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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” Cc ¥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 ltis 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.

4

Q(aq) = 2R(aq)

GradeMax

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

A

energy
/kJ 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) + HCI(aq) AH®°=+56kJmol™
Y 2HI(g) — Ha(g) + Ix(9) 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.

GradeMax

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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6
The compound (CHj3)3sNAICI; has a simple molecular structure.

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

A (CH3)3sNAICl; 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.

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°

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
v v
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16 Use relevant enthalpy changes from the tables to answer this question.

reaction AH/kJmol™

C(s) + 2H3(g) — CHu(9) —76
CH4(g) + 202(g) — CO4(g) + 2H,0(g) -890

CH4(g) — C(g) + 4H(q) 1648
3C(s) + 4Hi(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) — C2Hs(9)

—2822kJ mol™

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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20 Inthe 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

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

A 1 B +1 Cc +3 D +5

22 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,
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 agqueous solution.

A 1,2and3 B 1and2only C 2and3only D 1only
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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 CH;3;CH,CH,CH(CH3)CH,CHj3 CH3;CH(CH3)CH(CH3)CH,CH3
B CH;3;CH,CH,CH(CH,CH3)CHs CH3;CH,CH,CH(CH3)CH,CHj3
C CH3CH,CH,CH(CH3)CH,CHs CH3;CH,CH(CH3)CH(CH3),
D CH;CH(CH,CH3)CH(CH3)CH;  CH3;CH(CH3)CH,CH(CHs),

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
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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 Xand 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

B
C
D

Bromoethane is heated under reflux with an aqueous solution of sodium hydroxide.

Bromoethane is heated under reflux with a solution of sodium cyanide in ethanol.

2-bromopropane is heated under reflux with an aqueous solution of sodium hydroxide.

2-bromopropane is heated under reflux with concentrated ethanolic sodium hydroxide.

32 C4HqClreacts with warm dilute aqueous sodium hydroxide solution.

Which isomer of C4HyCI will form the most stable cation intermediate?

A

B
C
D

© UCLES 2022

1-chlorobutane
2-chlorobutane
1-chloro-2-methylpropane

2-chloro-2-methylpropane
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33 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

34 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

35 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,4
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.

What is the correct name of compound V?

A

B
C
D

polymerisation

-

1,1,2-trichlorobutene
1,1,2-trichloroethene
1,1,2-trichloropropene

1,1,2-trichloro-2-methylethene

c1 c1 & ClLCl Cl

polymer W

cr N cr N ¢

GradeMax

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



GradeMax

Chemistry - 2022 - Oct/Nov - Paper 12 - QP - Cambridge

20

- - - - - - - - - - - 0'8€Z ()4 0zee -
wniouaime| wniegou wniAg|apuawl wniwJey wniulejsule wniuoyljed wni@)eq wnuno wnpuswe wnuoynid wniunydau wniuesn wniuoejold wnuoy} wniunoe
iy ON PN wH s3 10 3g wo wy nd dN n ed yL oy splounoe
€0l coL Lol 0oL 66 86 16 96 G6 76 €6 6 16 06 68
0°GLL L'eLL 6891 €91 679l G291l 6'8G1 €/G1 02st Y051 - ia44% 60l Loyl 6'8¢€)
wnpan| wniqiepAk wniny} wnigJe wniwoy wnisoidsAp wnigJe} wnjuijopeb wnidoina wnuewes wniyyawoud wniwApoau wniwApoaseid wnuao wnueyjue|
n7 aA wl i3 OH Aq aL s3] n3 ws wd PN id Elo) e sploueyiue|
(WA 0L 69 89 19 99 g9 9 €9 29 19 09 69 89 1S
uossauebo EIVSSENE] WINLOWUIBAI| WiNIAOOSOW wniAoJaly wniuoyiu wniojuiadod wnjuabjusos wnnpejswiep wnuauyew wnissey wnuyoq wnibiogeas wniugnp wnipJogayini wnipes wniouel)
6o sl AT o 14 uN ud By s@ N SH ug bs aa ™ ey 14
8Ll Ll 9Ll Gl 1413 [54%% clL L oLl 60L 801 101 Q0L [<{0]% oL €01-68 88 18
- - - 0602 2.0 v'v0C 9002 0'L6L 1'G61 2'z6l 206l 2981 8'¢e8l 6081 q'8LL €LEL 6'zel
uopel aunejse wniuojod yinwsiq pes| wnijley) Ainosew ploB wnuned wnipul 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 [WAgdAC] 99 [e1°]
elel 6921 921 g'Lch 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 wnnauyosa) wnuapgAjow wniqoiu wn|uoolz wnupk wnnuo.s wnipigna
X I 8l as us uI sle} By Pd yy ny ol O aN iz A I8 ay
S €9 [4°] [A¢} 0S 6% 214 Ly 9 414 144 (544 474 34 oy 6¢ 8¢ pAS
8'¢8 6'6L 06.L 6'v.L 9¢CL 169 'S99 Gg'e9 L85 685 8'6S 6'vS 0cs 605 6Ly 0'Sy L'0¥ L'6€
uoydAsy aujwouq wniusjes oluasle wnjuewssb wnijjeb oulz Jaddoo o321u 1|eqoo uoul asauebuew wniwoJlyd wnipeueA wniuey} wn|pueos wniojes wnissejod
Y| ig SIS sy E19) e9 uz no IN 00 o4 Uun 10 A I o8 e0 M
9¢ G¢ e €¢ 4% X% 0] 62 82 12 9C [*14 e €C t44 ¥4 0c 61
66 g'gee 1'ze ole '8¢ 0.2 (50 74 o€z
uobie auuojyo Jnjns snioydsoyd uool|is wniuiwnie N —‘ —‘ —. O —‘ @ w N @ m .V mu wnisaubew wnipos
Iy 10 S d IS v BN eN
8l Ll 9l Gl vl €l 43 L
A4 o6l 09l ovlL 0zl 801 Ssew olwoje aAneal 06 69
uoau auuony uabAxo uabonu uoqJeo uoJoq aweu wnyAiaq wniyy|
eN E 0 N o) g [oquiAs ojwoje ed 1
0l 6 8 L 9 S Jsquinu dlwoe 14 €
(087 0L Aay|
wnipy uaboipAy
oH H
4 4
el | 4 | 9 | o | w | e | z )
dnoig

Sjuawa|3 4o a|qe] dIpoliad syl

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.

9701/12/0/N/22

© UCLES 2022



