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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)
Data Booklet

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.
e Do not use correction fluid.
Do not write on any bar codes.
¢ You may use a calculator.

" INFORMATION :
»  The total mark for this paper is 40.
s Each correct answer will score one mark.
e  Any rough working should be done on this question paper.

This document has 16 pages. Any 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 The table shows the numbers of protons, neutrons and electrons in four different particles, W, X,

Y,and Z.
number of | number of | number of
protons neutrons electrons
w 32 40 2 b
5=
X 32 40 4 (e
Y 32 42 32 Gle
X 34 40 34a
yoblen: _ e s Pmﬁmg buk d,ﬁz 3,
Which pair represents the atoms of two isotopes of the same elem Aewtrona '
®WandY R Wandz c x nin /Q’ Xand Z

NoT v
2. Where in the Periodic Table is the elemant that has an outer electron shell arrangement of

243
J/ﬂi‘iﬂ‘? psubshell aye all dlemante o M%Y’rt‘ hE
o - J
)
\,m& (3 Group . Period ﬁp
oL ND
o] 13 |/ : G
°‘k§ y & - pexio belds am_'no bjF chetts
of? 16 3 , A
: » >
D) 15 | a4 whiy R 45726 Ap
Mrof €0z = 444
3  Substance Q is a hydrocarbon. When 1.00g of Q is completely burned, 3.22 g of carbon dioxide
is produced.

Cé“lo+ 0p—> 6C0, + $H, 0

L wes —b wotes x44
82 [3)

What could be the identity of Q7

@ cyclohexene

B cyclopentane
C ethene

D pentane
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4.33 I-Da ;-8g
3 _T.Vl +%’OZ~% IV\

4 Originally, chemists thought indium oxide had the formula InO. By experiment they showed that

4.8g of indium combined with 1.0g of oxygen to produce 5.8 g of indium oxide. The A; of oxygen
was known to be 16.

Which value for the A, of indium is calculated using these data?
[PA 38 77 Cc 115 D

fnis fﬂus
g n0 547, 'inno ¢ 13000 InD
5 In whlch substance are the only intermofecular forces temporary dip Ie-lnduced dipole

attractions?
\ hydrogen chloride [oy1c law\o[il/\ta
methanol h/at*m?a/\ WOI“"?

octane
water I/vjal’oaw btrV\aU\A-O
Mr= 64| W«PV—nKI w0 =028 R=8-3/l
6 A solution contains 0.25g of sulfur dioxide in 1.00dm? of water. = nk| bl - , T’ SO+Z73
Which volume of sulfur dioxide, measured at 50°C and a pressure of 0E Pa, must be added P - lO{
to 1.00dm?® of water to produce this solution? ¢ y 3
=1-047X 10

A 00162cm* B 0.105cm’ C 416:2cm’ @\oscma 47X10 Tm

7 An experimént was performed to determine the enthalpy of combustion of ethanol.

thermometer H MWWX Wﬁ DJ<
test-tube

water
spirit burner
ethanol \ \
<k
The data collected are shown. T T J‘“&
Ihcrmaﬂ — MCN "’Iww [ 4- NY v
mass of water = Wg e ﬂlﬁ ckl g /
hea o
mass of ethanol burned = Xg ’ Iﬂs
temperature rise = Y°C ;F “"‘ffz"@% T 's
own
molar mass of ethanol = Zgmol™ F

gl ¢
specific heat capacity of water =4.2JK' g™’ m VPU) jf W Z

Which expression can be used to calculate the enthalpy of combustion of ethanol inkd mol““?

-4.2WYZ -4 2WYX —4.2XYZ —4.2X(Y +273)Z
e 14 A 1S B —helIA Shents
@ 1000 1000Z 1000W 1000W /
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8 VO,Clreacts with Nal under acidic conditions.

+ - At 0
2VO,Cl + 2H,80, + 2Nal —» VOCI; + VOSO, + I, + Na,S04 + 2H,0

The oxidation state of Clis =1 in VO,Cl and in VOClI,.

Which row about this reaction is correct?

vanadium iodine
\Q is oxidised is oxidised
is oxidised is reduced

is reduced | is oxidised |

D is reduced | is reduced

au,q?l's i or ?70’
9 Inwhich reaction is water behaving as a Brensted-Lowry base?

A H,O + Na —> NaOH + iH,
HzO s HED" + HEPO

C H,0 + CaO — Ca(OH),
D NH; + [Cu(H:0)/* — NH* + [Cu(H,0)s(OH)]"

o'o')/fwwpw

10 A large excess of marble chips is reacted with 25em” of 1.0 mol dm™ hydrochloric acid at 40°C.
How is the result different when the reaction is repeated with 60cm?® oofoog moleﬁm hydrochloric .
acid at 40°C? mwmiua uolume Aecrzants woncombation whith decreases rale 9f reathtn
\Q The reaction is faster and more of the products are made when the reaction is complete.
b\ The reaction is faster and less of the products are made when the reaction is complete.
@ The reaction is slower and more of the products are made when the reaction is complete.

D The reaction is slower and less of the products are made when the reaction is complete.

S'ince rvwbw C[/u,'os e in exeess , molen o{ Pmaluc@ dlfwj
on mdo o ,F bl bw\ﬁ wsed cuch 4tz
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11 The Boltzmann distribution curve for a gaseous mixture of ethene and hydrogen is shown. Nickel
is an effective catalyst for the reaction that occurs.

N
A CZ ”L( + HZ '14 CQ_HG
number of
particles with
energy, E E, (catalysed) E,
0 : >
0 energy, E

Shifts fo 4 1!'3’4{' éf‘ max . Lowers
How does the diagram appear if the same reaction mixture is at a higher temperature?

\\ The curve is unchanged.
\Q The values of both E, (catalysed) and E, decrease.
The values of both E, (catalysed) and E; increase.

The values of both E; (catalysed) and E, remain the same.

12 Which observations are made when a sample of silicon chloride, SiCls, is added to a beaker of

water? g "
i Si0, +
\ No visible change is observed. 'a‘{ by 0— . Llﬂo L% %&mﬁ
G Steamy fumes and a precipitate are both observed. Soli e

The appearance of a precipitate is thetonly observation.

D The appearance of steamy fumes is the only observation.

‘Mﬁ—157%7&f6357 P19 ‘35’3F3 mare,g[aMLth o l/‘w’{ ’llij 3 mb%

13 Which row is correét? g '15‘5\51&?& 3¢ 3fl, deckiom o sion dire ko Fm'v deckions i
I 2
statement ; , ‘1\ alovg 1@4','00{ reason P
\ The first ionisation energy of phosphorus 1 electron is lost from a
is greater than that of magpesium. 3p orbital in both casesdx o Lex WWW
i 1 e
\ The melting point of phos;ﬁ‘rgmg N M‘D phosphorus has more \!’iaslence /f;" &
_' is greater than that of magnesium.mj@‘ electrons than magnesium ><
l Cc ) The atomic radius of phosphorus , _~ phosphorus has greater nucles:r/'
is smaller than that of magnesium. charge than magnesium |
m
D The electrical conductivity of phosphorus 4 bonding changes from ionicin X
is smaller than that of magnesium. vd magnesium to covalent in phosphorus
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14 Which row correctly describes one property of barium and one property of barium oxide”

observation when
barium metal is
added to water

pH of solution obtained when
a spatula measure of BaO is
added to 100cm® of water

a few gas bubbles X
form on the metal surface

a few gas bubbles X

b
&,

C rapid effervescence is seen
p "

D ) rapid effervescence is seen

form on the metal surface
A

8

13

L 8

13\/

(

Do+ 10 —> bafon), +4,
solible eferist”

ba0+ W0 — BaloK)

of w%b:ﬂf :A%f' “f‘,\

Hhe move, 4ol,uWL , ke
highu e pH -

15 An anhydrous white salt, Z, is heated strongly for 30 minutes. A mixture of gases is given off. The
solid remaining in the test-tube is then dissolved in a small volume of dilute hydrochloric acid. The
addition of a few drops of dilute sulfuric acid to the test-tube causes a white precipitate to form.

/

© UCLES 2021

ka_/ barium carbonate

w%@:@p

Which substance could be Z?

barium nitrate
magnesium carbonate

rnagnesium nitrate

chlerine in the oxidation state —1?

M?JD+

na ymlu NOT ¢

syt m

ij CN%) — Mgo + N0, +0,
A — Mﬂ Cly + H,D

he

Hele means e

Soljdl ramoint
muwsk- e bos

Cly + Hy80,—s el + MgsO,
LU

16 Chlorine gas is reacted with aqueous sodium hydroxide. The omd'atlon number of chlorine
chan from O to -1 and also from 0 to +1.

ges 0to+1. 7+ NoOH —> Nall+ Nocflb + H, 0
Under which conditions does this reaction occur and what is the colour of the solid silver salt with

reaction conditions colour of silver salt
@ cold, dilute alkali L~ white o Nk
B cold, dilute alkali v~ yellow
\ hot, concentrated alkali white
\_ hot, concentrated alkali yellow
a70112/FMi21
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17 When concentrated sulfuric acid reacts Wlth sodlum |od|da the products include sullrur iodine,

hydrogen sulfide and sulfur dioxide. -z +
sto Nol —> I 48 +H S+§07,
Which statement is correct? N . < * 30 8]
* =2 3
o
Hydrogen sulfide is the pﬁdugt of a reduction reaction. oA
[

uek
lodide ions are stronger oxidigiga agents than sulfate ions {uals ww@m(ﬂ ﬂ}r oXi o[m;_g’
\{ Sulfur atoms from the sulfuric acid are both OXIdI d and reduced.+p |» 0 2, +6 b+
\ Sulfur goms from the sulfuric acid are oxadlsed to make sutfur dioxide.

18 NO, NO;, CO and unburnt hydrocarbons are present in the exhaust gases of internal combustion
engines. When catalytic converters are, used to remove these compounds from the exhaust

s, redox reactiol
gase X I0NS OCCuUr. ND+CO_) Z+M (/0+ 0’\1_—_‘7 C,O;v
What happens to each compound in the catalytic converter? ND + Dy — NO
¥ e
unburnt
NO lp N; NO, +oND CO%o Dyl hydrocarbons

A oxidised oxidised reduced oxidised

oxidised oxidised oxidised oxidised

+ ) reduced .~ reduced oxidised .~ oxidised

\Q reduced s’ reduced reduced X reduced

N

19 Methylamine, CH:NH,, has similar chemical properties to ammonia, NH;. Methylamine reacts
with hydrogen chloride to form a white crystalline salt, methylammonium chloride.

Juek: (ke N, L wanuld hove. giuonn
NH ¢ Nl il NoOH ,

A sample of methylammonium chloride is heated with aqueous sodium hydroxide. Notﬂdd Ve gim |M‘

CH3NH2 + HCI » CHSNH3+CI-

produ
What are the products?
}\ ammonia, sodium chloride anrli\rv;\aa%\m carbon$ CﬂjNﬂsfﬂ + NQDH—> CHS‘\JH} +
E\ ammonia, sodium hydrogencarbonate gnd sodium chloride Ll ;O‘f’ T\Md

C methylamine, hydrogen chloride and water

methylamine, sodium chloride and water
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20 The structures of citric acid and isocitric acid are shown.

citric acid isocitric acid |
CH,CO,H CH,CO,H A C—w
Je/ﬁﬁ'j C(OH)CO,H ¥CHCO,H \
et <|:'HzcozH ¥ CH(OH)CO,H iy, H
How many chiral centres does each acid possess? A %«“ CD?H
citricacid | isocitric acid /(Z‘ (Dt
A 1 1 B
}/ 1 2 et
c 0 1 - f" c',/ o /c:/
D 0 2 C'C«C—CI’C— C*C«q—c/o ' (—-C—C
oH of ,ér -
21 How many tertiary alcohols have the molecular formula CqH.40? /

A 1 B 2 @3 D 4

22 The diagram shows the structure of a bromo compound that may be formed by the reaction of

bromine with a hydrocarbon.
ND. AL ool grof

CH,Br
HS,c——?"—cH3
CH,Br
Which row is correct?
type of reaction mechanism
/ addition Nng |Weiectroph|hc C/H')
addition J /| nucleophilic % Lo £ s
y i / St ,C . O —_— b * 2~
Cc substitution nucleophilic X |
D substitution ] " free-radical /7 | LH
>
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23 Part of the structure of strobilurin is shown. R and R' are inert groups b l
strobilurin 0 :?7/0"%/—
( I /
é —(=Cc—C=c—R

Strobilurin is warmed with aqueous sulfuric acid producing compound X. Compound X is then
treated with hydrogen in the presence of a nickel catalyst produm compound Y.
v]f l«advoamﬁ hich broalct double bmﬂb

h {ogwo«hm n addition

What could be the structure of compound Y?

0 OH HO OCH,
R' R
R/\/\'I/ R/\/\';/I\/
% 0
OH @) H
OH OH
R' R
R R
OH

B

only gcondar aleohds
24 Which compound produces a ketone when” refluxed with an acidified solution of
potassium dichromate(VI)?
e
}\ pentan-1-ol \
.o - C -
\ 2-methylbutan-1-ol - <
s, 2-methylbutan-2-ol e .
ov
3-methylbutan-2-ol \Cx o <
o= A
(& \
i <
¢ E.
9701/12/F/M/21 [Turn over
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25 Dibromopentanes can undergo ‘double elimination’ reactions to produce hydrocarbons.
otk i
2NaOH + CsHyBr, —» CsHg + 2NaBr + 2H,0

Which isomer produces only one hydrocarbon product?

1,5-dibromopentane
@ : &( ——h

1,4-dibromopentane l |

v > [ L
Cl—'_cl\f %{::> (\l‘—"-c—ci—'c_’fc
|
C 2,3-dibromopentane

D 24-dibromopentane

26 The diagram shows the formation of compound Y from compound X in a chemical reaction. R,
and R; are alkyl groups.

aﬂl) n\\t\w Y ,
o :ON” R, I
At 0\“")@3')} KCCN R\ X PC‘:——C-—A ’A —

X + HCN —— C
PR RN I
AR > 44
Which row about this reaction is correct? | ?H
| bbbk
mechanism compound X | \
[ |
A | electrophiii¢ addition aldehyde X (N
B electrophilic addition ketone
( ¢ ) nucleophilic addition ketone
D nucleophilic addition aldehyde‘%
© UCLES 2021 9701/12/F/M/21
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27 In this question you can assume that H and “H have the same chemical properties.
otk ' H.0
A sample of ethanal contains only one isotope of hydrogen, 'H. C H 0 42/[ i ] —> CL

It is reduced to compound Z, C,HsO, in a nucleophilic addition reaction using NaBH.. All the
hydrogen atoms in the NaBH, are the °H |sotog>e
\

H NaéH4
CHCHO ——  CHO A % H
compound Z ZHGO 4 ED]—% C ”904’ ” 0
Compound Z is then oxidised back to ethanal and water. {4 ','l
,c c=0
C;HsO + [0O] = CHsCHO + H.,O
)
Which statement about the final mixture of products is correct? “
Both ethanal and water contain *H atoms.
B Ethanal is the only product containing °H atoms.
C Neither ethanal nor water contain *H atoms.
D Water is the only product containing °H atoms.
28 Ethanedioic acid has the formula HO,CCO;H. — 3
Wh hefermula of al haned ¥ 0 CCD L A{/
at is the formula of aluminium ethanedioate .
(C 0 = + M— A[Z(@07) Betnuse o /M’rs
A _AlIC,04 B AIl(C204)s C ALC A12(0204)3

29 Which reaction gives butanoic acid as one of its |;roducts?
A acid hydrolysis of butyl ethanoate bu LW..JZ* 2 Hhamoi ¢ au’,J
B alkaline hydrolysis of butyl ethanoate bulam’q*fa Ik "
@ acid hydrolysis of ethyl butanoate &I{mmr{) + budanre o@J
D alkaline hydrolysis of ethyl butanoate  £{lwm e’{ + salt

[

© UCLES 2021 @ 970112/FiM/21 [Turn over
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30 When reactant X is treated with a suitable reagent, products Y and Z are formed. Infrared spectra
of X, Y and Z are shown.

reactant X
100 W
[}] N A
- A
£ 50
g -
g 4
0 IIlllllIIIIIII'II'I'II'I!!I[I'I'I'I]IIII[
4000 3000 2000 1000
wavenumber/cm™’
product Y product Z
100 100
© ] | | T
e £V \. OW
- 3,
£ 50 D £ 50 0]
E VRN | B s
0 IllllllII]I‘I‘II|'|III11III|IIIIIIIII| O |l|||l||||l|||[|lll|lIlIl!IIIlIIII'
4000 3000 2000 1000 4000 3000 2000 1500 1000 500
wavenumber/cm™ wavenumber/cm™
Which row could be correct?
X Y i
) o —DH et
\ 2,3-dimethylpent-2-ene propanone butanone
2-methylpent-2-ene propanone propanoic acid A"
no co'ou"_V‘V L
Cc pent-2-ene ethanoic amd\[ propanoic acid
D propyl prcﬁbanoate - propan-1-ol K propanoic acid V/
No—C— o™ A
© UCLES 2021 E.E 9701/12/F/M/21
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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 A sample of 17.15mol HI(g) is in dynamic equilibrium with 2.27 mol H,(g) and 2.84 mol I;(g) in a -
volume of 1m? at 764K and 141kPa.

\opodw’ 137 184 718
Hax(g) + Ix(g) = 2HI(q)
2-2‘1xm'92 284016°  0-0L 7S molfdm

Two equilibrium constants, K; and K, can be calculated for this mixture,

Which statements about the equilibrium constants for this mixture are correct? B

A neither K nor K, has any units _ Ke = [D‘DIWS’]L ___:45’.623
A K.=458 (780 7] (2 271%10°°]

> ; 2
X kK, Loy [z ¢ ] e 4s .93

32 An energy cycle for the combustion of methane is show\m[23 ‘6”7‘] Eg §7 278]

AHZCH,(g)

CH,(g) +20,(9) —,CO,4(g) + 2H,0()

/\/T‘\{:&\;’-& ) w,.l,uhﬁ”"‘"ff CD?Q’ zr
\ aHe Y, AT - AHch,,(g)wacn,,@)

C(s) + 2H,(g) + 20,(g)

vpl/) 4”;0

AHFCH,(g)

Which expressions can be used to calculate the energy change, AHS? B
/ AH2CH,(g) + AH®CH,(g).
A aHSG(E) + 20HEHO)

7’( AHZCO(g) + 2AHZH,(g)

© UCLES 2021 9701/12/F/Mi21 [Turn over
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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 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 Many gases do not obey the general gas equation at high pressures.

Why is this? C/
_ bomperature
X At higher pressures the molecules have more energy.

/ At higher pressures the volume of the molecules is a larger proportion of the total volume.

Va/ At higher pressures the molecules experience greater intermolecular forces.

to aepbalone paiv, i wust not have complelz orbilal
34 Which species can accept a lone pair of electrons to form a coordinate (dative covalent) bond? A
X BF; Borm how 6 eleckyons e b can acuflrdtd:wﬂ/)
2 H i N o Lo N‘h,*
3~ CHy'

M., + 4,0 —3 D) Tf 6ol (di%ﬁ()m)

35 A sample containing xmol of Al,Clg is dissolved in water to give solution W.

In order to precipitate all of the aluminium as its hydroxide, ymol of sodium hydroxide are

More of the alkali is added to re-dissolve the precipitate, giving solution Z.

Which statements are correct? A &- Al (OH) 3 2 NaOH —’_)D“Na M’(DH%
\/I/ the initial pH of solution W is below 7
% y=axp bmte of on S0 4= bx

\3\ Z contains x mol of aluminium

Kot @ NaA(oH),
Lot 2

36 Nitrogen dioxide gas is produced when petrol is burned in car engines.

Which acids are made in the atmosphere as a result of this release of nitrogen dioxide into the

ai? € ND,+H,0 — iND

1 H:S0; ND?/"%OL — %03*’\)0 % Q’O}"’ Hzo ——>‘H7/§0 Y
2" H,80,
¥ HNO,

. © UCLES 2021 % 970112/F/w21
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37 In which reactions is the major product formed by a nucleophilic substitution reaction? 5
A~ bromoethane + potassium cyanide in ethanol——(lr—h—Bv + IKCN @JMWUUC)——) fé‘ —CN
\/2/ bromoethane + ammonia in ethanol under pressure| —%-&—61 + NH-b(d/mno[ic .—>—¢L—£ —NH,_
\Q\ bromoethane + hot concentrated sodium hydroxide in ethalanolvél—il—e.y + Nao l—l(dham“lc)—) ’Ci__—ll

38 An e:}cezss of P reacts with Q, in the presence of concentrated sulfuric acid, to form R.
y2
Eﬁewesc‘?engg,is seen when a piece of sodium is added to pure R. K mus b Nave —CODY DR -DH ﬂﬂmf

The structure of P is shown.

P CU{; 0
e
o 17 1 oK
Dk '
OH OH

Which organic compounds could be compound Q‘(?) B

O heo R will Hiom be ,é,lc!_o_(gﬁié,cm with -Co0H unf
T, | g

H

X Tlcdww CANT HM@’ .
O
(0

39 Two carbonyl compounds have the molecular formula CsHsO. —évé —(!.: 0 ,_{C’C -C—
! [ I

>
> :
/\/OHloc,LrAlel\ Hpm be—ﬁl—gﬁ—é‘?—f—-o—- %—%, with -oH rvfwff

|
Which reagents give different observations with these two compounds? A

/ acidified agueous potassium manganateMl)oWﬁ}Z-{‘D ‘ﬂruvx wHlr OIdd/aAL oNLY
2" Fehling's reagent reacls widh ade ONLY
\/3/ alkaline aqueous iodine reacls w HL\ lekere ON| Yy

o} velease €D,
40 An organic compound, T, does not fizz when aqueous sodium carbonate is added to it. 'H/LwST is NOT
e

an acld oo
Compound T contains 27.6% by mass of oxygen. “ ‘0 uf

What could be the identity of T? b
Mr= 68 d/l;ropanal fél/t‘Léso ’—g %*ﬁleﬂﬁ ;27'CA
Mr=Ub 2~ ethyl butanoate ,él,él_}f_y_o_},_é___)ﬂ_xlooz e 27.@"/

o (I 117
3-methylpentanoic acid

© UCLES 2021 % 97011 2/F/M21
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