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INSTRUCTIONS

*  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.
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*  The total mark for this paper is 40.

Each correct answer will score one mark.

Any rough working should be done on this question paper.

The Periodic Table is printed in the question paper.

Important values, constants and standards are printed in the question paper.
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1 The first ionisation energy of potassmm K, is 418kJ mol™'. The fi rst ionisation energy
strontium, Sr, is 548 kJ mol ™. $Mj{‘:‘re umn anL om the ame P””J 'ﬂ*ﬂf
m-%shdu fomoin fhe came wiich /iNureant

Which statement helps t iexplaln why Sr has a greater first ionisation e ergy than K?

The moye. Hhe M amuz?f iner Lo - eaaﬂ
eus is greater han the charge ona K nucteus

The charge on a Sr
The outer electron in a Sr atom experiences greater shielding thai outer electron in a K
atom. heu ¢ i mcrzam/: o rvw'd—

X The outer electron in a°Sr atom experiences spin-pair repulsion. M'mt; cwsc, l 12 M"A'l’ b& LM

y The outer electron in a Sr ato"n is further from the nucleus than the outer electron in a K

atom. Ao 9,wmm, e lower e ionis. eng

2 What is the electronic configuration of Mg?*?
>o b
@ 15? 267 2p° N\g — 1% 2|7 %
152 2s% 2p® 3s? Mj —-)-ﬂ{ 2( ZF
2 2 3 2 2
C 1s22s22p°3s23p ela[»rma/»arwnov f,,m
D 1s?2s%2p° 3s? 3p° 3d? 4¢? /uj/lM whﬂ

3 Compound X contains the elements C, H and O only.
6-0Yl maa Y90 ‘70{5:”/&5

2.00g of X produces 4.00 g of carbon dioxide and 1.63 g of water when completely combusted.
€0, H,0
What is the empirical formula of X? ¥ (‘,‘,”:i +f0 —2 3«+ 2”7,0

thells that have

',7( WSAHOZ ! 'fng o} CQH4O
b-04 moter 0, 0Y3m M w 0
0-0Yymelon rw(mt 0:0 ufj x@ lm{&b
4 For which molecueis the dipol mor?fentzero‘?
A CHClI B CH.Cl; Cc C?M @ CCly
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'Yw(b dative bondii

5 Which dot-and-cross diagram is correct for Al,CLs?

X

onic

key

X = eglectrons from Al
O = electrons from Cl

6 The boiling points of some hydrogen halides ar §®
§

hydrogen haILK\; boiling point/K

H_G@ 188 bp- incra@® g
P

206
238

What is the explanation for the trend in boiling point for the hydrogen halides from HClto HI?
The bond energies of the hydrogen halides increase from HC! to HI. Arom Y4
dueto 1
e There is an increase in the strength of the intermolecular forces of attraction from HCIto HL. . /,(;}M

3 The intermolecular hydrogen bonds become stronger from HC [ to HI. %W fmmm H
, N ond alrﬂ-;

X There is an increase in the bond polarity from HCI to HI.
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4
Elements X, Y and Z are all in the first two periods of the Periodic Table.

Their Pauling electronegativity values, Ey, are shown.

element Ey
X 1.0
’“W" Y 2.1
S er M‘— z 4.0
n
Substances exist with formulae XZ,YZ and Z;. Whujt AM JOVU'ICM‘I' m%
ceh
Which row puts these substances in order of increasing melting p0|
Ic_:west _ hi_ghest_
melting point melting point
y Xz 74 Z, %
B Xz Zy YZ
@ Z 74 xzv~
D Zy XZ YZ
The equation for reaction 1 is shown. whoul mn‘le 01[ C L f oy lA
/ com flddj MLMA‘}ZDI
reaction 1 CsH1205 -3 2C02 + 2CzH50 ’
AHEIKJ z
olxim 4€ . U,,0 41@4262”(0##0
CeH:20 I =
\
sH120s a \' ', o / zb
cron | A 6Co,4H, 0
What is the correct expression for the enth nge of reaction 17?7 a =% -1'2 b
'j QA - 2b

A a+h B a-b +2b @a—Zb
@*‘b@
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9 Nitrogen monoxide is an atmospheric pollutant that is formed inside car engines by an
endothermic reaction between n|trogen and oxygen.

f[ ' t;:k’ sy of noclonls NA(@) + Ox(g) - 2NO(g)

Whlch diagram correctly represents the energy profile for this reaction?

products
AH energy

energy reactants

k /‘/'e
reactants QHW

0 progress of 0 progress of
reaction reaction

reactants
energy AH

energy

reaction reaction

0 - 0 -
0 progress of 0?00 progress of

10 Two half-equations are shown.

A X ('ﬂnii' + 2H,0 + \anoz + 40 )—4 2Mn0,+ +/ —>2Mng+ 20H]
% 4 Y
9% (2OH‘ + s&{%&ﬁ‘ + 110 + 2e> —LoH +3503 30 ’4—3# o+fel

The equation for the reaction betw ganate(VII) ions and sulf te i |ons is shown

2Mn0, 4 Hy0 + 3 _—»2M.o +204 +sz9

uMn04 + vfﬁ*.t wSO- - ano2 + yS0.2 + zOH‘
%, 3 A

Which statements are cor

\J/ U=x=z
2 Manganese is reduced to oxidation state +4.
3~ Sulfur is oxidised from oxidation state +4 to +6.

@1,2and3 B 1and2only € 1and3only D 2and3only
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6
11 Hydrogen peroxide, H,O,, decomposes to form water and oxygen.

The reaction is catalysed by bromide ions.

—

[#]
step1 2Br (ag) + HyOz(aq) + 2H'(ag) — 2H.O(l) + Bry(aq)
step2 H.Oy(aq) + Biaq) — 25r(aq) + 2H'(aq) + Ou(g)

-

Which row is correct?

type of catalyst in step 1

heterogeneous X | bromide ions are oxidised v~
heterogeneous bromide ions are reduced )

homogeneous romide ions are oxidised U
Samectale
D

homogeneous bromide ions are reduced )

) \/\

12 Hydrogen and iodine react to form hydrogen iodide in an exothermic reaction. The equation is

shown.
A=
Hz(g) + IA:(Q} = 2HI(g) spwlilv"m fhﬁw #w—nd ’;ftg has

A 1m? reaction vessel contains H,, Iz and HI gases at equmbnum The temperature is changed
such that the total pressure in the 1 m® vegsel doubles.

A incr. 20 backuwes rmhtn aAqu
What is the effect on'the value of K, and on the position of equilibrium?

effect on the effect on the @0

value of K, position of equilibrium
‘@ decreases moves left @
3( increases moves rry\Q
c no change move
\x no change o shahge X
/ N

&
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13 Diethylzine, (C.Hs).Zn, is added to NaOH(aq). Two reactions occur.
Aovelés it

reaction 1 (CzH5)22I"I + H0 —» ZnO + 2C;H;
ey t - —

. - 2-
reaction 2 £+ ZnO + 20H" — Zn(OH)4 PW’T“ o(om
In these reactions, which compounds act as Brensted—Lowry acids?
reaction 1 reaction 2
A (C2Hs)2Zn H,O
1 H,0 H.0
2 H,O ZnO'¥
NK the reaction is not acid/base X zno X

4

14 Which statement about atoms and molecules is correct?

X The molecular formula of a compound is the simplest whole number ratio of atoms of each
element in the compound. fal [Awrt'yiw(,fwu

B One mole of any substance contains 6 x 10%* atoms.

C The relative atomic mass of an element is the ratio of the average mass of one atom of the
element to the mass of an atom of carbon-12.

@ The relative formula mass of a compound is the sum of the individual atomic masses of all
the atoms in the formula.

N
&
>
(<j~
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15 The Boltzmann distribution for one mole of a gas at temperature T is shown.

number of
particles with
energy, E

0 0 energy, E
ol © eachion & buk Eq
remaivs e Came
¥ g MJ)

One mole of the same gas is added, and the gas remains at temperature T. vl
Which dotted curve shows the distribution with the added gas?
74 i B4 1Y

number of ., number of
particles with l.' particles with
energy, E ! energy, E o
G ) ‘a._= G Le i -
0 energy, E 0 energy, E
s M’?
for o1 des
numberof |I num
particles with |i " parti i
energy, E 1 Q
------- SO —
0 energy, E

9701 2/FIM/22
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16 In the reaction shown, the concentrations of both X and Y are reduced to half of their original
values whilst keeping the total volume of the solution constant. % ale

X(aq) + \ﬁ?g) — XY(aq)

Simultaneously the temperature is increased from 298K to 348 K.

Which prediction is definitely true? )
'“I’Q n faecare
A A smaller proportion of collisions between particles of X and particles of Y will be su ‘cessful.decre’ ""0
concendodion
The average kinetic energy of particles of X and particles of Y will increase.
‘5{ The rate of the reaction will be unaffected.
D The frequency of collisions between particles of X and particles of Y will halve.”lﬂ 'W,,na g l( ﬂl’im

deomuwa conceusr

17 A student investigated the chloride of a Period 3 element. This is what the student wrote down as
a record.

N { . 4
- ”mw‘v‘;ﬁx\ Na;”'g or i, b onm 0““’{21.%@11»
Lf 0 The compound wag a white crystalline solid. It dissolved easily in water to ‘/“ddm Hel
W»\f‘" 1 give a solution of pil 12. When placed in a test-tube and heated in a m
o o roaring Bunsen flame, the compound melted after several minutes heating.
q

What can be deduced from this record?

@At least one of the recorded observations is incorrect.
The compound was magnesium chloride, MgCL,. oh\Z %l olves in woloy ollpws
Aigelve in wwé%,‘j k}f;
cfy‘

The compound was phosphorus pentachloride, PCls. J
—

‘% The compound was sodium chloride, NaCL'ale)
c—

18 The elements in Period 3 and their compou \%}‘rﬁnds across the period from sodium to
chlorine. ' oy \
melallic oxider — i vakure

Which row is correct? WK mefallic

electronegativity @ase behaviour of
of the elements pi .&ll' xides of the elements

3
\4# decreases )(Q/Vbasic —» amphoteric — acidic
decreasesy acidic — amphoteric — basic ¥
. . . i r
increases basic — amphoteric — acidic /|
D increases acidic — amphoteric — basic ¥
©® UCLES 2022 9701 2FIM22 [Turn over
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19 The table shows the melting points of Sinz and P,0..
4 43

oxide Si0, POy
melting point/K 1883 297

Which statement explains the difference between the melting points of SiO, and P40s?

The bonding of the oxides changes from ionic to covalent. bo{ww- ®

The metallic character of the elements decreases across Period 3.

The oxidation number of the element increases from Sito P. Cal0 3/7 g ;(D 4’307, 9,

The structure changes from giant molecular to simple molecular. & UD)W o > W Am .
€, N, O, N0, ané ot b

20 Equal masses of CaCOs; Ca(NOs).,, BaCO: and Ba(NOa). are thermally decomposed. The ,\40-;,
volume of gas produced in each experiment is measured under the same conditio w h_
03
ea (N

Which compound will produce the greatest volume of gas? ﬂ'l m '5

X CaCoO, Ca(NOy), % BaCO, D Ba(NO), mm’b
M? 10‘% ?“’

21 Which row gives correct comparisons between the solubiliies of calcium hudrm(lde and
barium hydroxide and the thermal stabilities of calcium carbonate and barium carbonaie?

‘ 1
thermal stability olow ‘Jl}& 'T;t

WVM i solubility
6’\" ( ';,,W ’ calcium hydroxide barium hydroxide calcium nate barium carbonateh is
X:::TWT ; higher v lower lower ”z
higher X lower &ower higher lar u»d 3
Cc lower v~ higher .~ higher X lower )(
D lower o higher lower higher
@ ~

Q}up 17 and their compounds is correct? 41 .
I l on

> Mwve ruchw displaces o raactive
om O Lompows B( + Z’La KBf*'L

recipitate when added to silver nltrate solution.

22 Which statement relating to the elemen

X Bromine will rgguce KI to fori

R lodide ions react to for|
3. Bromide ions react to%& wheé.' precipitate when added to silver nitrate solution.

a Chilorine reacts with hydrogen to form a colourless gas. HA
Natl0 3+ Nad 06 mles of N0t

23 An excess of chlorine was bubbled into 100 cm?® of hot 6.0 mol dm ™ sodium hydroxide.

How many moles of sodium chloride would be produced in the reaction? G {

06— 06\( IJO-
C 060 D 072
4’3”1,2) 1/

A 030 '0_50
e 3(( +cmou_->smct+ Nacldy
¢
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1
24 The product of the Contact process is Z. SO»-{' Op/) SO 3
Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution
of Z?7 SO +
"X atmospheric lightning ?M/) NO o\d&bic basic

combustion of fuel in an internal combustion engine ()

the Haber process N“3 LM) l/

7( thermal decomposition of Group 2 nitrates  NJ) s

25 When ammonia, NH3, is dissolved in water, a small ooncentratmn of ammanium ions, NH,", is

formed. Fihp— Nlh' + ou”
Which row is correct? lo’l 109. S

o Pt

L e
kbt

N

')‘ "\ Uml)?l/
n

number of
electrons in one
ammonium ion

change of the H-N-H )(
angle from ammonia N
to the ammonium ion

\A

decreases X

D

8 ¥
8 ¥

10
10

increases !

decreases X

increases

[
\ A‘;C/C g
26 In this question, alkenes and cyclic alkanes should be consi , L7 ‘ t

How many struct ral |50mei'l ai C4H; are there?
no aS'
A 3 D 6 -

al{phuf’s moy bwk o
27 Which compound will decolourise Brg(aq% I\

CHsCHoCH>CHaCH,COoH @
CHsCH,CH,CH;CH,CHO (&
CH,CHCHCH,CH,CH e?lawl b‘a Br

D CH3;CH2CH;CO:CH;

@ UCLES 2022 970NN 2/FIMI22 [Turn over
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28 Alkenes react with agueous hydrogen bromide. The reaction proceeds via an intermediate
carbocation. The more stable the intermediate, the faster the re
Glable wlormedsate, rms which i sy poi ble w'ﬁ;

Which sequence correctly shows an increase in the speed of reaction of the alkenes w
hydrogen bromlde" uchflb

ot s""zd“‘ﬂ
@ gtvhene properfg 2- methylgro ne (',‘ C }', r(','é/ M&a*j g]-mc{w\:’ﬂa
B 2 )hylpropene ethéne ropene ?" 3 most clalde

C prop[.?ne em‘% 2- methylpropgn;#/e‘rl—iohg

D propene, 2-methylpropene, etherie

29 A reaction occurs when a sample of 1-chloropropane is heated under reflux with

sodium hydroxide dissolved in ethanol.
C3Hqll + Nodt —>C lf + Nacl +4,0
(Cﬁuunﬂ'c

Which row is correct?

type of reaction | name of product Af NaOH (oﬂ’) W'CJ ” D“ 74_' s whee
A elimination propan-1-ol il & Subd‘l hhm\ rm o\
‘ elimination propene
» substitution propan-1-ol
Y substitution propene
/

30 The diagram shows the structures of three halogenoalkanes. Q

le shuchued P
S it ool o)

CH, —(|3 Br H—l@ H—
P, Qand R can all be herolysed @Q \__/

Cl

R

H o

| prmy
C—

|

H

Mu wl‘hﬂ—

Which row is correct?

y Oi..
relative speed Lé chanism t 3 nnéu j
?‘J

of hydrolysis f hydrolysis

Q R P Q e cteuﬂﬂ s
@ fast slow sy1vT 82 wachin

fast slow Sn2 Sn1 X

X | slowy| fast | s | s
M | slowx| fast | s2 | st

@ UCLES 2022 9701 2/FIM/22
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31 A sample of 2.30g of ethanol is mixed with anlexcess of agueous acidified potassium
dichromate(VI). The reaction mixture is boiled under reflux for one hour. The required organic
product is then collected by distillation. The yield of product ig 60.0%.

alfnosgh Aushll shigw gW0s aldeligde, affux wil vt help 003 mofen C,He0H —> Cdl €0, H

Which mass of product is collected? oxi
0-0
A 1329 B 1.38g @ 1.80g D 3.00g ‘3)‘('2'*3*'7—* '”"“)
32 The structure of tartaric acid is shown.
o # o
tartaric acid \\ [ | 1
c—¢C—C_
OH O 7 r
0
o0 97w

OH
(A
O OH (’,qu;O‘-l‘fNQ—? qHZO‘M"-'-SH,_
Four moles of substance X react with one mole of tartaric acid.

What could be substance X?

sodium reacls wifs bott o# & co,
sodium carbonate reacks wi*f/\f%(rj mm 2 woles °fﬁkx woulbl Yza-ﬁé'

5. sodium hydrogencarbonate

x sodium hydroxide ‘mba Imdles %M&. 'Y&Gb

33 Which compound gives both: 0

e an orange precipitate with 2,4-DNPH reag dddvyd’&s 4 w ol')

X e and a yellow precipitate with alkag\@)? ; &kchmbS, ftm ‘dfﬂ’wﬁ
ethanol

methanal

&
o <<,+®@

@ UCLES 2022 970NN 2/F/Mf22 [Turn over
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34 A student suggests two uses of LiAIH,. nAuuwﬂ 0-3“"‘1—’
LIAIH,
reacion1 CH,—CH=—CH, ——— CH,—CH,—CH,

, LIAIH,
reaction2 CH,CO,H —————= CH,CH,OH

Which reactions would give the product shown?
both reactions
reaction 1 only
reaction 2 only

neither reaction

~Copgrewp

35 Compound X contains a single ester group.
X contains 27.6% by mass of oxygen.

Which pair of preducts could be produced by the hydrolysis of X?

@butan-1 -ol and ethanoic acid bw"z{ O/H’la'wala C%CD'DQ,HQ has %ZG—X lO‘DZ =27"Z ¢0:.

ethanol and propanoic acid M{ﬂ Frorulﬂodz GHgCODG He has 32 XlO'D/ =356 /h ‘%bz

_, 0
C methanol and methanoic acid m meHhanoale HCOOCHy han %E-K(W/ 553'3Z'—ﬁ 0,
- .

D propan-2-ol and butanoic acid Fror —2—3{ loub«noalé— %CU‘DCJI(&!,)1 hos 32 x(wzg_p,q.gf

36 What is the least number of carbon atoms in a non—\c& ane molecule that has a chiral
centre?

®7 B 8

Which monomer could produce this polymer by addition polymerisation?

CHCI[=CHC!

a CH,=CHCI

CH;CCI=CHCI

7‘\ CHsCCI=CH,

@ UCLES 2022 9701 2/FIM/22
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38 Compound Y is heated with a mild oxidising agent. One of the products of the reaction reacts with
hydrogen cyanide forming 2-hydroxybutanenitrile.

ifion
What is oompound Y?

nibvile
W butan- 1 -ol —C—J—c-—»—> ri—i—%—c—u balane
butan-2-ol ..,4: é - ﬁ e — ,b"‘”é bdm 2L?’p(ranLwlun£2,M1"nlc

4/\ 2 N o e wirile
propan-1-ol s ._c L-lUH—>c _(_;, C~O4{ 2_ mxj PYDPOM/
! [
D propan-2-ol 'q- (4]
N )_. —c | \ d
- —C-¢- roy, e 2nitule
b .~ —> € - Ahydrgy peutane 2n
39 The diagrams show the structures of chopenew‘ nd p-carotene.

lycopene

When lycopene is converted into B-carotene, th the gain or loss of hydrogen atoms per

molecule?
B 2gained Q
@ no change (b

D 2lost

A 4 gained

@ UCLES 2022 970NN 2/F/Mf22 [Turn over
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Vb40—1750

40 Which diagram shows the infrared spectrum of a compound that contains both 2 C=0 and an

O-H group? 6@~ 3660

X no 6-H4 ﬁvwf

100 100
= =
) 3
(&) (&)
= =
£ 50- £ 50-
£ £
w ]
= (=
£ £
\’—\f\—)
0 Ll T I 0 :’ 1 : T | I
3000 2000 1000 3600 3000 2£v0 2000 1000
wavenumber/cm™! wavenumber/cm™
X ho C:Dtrl ovp )( no C=0 7«0"1’
100 100
V\W
= S
) )
[&] [&]
= (=
£ 50- £ 50-
E E
w w
= =
] 1]
5 UL 5
0 Trrrrrrrr Trrr oo oot 0y T T
3000 2000 1000 0 2000 1000
wavenumber/cm™ $ wavenumber/cm™
bond functional group containing the bond\ aracteristic infrared absorption range
5N (in wavenumbers)/cm™
C-0O | hydroxy, ester 1040-1300
C=C aromatic compound, alkene \} 1500-1680
\‘
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester "’f» 1710-1750
Y 4
C=N nitrile 2200-2250
C-H | alkane 2850-3100
N-H amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3650
@ UCLES 2022 9701 2FIM22
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Important values, constants and standards

molar gas constant

R=8.31JK " mol™

Faraday constant

F = 9.65 x 10* C mol™

Avogadro constant

L =6.022 x 10®mol™

electronic charge

e=-1.60x10"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 298K (25°C))

specific heat capacity of water

c=4.18kJkg 'K (4.18Jg7'K™)

@ UCLES 2022
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