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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.
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.

e  Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
e  Any rough working should be done on this question paper.

| have used following colour codes:
e Blue colour used for facts or reasoning
e Red colour used for steps part of calculations along with its explanation
e Black colour used for right answer choice
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Section A

For each question there are four possible answers A, B, C and D. Choose the one you consider to be
correct.

Use of the Data Booklet may be appropriate for some questions.

bss D,[a/aé-rm
Ethene can be oxidised to form epoxyethane, C,H,0.
A of ov exoffermc
aﬂ f éJJ‘?WCQHd(g) + 10,(g) = C2H4O(g) AH® =107 kJmol™

Which set of conditions gives the greatest yield of epoxyethane at equilibrium?

X He h prossune w{/lfzw wy

pressure temrﬁ? ure fovmakioaof ¢ 4,0 be2

Anere are fewey mofw L)

@ high v~ | 100 v~ e precluct cicle
. Amovq 100 & 200°C

B high 200 ot Mol choose e oue

c low 100 Sl,ll‘ i s
Wt increast lrewlveva'/ure
D low 200 D course for beufl. 4o (ucreare
You should| fn«l lowey EMF

% 34l -l
2 Cobalt can form the positive ion Co(NH3),Cl,". x+(qx 3> (hx;m) (2x D=0

What is the oxidation number of cobalt in this ion? A=+

A +1 B +2 ©+3 D +6

AN e

~C=C
When considering one molecule of ethene, which row describes both the hybridisation of the
atomic orbitals in the carbon atoms and the overall bonding?

hybridisation bonding CHy bu,\oleYJD% g(; “”jm"!‘m o = 7&&
A sp? 4 ¢ bonds 1 = bond . o
sp? v 5 bonds 1 = bond “|° H J F“‘ /% H
c sp’ 4 o bonds 1 = bond kN C/—'F S‘Eg;a
D sp° 5 & bonds 1 7 bond H s

10cm?® of ethane is burned in 45cm?® of oxygen at a pressure of 101kPa and a temperature of
200°C. Complete combustion takes place.

What is the total volume of gas present when the reaction is complete, measured under the same

o —;
conditions? CoH, +ZZDZ—»ZCDZ+3H;O PV=nRT—> n= :M:;‘mmm%
) o0
A 30cm® B 50cm’ C 55cm’ 60cm® T3l (awt213) °f 02
OZ B 02 MDF = VDCIUAAQ.
35, " i .
[ 66X/
I IExiB: 66x10 mofes r{co v _’25.50 .
=158hew® of ¢
u{wmec\
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5 Two reactions are shown. N&w&e' b ok O\S(cv\:‘ O%\b

d
Ni@) > 2H(@ )L/ ek

ok

Ly V\P
CO(g) + 30(g9) - CO4(9)

If molar amounts are used, how can the two energy changes associated with these reactions be
described?

\K enthalpy of atomisation and enthalpy of combustion

\ﬂ enthalpy of atomisation and enthalpy of formation

@ bond energy and enthalpy of combustion F A WJ ° gi w)‘%
ﬁ bond energy and enthalpy of formation — oS Wcﬂ- o\w\d 9W

6 The diagram shows the Boltzmann energy distribution curves for molecules of a sample of a gas
at two different temperatures.

Which letter on the axes represents the most probable energy for molecules of the same sample
of gas at the lower temperature?

/
e
e
«— U"”%WY
2uey:
Pefiw
7 What are the units of K, for the reaction shown? K =(H co
’ 2wmsler =< 2 woles P M:M=P
H,0(g) + C(s) = Hy(g) + CO(g) [HLD] s n
,D
A Pa’ Pa /C Pa? D no units
no ?YWW‘/Q

for i
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1Cn0, HV H 520y 1t2V0 + #H,0
8 In this question you should use changes in oxidation numbers to balance a chemical equation.

Acidified potassium dichromate(VI) solution can oxidise a solution of \V** ions. The equation for

this reaction is shown. _ — 35X\ Label e change in oxicdation
T, +2 +1 +3 52 H -2 nos fov each o aden
aCro + bV* + cH' — dCr” + eVOs™ + fH:0  Tney welbiply bot! chauge it
some no < 2o el e Fvafaql—
What is the ratio a: b in the correctly balanced equatlon? ig od -

ap
o=1 b=
A 1:1 1:2 cC 21 D 4:1 & b=2

9 A sample of argon gas has a mass of 0.209, at a pressure of 100000 Pa and a temperature of
12°C.

Which volume does the gas occupy? PV =nRT womnere A= mows

v

-4 3
A 12x10"cm (va,azo xgg/qx(lz+273>
B 50cm® 2995
V= [ 136X10 M xLUD)

. = 11862 am’
@119cm X 19en?

In which pair does each species have the same number of unpaired electrons?

2+
@Ala”dcu AC— 152572, 35‘*"@
B CaandCr® C%__>is,§257_{7 3> 3," L,S._

C CaandNi*
D Fe* and O*

11 A sample of solid ammonium chloride decomposes on heating.

solid ammonium chloride — ammonia gas + hydrogen chloride gas

5 ‘ D) (O &
A total of 2.4 x 10" molecules of gas is formed. NHL(CP—/)NPB ¥ Hd
How many hydrogen atoms are present in the gaseous products? :/yh“)
2-4x10" wiolecules
A 1.2x10% B 24x10” @4.8x1021 D 9.6 x10” ﬁ
480" foms 0’ﬁhﬁdya}ep\
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12 A white powder is a mixture of sodium chloride and sodium iodide. It is dissolved in water in a
test-tube. An excess of aqueous silver nitrate is added to the test-tube. A precipitate, X, is

observed. renopl

anothev reqawé haliole ions best
An excess of concentrated ammonia is then added to the test-tube containing X. After the
test-tube has been shaken, a precipitate, Y, is observed. lons AgNO3 AQNH3  Conc.NH3

Which statement about X or Y is correct? — a white ppt.  dissolves  dissolves
. . Br~ cream ppt. insoluble dissolves

A Xis a pure white colour. — PP
— | yellow ppt. insoluble insoluble

B Xis pure silver iodide.

m
C Yis pure silver chloride. X could be white or yellw ppt.

@ Y is yellow. If X wos "°'_"*."' FEE_,upm odo(i{v‘om of eouc -NHz {;l,l,—gl,wu(d kaug dlisv!vd
Dnothey Pnuptk[e-ﬁvms on addlidion DFMC- NH, proves Haak Y s 56(1&0 PP L

*®
13 6.90g of an ammonium salt is heated with an excess of aqueous sodium hydroxide. The volume
of ammonia produced, measured under room conditions, is 2.51 dm?®.

Which ammonium salt is used?

P «“ D) >
", ammonium carbonate (M, = 96.0) G\]Hbzc/oy, —IMNH; 6 ﬂoﬂml'ﬂ'vw\ﬂ 2 S1elu F N
“§ ammonium chioride (M, = 53.5) —> N, (f — NH, 6909 vk g 2 -C1dwm ’ of N
¥ ammonium nitrate (M, = 80.0) —> N H, N s > NHy ¢ "703 Mgiviu.ﬁ 2:Slow’ of M

@ ammonium sulfate (M, = 132.1) —> NHQZ%OL(_’YZNHS
%

' 0/\52-| —> 0- 1046 x24 = 2'S| Am oF NH,
14 An excess of MgO is shaken with water. The resulting mixture is filtered into test-tube P.

An excess of BaO is shaken with water. The resulting mixture is filtered into test-tube Q.

Which oxide reacts more readily with water and which filtrate has the lower pH?

oxide reacts more test-tube with
readily with water filtrate of lower pH
(x) B0 p | Ma% o Myon), Less eutle ()
B BaO v Q Bod+ VW, 0 — %q(ml)z Mere Sb‘uloleLQ)
c MgO P o less soluble slbslance has Low PH
D MgO Q

© UCLES 2020 9701/11/M/J/20 [Turn over






15 Element Z has a giant structure. o!
—_— acu

The chloride of Z reacts with water to give a solution with a pH less than 5.

Which pair shows two elements which could be Z?

)( aluminium, magnesium— Mg d,*H,0— igo (\V%
aluminium, silicon

;e: phosphorus, magnesium
SB  phosphorus, silicon

-

P hos :’%ﬁj}&\" schure
A ['52

16 Sodium, aluminium and silicon are three elements in Period 3. Each element forms an oxide.

Which row has three correct properties of these oxides?

sodium oxide aluminium oxide silicon dioxide

A | mekal tkidepagic o~ % basic omfuoenc amphoteric Y acidlic
B giant ionic v~ giant ionic simple molecular X ﬂ.“"‘k wolecalor
Cc high melting point v low melting point X high melting point «— |
D reacts with water_— no reaction with water~{ no reaction with water
M@(ND;)’)—
17 0.25g of anhydrous magnesium nitrate is heated strongly until it completely decomposes.
What is the total volume of gas produced, measured under room conditions? GY (D )
Mg(N%)Lﬂ Mg +2N0, H )
A 40cm’ B 81cm’ 101cm® D 202cm® 3., L2z
JT———>80%m+20.20,°
17X (5 bt +20-Zew
101 3em”

18 Astatine, At, is below iodine in Group 17 of the Periodic Table.

Which statement is most likely to be correct?

)( AgAt(s) reacts with an excess of dilute agueous ammonia to form a solution of a soluble
complex. EvenNql doout dussdlie in og My
B Astatine and KCl(aq) react to form KAt(aq) and chlorine. Psbabise (s less reactine fpoun Ol so 1k cant

ohsplm‘_e A from KU
. KAt(aq) and dilute sulfuric acid react to form HAt(g).
@ NaAt(s) and concentrated sulfuric acid react to form astatine. <—seyer » { YMCAM

Lol goy are evert.
_{_D kavaj[@rné /D g_a/
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19 What is the order of increasing melting point of the three chlorides shown?
ovalent Jonic tovalent
CCl, MgCl, PCis

Iqwest ' . hi‘ghest'
melting point melting point
@ CCl, v~ PCl; v« MgCl, 1~
B MgCl, CCl, PCls
C MgCl, PCls CCly
D PCls cCl, MgCl,

20 The skeletal formula of compound X is shown.

CHs
C ~_,.
He ol TG I
O H O

Which row is correct?

molecular obs'e.rvation on
formuaof X | (Sing's eagont |7 sk foraloleluyde
@ C/Hi,0 no change
B C/H140 red precipitate forms
c C7H+s0 no change |
D C7/H160 red precipitate forms
_C_ _C <C’5H(DOD 7& <C H O>

21 Which statement is corref_t?/,

% 2,2-dimethylpropanoic acid is an isomer of propyI methanoate

“ﬁ 2-methylbutan-2-ol is an isomer of flelan-fi\-ol. | O,H | |
— —>—C-C-C-C (cSH,LO>
@ 3-methylbutan-2-one is an isomer of pentanal. | \CH 1

- 3

/7H—C l

"B 3,3-dimethylbutan-2-one is an isom% pentan-3-one. vl !
| o 5 CHo (728 I I - IC’IC—TC’IC’C/—C/:—
—Cc-Cc-C-C—(CH — —C-C-C-C-C=
C\%\\CI <§f0> (glo C,— "CQC o oH @a“{qo>

OC‘H_s

© UCLES 2020 9701/11/M/J/20 [Turn over
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(|
C'—‘C’C'C— —C=C-C — 8
| [ —IC ¢ [ wned ﬁWumSa(urafn_o! wmpowds o IL\WM
22 But-1-ene and but-2-ene are treated separately with cold, dilute acidified manganate(VII)drBFqé.

Four students, W, X, Y and Z, make statements about these alkenes and the diols formed from
them. o
|

L bl
I

pol
){ One diol contains two primary alcohol groups. only one qb—'c—cr c—cl E{ ‘f—§-
0

| t
X~ One diol contains a primary and a secondary alcohol group.

ﬂa
¥~ One diol contains two secondary alcohol groups. —///_j

?(\ Both alkenes exhibit cis-trans isomerism. WL’S but -2 -eve does
Which two students are correct?

A WandyY B WandZ @XandY D XandZ

23 2-bromo-2-methylpentane is a tertiary halogenoalkane. "\ﬂlvjemoa”m\e +(;mo+:. >———‘7 olkeue + waleyy ...

Which organic products are formed when 2-bromo-2-methylpentane reacts with a hot

concentrated ethanolic solution of sodium hydroxide? | l{%v |
A 2-methylpent-1-ene only _$_C,_C;'_C,—C,: -+ h}oﬁoj&m)
2-methylpent-1-ene and 2-methylpent-2-ene s NA
C 2-methylpent-2-ene only o lC—(C*\C —-C=é‘, +~é _é _é - C_é _
D 2-methylpent-2-ene and 4-methylpent-2-ene by [u—! 5l b |LH3 '
24 Poly(propene) is an addition polymer.
What are the C—-C—C bond angles along its polymer chain?
@ They are all 109°. Jusb Like 4, ée},oz‘jolw,j slape
B Half of them are 109° and half are 120°.
C Half of them are 90° and half are 180°.
D They are all 120°.
25 An alcohol has the molecular formula CsH1,0. It has several isomers. ,;HU’
Which isomer forms a yellow precipitate with alkaline aqueous iodine? —for kebme, sewNJ j

Jd,\ow&Q

\9( 2,2-dimethylpropan-1-ol
2-methylbutan-2-0l ¢ ¢ _ &
[ N
3-methylbutan-2-ol OH

ﬁ\ pentan-3-ol

© UCLES 2020 9701/11/M/J/20
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26 When compound X is heated under reflux with agueous sodium hydroxide solution two products
are formed: sodium ethanoate anti hexan-1-o||. L %—é Neid = ebhovoic aci |
C—C +'C'${|{', ' O Aleoho| = heyxanof

What is compound X?  ~ 7~ ~ppa l

A c O

% ° o)
UMW"O?? wiwﬂ,@ ﬂmﬂ? ﬂw&a?a

27 What is the major product Z of the following reaction?

CHo
o an excess of
HQ C— C\C oy HBr
(C ‘ warm
C

W2 cr to

o {’wﬁav shuc{'urm arl hore

BV CHL Ql”‘l" Hrcun SQU»\CQ an
X ° SJ("ucjru res
Br ; ;

28 The structure of compound Q is shown.

compound Q

5953

How many chiral centres are present in a molecule of Q?

A 4 B 5 CcC 6 @7

© UCLES 2020 9701/11/M/J/20 [Turn over
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29 Compound X has the infra-red spectrum shown.

100

transmittance/ %
501

o] I

S —
400 3000 2000 1500 1000 500
wavenumber/cm-
What could be the identity of compound X?
[
@ ethanoicacid -C—-C—0oH
!
B ethanol
C ethylethanoate .
v a\/\zt c aml%"/}_
D propanone 7\?] ms(,oo
O
30 Which reaction produces an organic anion with a good yield? | [
—C-CN + Naot —{C-c KN4,
@ heating ethanenitrile under reflux with dilute sodium hydroxide ! f ONe

B heating ethanenitrile under reflux with dilute sulfuric acid CHj(J\) + HQ_qu — CH3COO H
‘% heating ethane with sodium metal
)( heating ethanol under reflux with dilute sodium hydroxide

© UCLES 2020 9701/11/M/J/20
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may

be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).

The responses A to D should be selected on the basis of

A B (o D
1,2and 3 1and 2 2and 3 1 only
are only are only are is

correct correct correct correct

No other combination of statements is used as a correct response.

Use of the Data Booklet may be appropriate for some questions.

31 The definitions of many chemical terms can be illustrated by chemical equations.

Which terms can be illustrated by an equation that includes the formation of a positive ion? B

" first ionisation energy X (9) — )<+(a>+ o
X-C— X + ()

2~ heterolytic fission of a covalent bond

8 enthalpy change of atomisation 1 )(2(5> — X (‘j)
2

32 Which molecules have no overall dipole moment? A ’T

1 boron trifluoride N
F

2 methane —

H// N~ H

#
3 phosphorus pentafluoride —>

| =
N

£l N

B
RN

F

33 Carbon exists in several different forms. Two of these forms are buckminsterfullerene and
graphene. Buckminsterfullerene is a fullerene allotrope of carbon.

Which statements about buckminsterfullerene and graphene are correct?:D

J/Both have delocalised electrons.

7( Buckminsterfullerene has a giant molecular structure.

>‘{ The carbon atoms in graphene form a tetrahedral lattice.

© UCLES 2020

9701/11/M/J/20
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The responses A to D should be selected on the basis of

A B C D
1,2and 3 1and 2 2and 3 1 only
are only are only are is

correct correct correct correct

No other combination of statements is used as a correct response.

> th -2

+'L_2
34 Carbon monoxide burns readily in oxygen to form carbon dioxide. ] ( { + Ol —>)C Oy

What does this information suggest? A
/ The +4 oxidation state of carbon is more stable than the +2 state. Bz o rasu(fof incomp lete combustion

2~ The standard enthalpy change of formation of carbon dioxide is more negative than the
standard enthalpy change of formation of carbon monoxide.

3~ The value of the equilibrium constant for the reaction, 2CO(g) + O,(g) = 2CO,(q), is likely
to be high.

35 The catalytic converters fitted to cars remove pollutants from the exhaust gases. Some of the
reactions that occur involve oxygen, which comes from the air. -

Which pollutants in the exhaust gases will react with oxygen on the surface of the catalytic
converter?

X No,

2~ unburnt fuel
—
3 CO example of Aeézroﬁ eueosua "—4&,%;[;

36 Chlorine reacts with sodium hydroxide in two different ways depending upon the temperature.

0 —1 +l -2
reaction1 Cl, + 20H — CI” + CIO + H,0 ¢old Naoy
] - +5 -2 4l -2

reaction2 3Cl, + B0H —» 5CI~ + ClOs + 3H,0 hot NaoH

Which statements about these reactions are correct? 13

"~ Reaction 2 requires a higher temperature than reaction 1.
<2~ The products of reaction 1 show chlorine in two different oxidation states.

X The products of reaction 2 show oxygen in two different oxidation states.

© UCLES 2020 9701/11/M/J/20
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37 In which of the reactions is the organic compound W C

M CHiCHO + HCN reagent — c#(cN)CH(D@

_2" CHsCH,CH,CHO + Tollens’

reagent

.3 CH,CH,CHO + Fehling’s reagent

38 When the apparatus is set up as shown, an orange precipitate forms in test-tube Z.

V4

Y
air—»
compound Q +
acidified potassium 5
dichromate(V1) o
A \\ o
pxidist " o;w&
—/
warm

What could compound Q be? B
\ A~ CH,;CH,CH,OH
2~ CH;CH(OH)CH;

X (CH3)sCOH

posikive vesulf ouly if aldenyde or ketone
is present
2,4-dinitrophenylhydrazine

o reagent
o°—/ ‘/h?r means Whakeouer estopes from
tube ¥ ic o carbongleompound .
\_/ With au'difio_ol KZCY,_()? , oM
Pvimarj g cecond alw’@ f4 .
form cavbrw&f comp ds - Tevtiary
ale wa oloes uot re_a(‘f

39 Chlorofluoroalkanes that diffuse into the stratosphere are broken down by ultraviolet radiation.

Radicals are generated that cause depletion of ozone.

What are these radicals? D

4 chlorine radicals
2 fluorine radicals
& alkyl radicals

© UCLES 2020

jhis (s fwl' f‘ﬂﬂﬂj
OV Light Jyomn Sun bpaas -CL bovels. i GrC molecules

This Yeleaser hi ra? reackve chlvvine atoms call
clhlnrive ,ltfo,z vao?i stonich reack with ozone molecules

9701/11/M/J/20 [Turn over






14

The responses A to D should be selected on the basis of

A B C D
1,2and 3 1and 2 2and 3 1 only
are only are only are is
correct correct correct correct
No other combination of statements is used as a correct response. | /02
\C =C or C=
/ N\ /
40 A mixture of the three isomers of C,H,Cl; is polymerised. H H
Which sequences will be seen within the polymer chains?A
2 3
1] [T
T T T
Cl Cl Ci H H
5 \L o H \L
g ¥ R a+ g H
! —C-c-c-C— Vol
—C—C[_‘ Ly l(‘j "C'C"C'(’:—'
A L
g a H aa amn H d

© UCLES 2020
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