*x7620%0¢2.28%x

.1 Cambridge Assessment
P International Education

Cambridge International AS & A Level

CHEMISTRY 9701/12
Paper 1 Multiple Choice February/March 2024

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.
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2

1 Which species contains the same number of neutrons as 'sC and the same number of electrons
as 3Na*?

A 'F B ON°- C ®Ne D "0

2 Which process has the largest enthalpy change per mole?
A Al*(g) > Al*(g) + e
B P(g) » P™(g) + &
C S%(g) » S™(g) + €
D Si*(g) » Si*(g) + e

3 Which sodium compound contains 74.2% by mass of sodium?
A sodium carbonate
B sodium chloride
C sodium hydroxide

D sodium oxide

4 What is the maximum volume of sulfur dioxide gas measured at room conditions produced from
burning 100 dm?® of diesel fuel containing 0.8346 g of sulfur?

A 291cm? B 312cm’® C 582cm® D 624cm’®

5 Which row shows the correct number of covalent bonds in a molecule of methylpropene?

total number of sigma (o) total number of pi (n)
bonds in the molecule bonds in the molecule
A 10 1
B 10 2
Cc 11 1
D 11 2
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6 Aluminium chloride exists as Al,Cls molecules at room temperature. When heated to a high
temperature, AlCl; molecules are formed.

What are the arrangements of the bonding pairs of electrons around the aluminium atom in the
two forms of aluminium chloride?

AlCl; Al,Cls
A planar planar
B planar tetrahedral
C tetrahedral tetrahedral
D tetrahedral octahedral

7 The table shows the physical properties of four substances.

Which substance has a giant covalent structure?

electrical electrical electrical
meltlpgcp0|nt b°"'r/‘§Cp°'”t conductivity conductivity c;c;r;d L:fgg’:g
of solid of liquid que

solution

A -119 39 poor poor insoluble
B -115 -85 poor poor good
C 993 1695 poor good good

D 1160 2230 poor poor insoluble

8 Atroom temperature and pressure, H,O is a liquid and H,S is a gas.

What is the reason for this difference of state?

A O has higher first and second ionisation energies than S.

B The covalent bond between O and H is stronger than the covalent bond between S and H.

C There is significant hydrogen bonding between H,O molecules but not between H,S

molecules.

D The instantaneous dipole-induced dipole forces between H,O molecules are stronger than
the instantaneous dipole-induced dipole forces between H,S molecules.

© UCLES 2024

9701/12/FIM/24

[Turn over



4

9 The enthalpy change for a reaction can be calculated from values of:
e enthalpies of formation, AH$
e enthalpies of combustion, AH?
e bond energies, E.
The enthalpy change of the reaction given = AH?.
2C,Hs(g) + 302(g) — 2CH4(g) + 2C04(g) + 2H0O(I)
Which expression could be used to calculate AH{?
A AHZ(C,Hg(9))
B 2AHZ(C,Hg(9)) — 2AHZ(CH,(9))
C E(C-C) + 2E(C-H) — 4E(C=0) — 4E(H-0O)
D AHR(CH,(9)) + AH?(CO,(g)) + AHF(HO(l)) — AH?(C,H4(9))

10 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of
propane?

A 3C(g) + 4Hx(g) — CsHs(9)
B 3C(g) + 8H(g) — CsHs(9)
C 3C(s) *+ 4H(9) — CsHs(9)
D 3C(s) + 4Hy(g) — CsHs(l)

11 One of the reactions in the rechargeable lead/acid battery is shown.
Pb(s) + PbOy(s) + 4H'(aq) + 2SO0, (aq) — 2PbSOy(s) + 2H,0(l)
Which statement about this reaction is correct?

A Lead is both oxidised and reduced.
B Lead is neither oxidised nor reduced.
C Lead is oxidised only.

D Lead is reduced only.
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12 KMnO, is an oxidising agent. Its reaction with Fe?* is shown in the following ionic equation.

2 X..MnO, + ... Fe? + ... HY —> ... MnZ + Y..Fe* +

X Y
A 1 1
B 1 3
Cc 1 5
D 5 1

13 Nitrogen and hydrogen are mixed in a reaction vessel. The reaction reaches equilibrium giving a
mixture of nitrogen, hydrogen and ammonia gases.

N, + 3H, = 2NH;

The mixture of gases present at equilibrium at a total pressure of 300 atm is shown.

number of mol
gas ) .
in mixture
nitrogen 180
hydrogen 590
ammonia 160

What is the equilibrium constant, K, for the forward reaction?
A 6.65x 10°%atm™

B 7.13x10°atm™

C 0.599atm™

D 1.50 x 10°atm®
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14 A mixture of hydrogen gas and iodine gas is placed in a reaction vessel of volume V at
temperature T.

The reaction H, + I, = 2HI is allowed to come to equilibrium.
All substances remain in the gaseous state.

Argon gas is then pumped into the reaction vessel. The temperature in the vessel is maintained
atT.

How are the rate of the forward reaction and the partial pressure of HI at equilibrium affected?

rate of partial pressure of
forward reaction HI at equilibrium
A increased increased
B increased unaffected
C unaffected increased
D unaffected unaffected

15 Two experiments are carried out to study the reaction between zinc and sulfuric acid.

experiment 1 Small lumps of zinc are added to excess dilute sulfuric acid.

experiment 2 The reaction is carried out at a lower temperature and with one other
change.

Both experiments produce the same total volume of gas and are completed in the same time.

What is the second change made in experiment 2?
A A catalyst is added.

B A greater mass of zinc is added.

C A greater volume of sulfuric acid is added.

D

Larger lumps of zinc are used.
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16 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in
Period 3 and have consecutive atomic numbers.

The letters are not the actual chemical symbols of the elements.

A R

Y

atomic number

Which row is correct for property X and element R?

property X element R
A electrical conductivity Al
B electronegativity Si
Cc melting point Al
D | second ionisation energy Si

17 Element X is in Period 3. Element X reacts with oxygen to produce a solid, Y.
When solid Y is added to water, a solution with a pH of less than 7 is produced.

What is the identity of element X?

A sodium
B silicon
C phosphorus

D sulfur
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18 This question refers to isolated gaseous species.

The species F~, Ne and Na® are isoelectronic. This means they have the same number of
electrons.

In which order do their radii increase?

smallest — largest
A Na* F~ Ne
B F Ne Na*
c Na* Ne F~
D Ne F~ Na*

19 Separate samples of magnesium and calcium are added to an excess of dilute sulfuric acid. The
observations are summarised in the table.

metal observations

magnesium vigorous reaction, bubbles of gas produced,
magnesium completely dissolves

calcium vigorous reaction initially, bubbles of gas produced,
reaction soon stops and leaves most of the calcium unreacted

Which statement explains the difference in these observations?

A Calcium is a better oxidising agent than magnesium.

B Calcium is a better reducing agent than magnesium.

C Magnesium is a more reactive metal with all dilute acids than calcium.
D

Magnesium sulfate is more soluble than calcium sulfate.
20 Dolomite is a double carbonate, CaMg(CO3),, and can be used instead of calcium carbonate for
treating acidic soils.
The three statements all refer to the agricultural use of these carbonates.

1 Dolomite and calcium carbonate are both less soluble than Ca(OH)s.

2 One mole of dolomite has the same neutralising effect as one mole of calcium
carbonate.

3 Dolomite and calcium carbonate both increase the pH of acidic soils.

Which statements are correct?

A 1and2only B 1and3only C 2and3only D 1,2and3
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21 This question is about two salts, Nal and

9

NaClL

The two solid salts are separately added to warm concentrated H,SO,4 and the results noted.

Aqueous solutions of the two salts are separately added to AgNO;(aq) and then concentrated

NH;(aq) is added and the results noted.

Which row is correct?

salt idenftity of one product formed observation after AQNO;(aq)
with concentrated H,SO, and NH;(aq) are added
A NaCl Cl, colourless solution
B NaCl H,S white precipitate
C Nal H,S yellow precipitate
D Nal I, colourless solution

22 The diagram shows the process of adding calcium nitrate and strontium nitrate to separate boiling
tubes and heating them. Identical conditions are used.

s

T Ca(NO,), /water containing
universal indicator

heat —

heat —

s

T Sr(NO,), | water containing
universal indicator

As the reactions proceed, the water containing universal indicator changes colour.

Which row describes the colour change and identifies the nitrate that causes the quickest colour

change?

colour change of nitrate that causes the
universal indicator quickest colour change

A green to blue Ca(NO;),

B green to blue Sr(NO3),

C green to red Ca(NO;),

D green to red Sr(NO3),
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23 The equations for three reactions involving chlorine or its compounds are listed.

1 2KCiO; —» 2KC! + 30,
2 4KCIO; — 3KCIO, + KCI
3 6KOH + 3Cl, —» 3H,O + 5KCI + KClIO;

Which statement about these equations is correct?

A Equation 1 describes the formation of a compound used to kill bacteria in drinking water.
B Equation 1 does not represent a redox reaction.

C Equation 2 describes the formation of potassium chlorate(IV).

D

Equations 2 and 3 both represent disproportionation reactions.

24 Nitrogen monoxide, NO, is a primary pollutant produced by petrol engines and is found in their
exhaust gases.

Which reaction occurs in a catalytic converter and decreases the emission of nitrogen monoxide?
A NO(g) + CO(g) — NO(g) + C(s)

B NO(g) + CO(g) - NO(g) + CO(g)

C 2NO(g) + 2CO(g) — Nx(g) + 2CO4(9)

D 2NO(g) + COy(g) — 2NO,(g) + C(s)
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25 The diagram shows the structure of the naturally occurring molecule cholesterol.
cholesterol
H,C
CH,

CH,

HO
Student X stated that the 17 carbon atoms in the 4 rings all lie in the same plane.
Student Y stated that this molecule displays cis/trans isomerism at the C=C double bond.

Which students are correct?

A both student X and student Y
B neither student X nor student Y
C student X only

D studentY only

26 The drug cortisone has the formula shown.

cortisone
OH

OH

@)

In addition to those chiral centres marked by an asterisk (*), how many other chiral centres are
present in the cortisone molecule?

A 0 B 1 cC 2 D 3
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27 But-2-ene reacts with cold dilute acidified KMnO, to give product X.
But-2-ene reacts with hot concentrated acidified KMnO, to give product Y.

Which statement about product X and product Y is correct?

A Both product X and product Y will react with 2,4-dinitrophenylhydrazine.
B Neither product X nor product Y will react with 2,4-dinitrophenylhydrazine.
C Product X will react with 2,4-dinitrophenylhydrazine, product Y will not.

D Product Y will react with 2,4-dinitrophenylhydrazine, product X will not.

28 A sequence of reactions takes place. The major product is compound Z.

concentrated

_ _ LiAIH, H,SO,
propanoic acid ————— > compound X

Y

compound Y

pass vapour with
steam over H,PO,

compound Z

What is compound Z?

A propanone
B propene

C propan-1-ol
D

propan-2-ol

29 Which statement is correct?

A Bromoethane reacts with NaOH(aq) to form ethene as a major product.

B 1-chlorobutane reacts more rapidly than 1-bromobutane with NaOH(aq) at the same
temperature.

Hydrolysis of (C.H5);CBr occurs mostly by the Sy2 mechanism.

The CH3CH,CH,CHy" ion is less stable than the (CH3);C" ion.

© UCLES 2024 9701/12/FIM/24
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30 In the hydrolysis of bromoethane by aqueous NaOH, what is the nature of the attacking group
and of the leaving group?

attacking group leaving group
A electrophile electrophile
B electrophile nucleophile
C nucleophile electrophile
D nucleophile nucleophile

31 Xis an organic compound containing the elements carbon, hydrogen and oxygen only.

The table shows the observations made from three chemical tests carried out on X.

reagent added observation
Na(s) effervescence
Na,COj3(s) effervescence
hot H*/Cr,0,*(aq) remains orange

What is a possible structure of X?

A

OH @)
J\/k W o
HO (0] OH

B

Cc

OH

D
Oﬁ/}\
OH
OH

32 How many moles of oxygen gas are needed for the complete combustion of 1 mol of (CH3);COH?

A 6

33 In which pair will each compound give a different visible result with alkaline I,(aq)?

B 6.5 Cc

D 13

A CH;CH,OH and CH;CHO
B CH3CHO and CH3COCH3
C CH3COOH and C2H5COC2H5
D CH3CH20H and C2H5CHO
© UCLES 2024 9701/12/F/M/24 [Turn over
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34 Which reagent gives a positive result with propanone?

A alkaline Ix(aq)

B aqueous bromine
C Fehling’s reagent
D

Tollens’ reagent

35 Esters can be hydrolysed with an aqueous alkali or an aqueous acid to form two products.
The table compares the two methods.

Which row is correct?

aqueous alkali aqueous acid
A complete conversion to forms an equilibrium mixture with
a salt and an organic acid an organic acid and an alcohol
B forms an equilibrium mixture complete conversion to
with a salt and an organic acid a salt and an alcohol
C complete conversion to forms an equilibrium mixture with
a salt and an alcohol an organic acid and an alcohol
D complete conversion to complete conversion to
a salt and an alcohol an organic acid and an alcohol

36 Structural isomerism only should be considered when answering this question.

How many compounds with molecular formula CsH4+Br are primary halogenoalkanes?

A 4 B 5 c 7 D 8

37 Compound Z is formed by the reaction scheme shown.

warm with reflux with

KCN in ethanol . compound X dilute HCI . compound Z

CH,CH,Br

What is the formula of compound Z?

A CH;CH.C!
B CH;CH.CN
C CH3;COOH
D CH;CH,COOH
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38 Hydroxyethanal, HOCH,CHO, is heated under reflux with an excess of acidified K,Cr,O; until no
further oxidation takes place.

What is the skeletal formula of the organic product?

A B C D
(@) O OH O
HO
HO OH OH OH OH
(0) @) 0) O

39 The formula shows the repeat unit of an addition polymer.
—CH(CH3)CH(CH,CH3)—
What is the correct name of the monomer from which this polymer is made?
A 1-methyl-2-ethylethene
B 1-ethylprop-1-ene
C pent-2-ene

D pent-1-ene
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40 The infrared spectrum of a compound is shown.

100
transmittance /%
50
0 L L B B | i i i i I i i i i I i i i i I
4000 3000 2000 1500 1000 500
wavenumber/cm™
bond | functional groups containing the bond characte.rlstlc infrared absorptgn range
(in wavenumbers)/cm
C-0O | hydroxy, ester 1040-1300
Cc=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

Which functional group could the compound contain?

A alcohol

B carboxylic acid

C ester

D nitrile

© UCLES 2024

9701/12/FIM/24




17

BLANK PAGE

© UCLES 2024 9701/12/FIM/24



18

BLANK PAGE

© UCLES 2024 9701/12/FIM/24



19

Important values, constants and standards

molar gas constant R=8.31JK "mol™

Faraday constant F=9.65x 10*Cmol™

Avogadro constant L =6.022 x 10 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™)

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 2024 9701/12/FIM/24



20

- - - - - - - - - - - 0'8€C olee 0'cee -
wnjouaIme| wnijagou wniAsjepUSW wniuiey wnjuieisuld wnjuioyes wnijasaq wnuno wniouawe wniuoynid wnunydeu wnjuen wniunoejosd wnuoyy wniunoe
o ON PN w4 s3 10 3d wo wy nd dN n ed uL oY sploufoe
€0l 43 1oL 00k 66 86 16 96 G6 6 €6 26 16 06 68
061 L'eLL 6891 €191 6791 Gzl 6'8G1 €51 0'zsh 051 - 14443 6071 Lovk 6'8EL
wnpan| wnjqiapA wninyy wnigse wniwjoy wnisoldsAp wn|qJay wn) peb wnidoina wnyewes wnjyiewo.d wnjwApoau wniwApoaseid wnao wnueyue|
n7 aA wl 13 OH I\ qL PO n3 ws wd PN id 520) e sploueyjuel
L. 0L 69 89 19 99 G9 9 €9 29 19 09 69 89 19
uossauebo auIssauua) WINLOWIBAY wniAcOsOW wninosaY wniuoyiu wnpojusadoo | wnusbusos | wnppejswuep | wnusupew wnissey wnuyoq wniBiogeas wniugnp wnipiopayINI wnipel wniouely
60 sL AT ON 14 UN ud by s N SH ug bs ad | o | BY E
8Ll LLL 9Ll S il el 42 L oLL 601 801 101 901 SOk 0L €01-68 88 18
- - - 0602 ¢'L0C 'v0C 9°00¢ 0261 1'g6L 6l 06l 298l 8'€8l 6081 S8l €Lel 6¢cel
uopel suneise wniuojod yinwsiq pea) wnijjey) Kanosew plob wnupeid wn wniwso wnjuay uajsBuny wnjejuey wnjugey wnueq wnisoed
uy W od gS| ad 1L BH ny d I SO 9y M el H spioueyjue| eq sO
98 g8 8 €8 a8 18 08 6. 8. 1L 9/ G 17 €L cL [ FAAc] 9§ =fe]
€lel 6921 9.2 81zl L'8LL 8Ll Vil 6°201 904 6¢0L Lok - 6°G6 6'C6 (A1) 6'88 9'/8 §'68
uouax auipol wnunjie} Auownue uy wnipul wniwpes JENTS wnipejied wnipoyl wniuayyn wniauyos) wnuapgAjow wnigou wniuooiz wnupk wnpuoss wnipigny
X I ol as us ul PO by Pd yd ny oL O aN 1z A IS qd
S €9 4] 3] 0g 6% 14 ya4 14 14 144 ey [44 34 oy 6€ 8¢ 1€
8'€8 66 06 6L 9¢L 169 'G9 g'€9 1'8G 685 8'GS 6'vS 0'cs 6°0S 6'LYy [OX*14 Loy 1'6€
uojdAny sulwoiq wniusjes olussie wniuewssb wnyeb ouiz Jaddoo [oxoIu Jleqod uou osauebuew wniwoiyd wnipeuea wniuey wnipueoss wniojes wnissejod
I id oS sV 99 ) uz no IN 0D o4 Ui 10 A\ L S ed A
9¢ ge 14 €€ 145 3 [ 62 8¢ 12 4 Gc e €C [44 74 0c 6l
6'6€ g'ge L'ze ole 1’82 02 £ve o€
uoBie auojyo anyns snioydsoyd uoalis wniuwnge cl L oL 6 8 L 9 ] 14 € wnisaubew wnipos
v 10 S d IS v BN EN
8l ya% 9l Sl 143 €l ¢l 13
[ 0'6L 09k oyl 0z 80k Sseul dlwoje sAne|al 06 69
uoau auuonyy uabAxo usBouu uoqeo uoioq aweu wnyikieq wniyy
°N E| O N 0 S| loquiAs olwoje °d n
ol 6 8 L 9 g Jaquinu dlwoye 14 €
oy o )Y
wnijay uaboipAy
oH H
4 I
st | 4 | o | o | n | & 2 )
dnoig

Sjuawa| 0 3|qel JIpouad ayL

9701/12/FIM/24

© UCLES 2024



