'(g) + e~ AH=W
Na(g) —> Na*(g) + 2e AH=X
Na(s) — Na(qg) AH=Y
Na(s) —» Na®'(g) + 2 AH=Z

Which equation represents the second ionisation energy of sodium?

A X B X+Y-W CcC X-W D Z-W

2 This question refers to isolated gaseous atoms in the ground state.

In which atom are all electrons paired?

A Ba B Br cC S D Si

3 Which sample contains the most iodine?
A 1gofCal, B 1gofKI C 1gofNal D 1gof NH4I

4 When a small sample of hydrocarbon Q is completely combusted, it produces 3.52g of
carbon dioxide and 1.44 g of water.

What could be the structure of hydrocarbon Q7

A B
O O H—C=C—C=C—H

5 Ethane and ethene are both hydrocarbon molecules.

What is a feature of both molecules?
A a planar structure

B bond angles of 109°

C o covalent bonds

D = covalent bonds

© UCLES 2022 9701/12/M/J/22



6 Elements J and L are both in Group 15.

J and L each form a gaseous covalent hydride in which their oxidation number is —3.

In the liquefied forms of these hydrides, significant hydrogen bonding occurs only in the hydride

of L.

Which row about J and L could be correct?

identity identity outer shell electron
of J of L configuration
A As N p°
B As N s’p®
(o As p°
D As s’p®

7  Which gas will behave least like an ideal gas at 150 °C and 101 kPa?

A ammonia

fluorine

B
C krypton
D

steam

8 When an evacuated glass bulb of volume 200cm? is filled with a gas at 300K and 101kPa, the

mass of the bulb increases by 0.68 g. The gas obeys the ideal gas equation.

What is the identity of the gas?

A argon

B krypton

C neon

D nitrogen
© UCLES 2022
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9 The standard enthalpy of formation of NO,(g) is +33.2kJmol™.

The standard enthalpy of formation of N,O4(g) is +9.2kJmol™.

What is the standard enthalpy change for the reaction 2NOy(g) — N2O4(g)?

A

B
C
D

~57.2kJmol™
—24.0kJmol™
+42.4kJmol™
+75.6 kJ mol™

10 Separate samples of 25.0cm® of 0.1 moldm™ NaOH(aq) are added to each of three different acid
solutions, as described. The temperature of each of the solutions was 298 K before mixing.

. . concentration volume
sample acid type of acid ' moldm™= lom?
1 H,SO, strong 0.05 25.0
2 HClI strong 0.05 25.0
3 CH3;CO.H weak 0.05 25.0

Which statement describes the temperature rises that occur on mixing each of these three acids
separately with NaOH?

A

B
C
D

The temperature rise in all three mixtures is the same.
The temperature rise using H,SO,4 and HCl is the same.
The temperature rise using CH;CO,H is greater than using HCL

The greatest temperature rise occurs using H,SO;,.

11 NCI; reacts with H,0.

NCIl; + 3H,O0 — NH; + 3HCIO

The oxidation state of nitrogen does not change in this reaction.

Which statement is correct?

A

B
C
D

Chlorine is reduced.
Chlorine is oxidised.
Hydrogen is both oxidised and reduced.

This is not a redox reaction.

© UCLES 2022 9701/12/M/J/22



12 In which row do the oxidation numbers of vanadium increase?

5

smallest — largest
A VO,* VO3~ VO,
B vO* V5,03 vO,*
(o3 V,0; Vo VO;
D vOo,* VO, vO*

13 A synthesis for methanol is shown.
CO; + 3H, = CH3;OH + H,O AH = —49kJ mol™

Which conditions would produce the greatest yield of methanol at equilibrium?

pressure temperature/°C
A high 80
B high 20
C low 80
D low 20

14 Hydrogen and iodine can react reversibly to produce hydrogen iodide. The equation is shown.

Ha(g) + I2(g) = 2HI(g)

4.00 mol of hydrogen gas and Xmol of iodine vapour are mixed in a sealed container of volume
1.00dm? at a temperature of 460 K. The system is allowed to reach equilibrium.

The equilibrium mixture contains 2.00 mol of hydrogen iodide. The equilibrium constant, K., for
the reaction at 460K is 4.0.

What is the value of X?

A 0.50mol B 1.17mol C 1.33mol D 2.50mol

© UCLES 2022 9701/12/M1J/22 [Turn over
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15 A large amount of N,O(g) decomposes into nitrogen gas and oxygen gas in the presence of a tiny
amount of a gold foil catalyst.

The gold foil provides a solid surface on which the catalysed reaction takes place.

The graph shows the concentration of N,O(g) against time as it decomposes. The graph is a
straight line.

A

\

concentration
of N,O(g)

0 time/min 10
Which row describes:

e the change in rate of reaction as N,O(g) decomposes from 0 to 10 minutes

e the effect of adding more gold foil catalyst on the rate of decomposition of the same
amount and concentration of N,O(g)?

change in effect of adding more
rate of reaction as gold foil on the
N.O(g) decomposes rate of decomposition
A none increases
B none none
C decreases increases
D decreases none

16 The Haber process for the manufacture of ammonia is represented by the equation shown.
N2(g) + 3Hz(g) = 2NH3(g) AH = -92kJ mol™

Which statement is correct about this reaction when the temperature is increased?

A Both forward and backward rates increase.
B The backward rate only increases.

C The forward rate only increases.
D

There is no effect on the backward or forward rates.

© UCLES 2022 9701/12/M/J/22
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17 NHs(aq) is added to separate samples of NaCl(aq), MgCli,(aq), BaCl,(aq) and SiCl,(l). Under
the conditions of this experiment, only two samples will produce a white precipitate when NH;(aq)

is

added.

What are these two samples?

A

B
C
D

18 Why is the ionic radius of a sulfide ion larger than the ionic radius of a potassium ion?

A

B
Cc
D

MgCl.(aq) and BaCl,(aq)
MgClo(aq) and SiCl4(l)
NaCl(aq) and BaCl,(aq)
NaCl(aq) and SiCl,(l)

lonic radius always decreases with increasing atomic number.

Positive ions always have smaller radii than negative ions.

The potassium ion has more protons in its nucleus than the sulfide ion.

The sulfide ion is doubly charged; the potassium ion is singly charged.

19 Which graph correctly shows relative electronegativity plotted against relative atomic radius for
the elements Na, Mg, Aland Si?

electronegativity

electronegativity

© UCLES 2022
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20 The table gives information about calcium carbonate and calcium hydroxide.

Which row is correct?

calcium hydroxide
can be manufactured
using calcium carbonate
as a starting material

calcium carbonate is
more soluble in water
than calcium hydroxide

A no no
B no yes
C yes no
D yes yes

21 Qs a Group 2 metal.

An excess of QCOg3(s) is added to H,SO4(aq) followed by filtration. A sample of QSO, is then
obtained by evaporation of the filtrate.

What could be the identity of Q?

A barium, calcium or magnesium
B barium or calcium only

C calcium only
D

calcium or magnesium only

22 X, Y and Z are three elements in Group 17.
X, has weaker covalent bonds than Y.
Xz has stronger instantaneous dipole—induced dipole forces between its molecules than Z,.
Y, is a stronger oxidising agent than Z,.

What could be X, Y and Z?

X Y Z
A Br Cl I
B Cl Br I
C I Br Cl
D I Cl Br

© UCLES 2022 9701/12/M/J/22
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23 Chlorine reacts with aqueous sodium hydroxide forming two chlorine-containing products.

Which row shows the oxidation states of chlorine in the products under the conditions stated?

conditions oxidation state

of Clin products
A cold NaOH(aq) —1 and +3
B cold NaOH(aq) —1and +5
c hot NaOH(aq) —1 and +3
D hot NaOH(aq) -1 and +5

24 A catalytic converter reduces the amount of pollutants in the fumes from a car exhaust.

Which row identifies a pollutant and shows how it is removed by the action of the catalyst?

pollutant chemical removal
A carbon dioxide reduced to carbon
B carbon monoxide oxidised to carbon dioxide
C oxides of nitrogen oxidised to nitric acid
D unburnt hydrocarbons oxidised to carbon dioxide and hydrogen

25 Solid R is added to a solution of ammonium nitrate and the mixture is heated. A gas is given off
which turns red litmus to blue.

What could be R?

A aluminium chloride

B magnesium chloride
C sodium oxide
D

phosphorus oxide

26 A skeletal formula is shown.

X A \F

What is the total number of stereocisomers including the one shown?

A 4 B 6 c 8 D 16

© UCLES 2022 9701/12/M1J/22 [Turn over
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27 The molecular formula CH3; can represent an anion, a cation or a free radical. Species with the
molecular formula CH;3 can act as an electrophile, a free radical or a nucleophile depending on
the number of outer shell electrons on the central carbon atom.

How many outer shell electrons on the central carbon atom must be present for CH; to act in
these different ways?

CH; as an CHs;as a CHs; as a
electrophile | free radical nucleophile

o o W >»

6 7
6 8
7 6
8 7

8
7
8
6

28 Compound Z, C;H43Br, has two chiral centres. A sample of Z contains all four possible optical
isomers.

This sample of Z reacts with hot ethanolic NaOH to produce a mixture of only three isomers. Two
of these isomers are optical isomers of each other.

What could be the formula of Z?

A B o D

Br\O/ \Q<Br Br%?

29 The free-radical substitution reaction between methane and chlorine involves initiation,
propagation and termination stages.

Br

Which row is correct?

involved in radical produced in
initiation stage a propagation stage
A homolytic fission He
B homolytic fission CHse
C heterolytic fission He
D heterolytic fission CHse

© UCLES 2022 9701/12/M/J/22



30 The alkene shown reacts with an excess of HBr via an electrophilic addition reaction.

e

11

What is the major product formed?

A

B
C
D

31 The diagram shows the structures of two halogenoalkanes, P and Q.

3,5-dibromo-2-methylhexane

2,5-dibromo-2-methylhexane

2,6-dibromo-2-methylhexane

3,6-dibromo-2-methylhexane

P
CZHS

CH,—C—CH,

Br

Both compounds can be hydrolysed.

Which row is correct?

CH,—C—CH,

compound more . .
. reaction mechanism
readily hydrolysed
A P Sn1
B P Sn2
C Q Sn1
D Q Sn2
© UCLES 2022 9701/12/M1J/22
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32 The structure of coniine is shown.

coniine

(L

N~ “CH,CH,CH,
|
H

Coniine can be synthesised by reacting ammonia with a dibromo compound, X.

X
NH; + CgHBro — coniine + 2HBr

What is compound X?

A 1,1-dibromo-2-propylcyclopentane
B 1,2-dibromo-2-propylcyclopentane
C Br(CH,);CHBr(CH,);CHs

D Br(CH;);CHBr(CH,),CHs

33 Primary alcohols can be oxidised to aldehydes using either acidified potassium dichromate(VI) or
acidified potassium manganate(VII). The reaction mixtures change colour as the oxidising agent
is reduced.

What are the colour changes seen?

acidified potassium dichromate(VI) acidified potassium manganate(VII)
before after before after
A green orange purple colourless
B orange green colourless purple
C orange green purple colourless
D purple colourless orange green

34 Which reaction has a product that gives a yellow precipitate when treated with alkaline I,(aq)?

A 2-chloropropane is warmed with a dilute aqueous solution of sodium hydroxide.

Ethanal is heated under reflux with acidified potassium dichromate(VI).

B
C Methyl ethanoate is heated under reflux with dilute sulfuric acid.
D

Propanal is reacted with NaBH,, followed by dilute sulfuric acid.

© UCLES 2022 9701/12/M/J/22
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35 The skeletal formula of M is shown.

M is reacted with an excess of LiAlH,. Dilute acid is then added.

What is the molecular formula of the final organic product?

A C5H605 B C5H1004 C C5H1oO3 D C5H1203

36 Which compound forms a precipitate when mixed with 2,4-DNPH reagent and also forms a
precipitate when mixed with Fehling’s reagent?
A B C D

>=/\Oj\ =

o

OH

37 Which reaction is a redox reaction?
A ethanenitrile heated under reflux with dilute hydrochloric acid
B ethanoic acid reacted with aqueous sodium hydroxide
C ethanoic acid reacted with sodium
D

ethyl ethanoate heated under reflux with dilute hydrochloric acid

© UCLES 2022 9701/12/M1J/22 [Turn over
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38 Ethyl butanoate is a flavouring, with a fruity flavour.

Which row is correct?

alcohol and acid that react the mass of water formed
to form ethyl butanoate when 2.32 g of ester is formed
O
A /\)l\ and <~ oH 0.369
OH
O
B /\)l\ and /\OH 0.40g
OH
O
c )‘\ and > "0H 0.36g
OH
O
OH

39 Cyclohexene, as shown in the diagram, can form an addition polymer.

cyclohexene

O

Which structure represents a section of the polymer?

© UCLES 2022 9701/12/M/J/22
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40 Three organic compounds are listed.

1 ethanal
2 propan-1-ol
3 propan-2-ol

Which compounds will have a mass spectrum that contains a fragment peak at m/e = 43?

A 1only B 1and2only C€C 2and3only D 1,2and3
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Important values, constants and standards

molar gas constant R =8.31JK"mol™

Faraday constant F=9.65 x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge e=-160x10""C

molar volume of gas Vim = 22.4dm®mol™ at s.t.p. (101kPa and 273K)
V., = 24.0dm®mol™" at room conditions

ionic product of water K, = 1.00 x 107" mol*dm™ (at 298 K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

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.

Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.

© UCLES 2022 9701/12/M/J/22



20

= = = = - = = = = = = 0'8¢eC 0'Lee 0'zee =
wniouaime| wniegou wniAg|apuawl wniwJey wniuJoyljes wni@)eq wnuno wnpuswe wnuoynid wniunydau wniuesn wniuoejold wnLoy} wniunoe
iy ON PN w4 10 3g wo wy nd dN n ed yL oy splounoe
€0l coL Lol 0oL 86 16 96 G6 76 €6 6 16 06 68
0°GLL L'eLL 6891 €91 679l G291l 6'8G1 €/G1 0'2st Y051 - ia44% 607l Loyl 6'8¢)
wnpan| wniqiepAk wniny} wniqse wniwoy wnisoidsAp wnigJe} wnjuijopeb wnidoina wnuewes wniyyawoud wniwApoau wniwApoaseid wnuad wnueyjue|
n7 aA wl i3 OH Aq aL s3] n3 ws wd PN id Elo) e sploueyue|
WA 0L 69 89 19 99 g9 9 €9 29 19 09 69 89 1S
uossauebo auIssauus) WINLOWUIBAI| WiNIAOOSOW wniAoJaly wniuoyiu wniojuiadod wnjuaBjuaos wnppejswiep wnuauyew wnissey wnuyoq wnibiogeas wniugnp wnipJogayini wnipes wniouel)
60 sl AT o 14 UN uo By s@ N SH ug bs aa Iy ey 14
8Ll Ll 9Ll Gl 1413 [549% 494 L oLl 601 801 101 Q0L [S{0]% oL €01-68 88 18
- - - 0602 2.0 v'v0C 9002 0'L6L 1'G61 2'z6l 206l 2981 8'¢e8l 6081 G'8LL €LEL 6'zel
uopel aunejse wniuojod yinwsiq pes| wnijleyy Ainosew plob wnuned wniwso wniuays ua)sbuny wnjejue) wnjujey wnueq wnisaed
uy Y/ od 19 ad 11 BH ny id 1 SO M| M el JH spoveqer | B 550)
98 g8 8 €8 28 18 08 6. 8/ LL 9/ GL YL €L cL [WAgdA*] 99 (S]]
elel 6921 921 gLzl L'8LL 8Vl L 6°L0L 901 6201 L'LoL - 6°G6 626 2’16 688 9'/8 G'G8
uouax auipol wnunjie) Auownue uny wnipul wniwped JOAIS wnipe|jed wnipoys wnjuayni wnnauyoa) wnuapgAjow wniqoiu wniuoalz wnupk wnnuo.s wnipigna
aX I 8l as us uI sle} By pd yy ny ol O aN iz A I8 ay
S €9 4] 1S 0S 6% 214 Ly 9 414 144 (544 1474 34 oy 6¢ 8¢ pAS
8'¢8 6'6L 06.L 6'v.L 9¢C.L 169 'S99 G'e9 1’89 6°8S 8'6S 6'vS 0cs 609 6Ly 0'Sy L'0¥ L'6€
uoydAsy aujwolq wniusjes oluasle wnjuewssb wnijjeb oulz Jaddoo o321u 1|eqoo uoul asauebuew wniwoJlys wnipeueA wniuey} wn|pueos wnioes wnissejod
Y| ig SIS sy E19) e9 uz no IN 00 R Uun 10 A I o8 ed M
9¢ G¢e e €¢ 4% X% 0] 62 82 12 9z 14 e €C t44 ¥4 0c 61
66 g'ee 1'ze ole '8¢ 0.2 (58 74 o€z
uobie auuojyo Jnjns snioydsoyd uos wniuiwnie N —‘ —‘ —. O —‘ @ w N @ m .V mu wnisaubew wnipos
|V 12 S d IS v BN eN
8l Ll 9l Gl vl €l clb L
A4 o6l 09l ovlL 0zl 801 Ssew olwoje aAneal 06 69
uoau auuony uabAxo uabonu uoqgJeo uoloq aweu wnyAieq wniyy
eN E 0 N o} g [oquiAs ojwoje ed 1
ol 6 8 L 9 S Jsquinu dlwoe 14 €
(087 0L Aay|
wnipy uaboipAy
oH H
4 4
el | 4 | o | o | n | & z )
dnoig

Sjuawa|3 4o a|qe] dIpoliad syl

9701/12/M/J/22

© UCLES 2022



*0£69006000 *

. Cambridge Assessment
P International Education

Cambridge International AS & A Level

CHEMISTRY 9701/13
Paper 1 Multiple Choice May/June 2022

1 hour 15 minutes
You must answer on the multiple choice answer sheet.

You will need: Multiple choice answer sheet
Soft clean eraser
Soft pencil (type B or HB is recommended)

INSTRUCTIONS
e  There are forty questions on this paper. Answer all questions.

e  For each question there are four possible answers A, B, C and D. Choose the one you consider correct
and record your choice in soft pencil on the multiple choice answer sheet.

Follow the instructions on the multiple choice answer sheet.
Write in soft pencil.

Write your name, centre number and candidate number on the multiple choice answer sheet in the
spaces provided unless this has been done for you.

e Do not use correction fluid.
Do not write on any bar codes.
You may use a calculator.

INFORMATION

e  The total mark for this paper is 40.

Each correct answer will score one mark.

Any rough working should be done on this question paper.

The Periodic Table is printed in the question paper.

Important values, constants and standards are printed in the question paper.

This document has 20 pages. Any blank pages are indicated.

IB22 06_9701_13/6RP
© UCLES 2022 [Turn over



2

1 Which atom has exactly three unpaired electrons in the ground state?
A anisolated gaseous aluminium atom
B anisolated gaseous carbon atom
C anisolated gaseous chromium atom
D

an isolated gaseous phosphorus atom

2 Which element has the second smallest atomic radius in its group and the second highest
electrical conductivity in its period?

A boron

B calcium

C magnesium
D

sodium

3 Analysis of the hormone thyroxine gives the results shown.

Heating 0.500g of thyroxine with aqueous silver nitrate produces 0.604 g of silver iodide. All of
the iodine in the thyroxine sample is converted to silver iodide.

Complete combustion of 0.500 g of thyroxine produces 232 cm? of carbon dioxide and 7.72 cm?® of
nitrogen, measured under room conditions.

Which molecular formula of thyroxine agrees with these values?
A CisHi1NOyI, M, =776.6

B CisH/NO,Ig M. =1280.2

C CsHsNOgl, M. =1002.6

D Cj3H2NOgls M, =1506.2

4 How many moles of oxygen, O,, are needed to burn 1mol of ethane if the products of the
reaction are water and carbon only?

A 15 B 3 Cc 35 D 5

5 Which compound has the smallest difference in electronegativity between its two elements?

A KF B KBr C LiF D LiBr

© UCLES 2022 9701/13/M/J/22
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6 VSEPR theory should be used to answer this question.

Hydrazine has the following structure.

hydrazine
H H
X—( N—N
\
H H
What is the predicted bond angle X?
A 90° B 107° C 109.5° D 120°

7 This question is about buckminsterfullerene, graphite, iodine and diamond.

How many of these substances have a simple molecular structure?

A O B 1 cC 2 D 3

8 A student reacts 1mol of magnesium powder in a sealed 0.030m?® container of oxygen at a

pressure of 2.0 x 10°Pa and a temperature of 600 K. The magnesium reacts completely to form
MgO.

Which percentage of the oxygen will be used up?

A 50% B 10% C 42% D 83%

9 Which equation represents an enthalpy change that is the average bond energy of the C—H bond
in methane?

A C(9) + H(@) — 7 CHu9)
B §CHyg) - 4C(g) + H(g)
C CHa(g) —» C(g) + 4H(9)
D CH4(g) — CHs(g) + H(g)

© UCLES 2022 9701/13/M1J/22 [Turn over
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10 Magnesium carbonate decomposes when heated in a Bunsen burner flame.
Values for the standard enthalpies of formation, AH¢, of the species involved are shown.
AH? MgCO3 = —1095.8 kJ mol™
AH? MgO = —601.7 kJmol™
AH¢ CO, = -393.5kJ mol™
What is the standard enthalpy change for the decomposition of magnesium carbonate?
A +100.6kJmol™
B +887.6kJmol™

C +1095.8kJmol™
D +2091kJmol™

11 NH4NO; decomposes into N,O and H,O on heating.
Which statements are correct?
1 The ammonium ion is behaving as a reducing agent.
2 The nitrate(V) ion is behaving as an oxidising agent.
3 Itis aredox reaction.
4 ltis a disproportionation reaction.

1,2,3and 4

1,2 and 3 only

3 and 4 only

o o m »

3 only

12 A student adds 3 mol of acidified K,Cr,O; to an excess of I" ions.
The chromium is all reduced to Cr®* and I~ ions are oxidised to L.
The I, released is reduced back to I” ions by X mol of S,05% ions.
1 mol of I, is reduced by 2 mol of S,03> ions.

What is the value of X?

A 3 B 6 cC 9 D 18
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13 Which statement about acids and bases is always correct?

A An acid with two H atoms per molecule will be stronger than an acid with one H atom per
molecule.

B A concentrated solution of a strong acid will have a lower pH than a dilute solution of a weak
acid.

C A concentrated solution of a strong base will have a lower pH than a dilute solution of a weak
base.

D A strong acid is more dissociated in solution than a strong base.

14 The reaction between sulfur dioxide and oxygen is reversible.
2S0,(g) + Oy(g) = 2S04(g) K. =280mol" dm?* at 1000K
In an equilibrium mixture at 1000K the sulfur trioxide concentration is 6.00 moldm™.
The sulfur dioxide concentration is twice the oxygen concentration.

What is the sulfur dioxide concentration?
A 0.175moldm™
B 0.252moldm™
C 0.318moldm™
D 0.636moldm™
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15 The Boltzmann distribution of the particles in a mixture of gas X and gas Y is shown in diagram 1.

diagram 1
A
percentage
of particles
0 >
0 energy

X and Y react and the reaction causes an increase in gas molecules present. The reaction goes

to completion.

In experiment 1, the increase in volume is measured every 10 seconds. During the reaction, the
temperature and pressure remain constant. The increase in volume is shown in the volume—time

graph in diagram 2.

increase in
volume/cm?3

diagram 2

\

0
0

time/s

In experiment 2, the experiment is repeated using identical amounts of X and Y. A different
temperature is used compared to experiment 1. The same pressure is used. The Boltzmann
distribution of the second mixture of X and Y is shown in diagram 3. During the reaction the

temperature and pressure remain constant.

percentage
of particles

diagram 3

Y

0
0

energy

Which curve on the volume—time graph would show the increase in volume against time for
experiment 2?7 (The original line for experiment 1 is redrawn as a solid line.)

A

increase in L
volume/cm3 |

-
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16 When the temperature of a particular reaction is increased by 10°C (e.g. from 20°C to 30°C) the
rate of the reaction approximately doubles.

What is the most significant reason for this increase?

A adifferent mechanism for the reaction

B anincreased collision frequency of the reactant molecules

C more collisions have energy greater than the activation energy
D

a reduced activation energy for the reaction

17 Which ion has the smallest radius?

A AP B Ba® C Mg* D Na*

18 Which row is correct?

element with the greater element with an
fifth ionisation energy amphoteric oxide
A aluminium aluminium only
B aluminium both aluminium and phosphorus
C phosphorus aluminium only
D phosphorus both aluminium and phosphorus

19 Each of the chlorides listed is added to water.

1 aluminium chloride

2 magnesium chloride
3 silicon tetrachloride
4

phosphorus pentachloride

Which chlorides form an aqueous solution that reacts with sodium carbonate to produce
carbon dioxide?

A 1and2only
B 3and4only
C 1,3and4only
D 1,2,3and4
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20 NaOH(aq) is added to separate samples of magnesium chloride and barium chloride solutions.
H,SO4(aq) is then added slowly to each reaction mixture until in excess.

What is observed at the end of the reaction sequence?

MgClz(aq) BaCly(aq)
A | colourless solution only colourless solution only
B colourless solution only white precipitate
C white precipitate colourless solution only
D white precipitate white precipitate

21 A 4.00g sample of an anhydrous Group 2 metal nitrate, Z, is heated strongly until there is no
further change of mass. A solid residue of mass 1.37 g is formed.

Which metal is present in Z7?
A barium
B calcium
C magnesium
D

strontium

© UCLES 2022 9701/13/M/J/22
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22 Chlorine is bubbled through a cylinder containing aqueous sodium iodide and an immiscible layer
of hexane.

excess gas out

chlorine gas —» T

o
. = hexane
(e]
o aqueous
o AR
- __|—sodium iodide
<z

As the bubbles pass through the cylinder, what is observed in the lower and upper layers?

lower aqueous layer upper hexane layer
A colourless solution becomes brown colourless liquid becomes coloured
B colourless solution becomes brown colourless liquid is unchanged
C brown solution becomes colourless colourless liquid becomes coloured
D brown solution becomes colourless colourless liquid is unchanged

23 Chlorine and bromine have different volatilities.

Which row identifies the more volatile of the two elements, and gives the correct explanation?

identity of the explanation for the
more volatile element difference in volatility
A bromine intermolecular forces are greater in

bromine than they are in chlorine

B bromine intermolecular forces are greater in
chlorine than they are in bromine

C chlorine intermolecular forces are greater in
bromine than they are in chlorine

D chlorine intermolecular forces are greater in
chlorine than they are in bromine
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24 Ammonium chloride dissolves readily in water.

Which statement about the colourless solution formed is correct?

A lons in the solution can form hydrogen bonds with water molecules.

The solution is slightly basic.

B
C The solution would smell of chlorine.
D

When sodium hydroxide is added, a gas is formed which turns damp blue litmus paper red.

25 At 550°C nitrogen dioxide reacts with unburnt hydrocarbon fragments, such as CHs, in the
catalytic converter of a motor vehicle.

4CH; + 7NO, —» 33N, + 4CO;, + 6H,0

Which row gives the energy change for this reaction and a possible reason for it?

energy change
of reaction

reason why the reaction is endothermic
or exothermic

O O w >

endothermic
endothermic
exothermic

exothermic

chemical energy is converted to heat energy
the N=N bond energy is very high

CO,and H,0O have negative AH¢ values

double bonds are broken in NO,

26 Compound X contains an alcohol group and a carbonyl group.

Which row is correct?

compound X

OH

type of
alcohol group

type of
carbonyl group

o o W >»

primary
primary
tertiary
tertiary

aldehyde
ketone
aldehyde

ketone

© UCLES 2022
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27 The diagram shows the skeletal formula of phenazine.

phenazine

N
N

=
N

What is the empirical formula of phenazine?

A CeH4N B CsHsN C C12H8N2 D C12H12N2

28 The diagram shows the structural formula of mevalonic acid.

mevalonic acid

T
HOZC—T—T—Cl)—T—OH
H CH,H H

Which reagent and conditions will react with mevalonic acid to produce an organic compound
without a chiral carbon atom?

A heat under reflux with CH;OH/H"
B heat under reflux with Cr,0,% /H*
C Na at room temperature
D

PCls at room temperature

29 Structural isomerism and stereoisomerism should be considered when answering this question.
Y is a gaseous hydrocarbon which decolourises aqueous bromine.
10.0g of Y occupies a volume of 3.43 dm® under room conditions.

How many isomeric structures are possible for Y?

A 4 B 5 C 6 D 7
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30 Limonene is found in lemon and orange oils.

limonene

What is the major product when limonene reacts with an excess of dry hydrogen chloride?

A B Cc D
Cl Cl
Cl Cl
Cl
Cl

31 Which statement concerning the hydrolysis of 1-bromopropane with water is correct?

A The hydrolysis reaction between water and 1-iodopropane is faster because the C—Br bond
is less polar than the C-I bond.

B The hydrolysis reaction with water is very slow because water is a weak electrophile.
The mechanism of the reaction involves the formation of a stable carbocation.

The reaction is slower with 1-chloropropane because the C—CI bond is stronger than the
C—-Br bond.

© UCLES 2022 9701/13/M/J/22
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32 Compound J, C4sH.3Br,Ci, is reacted with an excess of a hot concentrated solution of
sodium hydroxide in ethanol. One of the products is X.

compound J

excess NaOH
Cl )
Br in ethanol

Br

What could be the skeletal formula of X?
A B C D
33 Structural isomerism only should be considered when answering this question.

Several compounds with molecular formula C4;HsO, have one carbonyl group and one OH group.

How many of these compounds produce yellow crystals with alkaline I,(aq) at room temperature?

A 2 B 3 Cc 4 D 5

34 Pentaerythritol is used as an intermediate in the manufacture of paint.

pentaerythritol

HOCH, CH,OH
AN C/
VRN
HOCH,  CH,OH

Which statement is correct?

A Pentaerythritol can be dehydrated by concentrated sulfuric acid to form an alkene.
The empirical formula and molecular formula of pentaerythritol are different.

Pentaerythritol does not react with acidified potassium manganate(VII).

O O W

One mole of pentaerythritol gives two moles of hydrogen gas on reaction with an excess of
sodium.
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35 Which reaction has a nucleophilic addition mechanism and gives a good yield of product under
the stated conditions?

A 1-bromopropane reacting with hot ethanolic sodium hydroxide

B 2-iodopropane reacting with hot aqueous sodium hydroxide

C propanal reacting with hydrogen cyanide under alkaline conditions
D

propanal reacting with hydrogen cyanide under acidic conditions

36 A carbonyl compound has the structural formula CH;COCHO.

Which row is correct for the observations made when this compound is treated with the given

reagents?
2,4-DNPH reagent Fehling’s reagent
A silver mirror red precipitate
B silver mirror orange precipitate
C orange precipitate silver mirror
D orange precipitate red precipitate

37 An ester is shown.

Which two compounds react to form this ester?
A 2-methylpropan-1-ol and propanoic acid
B 2-methylpropan-2-ol and propanoic acid
C propan-1-ol and 2-methylpropanoic acid
D

2-methylpropan-2-ol and ethanoic acid
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38 Which compound can be used to make propanoic acid by treatment with a single reagent?
A CH,=CHCH,CH;
B CH;CH,CH,CN
C CH3;CH(OH)CN
D CH3;CH(OH)CH;

39 A sample of sulfur consists mostly of *S. It also contains 4.2% *'S and 2.8% **S. No other
isotopes of sulfur are present.

What is the relative atomic mass, A, of this sample of sulfur?

A 321 B 322 C 340 D 343

40 One molecule of an addition polymer containing 2000 repeat units has an M. of 112 000.
The polymer molecule contains chiral centres.

What is a possible monomer for this polymer?

A CH,=CHCH;

B CH,=C(CHa),

C CH,=CHCH,CH;
D CH,=CHCH,CH,CH;
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Important values, constants and standards

molar gas constant R =8.31JK"mol™

Faraday constant F=9.65 x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge e=-160x10""C

molar volume of gas Vim = 22.4dm®mol™ at s.t.p. (101kPa and 273K)
V., = 24.0dm®mol™" at room conditions

ionic product of water K, = 1.00 x 107" mol*dm™ (at 298 K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg7'K™)
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