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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.

BN
1 Which particle has equal numbers of protons and neutrons and an electronic structure of
1522572p®3s%3p°?

A PAr 0 g2+ c 602 D s C ""‘_ : 9 6 ¢ N=2p
18 20 8 16 a — 1¢”9¢ Qr 3s _-?F Peoo

2 Which molecule contains six bonding electrons?

F
NCIsC HS c:zH4 g ,Ll)( sFe FY a*F
@ G K M SxH X - L2
)‘ x H F = F
3 Solid carbon d|0X|de, CO,, is similar to solid iodine, I,, in its structure. F

Which statement about solid CO, and solid SiO; is correct?
@ Both solid CO, and solid SiO; exist in a lattice structure.

y Both solid CO, and solid SiO, have a simple molecular structure. Si0; has al'm} mofecder sbruckure
f‘( Both solid CO, and solid SiO, have atoms joined by single covalent bonds.

\;( Both solid CO, and solid SiO, change spontaneously to gas at s.t.p.. 4Wrzéﬁ’(lﬂ
s o™
4 The enthalpy changes of two reactions are shown.

KoCOs(s) + 2HCl(aq) — 2KCl(aq) + H,O(l) + COy(g) AH =-34.0kJmol’
KHCOs(s) + HCl(agq) — KCl(aq) + H,O(l) + COx(g)  AH=+32.8kJmol

What is the enthalpy change for the reaction shown? m:,[: y reaui »red
l—u«fwm 1 ww[aO]C kd

2KHCO;(s) — K,CO5(s) + H,O(l) + COQ(g)
A 316kl zl—lCH—ZKHCO = K, CO +H O+CO HHcl
BkJmo

» mh 'Z —3
B 1.2kJmol 2 k223) 2KC4H 0 4500,

C 66.8kJ molbd‘j ot e ZJ N J ..
all Swos es VLﬂM Loth cider Endhal dﬂa&é (] Cathal indirect yoube
@996KJm0|o o Co Aot Hrey avrive on Ha szfaz S i A — 34 g a’i
deme {;voofud' éj u;[ o Q Qq}iﬂhw ?rvw- ou2 o =99-C LJ’/Msf
Thew bolance a[/{ 3 parlr F Hess < c:jda 7
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5 Nitrogen reacts with oxygen to form nitrogen monoxide, NO, and nitrogen dioxide, NO,. Nitrogen
dioxide reacts with water and with hydroxide ions.

D 12 -2
Nz(g) + Oz(g) - 2NO(g)

ZNO(Q) + Oz(g) - 2NO2(9)
2NO2(g) + H.O(l) — HNOj(aq) + H'(aq) + NO; (aq)
2NOz(g) + 20H (aq) — NO; (aq) + NOs(aq) + HO(l)

What can be deduced using only the information from these equations?
x HNO; is a strong acid.

\i HNO; is a weak acid.

W NO, is a neutral gas.

D" NO is a reducing agent.oxidises vﬁdf 1£r6m 42 fo +4t £ reduces O, ‘f'nrw\ O to-2

6  Which solution has the lowest pH value?

A 0.01 moldm™ butanoic acid

€, oot —>[Cqta@0 (1] [1*] = 0 0tmd fclu (pl-l'z)
B 0.01moldm™ ethanoic acid (| 5COOH ——)((_;u,coo [ ]_—>LH = 0-0mol/dm’ pH=2)
C 0.01 moldm™ hydrochloric aCId ‘—\U - [_u‘][a 1— (v %o wol/dw® (pH =2

@ 0.01 moldm™ sulfuric acid %2 (s0,” ] [W] - 2xootmd/dus omw(/dms(‘,u - "7>

7 The element sulfur produces a mass spectrum with the following peaks.

m/e value relative
of peak abundance
Toca[wlab. J.a‘z olpmicwaus,
32 95.02 valtly e releie sbulouce
33 0.76 with "‘/’ ue and
overoll sum f-ﬂ-ﬂwld l-j dwc:lav\
34 4.20 wifls 100 .
36 0.02
Which relative atomic mass of sulfur can be calculated from these data, given to four significant
figures?
A 3207 B 32.08 @ 32.09 D 3210
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8 What is the electronic configuration of an isolated Ni** ion?
8 8
A 15°2572p°3s°3p°3d%s> Ni— 1s’25"‘2la°3s‘3(;"4s’34
B 1s°2s’2p°3s?3p°3d’4s’ Ohen electvows are bel e,w.BUlﬂ/,

taks lo L remiovl
C  1s22522p°3s23p°3d 45> done. loy firs J Zf' e

ijheA{, eney ,;a“ey which
@ 1522s22p°3s23p°3d°® Hnis care vsé 2 elechroun
wrl[ be rewo veol f,m
9 At 200°C aluminium chloride is a gas with M, = 267. A IZC [6
= =

What is the number of covalent bonds, dative covalent bonds and lone pairs of electrons in one
molecule of aluminium chloride at 200°C? ¢ — A[ X = a

covalent dative lone pairs
bonds covalent bonds P
A 6 2 S 0
hecre v plxcL2 v~ 16 xx
C 6 2 18
3 0 9

10 When solid KCIO; is heated in the absence of air, a mixture of two chlorine compounds in the
mole ratio of 3:1 is formed. Chlorine is the only element whose oxidation number changes in this
reaction.
KC(D — KC,[+
What could be the oxidation numbers of chlorine in the two compounds that are formedw

vedoabion
A +3and-1 )( +6 and +4 @ +7 and —1 )i +7 and +1
Wuile (L yeducesr fow
11 Two reactions are shown. tfj;;i Y w{é Srh:::c ;ﬁdg’f&
reaction 1 Xa(g) + Ya(g) = 2XY(q) its M&wbomed in MCQ th
ZmeﬂwwiS L)g(;{ 7@1
reaction2  XY(g) = 1Xa(g) + 1Ya(q) D‘Ms M Wt one ‘umdex 7w>
oxidation vzg o—lhef
The equilibrium constant, K, for reaction 1 is 0.0052. %/D UC ‘
Cloice A Showe reducton
What is K, for reaction 2? in both cases fom +€ 4o
+3 & 15 4o -
A 26x10° 13.9 C 1923 D 3846
> X AL Mc
[Xy] = 00052 (‘ Z][Y—} 2500 (X{“_v,_‘) = |2S00 —> [_2] [Y,‘] =129
(.X,,][ le (_ )(\/)7' I 2 D(y;]* 12 (x]

Tolce Veci]ﬂoco.l DF'HI\A'S Leks rook LE
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12 Compound T is a white crystalline solid.

When a sample of compound T is mixed with aqueous sodium hydroxide and heated, a gas is
produced which turns damp red litmus paper blue. |z4ic ln re

Further testing of a solution of compound T with aqueous barium chloride produces a dense
white precipitate which does not dissolve when dilute hydrochloric acid is added to the mixture.

What is the identity of compound T? . ad
+ Nat—> N/, validolis 19sfafemeut but BlHg),(Dy+ Bacl,
a&vm Dalo, which veaels widh olilule He)

A ammonium carbonate

ammonium sulfate \
|

‘s( sodium carbonate + NobdH — Nuévaudalas 14 C-la‘»emewl’ bﬁ#b}sbq

i w ham venels withh Ball, gwesr BalO is wnok
‘5( sodium sulfate bl d!l\ul.i Hc}_‘a‘ R

Covd D dowk Gue gy or any basic qon ok 4urng dowp red ldwus papex blue .
13 Which property explains the trend in volafility of the elements going down Group 177
A decreasing covalent bond strength ds 7
' 1
B decreasing van der Waals' forces Volokik dec win. 61

due to\increase in mmber’;?eled'rmb
C increasing covalent bond strength w[,ud} leao' ) incrm&c’ Vamdey Wﬂla{‘ﬁv‘w&

@ increasing van der Waals' forces

14 The statements apply to the elements in Group 2.

Which statement is correct? \wugw:w

o SV
@ As atomic number increases, ionic radius increases. l/ X 24 1 10\”{ \AA
| | o PR e e Y
B As atomic number increases, reducing ability decreases. %

C As atomic number increases, first ionisation energy increases. Xdown e wuf , I.e decrearer

D As atomic radius increases, first ionisation energy increases. Xl'!-e dw s ‘7"“{""‘ 8"6 ’f“’#“’”

15 Which element, when bumned in oxygen, can form an oxide that is a reducing agent{j,;[- 5 y;drces l_kd'L

A Na B Mg c Al @
Na,0 Mﬂo MLOZ

Syt
30, [0 s
\
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16 Nitrogen oxides are removed from the exhaust gases of internal combustion engines by the
action of a catalyst in a catalytic converter, . _ -2 422 42

C0+ND——> CO,+ N

Which row is correct?

reducfHon M yerem e

oo ot | | fltbnin bl
@ decrease v heterogeneous |
B decrease v~ homogeneous
o increase heterogeneous
D increase homogeneous

AqND 5 +Ball ,—7 A%Cl—l' Bo\@()_;) Rl

17 The addition of aqueous silver nitrate to aqueous barium chloride produces a white prem itate
which dissolves in an excess of dilute agueous ammonia to form a colourless soLutl
cl+Nu,—> d +I: (NHS l
The addition of an excess of dilute nitric acid to the cotourless éolutlon pro whi
precipitate, Z.

‘ HN03
What is 27

@Agcg % BaCl, )( Ba(NO3), D NHiNO; %[[(g)

18 Which property shows an increase from calcium to barium going down Group 27

the ease of decomposition of the carbonates WP@,{W /]\ Aowon Hre %Vol*f

e the solubility of the hydroxides
¥ the solubility of the sulfates |\ down 0 qr

D the volume of hydrogen given off when 1g of the metal reacts with water

19 Element X is in Period 3. It reacts rapidly with water to form an alkaline solutionp.:b‘E;mlog Mﬂo are aliwline
m

Which statement about the chloride of element X is correct? TJD.C[ oY Ma (.{,2
@ It conducts electricity when molten.

B It has a melting point of less than 100°C. @ {{@
C  Ithas covalent bonding. §'> Y
s ¥ h_ —
It reacts rapidly with cold water. A /C:c\ t Her '% 'C, 1 C,—C|
. ; H C
ol i peion i Jbrans 500 SO
tructural and stereoisomerism should be considered when answering this question.~_p-c - C —C‘oCl -

o
When frans-pent-2-ene reacts with HBr, how many different products can form? br

A 1 B 2 @3 D 4
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21 Ester P has the following structural formula.

ester P ‘ /P ,
o) _C-
V4 _0-C WO ,

CH,C , \

\ OH _ -
/&BH?_CHch(CHS)z |

Which compounds are produced when P is hydrolysed using dilute hydrochloric acid?
A CH,COCI and (CH,),CHCH,CH,OH

B CH;CH,OH and (CH;),CHCH.CO.H

C CHsCOsH and (CH,)>CHCH,CO,H

(‘.H3 W
®0H3C02H and (CH3);CHCH,CH,OH M&f*&fhﬁm a\wl“ﬂf Hg-’c OH W 0)*»‘3 AU’

VAR T

22 There are many non-cyclic alcohols that cannot be o><|d|sed by warm acidified MnO," ions.
Alcohol X is the member of this set of alcohols with the lowest molecular mass.

How many moles of oxygen are required for the complete combustion of 1.0 mol of alcohol X?

A 3.5mol B 4.5mol @6‘0mol D 6.5moIC4|l'00 +GDZ——9L|601+5|-IZO

23 Butanoic acid can be produced from 1-bro i s using reagents V. and W as
shown. N udd
ov\\Nx\LC u’cvf’* cax o L

3 corbsns reagent V reagent W Z\ cowr bons
1-bromopropane —————— compound Q butanoic acid

What could be reagents V and W?

1) dponolic) |\ | )
\% W /C’-C’—g—Br + KCN— -Cl~<:I —c‘—-c—_N
@ KCN in ethanol . HCl(aq) v~ o ,? +
[
B | KCNinethanol.”|  NaOH(aq) ~c-e-Co “& él Hel (29
| | H
Cc NH; in ethanol HCl(aq)
D NaOH(aq) H*/Cr,0* (aq)
© UCLES 2020 97011320 [Turn over
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24 Which statement about compound T and compound U is correct? ‘L\N\ﬁw\o \)S@M"),

compound T QLeW) compound U de>

[e) o) (akde\/u:l
HaC—C</ Pw‘(&’wp_ /

H—C
CH,CH,CH, CH(CH,)CH,CH,

A. T and U are stereoisomers.
G T can be distinguished from U by the use of alkaline aqueous iodine.

B T can be reduced by LIAIH, but not by NaBH.. |ypfi, ave VeL‘ludv\-? WB

'ﬂ U can be formed by the oxidation of 3-methylbutan-1-ol.

25 The diagram shows the infrared spectrum of an organic compound.

100

transmittance 1 /Cﬁy\
/% 50 %

N\

(T
400 3000

2000 1500 1000 500
wavenumber/cm™’

What could be the identity of this compound?
)( propan-1-ol No g[—vovxﬂ PeﬁJL b(:u.) 3700 %1 25D
é propanal Wo Slcvovj peale ab  1676- 1740

propanoic acid

Y propanone b SHD‘A-% ‘)e_a,k ak (b -\ho

26 Which reagent reacts with both of the ~OH groups in lactic acid, CH;CH(OH)CO,H?

M acidified potassium dichromate(VT) DV\\AJ& Se%av*\ég"i ’é _ 'C _ Cﬁ—OH (ac,(al)
o\

ethanol DV\\A3 onc'ka [
ésodium OH (SewwiaV‘j)

\ﬁ sodium hydroxide b v\\ﬂ o el ol
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27 1,2-dibromopropane can be made from 1-bromopropane in two steps. BY
. . | 0
Which row is correct? 1t
_C—CcC-by ———— -C-C—C-Pvr
step 1 step 2 I b
A addition substitution
elimination addition ‘ (CH 3 /
*ﬂ hydrolysis elimination C-C= C
-C-C=C-C — +HBY
W | substitution hydrolysis | |

28 2-methylbut-2-ene reacts with HBr(g) to form two isomeric products. During the reaction two

positively charged intermediates can be made. 3 | U
'\> ,é'—(l',’ 'C— 'w-C—C‘ 'A—C‘
Which diagram shows the more stable of the two positively charged intermediates? év I t é ( !
@ B Cc D ‘Lf“:' I -C" f’é_ |
B RIS

r
® R ® Tuone 2 carboeabions form
Y\ ﬁ/\ % terhiay arbocation
» wmore ble

29 The ester ethyl methanoate is prepared in a school laboratory by reacting a carboxylic acid with
an alcohol.

During the reaction, only 50.0% of the alcohol is converted into the ester.

Which mass of alcohol is needed to prepare 10.0g of the ester?

A 3.11g B 865¢g @12-49 P 32ﬁfW¢va

olo - (.216
Hot CHo—> CHO + c,H,0 " wﬂ:ﬁ;ﬁ; 4 akeluk ¢ aiw?‘:(;w\ .
. g0’/ ©
106l o W U&M\\/J s w5 21
1 ol #7124
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30 Compound X has the structure shown.

compound X |Dl \|
0 ¢\~
H_;C/ ~r a
¥ | [

lcekone , Mddﬁj‘le !

Which type of carbonyl group is present and how many chiral centres are there in one molecule
of X? -

carbonyl chiral
group centres
aldehyde 0

aldehyde 1
ketone 0

A
B
c
O ketone v| 1

—r

o
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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 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 Which contain one mole of the underlined substance under room conditions? A

v‘l/a balloon containing 24.0dm?® of helium IMOlar w{ume 'DF eac[/\ Mbte OF %015
\2/ a block of calcium carbonate weighing 100.1g Mr = 100 ¢|

3~ 4000cm® of a 0.250 moldm™ solution of sulfuric acid ~ 4po0 x p. 26D = 1 M‘(
1000

32 Buckminsterfullerene is a fullerene allotrope of carbon. C

Which statements about buckminsterfullerene are correct? di ot D’\I\A
L

X Buckminsterfullerene is a giant covalent molecule.ﬁ
et Ao LLLLLL LA
\,2/ Buckminsterfullerene has delocalised electrons. U\LIL ‘av“‘\?

ile
3~ Buckminsterfullerene has strong intramolecular bonds.

33 Gaseous sodium ions can be formed from sodium atoms. ahm'\go,\:iui\ ol wabhon

Na(s) — Na'(g) Nd@\,s,‘ N"‘L"b_% NJ(?D

Which quantities are required to calculate the enthalpy change of formation of Na*(g)? 6
\/1/ first ionisation energy of sodium

2~ enthalpy change of atomisation of sodium

7( enthalpy change of formation of sodium

© UCLES 2020 a701/13/M/J/20 [Turn over
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The responses A to D should be selected on the basis of

A B Cc 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.

34 The Haber process is used in industry to form ammonia from hydrogen and nitrogen.
3H, + N, = 2NH;
Which statements about the activation energy for this process are correct? ( ,

The activation energy for the forward reaction is the same as the activation energy for the
reverse reaction.

VZ/The activation energy for the reverse reaction is decreased by the addition of iron.

3" The activation energy is the minimum energy that colliding particles must possess in, order to

react. £ o&w““fﬁw‘ TN
S, i
35 Strontium nitrate is heated strongly for several minutes. . a()c{va«HW“”‘%

Which statements are correct? A

\,‘I/A brown gas is produced. NOZ
2~ Agas is produced that relights a glowing splint. DZ

&~ A white powder remains after heating. SrD

36 When added to water, which oxides will not cause a change in pH? B

280, Si0,+ H,0 —> no reachion,
POy PO+ H,0— l—\éPDqCaoioo

© UCLES 2020 9701/13/M/J/20

Quick Notes Page 13



13

37 Propanal reacts with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for this
reaction is sodium cyanide.

NaCN
CH;CH,CHO + HCN —— CH;CH,CH(OH)CN

Which statements about this catalysed reaction of propanal with hydrogen cyanide are correct? D

1 The sodium cyanide provides a stronger nucleophile than HCN.
X The reaction can be classified as nucleophilic substitution. nuclethi lic aoldl.ﬁ}m,

x The hydrogen cyanide molecule attacks the propanal molecule to form an intermediate ion.

[ -
CH 3CH2_—(.;, —0:
CN

38 A reaction mechanism is shown.

/CH2

H,C CH,

\ /n

H,C——C—Cl H,C——C—H

C\

no- H OH

H2C\ CH, |, o

Which statements about this reaction are correct? A

\/1/ It is a substitution reaction.
2~ OH behaves as a nucleophile.
\/3/ Heterolytic bond fission is involved. C- C[ 2( X—'OH

[
39 On complete combustion, a sample of X produces 44 g of carbon dioxide and 27 g of water.
] 6
On complete combustion, a sample of Y produces 44 g of carbon dioxide and 18 g of water.
Q2 2
On complete combustion, a sample of Z produces 22 g of carbon dioxide and 9 g of water.

Which substances could be straight chain alkanes? ' )

e gl’m’a ht chain alleanes Ve wore stable fius aivz
XY ot wore heak on combusti on

o Vand Z r@[a[—ivo,@:) 'PVocluce lons amountt D][ heat
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The responses A to D should be selected on the basis of

A B Cc 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.

Same moj(wn‘”‘ ‘G"Mulo’ buk i

40 Which pairs are structural isomers of each other?

\/1/ CH-;CH,CH,CH,CH,CO,H and CHSCHQCHQCC)gCHQCHg(—Fu_y\C/HD‘MOJ .'.SUVIQ:Y)

Ve )\( C N (Choin isome)

CH;CH,CH,CH(OH)CH,CH3 and CH;CH;CH(OH)CH,CH,CHs;

© UCLES 2020 9701/13/M1JI20

Quick Notes Page 15



15

BLANK PAGE

© UCLES 2020 9701/13/M/J/20

Quick Notes Page 16



16

BLANK PAGE

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 the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

© UCLES 2020 9701/13/M/J/20

Quick Notes Page 17



