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1 Which sample contains the same number of the named species as the number of molecules in
35.59 of chlorine?

A atomsin 16 g of sulfur
B atoms in 23g of sodium
C ionsin 74.5g of potassium chloride

D molecules in 88 g of carbon dioxide

2 Mixture R consists of one mole of CsHg and one mole of C4He.

What is the minimum number of moles of oxygen molecules needed for complete combustion of
mixture R?

A 65 B 7 Cc 10 D 20

3 Which statement about the electrons in a ground state carbon atom is correct?

A Electrons are present in four different energy levels.
B There are more electrons in p orbitals than there are in s orbitals.
C The occupied orbital of highest energy is spherical.

D The occupied orbital of lowest energy is spherical.

4 For the element sulfur, which pair of ionisation energies has the largest difference between them?

A third and fourth ionisation energies
B fourth and fifth ionisation energies
C fifth and sixth ionisation energies

D sixth and seventh ionisation energies

5 How many o bonds are present in one H-C=C—-C(CH3)=CH(CH3) molecule?

A 5 B 11 Cc 13 D 16

6 Which molecule has an equal number of bonding electrons and lone-pair electrons?

A BH; B CO; CcC F0 D SO,
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7 The table shows properties of four solids held together by different types of bonding.

Which row correctly describes the properties of a solid with a giant covalent structure?

melting point solubility in
polar solvents
A high insoluble
B high soluble
C low insoluble
D low soluble

8 The carbonate of an s-block element is reacted with an excess of hydrochloric acid.
0.833g of the carbonate releases 200 cm® of gas, measured under room conditions.

What is the identity of the metal carbonate?

A N32CO3 B K2CO3 C MgCO3 D CaC03

9 The enthalpy changes of formation, AH$, of both PCI5; and PCl5 are exothermic.
PC; reacts with chlorine.
PCls(l) + Cly(g) — PCls(s) AH®, ion = =124 kJ mol™

Which pair of statements is correct?

statement 1 statement 2

A AH?,,ion 1S €SS Negative than The Cl, bond energy is needed in calculating
AH? (PCI;). AH?, . ion from enthalpies of formation.

B | AHS..ui0n IS More negative than The Cl, bond energy is needed in calculating
AH? (PCI;). AH?, . ion from enthalpies of formation.

C AH?, o 1S €SS Negative than The Cl, bond energy is not needed in calculating
AH? (PCIg). AH?,,ion from enthalpies of formation.

D | AH$..ion IS More negative than The Cl, bond energy is not needed in calculating
AH? (PCIy). AH?,,ion from enthalpies of formation.

© UCLES 2022 9701/11/0/N/22 [Turn over



4

10 A student mixes 25.0cm® of 0.350moldm™ sodium hydroxide solution with 25.0cm® of
0.350moldm™ hydrochloric acid. The temperature increases by 2.5°C. No heat is lost to the
surroundings.

The final mixture has a specific heat capacity of 4.2Jcm™ K™,

What is the molar enthalpy change for the reaction?

A -150kJmol™
B —60kJmol™
C -30kJmol™
D -0.15kJmol™

11  Ammonium ions are converted into nitrate ions by bacteria.

What is the change in the oxidation number of nitrogen?

A -6 B +6 C +8 D +9

12 Sodium dichromate(VI), Na,Cr,O,, reacts with hydrogen peroxide, H,O,, producing Cr** ions,
water and oxygen.

What is the correctly balanced ionic equation for this reaction?
A Cr,0;% + 2H" + H,0, —» 2Cr** + 2H,0 + 40,

B Cr,0/ + 8H' + 3H,0, — 2Cr* + 7H,0 + 30,

C Cr,0/4 + 8H" + 6H,0, — 2Cr** + 10H,0 + 60,

D Cr,0/ + 14H" + 3H,0, — 2Cr** + 7H,O + 30,

13 In which equilibrium reaction is the position of equilibrium moved to the right-hand side by
increasing the temperature and also by decreasing the pressure?

A Hy(g) + COy(g) = H)O(g) + CO(g) AH = 40kJ mol™

B NyO4g) = 2NO(g) AH =58 kJmol™
C 2S0,(g) + Ox(g) = 2S0;(g) AH = —-197 kJmol™
D 2HI(g) = Ha(g) + Ix9) AH = —-10kJ mol™
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14 Ethanol is produced industrially by reacting ethene and steam.
CaHa(g) + H20O(g) == C2HsOH(g)

K, has a value of 1.8 x 10~ and the partial pressures of the reactants at equilibrium are shown.

partial pressure
reactant /kPa
ethene 4.8 x10°
steam 2.8 x10°

Which row is correct?

partial pressure
of ethanol at units of K,
equilibrium/kPa

A 2.42 x 107 kPa™'
B 2.42 x 10? kPa
C 7.47 x 10" kPa™'
D 7.47 x 10" kPa

15 A large excess of magnesium ribbon is added to dilute hydrochloric acid and the volume of
hydrogen gas produced is measured as the reaction proceeds. The reaction is exothermic.

The results are shown.

total
volume

Q
/em3

Y

time/s

Which row explains the changes in the rate of reaction between points P and Q and between
points Q and R?

between points P and Q between points Q and R
A the reaction temperature is increasing the acid concentration is falling
B the reaction temperature is increasing the magnesium has been used up
C magnesium’s surface area is decreasing the acid concentration is falling
D magnesium’s surface area is decreasing the magnesium has been used up
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16 Measurements are made to determine the activation energy, E,, of a reaction.

The diagram shows E, on the Boltzmann distribution at temperature T;.

A

number of
molecules

energy

Measurements are then made at a higher temperature, T>.

Which diagram correctly shows the Boltzmann distribution and E, at T,?

number of
molecules

number of
molecules
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17 The electrical conductivities of two compounds, Y and Z, are shown.

forY forZ
conductivity of the compound good does not
in the liquid state conduct
conductivity of the mixture obtained good good
by adding the compound to water

What are compounds Y and Z?

Y z
A Al,0; SiCly
B NaCl Al,03
C NaCl SiCly
D SiCl4 Al;03

18 Which row describes the relative sizes of the ionic radii of Na*, Mg2+ and S??

smallest ——  largest
A Na* Mg** S*
B Mg?* Na* s*
c S* Na* Mg**
D s* Mg?* Na*

19 The oxides BaO, CaO, MgO and SrO all produce alkaline solutions when added to water.

Which oxide produces the saturated solution with the highest pH?

A BaO B CaO C MgO D SrO

20 Which row is correct?

the temperature needed to the solubility of
decompose Group 2 metal nitrates Group 2 sulfates
A decreases down the group decreases down the group
B decreases down the group increases down the group
C increases down the group increases down the group
D increases down the group decreases down the group

© UCLES 2022 9701/11/0/N/22 [Turn over



8

21 Which statement about Group 17 elements and compounds is correct?

A Sodium chloride produces chlorine when reacted with concentrated sulfuric acid.
B Sodium chloride produces chlorine when reacted with bromine.

C Sodium bromide produces bromine when reacted with concentrated sulfuric acid.
D

Sodium bromide produces bromine when reacted with iodine in aqueous potassium iodide.

22 Chlorine is bubbled through 100cm® of hot 4.0moldm™ sodium hydroxide until the reaction is
complete.

6NaOH(aq) + xClx(aq) —» yNaCl(aq) + zNaClOs(aq) + 3H,O(l)

Which row is correct?

[Na®](aq) after
reaction/moldm™

4.0
less than 4.0
4.0

o o w >»
o O W w

less than 4.0

23 Which statement about ammonia or the ammonium ion is correct?

A Ammonia gas is produced when an aqueous solution containing the ammonium ion is
reacted with a strong acid.

Silver iodide is soluble in a concentrated aqueous solution of ammonia.
The ammonium ion has the same number of electrons as a methane molecule.

The square planar ammonium ion contains a dative covalent bond.

24 Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere.

Which reaction shows how the catalyst is reformed?
A N, + 20, = 2NO,

B 4NH; + 50, - 4NO + 6H,0

C N; + O, > 2NO

D NO + 10, — NO;

© UCLES 2022 9701/11/0/N/22



9

25 Separate 1.0g samples of Na,O, MgO, Al,0;, SiO,, NaCl, MgCl,, Al,Cls and SiCl, are added to
separate beakers containing water and stirred.

The number of beakers containing a white solid is Q.
An excess of NaOH(aq) is then added to each beaker and stirred.

The number of beakers now containing a white solid is R.

Which row is correct?

o o W >»

A A w w |O
A w w N |X

26 Which pair of alcohols are isomers of each other?

A

B
C
D

butan-1-ol and 2,2-dimethylpropan-1-ol
butan-2-ol and 2-methylpropan-2-ol
pentan-1-ol and 2-methylpropan-2-ol

propan-2-ol and 2-methylpropan-2-ol

27 How many chiral carbon atoms are there in one molecule of 2,2,4,5-tetramethylhexan-3-ol?

A

28 Which pair of reagents react together in a redox reaction?

1 B 2 c 3

A CH3;CHCH, + Br,
B CH;CH,CH,OH + concentrated H3PO,
C CH3;COCH; + HCN
D HCOZCZH5 + dilute stO4
© UCLES 2022 9701/11/0/N/22

[Turn over



29

30

31

10
The structure of santonin is shown.

santonin

CH,

CH, O
o)

Santonin is first treated with warm dilute H,SO,4. The product of this reaction is treated with cold
dilute acidified KMnO,. A final product, Q, is obtained.

How many atoms of hydrogen in each molecule of product Q will react with sodium metal?

A 2 B 4 c 5 D 6

Compound R can be formed from 1-bromopropane using a nucleophilic substitution reaction
followed by an oxidation reaction.

What is the identity of R?
A propanoic acid

B propanone

C propylamine
D

propyl ethanoate

Three colourless liquids with the following formulae are contained in separate unlabelled bottles.
CH3CH,CO.H CH3;CH(OH)CO.H CH3;COCO.H

Which two tests, carried out on separate samples of each liquid, will successfully identify each
liquid?

test 1 test 2
A NaHCO; 2,4-DNPH reagent
B NaHCO; Tollens’ reagent
C warm acidified dichromate 2,4-DNPH reagent
D warm acidified dichromate Tollens’ reagent
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32 An alcohol, X, reacts with a dicarboxylic acid, Y, to form a double ester, Z.

The diagram shows the structure of the ester.

Which row about the reactants forming ester Z is correct?

the class of the shape of
alcohol X theringinY
A secondary non-planar
B secondary planar
C tertiary non-planar
D tertiary planar

33 W reacts with alkaline I,(aq) to form a yellow precipitate and CH;CH,CO,™ ions.

Which row identifies W and the yellow precipitate?

identity of W yellci:\j/vegtrig:i(p))fitate
A butanone CHI;
B butanone CHsI
C propanone CHI;
D propanone CH,l

34 Ethanal reacts with hydrogen cyanide in the presence of KCN to produce a hydroxynitrile.

What is the first step in the mechanism of this reaction?

A B c D
5 o o o H
[~ ] ] [—
#C. CN 5C “C C
H,c” H HSC/( >H H,c” >\H H,C” H
:CN- ol
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Structural isomerism and stereoisomerism should be considered when answering this question.

How many isomeric compounds with molecular formula CsHgO, contain two —CO,H groups and
one C=C double bond?

A 5 B 6 c 7 D 8

Compound X reacts with ethanoic acid in the presence of an H* catalyst to produce the
compound shown.

What is the molecular formula of compound X?

A C;H, O B C;HgO; C C4HsO D C4HgO;

2-bromopropane reacts with hot ethanolic sodium hydroxide.
Which substance is the major product of this reaction?

A propan-1-ol

B propan-2-ol

C 2-hydroxypropene

D

propene

Which compounds can be used to make Y in a single-step reaction?

Y
O
OH
1 propanenitrile
2 ethanenitrile
3 propyl ethanoate
4  ethyl propanoate
A 1and3 B 1and4 C 2and3 D 2and4
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39 The monomer buta-1,3-diene can undergo addition polymerisation in various ways. Two of the
polymers that can be made are called cis-poly(buta-1,3-diene) and trans-poly(buta-1,3-diene). In

these names cis and trans have their usual meanings.

What is the structure of the repeat unit of cis-poly(buta-1,3-diene)?

A B C
M M B
n n [ ]n

D

L\

L In

40 In the mass spectrum of a compound, Z, the relative abundances of the M and M+1 peaks are in
the ratio 13:1.

What is compound Z?

A

B
C
D

butyl butanoate
hexan-3-one
2,2,3-trimethylhexane
3,3-dimethylpentan-1-ol

© 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*Cmol™

Avogadro constant L =6.022 x 102 mol™

electronic charge e=-160x10""C

molar volume of gas Vin = 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™)

© UCLES 2022 9701/11/0/N/22
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1 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon?

A A phosphorus atom has one more proton in its nucleus.

B The atomic radius of a phosphorus atom is greater.

C The outer electron in a phosphorus atom is more shielded.
D

The outer electron in a phosphorus atom is paired.
2 Sodium peroxide, Na,O,, is used to absorb carbon dioxide from the atmosphere and release
oxygen in closed environments such as space capsules and submarines.
2Na,0, + 2C0O, —» 2Na,CO; + O,

Which mass of sodium peroxide would be required to remove 2.4 dm?® of carbon dioxide from the
atmosphere at room temperature and pressure?

A 24g B 3.9g C 78g D 15.6g

3 In which species are the numbers of protons, neutrons and electrons all different?

A TAI B ¥cI” c ¥s* D %K'

4 Calcium oxide and magnesium sulfide each react with acid.
CaO(s) + 2H'(aq) » Ca*(aq) + H.O(l)
MgS(s) + 2H'(ag) - Mg*(aq) + H2S(g)
A mixture of these two compounds, X, reacts with exactly 0.125 mol of dilute hydrochloric acid.
The amount of hydrogen sulfide formed is 0.0250 mol.

What was the mass of calcium oxide in mixture X?

A 14g B 21g C 28g D 4.2g

5 Two moles of VO," ions react with one mole of zinc atoms in the presence of dilute acid. The
products include Zn?* ions and an ion, Y. lon Y contains vanadium. Only zinc and vanadium
change oxidation state in the reaction.

What is ion Y?
A VO; B VO' c VO* D VO,

© UCLES 2022 9701/12/0/N/22
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6 The compound potassium bismuthate(V), KBiOs3, is a powerful oxidising agent.

What is the significance of the (V) in potassium bismuthate(V)?

A It is the oxidation number of the bismuth atom.
B Itis the charge of the bismuthate ion.

C Itis the oxidation number of the bismuthate ion.
D

It is the sum of the charges of the two ions present.

7 Hydrogen peroxide decomposes slowly at 20 °C to form water and oxygen.
2H,0, = 2H,0 + O, equilibrium constant = K,
The reaction is faster when a catalyst is present.

Which statement is correct?

A The catalyst alters the Boltzmann distribution so that the reactant molecules have more
energy.

B The catalyst has no effect on the value of K..
The catalyst increases the value of K..

The catalyst provides a different reaction mechanism with a higher activation energy.

© UCLES 2022 9701/12/0/N/22 [Turn over
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8 Adimer, Q, is stable when solid but a dynamic equilibrium is set up in solution.
Q(aq) = 2R(aq)

A solution of Q has an initial concentration of 0.50 moldm™. When equilibrium has been reached,
[Q(aq)] has fallen to 0.25 moldm™.

The changes in [Q(aq)] and [R(aq)] are plotted against time until equilibrium is reached. The
value of K; is then calculated.

Which graph and value for K; are correct?

graph K_/moldm3

0.5+,
04"

concentration 0.3
/moldm™3 0.2 .-

-

014 7 R

O 1/
0 time

Y

0.5+,
04"

concentration 0.3

/mol dm—3 02_ ””____;"_---_._._._._._._._.. 025

014, R
0-f >

05, | .emmmeemmeees
0 . 4 _ u",."'. "’

concentration 0.3 /
/moldm™3 024 /

014 /R

05, | .emmmeemeeees
0 . 4 | .".'.." "/

concentration 0.3 -
/moldm™3 024

014 /R

o
Y

0 time

© UCLES 2022 9701/12/0/N/22



5

9 The reaction pathway for the forward reaction of a reversible reaction is shown.

A

energy
/kd mol™

progress of reaction

Which statement is correct?

A

B
C
D

The activation energy of the reverse reaction is +80 kJ mol™.
The enthalpy change for the forward reaction is +30 kJ mol™.
The enthalpy change for the forward reaction is +50 kJ mol™".

The enthalpy change for the reverse reaction is +30 kJ mol™.

10 The enthalpy changes for the possible reactions W, X, Y and Z are given.

W NaOH(aq) + HCI(aq) — NaCl(aq) + H,O() AH®=-56kJmol™

X NaCl(aq) + H,O() - NaOH(aq) + HCl(aq) AH®°=+56kJmol™
Y 2HI(g) — Hx(g) + Ix9) AH® = +11kJmol™
Z Hyg) + Ixg) —» 2HI(g) AH® = —11kJ mol™

Which statement about the activation energies of these reactions is correct?

A

B
C
D

X is greater than W; Z is greater than Y.
X is greater than W; Y is greater than Z.
W is greater than X; Z is greater than Y.
W is greater than X; Y is greater than Z.

11 The Haber process is carried out with a nitrogen partial pressure of 50kPa, a hydrogen partial
pressure of 150kPa, a temperature of 400 °C and an iron catalyst.

N2(g) + 3Hz(g) = 2NH;(g)

If all other conditions are kept the same, which change will result in a raised activation energy?

A Both the nitrogen and hydrogen partial pressures are changed to 100 kPa.
B The iron is removed.
C The nitrogen partial pressure is increased to 150 kPa.
D The temperature is increased to 500 °C.
© UCLES 2022 9701/12/0/N/22
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12 The compound (CH3)3sNAICI; has a simple molecular structure.

Which statement about (CH3);NAICI; is correct?

A (CH3)3sNAICI; molecules attract each other by hydrogen bonds.

B The Alatom in (CH3)3:NAICI; has an incomplete valence shell of electrons.
C The bonds around the Al atom are planar.
D

The molecules contain coordinate bonding.

13 VSEPR theory should be used in answering this question.

The dot-and-cross diagram for an ozone, O3, molecule is shown.

W

What is the predicted bond angle in this molecule?

A 107° B 109.5° c Mnr D 120°

14 Each of the substances shown is gaseous.

Which substance is most likely to show ideal behaviour in the conditions shown?

substance temp/e&ature prisps:re
A carbon dioxide 250 1.00 x 10°
B | hydrogen chloride 1000 1.00 x 10°
C nitrogen 1000 1.00 x 10°
D oxygen 250 1.00 x 10°

© UCLES 2022 9701/12/0/N/22
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15 Which graph represents the variation of pressure p and volume V of a sample of an ideal gas at
constant temperature?

A B
A A
p p
0 = 0 >
0 0
v v
C D
A A
p p
0 = 0 >
0 0
4 v
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16 Use relevant enthalpy changes from the tables to answer this question.

reaction AH/kJmol™

C(s) + 2Hx(g) — CHu(9) —76
CH4(g) + 204(g) — CO4(g) + 2H,0(g) -890

CH4(g) — C(g) + 4H(q) 1648
3C(s) + 4Hx(g) — Cs3Hs(g) -105

bond | 20 e

H-H 436

c—C 350

c=C 610

c=0 805

Which value can be calculated for the enthalpy change for the following reaction?

2C(g) + 6H(g) — CaHs(9)

—2822kJmol™

A

B —2122kJmol™
C -1998kJmol™
D

—1772kJ mol™

17 Element X requires strong heating to react with oxygen.
Element X reacts with chlorine to give a covalently-bonded chloride.
What could be the identity of element X?
A magnesium
B phosphorus
C sodium
D

silicon

© UCLES 2022 9701/12/0/N/22
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18 The melting points of the Period 3 elements sodium to aluminium are shown in the table.

Which factor explains the increase in melting points from sodium to aluminium?

A

B
C
D

element

Na

Mg

Al

melting point/K

371

923

932

the change in first ionisation energy from sodium to aluminium

the increase in electronegativity from sodium to aluminium

the increase in the A, of the elements from sodium to aluminium

the increase in the number of outer electrons in each atom from sodium to aluminium

19 The nitrates of beryllium, calcium, magnesium and strontium all decompose in the same way
when heated. When 2.00g of one of these anhydrous nitrates is decomposed, 1.32g of gas is
produced.

What is the nitrate?

A beryllium nitrate
B calcium nitrate
C magnesium nitrate
D strontium nitrate
© UCLES 2022
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21

22

10

In the diagram, each test-tube W, X, Y and Z contains 25 cm? of a 0.1 moldm™ solution of a salt.

w X Y Z
25cm?3 25cm?® 25cm?® 25cm?3
BaCl,(aq) MgCl,(aq) BaCl,(aq) MgCl,(aq)

To test-tubes W and X, 25 cm?® of 0.1 moldm™ NaOH(aq) is added.
To test-tubes Y and Z, 25 cm?® of 0.1 moldm™ H,SO4(aq) is added.

In which of test-tubes W and X does the liquid have the higher pH and which of test-tubes Y and
Z has the greater mass of precipitate?

nigher pH | 31 otate
A W Y
B w z
c X Y
D X z

What is the oxidation state of the chlorine-containing species that kills bacteria in drinking water?

A 1 B +1 Cc +3 D +5

Compound Q is a white crystalline solid which dissolves easily in water.
When concentrated sulfuric acid is added to a dry sample of Q, steamy white fumes are formed.

When these white fumes are passed into aqueous silver nitrate solution, a white precipitate
forms.

This precipitate is soluble in dilute ammonia solution.

What is compound Q?

A AgCl B NaBr C NaCl D PbBr;

© UCLES 2022 9701/12/0/N/22
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23 Ris a solid. R fizzes when hydrochloric acid is added.
R reacts with hot aqueous sodium hydroxide, giving off a gas which turns red litmus blue.
What is the formula of R?
A NH,CO; B (NH4).CO; C (NH4)HCO; D (NH4),SO,4
24 Photochemical smog is a type of air pollution produced in urban areas by the effect of sunlight on
substances released from vehicle exhausts.
Which mixture of primary pollutants leads to the formation of photochemical smog?

A carbon dioxide and water vapour
B carbon monoxide and unburnt hydrocarbons
C nitrogen oxide and unburnt hydrocarbons

D sulfur dioxide and water vapour

25 Tis an element in Period 3.
The first ionisation energy of T is lower than that of the element with one less proton.
The oxide of T does not react with water.

What is the identity of T?

A aluminium

B silicon
C sodium
D sulfur

26 The structure of tartaric acid is shown.

tartaric acid

OH O

HO
OH

O OH

Which statements about tartaric acid are correct?

1 A molecule of tartaric acid has more than one chiral centre.
2 The molecular formula of tartaric acid is C4H4Os.

3 One molecule of tartaric acid produces four hydrogen ions in aqueous solution.

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

© UCLES 2022 9701/12/0/N/22 [Turn over
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27 A carboxylic acid, P, has no chain isomers. It reacts with an alcohol, Q, that has only one
positional isomer.

What could be the ester formed from a reaction between P and Q?
A butyl propanoate

B ethyl butanoate

C pentyl ethanoate
D

propyl pentanoate

28 Which pair includes a hydrocarbon without a chiral centre?
A CH3;CH,CH,CH(CH3)CH,CHj3 CH3;CH(CH3)CH(CH3)CH,CH3
B CH;CH,CH,CH(CH,CH3)CHs CH3;CH,CH,CH(CH3)CH,CHj5
C CH3;CH,CH,CH(CH3)CH,CHs CH3;CH,CH(CH3)CH(CH3),
D CH;CH(CH,CH3)CH(CH3)CH;  CH3;CH(CH3)CH,CH(CHg),

29 What is the major product formed when compound R is warmed with an excess of HBr?

R

OH
OH

Br Br OH Br OH Br

Br Br OH Br
Br Br

© UCLES 2022 9701/12/0/N/22



30 cis-but-2-ene reacts with cold dilute acidified potassium manganate(VII) solution to give
product X.

cis-but-2-ene reacts with hot concentrated acidified potassium manganate(VII) solution to give
product Y.

Which row describing the reactions of X and Y is correct?

when sodium metal is added to
separate samples of X and Y

when sodium hydroxide solution is
added to separate samples of X and Y

o o w >»

both X and Y will react
both X and Y will react

only one of X and Y will react

only one of X and Y will react

neither X nor Y will react
only one of X and Y will react
neither X nor Y will react

only one of X and Y will react

31 For which reaction will the major organic product have the lowest relative molecular mass?
A Bromoethane is heated under reflux with an aqueous solution of sodium hydroxide.
B Bromoethane is heated under reflux with a solution of sodium cyanide in ethanol.
C 2-bromopropane is heated under reflux with an aqueous solution of sodium hydroxide.
D 2-bromopropane is heated under reflux with concentrated ethanolic sodium hydroxide.
32 C4HyClreacts with warm dilute aqueous sodium hydroxide solution.
Which isomer of C4HyCI will form the most stable cation intermediate?
A 1-chlorobutane
B 2-chlorobutane
C 1-chloro-2-methylpropane
D 2-chloro-2-methylpropane
© UCLES 2022 9701/12/0/N/22
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34

35

14
1.0mol of an organic compound, J, requires 6.0 mol of oxygen for complete combustion.
1.0mol of J reacts with sodium, producing 0.50 mol of a gas that gives a ‘pop’ with a lighted splint.

J reacts with an excess of hot acidified potassium manganate(VII) to produce an organic
compound which gives an orange-red precipitate with 2,4-DNPH reagent.

Which compound is J?

A but-1-ene

B butan-2-ol

C propan-2-ol

D 2-methylpropan-2-ol

Structural isomerism and stereoisomerism should be considered when answering this question.

3-methylhexan-3-ol reacts with hot concentrated sulfuric acid to form several isomeric
compounds with the molecular formula C;H4.

3-methylhexan-3-ol

PN

How many isomeric compounds could be formed in this reaction?

A 3 B 4 cC 5 D 6

The table shows a student’s predictions for the reactions of three compounds.

alkaline Fehling’s Tollens’
compound
Ix(aq) reagent reagent
key
1 \/O v v v v = reaction occurs
X = no reaction
O
2 )l\ v X X
O
3 \)]\/ X X X

Which rows show the correct predictions?

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

© UCLES 2022 9701/12/0/N/22
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36 Which mechanism describes the reaction of aldehydes and ketones with HCN + NaCN?

A electrophilic addition

B electrophilic substitution
C nucleophilic addition
D

nucleophilic substitution
37 Propyl propanoate can be synthesised in three steps using propanenitrile as the only organic
starting material.
In step 1, the nitrile is converted into compound X.
In step 2, compound X is converted into compound Y.
In step 3, compound Y is reacted with more of compound X to give propyl propanoate.

step 1 step 2 step 3
CH3CH20N > X > Y > CH3CH2C02CH20H2CH3

Which reagents are suitable for carrying out step 1 and step 27

step 1 step 2
A HCl(aq) conc. H,SO,4
B HCl(aq) LiAIH,4
C NaOH(aq) conc. H,SO,
D NaOH(aq) NaBH,

38 The ester CH3;CH,CO,CHj is hydrolysed by boiling with aqueous sodium hydroxide.

Which compound is one of the products?
A ethanol

B propan-1-ol

C sodium methanoate

D

sodium propanoate

© UCLES 2022 9701/12/0/N/22 [Turn over
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39 Compound V polymerises to form polymer W. A section of polymer W is shown.

polymer W

polymerisation c1 c1 G ClICl CI

-

cr N ¢ N ¢

What is the correct name of compound V?
A 1,1,2-trichlorobutene

B 1,1,2-trichloroethene

C 1,1,2-trichloropropene

D 1,1,2-trichloro-2-methylethene

40 A molecule of an organic compound, P, contains three carbon atoms and shows a strong
absorption at 1720 cm™ in its infrared spectrum.
P is reacted with an excess of hot acidified potassium dichromate(VI) forming organic product Q.

Q shows a strong absorption at 1700cm™ and a strong, broad absorption centred at 2800cm™ in
its infrared spectrum.

bond | functional group containing the bond | characteristic infrared absorption range
(in wavenumbers)/cm™
C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C-H | alkane 2850-2950
N-H amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3600
What is P?
A propanal
B propanone
C propan-1-ol
D propan-2-ol

© 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*Cmol™

Avogadro constant L =6.022 x 102 mol™

electronic charge e=-160x10""C

molar volume of gas Vin = 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 107" mol*dm™ (at 298 K (25°C))

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

© UCLES 2022 9701/12/0/N/22
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1 Which sample contains the same number of the named species as the number of molecules in
35.59 of chlorine?

A atomsin 16 g of sulfur
B atoms in 23 g of sodium
C ionsin 74.5g of potassium chloride

D molecules in 889 of carbon dioxide

2 Mixture R consists of one mole of CsHg and one mole of C4He.

What is the minimum number of moles of oxygen molecules needed for complete combustion of
mixture R?

A 65 B 7 Cc 10 D 20

3 Which statement about the electrons in a ground state carbon atom is correct?

A Electrons are present in four different energy levels.
B There are more electrons in p orbitals than there are in s orbitals.
C The occupied orbital of highest energy is spherical.

D The occupied orbital of lowest energy is spherical.

4 For the element sulfur, which pair of ionisation energies has the largest difference between them?

A third and fourth ionisation energies
B fourth and fifth ionisation energies
C fifth and sixth ionisation energies

D sixth and seventh ionisation energies

5 How many ¢ bonds are present in one H-C=C—-C(CH3)=CH(CH3) molecule?

A 5 B 11 Cc 13 D 16

6  Which molecule has an equal number of bonding electrons and lone-pair electrons?

A BH; B CO; CcC F0 D SO,

© UCLES 2022 9701/13/0/N/22
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7 The table shows properties of four solids held together by different types of bonding.

Which row correctly describes the properties of a solid with a giant covalent structure?

melting point solubility in
polar solvents
A high insoluble
B high soluble
C low insoluble
D low soluble

8 The carbonate of an s-block element is reacted with an excess of hydrochloric acid.
0.833 g of the carbonate releases 200 cm® of gas, measured under room conditions.

What is the identity of the metal carbonate?

A N32CO3 B K2CO3 C MgCO3 D CaC03

9 The enthalpy changes of formation, AH$, of both PCI; and PCls are exothermic.
PC1; reacts with chlorine.
PCls(l) + Clx(g) — PCls(s) AH®, ion = =124 kJ mol™

Which pair of statements is correct?

statement 1 statement 2

A AH?,,ion 1S €SS Negative than The Cl, bond energy is needed in calculating
AH? (PCI;). AH?, . ion from enthalpies of formation.

B | AHS..ui0n IS More negative than The Cl, bond energy is needed in calculating
AH? (PCI;). AH?, . ion from enthalpies of formation.

C AH?, o 1S €SS Negative than The Cl, bond energy is not needed in calculating
AH? (PCIg). AH?,,ion from enthalpies of formation.

D | AH$..ion IS More negative than The Cl, bond energy is not needed in calculating
AH? (PCIy). AH?,,ion from enthalpies of formation.

© UCLES 2022 9701/13/0/N/22 [Turn over
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10 A student mixes 25.0cm® of 0.350moldm™ sodium hydroxide solution with 25.0cm® of
0.350moldm™ hydrochloric acid. The temperature increases by 2.5°C. No heat is lost to the
surroundings.

The final mixture has a specific heat capacity of 4.2Jcm™ K™,

What is the molar enthalpy change for the reaction?

A -150kJmol™
B —60kJmol™
C -30kJmol™
D -0.15kJmol™

11  Ammonium ions are converted into nitrate ions by bacteria.

What is the change in the oxidation number of nitrogen?

A -6 B +6 C +8 D +9

12 Sodium dichromate(VI), Na,Cr,O,, reacts with hydrogen peroxide, H,O,, producing Cr** ions,
water and oxygen.

What is the correctly balanced ionic equation for this reaction?
A Cr,0;% + 2H" + H,0, —» 2Cr** + 2H,0 + 40,

B Cr,0/ + 8H' + 3H,0, — 2Cr* + 7H,0 + 30,

C Cr,0/4 + 8H" + 6H,0, — 2Cr** + 10H,0 + 60,

D Cr,0/ + 14H" + 3H,0, — 2Cr** + 7H,O + 30,

13 In which equilibrium reaction is the position of equilibrium moved to the right-hand side by
increasing the temperature and also by decreasing the pressure?

A Hy(g) + COy(g) = H)O(g) + CO(g) AH = 40kJ mol™

B NyO4g) = 2NO(g) AH =58 kJmol™
C 2S0,(g) + Ox(g) = 2S0;(g) AH = —-197 kJmol™
D 2HI(g) = Ha(g) + Ix9) AH = -10kJ mol™

© UCLES 2022 9701/13/0/N/22
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14 Ethanol is produced industrially by reacting ethene and steam.
CoHa(g) + H20(g) == C2HsOH(g)

K, has a value of 1.8 x 10~ and the partial pressures of the reactants at equilibrium are shown.

partial pressure
reactant /kPa
ethene 4.8 x10°
steam 2.8 x10°

Which row is correct?

partial pressure
of ethanol at units of K,
equilibrium/kPa

A 2.42 x 107 kPa™'
B 2.42 x 10? kPa
C 7.47 x 10" kPa™'
D 7.47 x 10" kPa

15 A large excess of magnesium ribbon is added to dilute hydrochloric acid and the volume of
hydrogen gas produced is measured as the reaction proceeds. The reaction is exothermic.

The results are shown.

total
volume

Q
/em3

Y

time/s

Which row explains the changes in the rate of reaction between points P and Q and between
points Q and R?

between points P and Q between points Q and R
A the reaction temperature is increasing the acid concentration is falling
B the reaction temperature is increasing the magnesium has been used up
C magnesium’s surface area is decreasing the acid concentration is falling
D magnesium’s surface area is decreasing the magnesium has been used up

© UCLES 2022 9701/13/0/N/22 [Turn over



6
16 Measurements are made to determine the activation energy, E,, of a reaction.

The diagram shows E;, on the Boltzmann distribution at temperature T;.

A

number of
molecules

energy

Measurements are then made at a higher temperature, T>.

Which diagram correctly shows the Boltzmann distribution and E, at T,?

number of
molecules

number of
molecules

© UCLES 2022
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17 The electrical conductivities of two compounds, Y and Z, are shown.

forY forZ
conductivity of the compound good does not
in the liquid state conduct
conductivity of the mixture obtained good good
by adding the compound to water

What are compounds Y and Z?

Y Z
A Al,0; SiCly
B NaCl Al,03
C NaCl SiCly
D SiCl4 Al,03

18 Which row describes the relative sizes of the ionic radii of Na*, Mg2+ and S?

smallest ——  largest
A Na* Mg** S
B Mg?* Na* s*
c S* Na* Mg?*
D s* Mg?* Na*

19 The oxides BaO, CaO, MgO and SrO all produce alkaline solutions when added to water.

Which oxide produces the saturated solution with the highest pH?

A BaO B CaO C MgO D SrO

20 Which row is correct?

the temperature needed to the solubility of
decompose Group 2 metal nitrates Group 2 sulfates
A decreases down the group decreases down the group
B decreases down the group increases down the group
C increases down the group increases down the group
D increases down the group decreases down the group

© UCLES 2022 9701/13/0/N/22 [Turn over
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21 Which statement about Group 17 elements and compounds is correct?

A Sodium chloride produces chlorine when reacted with concentrated sulfuric acid.
B Sodium chloride produces chlorine when reacted with bromine.

C Sodium bromide produces bromine when reacted with concentrated sulfuric acid.
D

Sodium bromide produces bromine when reacted with iodine in aqueous potassium iodide.

22 Chlorine is bubbled through 100cm?® of hot 4.0moldm™ sodium hydroxide until the reaction is
complete.

6NaOH(aq) + xClx(aq) —» yNaCl(aq) + zNaClOs(aq) + 3H,O(l)

Which row is correct?

[Na®](aq) after
reaction/moldm™

4.0
less than 4.0
4.0

o o w >»
o O W w

less than 4.0

23 Which statement about ammonia or the ammonium ion is correct?

A Ammonia gas is produced when an aqueous solution containing the ammonium ion is
reacted with a strong acid.

Silver iodide is soluble in a concentrated aqueous solution of ammonia.
The ammonium ion has the same number of electrons as a methane molecule.

The square planar ammonium ion contains a dative covalent bond.

24 Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere.

Which reaction shows how the catalyst is reformed?
A N, + 20, = 2NO,

B 4NH; + 50, - 4NO + 6H,0

C N; + O, > 2NO

D NO + 10, — NO;

© UCLES 2022 9701/13/0/N/22
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25 Separate 1.0g samples of Na,O, MgO, Al,0;, SiO,, NaCl, MgCl,, Al,Cls and SiCl, are added to
separate beakers containing water and stirred.

The number of beakers containing a white solid is Q.
An excess of NaOH(aq) is then added to each beaker and stirred.

The number of beakers now containing a white solid is R.

Which row is correct?

o o W >»

A A w w |O
A W w N |X

26 Which pair of alcohols are isomers of each other?

A

B
C
D

butan-1-ol and 2,2-dimethylpropan-1-ol
butan-2-ol and 2-methylpropan-2-ol
pentan-1-ol and 2-methylpropan-2-ol

propan-2-ol and 2-methylpropan-2-ol

27 How many chiral carbon atoms are there in one molecule of 2,2,4,5-tetramethylhexan-3-ol?

A

28 Which pair of reagents react together in a redox reaction?

1 B 2 c 3

A CH3;CHCH, + Br,
B CH;CH,CH,OH + concentrated H3PO,
C CH3;COCH; + HCN
D HCOZCZH5 + dilute stO4
© UCLES 2022 9701/13/0/N/22
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29 The structure of santonin is shown.

30

31

santonin

CH,

CH, O
o)

Santonin is first treated with warm dilute H,SO,4. The product of this reaction is treated with cold
dilute acidified KMnOj,. A final product, Q, is obtained.

How many atoms of hydrogen in each molecule of product Q will react with sodium metal?

A 2 B 4 c 5 D 6

Compound R can be formed from 1-bromopropane using a nucleophilic substitution reaction
followed by an oxidation reaction.

What is the identity of R?
A propanoic acid

B propanone

C propylamine
D

propyl ethanoate

Three colourless liquids with the following formulae are contained in separate unlabelled bottles.
CH3CH,CO,H CH3CH(OH)CO.H CH3;COCO.H

Which two tests, carried out on separate samples of each liquid, will successfully identify each
liquid?

test 1 test 2
A NaHCO; 2,4-DNPH reagent
B NaHCO; Tollens’ reagent
C warm acidified dichromate 2,4-DNPH reagent
D warm acidified dichromate Tollens’ reagent

© UCLES 2022 9701/13/0/N/22
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32 An alcohol, X, reacts with a dicarboxylic acid, Y, to form a double ester, Z.

The diagram shows the structure of the ester.

Which row about the reactants forming ester Z is correct?

the class of the shape of
alcohol X theringinY
A secondary non-planar
B secondary planar
C tertiary non-planar
D tertiary planar

33 W reacts with alkaline I,(aq) to form a yellow precipitate and CH;CH,CO,™ ions.

Which row identifies W and the yellow precipitate?

identity of W yellci:\j/vegtri?éi(:)];tate
A butanone CHI;
B butanone CH3I
C propanone CHI;
D propanone CH,l

34 Ethanal reacts with hydrogen cyanide in the presence of KCN to produce a hydroxynitrile.

What is the first step in the mechanism of this reaction?

A B c D
5 o o o H
[~ ] ] [—
#C. CN 5C “C C
H,c” H HSC/( >H H,c” >\H H,C” H
:CN- ol

© UCLES 2022 9701/13/0/N/22 [Turn over
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36

37

38

12
Structural isomerism and stereoisomerism should be considered when answering this question.

How many isomeric compounds with molecular formula CsHgO, contain two —CO,H groups and
one C=C double bond?

A 5 B 6 c 7 D 8

Compound X reacts with ethanoic acid in the presence of an H* catalyst to produce the
compound shown.

What is the molecular formula of compound X?

A C;H, O B C;HgO; C C4HsO D C4HgO;

2-bromopropane reacts with hot ethanolic sodium hydroxide.
Which substance is the major product of this reaction?

A propan-1-ol

B propan-2-ol

C 2-hydroxypropene

D

propene

Which compounds can be used to make Y in a single-step reaction?

Y
O
OH
1 propanenitrile
2 ethanenitrile
3 propyl ethanoate
4  ethyl propanoate
A 1and3 B 1and4 C 2and3 D 2and4

© UCLES 2022 9701/13/0/N/22
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39 The monomer buta-1,3-diene can undergo addition polymerisation in various ways. Two of the
polymers that can be made are called cis-poly(buta-1,3-diene) and trans-poly(buta-1,3-diene). In

these names cis and trans have their usual meanings.

What is the structure of the repeat unit of cis-poly(buta-1,3-diene)?

A B C
M M B
n n [ ]n

D

L\

L In

40 In the mass spectrum of a compound, Z, the relative abundances of the M and M+1 peaks are in
the ratio 13:1.

What is compound Z7?

A

B
C
D

butyl butanoate
hexan-3-one
2,2,3-trimethylhexane
3,3-dimethylpentan-1-ol

© 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*Cmol™

Avogadro constant L =6.022 x 102 mol™

electronic charge e=-160x10""C

molar volume of gas Vin = 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 107" mol*dm™ (at 298 K (25°C))

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

© UCLES 2022 9701/13/0/N/22
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