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and record your choice in soft pencil on the multiple choice answer sheet.
e Follow the instructions on the multiple choice answer sheet.
e Write in soft pencil.

*
: You will need: Multiple choice answer sheet

- oft clean eraser

] Soft pencil (type B or HB is recommended)

° Data booklet

S

~

= 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

e 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.
e 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.

*  Any rough working should be done on this question paper.

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

This document has 16 pages. Blank pages are indicated.
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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.
1 In which carbon allotrope are all electrons localised?
A buckminsterfullerene TThis 15 Sﬂwdﬂxw
. lME/ supposed fo wJ
Q diamond ‘ﬁ/‘-ﬂ ur ct«mf.% gmb
i . ‘ﬂ'\i 'Q 3 123+
C graphite el od ded'wms 4 4w,u, doos 2 xoper e 12355
D graphene nob- Owaull& elec hlb‘hj eopper mass ore 411833
105 CuCOy +alok ofpevs 1255 gof Cath, —> 418339 Dfmfpu
2 Acopper ore contains 3.00% of copper carbonate, CuCQa, by mass.
bl 123 lﬁmga[mm has 20,000 ]ﬁ
Which mass of copper would be obtained from 1 tonne of the ore? Cuto, ef sefarﬂie
A 191kg B 3.71kg 15.4kg D 58.4kg '23 55 ”f Ws — 655t ofCu
g of Culbs — 1540 of Cu
152k
3 The catalysed formation of ammonia by the Haber process can be represented by the equation j
shown.
Nx(g) + 3Ha(g) = 2NHs(g) AH = -92kJmol™
Which change in cenditions-will increase both the rate of formation and the equilibrium yield of
ia? .
ammonia? s will decrease fhe yate.
K decrease in the temperature Hic W#ﬁ increase ‘%&T[e b“{:ﬁdgmm 7’27/"4 "
B increase in the temperature —> e reaction side which clecrenses e
P be favowed & Hpal- i backwavd reackim
increase in the pressure
K increase in the surface area of the catal; st
rz_ 4 eqput lbvium /&M
bwdw wa ;!,wut _Therease e fur)
4 Solidsuifur consists of Sy molecules ar2. o reackonls o increane. e vale NoT m&({gsls

Which equation represents the standard enthalpy of atomisation of sulfur?

by
184(s) - S(g) crergy & eoniert: an demeud- in U5 dandard

B 1Si0) > S(@) e— Sulfur exisks 05 0.0l u:vv)-/,hh? of Sy molecul
C  Sis) > 8S(9)



_
@%sa(s) 5 S@ crergy & courent an eloment- in Ui chandard
B 1Si0) > S(@ ¢— Sulfur wxisks as acoliol wm/,{—m? of Sg molecul

C  Sis) > 8S(g)

D Si(g) —» 8S(g)
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5 In this question you should use changes in oxidation numbers to balance a chemical equation.

- InHese lind of @ , o ought-
b firsk write al oxdotion no-<
onJop of each nhm/w presedt
Lvilche diferences in ox{dadion
. " . . o< of M on both <ides of
What is the ratio of ¢ : din the correctly balanced equation? reachm

Next ou mus b mulbiply bot

A 101 B 1:2 c 2:3 @3;2 2 and'3 . o ek X
$04na

| oeﬁ,m}- u ge

. . . . Here a boc oels 3
6 In this question you-should assume air contains 21% en. - “e
e % R R e mv‘nw-—%\ao T ‘,‘;é‘;?’f’ ;‘:2*"

What is the minimum volume of air required to ensure complete combustion of 10cm® of butane

The following reaction ochMvarmed with dilute H,SO,.
-2 + A +7 + -2

=2
aMnO; + bH' > cMn®* + dMnO;~ + eH;0

b of
[ AU gas, under room conditions? Vasoonles
00 (boo\ >
175500 A taem’ B 27cm’ c esem’ @310cm3 — "
o H 13y, —4CO_+5H,0
b, o) oty Gy, 2
7 When aqueous bromine is shaken with cyclohexane and allowed fo stand, [two layers form. The " - uto burn aud®
top cyclohexane layer is coloured and the bottom aqueous layer is almost colourless. Voo 2 T08X10 molen of D2 " bufane.
oF tosoy 65em’ of
What is the most likely explanation for this observation? 0,

A Bromine is reduced to bromide ions in the bottom layer.

Bromine molecules are non-polar.

C Bromine reacts with water but cannot react with cyclohexane.

D The product of the reaction between bromine and cyclohexane is coloured.

8  Inwhich change are only temporary dipole-induced dipole forces overcome?
A CHOH( > CiHoH@ Tuis has hydrogen bevedurg pr
B HO(s) > HO() s ko kydrogen bondling Foo preseut

©ous) 00

D CuHioll) > CaHuols) This 16 confrachiom 56 wo fovces are overcome

9 The complete combustion of 2 moles of an alkane produces 400 dm? of carbon dioxide measured
at 301K and 1 x 10°Pa. Carbon dioxide can be assumed to behave as an ideal gas under these
conditions.

What is the formula of the alkane?

@cau.B B CiHu C CuHe D CutHa
miles of 0, = TRV =004 - 16
RXT 2 Yo
83l x 30/ Lallome + 0, —\Co, + H,0
To balance wo-of carbow aloms , we chould Lo0dm’— 6
have (6 m Lef+ +o0 - 201K
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10 In which reaction does an element undergo the largest change in oxidation number?
A CI; + 2(;!‘1 - OE)II + EJ‘! 04A28
. 3812 + sor-r > cxo3 50+ 3»'-15
c Crzo,2 + sFez’ +1AH o 208 + oFe” + 7«'\_‘2-02

46 -2 £l -2
D 3Mn0.7‘ + 4H' - n'hno, + 2MnO4” + 2H,0

11 PCls decomposes. as shown. Py = Pal 4,
Nl mol,
o» e A PCIs(g) = PCIy(g) + Clig) K
o N
—0- +0- E.
“0mol of PCls(g), 1.0mol of PCIs(g) and 1.0mof of Cl(g) are placed in a container of volume mr:‘mf“ 0-8 8 408
1dm?’ at 250°C and allowed to reach equilibrium. wutt|0-2 18 1.8
Arere ic an ncrease ofog
At this temperature, the equilibrium mixture contains 1.8 moles of PCl5. woles ko PU, & wole atip
°f pu, bu,_ is 11 thus
What is the value of K. at 250°C? Anere should be 09 moles of
Increase in o, oo . S
A1 B 18 c o9 @16.2 o mele rabis of By to

Fllyis 1:4 anel P/
consevis bo PCLy oud »
Aere shoulol be 2 dacranse

12 The fifth to eighth ionisation energies of four elements in Period 3 of the Periodic Table are
shown. of 08 moles 1 Py

This 1S afley 4 ga%yms

Which row refers to chlorine? have beeo
V‘ZWIWCA
ionisation energies/kJ mol™
fifth sixth seventh eighth
A | 6280 21200 | 25900 | 30500 3 wdermast eleckuons in €l bore should
B 6990 8490 27100 31700 have ¢ipmilar Fm\gah’yy\ evergies oM
& .

©| o540 9330 | 11000 | 33600 e 8% clechm Lei:g romoved ic

p| 7240 8790 | 12000 | 13800 o shellweater 4o wizleus 0 e Should be ery

nigh
13 Magnesium nitrate, Mg(NOs),, decomposes when heated to give a white solid and a mixture of
gases. One of the gases released is an oxide of nitrogen, X.
7.4 of anhydrous magnesium nitrate is heated until no further reaction takes place.
What mass of X is produced?
A 15g B 23g C 30g @4.69
Mg (Vo) — N a6 +2ND, +10
>
g(Nes), I AL
0-0Bmole ————> DL oole  wag=mole x molay mass

f — 2 =0 x4y
M :L(»[,,ﬂ/
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14 Which statement explains why iodine is less volatile than chlorine? avd talies more time 4o breaktrese bonds

A Chlorine is more electronegative than iodine and so has more repulsion between its
molecules.

e The grea(er number of electrons in iodine leads to larger temporary dipole-induced dipole

wlivd o ko withe volah Uity
7Q The I-] I_M\g;gy is smaller than the CI-Cl bond energy. - nD’rrw&wl’ inT WC[ b(z ﬂ@
“B. The iodine molecules have stronger permanent dipole-permanent dipole forces.

(IW2),C05
15 Ammoniumcarbonate is a crystalline solid. On gentle warming a reaction occurs, forming

ammonia as one product. LN H‘DL 605 — N Hz; +

How are the carbonate ions behaving during this reaction?

are wou- Fo{

A Bronsted-Lowry acid
n
Bronsted-Lowry base bcz amwovium 1ow loses H' § becomes NH,

oxidising agent
reducing agent
16 One molecule of an oxide of element Z reacts with six molecules of water to produce an acidic
compound.
What is element Z? .
A aluminium sz} 1 HZD le MSD"‘ME
phosphoruqu D,p %HZ O ——%4” PDA,
siicon  510,1 H,0 —7 Y0 Yeaction
sulfur 5021' Hlof—? ﬂZSOE

17 Which property shows an increase from magnesium to barium?
A the first ionisation energy of the elements decreases down fha group
B the oxidising power of the metals A\UJMSM ba 1;15 \wea;mj adowic Yﬂd i}
® the solubility of the hydroxides
D the solubility of the sulfates decreares down ﬂYDuP a0
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breale H-T bond and PwPla vapour

jﬁm‘ms {—NIE
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18 A test-tube of (g) and a separate test-tube of I'@g) are heated to the same temperature.
Which of is p
test-tube of HBr(g) test-tube of HI(g)
A a brown vapour appears no change
B a purple vapour appears no change
[+ no change a brown vapour appears
m no change a purple vapour appears

19 Most modern cars are fitted with catalytic converters in the exhaust system.

Which three gases are removed by a catalytic converter?
@ carbon monoxide, hydrocarbons, nitrogen oxides

B carbon monoxide, carbon dioxide, nitrogen oxides

C carbon monoxide, nitrogen oxides, sulfur dioxide

D hydrocarbons, nitrogen oxides, sulfur dioxide
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20 Compound X is shown.

compound X o —C=0 MTW
|
COH
NVER-d
1\ ! logd
- \(_ / N
vdoy
Sew
OH C@ nlol T
X is treated separately with NaOH(aq) and LIAIHA togive Yand Z. d
Nq 0 N rzduum@ et o
o mﬁ{ voikin COH R-a Wduq‘ﬁw 2, %
o . —COOH (s
| \ v NaOH(aq) LiATH, | ‘?Y‘W‘Wj a(wtw/
[ OH oH
What are Y and Z?
Y z
CO,Na CH,OH
OH OH
CO,Na COoH
)
OH OH
CO,Na CH,OH
)
ONa OH
CO,Na COH
’
ONa OH
© UCLES 2020 9701/12/M1J120 [Tum over
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21 The table shows the molecular formulae of three molecules P, Q and R. None of the molecules
are cyclic. ‘1
alsbol )
molecule molecular formula C“ﬁo_?” C OH ( o
[ § (aidebde, um}
P CH,O Conz — HD_C oy acid
N oo o —> H-C Uekopde, el
0 —C—hH (o " e
R CH,0 2 e o)
Which show a strong ion between 1610cm™ and 1750¢m™ in their infra-red
spectra? bbw. Hrere. wavenumbers , ketones aldeluwdes ore e
A Qonly B Ronly @Q andRonly D P,QandR % j“’“j; 4 in e abore
at +op In

Q ard Emb.

22 Which row correctly shows the type of mechanism of each of the two reactions?

abskifubion
CHeBr + KCN CH:COCH, + HCNﬁ— [l o 8TasT ,(4‘ toker)
A ohil . ohilic addition > -Cl-f'/ay > )<,c/\/+c/»c‘~av+z5r
B phil tuti ilic addition \ | DUSj" I | ?N |
c ic substituti ic addition —C-CFCm 4+ HAIN —>=C =7
| | -
() ic addition oA
N
_ \ A (ot [ L
23 Ester X is shown. M oo o go‘\}( T

&,
\5&4) M ester X o | D
Ww\\s\s ”S v,w CH3C021CH2)ICH: —'% c c ONa + HO (CHL} -CH,
1
> Ester X is hydrolysed using moussodj’_wh
What is the molecular formula of one of the products?

A CHO: c;H;O;Na € CHiO D CiHiONa

24 Which reagent could be used to distinguish between propane-1,2-diol and ethane-1,2-diol?
@ alkaline aqueous iodine reacks with ouly M&vﬂ aleolols ] qive :jdlcm FFE

B aqueous acidified dichromate(VI) Lyrng ress m bol Aide due 4o anayj & gwo(mj alcohefe
C ethanol and a few drops of concentrated sulfuric acid
D sodiummetal produces Hy with ooy diofs

©UCLES 2020 97011121020
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25 Which substance forms propanoic acid as one of the products when it reacts with hot

acidified vi? oyidliswa a?j,wl— aned 1(,1 un caturaked wmrow\ds

=1+ LS .
@but ene \ N /(,\47/(,*4 3 /(,\'\1(‘“ 5 C=C: % co, + 4,0
B but-2-ene cC=C o=C KMwO,
7 N 7 \ allyl " all
C  2-methylpropene H 4 e
ou c=c¢ Wob ey
D 2-methylbut-1-ene TR Now
/a\k,\ /-MT
26 The structure of damascenone is shown. c=C _Mebewe p=(C
~ th n:drhd \“W
0,
damascenone . %
0
o A el
as
Including how many i exist with this formula?
A1 2 c 4 D 8 o) 0 H 5

il |

Il
—C — — or
27 How many isomeric esters have the molecular formula C;Hs0,? H Co 6-CH 7_(—H Z(/H} or H-C-0-cH — CH}
Lo | Lo
-C-C-0-C—Cc— or -C-C -C—o—é—
! vl [ \
28 Ethene reacts with aqueous bromine to give two products, CH,BrCH,Br and CH,BrCH,OH.

A 2 B 3 4 D 5

S ! | [
N s
Which statement about these products is correct? /C :UE\? — *C' - CA;» — —C\ - C‘Bf
Both products are obtained in this reaction by nucleophilic subsfitution. Br ~or pr Br
¥ eate v pseopnl s o ‘.
\ﬁ< Both products are obtained in this reaction by nucleophilic addition. /(1¢C\+ BVI(%) — —C’ ——C' —0H
Br

Both products can be hydrolysed to form the same organic compound.
B Both products can form hydrogen bonds with waterugﬂ L\‘(de bovds , FN v 0 ghould loe FYWA} wo it lons
poir vf electrm

29 PVCis used as a packaging material.

What holds the different polymer strands together in a piece of solid PVC? . WWJV W‘Wo

A covalent bonds r{\r,lma ‘ﬁ"o‘!’ (ljo

B hydrogen bonds MS > TO}@

C ionic bonds

van der Waals’ forces

© UCLES 2020 9701/12/M1J120 [Tum over
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30 The diagram shows the structure of buta-1,3-diene. _ C —C*—¢ c —
buta-1,3-diene P

H H W\ Br

| | ol
W OO 4 Uy —— -C=C -c' —Cc—Br

[ |
| [ | &
H Br-C—C—G = —Br
|

The addition reaction between buta-1,3-diene and two molecules of hydrogen bromide can
produce three structurally isomeric products.

I—0

How many of these products have at least one chiral centre?

A 0 B 1 D 3

©UCLES 2020 9701/12M/020
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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 c D
1,2and 3 1and 2 2and3 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 Scientists are trying to synthesise a new element with proton nu,
predlcted to be a Group 1 element in Period 8 of the Periodic Table.

L eledhvom i ito ouker mosk Shell Ayansitipn elemenks
Which predictions are likely to be correct about this element?

Cme element is

U The outermost occupied orbital of one atom of this element will be an s orbital.

\Z  The atomic radius will be the largest of the seven elements in Group 1. bez it increas er olown

X Itwill have a greater first i energy than element 118. 7 periedic kable , Il Quould be a pobe

32 Which reactions would have the reaction profile shown? C

Loould have h]hcv ve thau /19

YD«”I

&M so If

c’ﬂfﬁ e \:@"9’
energy e J/\ Md 4 wﬂ— P
SN M
“’g > 4°§>
‘o 2 UQ( re
progress of reaction »/\3’
A NaOH + HCI - NaCl + H,0 nesbrolisabion
Z CaCo, —» Ca0 + CO, oo )N)(iwwr)f
3" 2Mgo - 2Mg + O, ‘,W,;m%
© UCLES 2020 9701/12/M1J120 [Tum over
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The responses A to D should be selected on the basis of
A B c D
1,2and3 1and 2 2and3 1 only
are only are only are is
correct correct correct correct
No other combination of statements is used as a correct response.
33 Which factors can lead to an increase in the rate of a reaction? A
d/ a lower activation enert Tvation emers o ncentranon “r‘f“
T i a9y ackivation energq, kewp -/ o1 Mﬁ
an increase in temperature
W ml-e of reackion
G/ an increase in the concentration of a reactant
34 Sodium and fiuorine are both reactive elements. Two atoms are described. A
. -
F Na Na Na F F
; Poy PmU P po
atomic number 9 1" 1o N-12 N-ID N-[D
nucleon number 19 23 - E-o E-9 E-ID

Which statements about these two atoms, and the ions they can form, are correct?

\1/ One Na atom has two more protons than one F~ ion.

2~ One Na atom has two more neutrons than one F atom.

\}/One Na' ion has the same number of electrons as one F~ ion.

35 In the which

catalyst? ,

1 NojtoNo NO,+ $OZ —> N+ SO‘,)
NO to NO,
24 NOto NO +D, — ND,

3 COtoCO;

©UCLES 2020
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36 Thebond ... P...... of the HBr molecule is ......Q...... than that of the HI molecule.

Which pairs of words correctly complete the above sentence?

P Q

These properbion areall part of Heory
W energy greater Bond [% P dvon Az 76
2] length less Bondl energy ¥ olowon #i g1
\3~| polarity greater Bod fﬂan'hj_ is zjrméar on e éof

37 Compound X has the structure shown. C

compound X
OH

0!l
|
M /"C/C,"
|
C
|

Which statements about compound X are correct?

thic is wed ot unsa turated com

}( X will decolourise cold, acidified KMnOs(aq). — qu’v;?lE whew diols ave odded

~N—

o
/

O
/

[
c—
/

amd Hurng colour
expansion nf dvable bowdc=C

s from

\2”" X gives an orange precipitate with 2,4-DNPH reagent. — it ng voge ’”71‘.’ 11C Mo‘zlvdn‘z 7o kebme i PW’M’t

\§/ X does not react with Tollens’ reagent.

38 Propanal reacts with hydrogen cyanide. A

g &'
w1
Which absorptions are present in the infra-red spectrum of the product? H— CG—C—C' +H
) "
4-"a weak absorption in the range 2200-2250cm™" _ nibviles C=N
2" a strong absorption in the range 3200-3600cm™ 5 gl ool 0-H
3 a strong absorption in the range 1040-1300cm™ —> adoobol's C-0
39 Which alcohols cannot be dehydrated to form alkenes? m _ é_ oH 5> no rwdww
4+ CH:0H G s
—Cc-0H =
2 (CHs):COH g0 T ¢=¢
aly aty
3 CH:CH(OH)CH; o rot
-C-c—C- — C=c—r7—*
1 oH 1 1
© UCLES 2020 9701/12/M1J120 [Tum over
14
The responses A to D should be selected on the basis of
A B c D
1,2and3 1and 2 2and3 1 only
are only are only are is
correct correct correct correct
No other combination of statements is used as a correct response.
40 A reaction mechanism is shown. B
H,C ——CH, H/;C — C{z
H,C, /CH, — H,C, /CH2 + Br
H,C— —[;r H,C——C—H
\ \
wo- M OH
- o+
Which statements about this reaction aec rreé:&? gm S
o . 6 YRR A
Heterolytic bond fission occurs.

Itis a substitution reaction. OH Ybflﬂﬁe/) br

%\ OH" behaves as an electrophile. —> S?‘a”/m’f wanls MM Fa_u"

©UCLES 2020 97011121020
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