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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.

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 Which contains the largest number of hydrogen atoms? 6-02%(0 ab‘mg/mt/e {:
2%

A 0.10mol of pgnt'alr;e O 1¥%(2xC DL)([O
B 0.20mol of bu?gene D-2%X8 X6-02X10 >

@ 1.00 mol of hydrogen molecules G -0 2% (0 37< 2 - |-204% (olqa{:vms
D 6.02 x 10 hydrogen atoms

2 In which pair of species do both species have only one unpaired p electron?

A Arfand C B BandTi" F and Ga D Se andSi”

’ N
118 Z’t’ 25 3? (;1 un M} 12 2¢ 37 2p u"l"*""a‘) m) 15’28 61(’ 3¢ 3\7 (5 un Qv F)
3 F'hosphorfjs forms two chlorides. Phosphorus(l[[) chloride, PC1s, is a covalent liquid.

plle

Phosphorus(V) chloride is an ionic selid. One of the ions present is [PCI4] o
jusk flilee NH,; +ohich i {h{mkﬂ'ﬁo}lﬂ“f@ § 01
What is the shape of the PCl; molecule and the [PCL,]" ion?

PCI, [PCLI" L\t ook Mlee .
T ¢
A pyramidal v~ |  square planar io" oL d go 01 Ad\
m
pyramidal v tetrahedral z\ﬁw

tetrahedral C«Hf' square planar

trlgonalplanar tetrahedral

K
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4 AHF is the standard enthalpy of formation of methane.aw'ausdm\%z when ﬂ_MD‘E o_( Me‘nsamz, ‘meﬁ
AH3$ is the standard enthalpy of combustion of carbon‘emoﬂ\ﬁ c\\om?z w hen 1.".& o{, C com burng

AH$ is the standard enthalpy of combustion of hydroge‘n.ew,\%lj chw\%l. whan { MV{ oK, " Lom\:leuj buvns

AH? .
CHyg) + 200) —— COua) + B0 A, in svery ch 1 m“%tnrzp
Which expression is equivalent to {77 z

AN X2,)
< A © o
A AHS - AHS + AHS Ci‘)* M, (9 +20,(g) AW+ 24H, - A, +AH,

B AHS — 2AHS — AHS

C AHS — AHS + AHS
@ AHS + 2AHS — AH®

5 The diagram shows the Boltzmann distribution for the same gas at two different temperatures, T,

and T, Lhene T2>T| becouse Ahig w
\ m M.DGMBQ bave energtd> Eq

V2 S ey Co
0 :
0 X A decales
Ea o BQTM have E>Ea
§
What is plotted on the y-axis and which line represents the higher temperature?
plotted on y-axis higher temperature
)( number of molecules T
number of molecules T
}( molecular energy T
D molecular energy T,

p.g’m_ﬁ(eb
6 What is the minimum mass of oxygen required to ensure the complete combustion of 12dm” of
propane measured under room conditions?

A 60g 809 C 120g D 160g
C g+ 0, —3CD, +iH, O
b~§——>£%0‘(=2-{mu{m a(Dz s_r—n_;u’m D J
Ibx2-
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7 Why is the first ionisation energy of oxygen less than that of nitrogen?

Samne
The nitrogen atom has its outer electron in a different subshell.

The nuclear charge on the oxygen atom is greater than that on the nitrogen atom.

The oxygen atom has a pair of electrons in one p orbital that repel one another. *? lex exter "“J.) 0‘3’%

is regpure

There is more shielding in an oxygen atom.$ame shell ¢o came ¢ l'\llldll/\-a 4@&(5 eleckion

8 Which gas would behave most like an ideal gas under room conditions?

@ helium \ij West i mass In CMPAYISON with ofhers

B nitrogen

X ammonia 'IVI{'EYWIDLZUAJ(U\’EU-IMD are ?’ICAMJZ

D krypton

9 When hydrogen iodide is reacted with concentrated sulfuric acid, several reactions occur,

including:

- +bz -2
8HI + H;SO4 — H,S + 4H,0 +
[ I

41

A\

°

41,

Which row givesthe change in oxidation r?u?nber of iodine and of sulfur in this reaction?

change in oxidation
number of iodine

change in oxidation
number of sulfur

+6

A -1
B -1
c +1

(OB

—
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10 The diagram represents the Haber process for the manufacture of ammonia from nitrogen and
hydrogen.

heat exchanger

FM

N, + H, > >

catalytic
converter

condenser

:

NH,

What is the purpose of the heat exchanger?

\% to cool the incoming gas mixture to avoid overheating the catalyst

to cool the reaction products and separate the NH; from unused N, and H, y. . . .DK,
j{ &hl@ik wl;q s?zw{zsu whchon \.COL\IW\Q yl(-lD&

C towarm the incoming gas mixture and-shi e to_give more NH; Nua un&\w‘\&’?
@ to warm the incoming gas mixture and speed up the reaction

11 Which statement about catalysts is correct?

They change the reaction pathway by-ircreasirg the activation energy.Ea
They increase the rate of reaction by lowering the enthalpy-change-of-the+eaetion.

They increase the number of particles that have sufficient energy to react. v
Ailf -
Heterogeneous catalysts are in the sare state as the reactant.

No, Mg , 48P, ¢! Na,D, M40, Al,0;,$103, 8,0, NOT so,,/soj

12 Element X is in Period 3. Element X forms a solid oxide Y. . co
T ¥ muwde be an um?hoLulb oxde (Albab)
Y reaets'with hot concentrated hydrochloric acid. Y reacts™with hot aqueous sodium hydroxide to

forma compound in which X is part of an anion.
P N ALY+ NaOH —> Na ALD, +H,D

How many p electrons does one atom of X have in its outer shell?

A 0 1 c 2 D 3 M—'ls’ab”a?%s%\)‘
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13 The gas?:—rous products of heating a mixture of Ca(OH), and NH,CI are passed through solid CaO.
A single gaseous product, W, is collected.

NW
A sample of W reactl‘s with Cl5(g) to produce two gases, X and Y.
X is an element. Y is acidic. M(OH)Z + Nan—-) NHa(ﬂ)—l Cad_l(aay)J' HZD (L)
Y reacts with W to produce Z. NHJ (ﬁ )+ COLD(S)—E/DNH (9)@
What are X and Z? NH3+C( —s N\H UQ-I'N
X z N, U +NH, —> N C,? +
A N, v~ | caCl,

(B) N.v| NHCI

\;( 0 caCl,

h' 0, NH,C!

4

14 Q is a mixture of a Group 2 oxide and @ Group 2'sulfate. Q contains equal amounts of the two
compounds.

Q is shaken with water and the resulting mixture filtered; a solid residue is obtained. There is no
reaction when the solid residua is shaken with HCI(aq). Shaking the filtrate with H.SO4(aq)

produces a white precipitate. BaSD Cank be, MaSOy bez 1Foloes NDT'FW“ whlile PPL’-
What could be Q?
BaO +BasS0,tH,0—> B&(OH) @*’1/) + Bagoq@)"’ H S0y (”V)‘_’ [so,” 3 e lﬂﬁk 50 ;jb‘éasgf’l"
B BaO+MgSO,+H,0— BaLD@ML Mﬂ @H) H,S0, (MV)——) Ma (My) so No Ff{’
% MgO +BasO,
\/Q MgO + MgSOy

15 Which substance will not be a product of the thermal decomposition of hydrated
magnesium nitrate?

@ dinitrogen mong‘)age)( Mﬁ(m})a—% N\30+ NO 2t D)’
B magnesium oxide ~

C oxygen e

D steam
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16 A 5cm® sample of 0.05moldm™ sodium chloride is mixed with a 5cm® sample of 0.05moldm™
potassium iodide. 10cm® of acidified 0.05moldm™ silver nitrate is then added, followed by
concentrated ammonia solution.

What is seen after the addition of an excess of concentrated ammonia solution?

m n,ao&vafhr«w
A acream precipitate Noel A K_L——% KC,L -I—Na'[_ (':Il,l:l:f e:u, /fwm o Lufion
B a white precipitate 4
@a yellow precipitate AaNO,, Jode %0 LS Q\s(\o\ﬂl
D no precipitate Y v \C w“

A _\,A% —-}N“s@mc)—-) ’—\ﬂ\ Y.
17 The volatility of the Group 17 elements, chlorlne r‘alné (hodlne decreases down the group.

What is responsible for this trend?

A bond length in the halogen maolecule
}( bond strength in the halogen molecule

electronegativity of the halogen atom

number of electrons in the halogen atom ereo/2 uolmclr\ M‘Lu' w Move \Wl'umbocul&&-f;icu
2, more wua\jw-q)wd—\o break Mem .

18 Acid rain is a dilute solution of sulfuric acid. HLSD‘O (NJV)

Which pollutant also contributes to the formation of acid rain?
X carbon monoxide
x carbon dioxide
nitrogen dioxide ND;‘f H‘lp - HND} +ND

hydrocarbons

N, Al,03, 510 /S0,
19 R is an oxide of Period 3 element T. 5.00g of R contains 2.50g of T.

What is T?

A magnesium
B aluminium

C silicon
@ sulfur N\raﬁ S0, = G- [ 5.009\0 804—4 2-§’D“:Q S
Gh .\co o[ $D, —> 320 MS@E% t:c: ﬁ\ﬁ)o«cww\‘wﬂ
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CHng+CN——9CHCN—+Br %’C@ZCN——)—C{-(\:—
|

f3

N

20 Bromoethane reacts with cyanlde ions, producing propanenitrile. \

Which statement about the S,,2 mechanism of this reaction is correct?

@ The lone pair of electrons on C of CN™ attacks the carbon atom of the C-Br bond.bex o_F +ve cl/\w,?&

B The lone pair of electrons on C of CN™ attacks the carbocation formed when the C-Br bond

breaks. Hpeal ip o oroo wmivd ke ber Jk 1on'E ghable emoug i thwa dus
Veection pYo “g‘"mg‘ffﬁ SN2 medrhanismn uf)
% The lone pair of electrons en—H-of

cks the carbon atom of the C—Br bond.
\% The lone pair of electrons ea-# of CN™ attacks the carbocation formed when the C—Br bond
breaks.

21 Which compound would produce two different carboxylic acids when treated .with " hot,
concentrated, acidified manganate(V1I) ions? ol

W
,J%Do IM A DVZ ’
e O M*‘* DziuL

-\Dilo ou MM,LW

22 Which compound could show both cis-trans isomerism and optical isomerism?

A Cc D

Cl 4 Cl .y o Br Cl  H
\x,/ \ \ /
N Br C B b—c—B g c
/N NG Y NVARER NEVA
)d,,,a\% C=C C=C c=C cr m c=c I
\ / N\ / N\ ast”\ / \
H ci H “& f H
us, b(/#\l’.
but 7 '°‘*l
23 Limonene is a hydrocarbon found in the rind of citrus fruits.
limonene Ci”’
C
YA
A Tem
k4 | ‘
(& Cc
AN o Ny
|
=
(gl C=u,
5
What is the molecular formula of limonene?
A CyoHyz B CiHus ©C10H1s D CioHise
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24 The compound cetyl palmitate, CsH3,CO.CsHz, is a waxy SO|Il‘.‘|

MAABLLCIS with NeDH womﬂoo Lﬁl\&

Cetyl palmitate is heated under reflux with an excess of aqueous sodium hydroxide. alwf\ + gq{(,

. . o)
Which products will be 1'ormc—3c|?(.’lgl'I D C’léu x@“ le“3|@+ C“ﬂ}-’lm — I§”3ILO2 Na
A CisHiyONa and CysH33COsNa . a{OV‘? +

B CysHxCO.Na and CigH3sONa Nﬁ"“ c,bu”ou
C C15H31OH and C15H33C02Na
@ C15H31COQN3 and C15H330H
oxidabion

25 When an organic compound is oxidised, any oxygen atom gain’ ] by the organjc molecule is
considered to be from a water molecule also producing 2H" y hydrogen*at wm 1L st may
be considered to be lostas H' + e W, e AJQo —fwme_J oxidofion

These changes can be represented by the following two equations. ( )
HO — [O] + 2H" + 2ée7 (""A“A'mebj whon, uert- ﬂWtﬂFoW)
H > H & anbd@/[’m; gnlﬁbl)l/tzu {'M)\Lll/’ Logg4 I’cho/'“’?ﬂ)
Compound X is oxidised by heating under reflux with hot, acidified potassium dichromate(VI) for
one hour. The half-equation for the reduction reaction is shown.
CrOZ + 14H' + 66 — 2CF* + TH,0 P”’]"’”"”J to 1’"?”""“’“0

CollctHo— Cﬂl;wzH

Under these conditions, éne ‘mele of potassium dichromate(V1) oxidises three moles of X.

5"“& mm
what couldx be?C, HeCH 0 42 0] +2 W e ——>C, WO, H + 4D a::M y

@ propanal Nov\)'\'v \MLQV\C.@ Hne no- \,\ﬁch emt | we'll M{A H D

e

C propan-1,2-diol wllkthm\ Nac&tm ,
D propan-1,3-diol 3)(((',111§CHD+2[0:|*MI *Qé—%ﬁzugw I—HH Q
10v, 0> 4 20U "+ BE, H tHO—> 204 104 ,0 + 3 (, e (O, H

"
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26 Compound X has the empirical formula C;H40O. lts infra-red spectrum is shown.

100
transmittance /%
50
" Qoo
ooH TRV e Sob 05 ¢
0 % 0:9&0,
0 -]
0 v?o “ Q N \“;‘&\ r\
T T '+ 1 - 1 oI
4000 3000 2000 1500 1000 500
wavenumber/cm™
What could be the skeletal formula of compound X? w[q,ﬂ-l‘ bgo
L oot
® X o I
1/
OH 0]

j\ OW /H/ vP‘“)fb“
o Cf ! e

27 How many moles of hydrogen, H., are evolved when an excess of sodium metal is added to
one mole of citric acid?

citric acid

Cozy( f‘DzNO‘
%O_T_CH&O%M/* Noa—> NaO— CI——'CHZCO;N&

CH?"O?'/ CH,LO, N

A 05 B 15 @2 D 4 L'M‘,{y;t :Pkgml—l.sv
2Zm

28 Which statement is correct for the reaction of carbonyl compounds with HCN?
>< The reaction is catalysed by concentrated H,SO.. _ k é'—C_g,” 4 H,m
e Pentan-2-one and HCN react to give a chiral product. [ (;

B\ The reaction is a condensation reactlon g . (’,N

N
l

\ l L

,c,%_%“., —_-x>,c c—c 1 —_-,v>—c é})c_ﬁ_’

|
..\z \,] 0“ "

ihow
\% The reaction is nucleophilic stristitertion.

© UCLES 2021 9701/11/M1Ji21
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29 The table describes four reactions of propene. ?— c-C-

Which row is correct?

: Br Br
reagent used AL of [l [
organic product _[r_ec_c —
di rlog
A aqueous bromine 4’&3”6 ), 2- bromoprc_:fane 1o
—ytC— —C—
cold acidified aqueous potassium manganate(VII) propane-1 ;/du::l %uj.l [ | '
@ hydrogen chloride 2-chloropropane —Is ) "% - ('5
z
D steam propanA-ol | o
_L—C-—L— wove < |oble
| l |
30 Butanoic acid is prepared from 1-bromopropane. 1 eox w:lm»e eb
Oy reac N i€ wuufvu’
This synthesis requires a sequence of two reactions.
Which compound is prepared in the first stage of the synthesis?
1-aminopropane _J: é | -(“,-—2: é—'CEN
“C—Cc—Br + N, T -
é propan-1-ol [ | | Le\\MH\ i(‘.) | \ |
butanal . -
\—}C-f LA!\M\&)
butanenitrile
| v l
— —é —c—CcO,H
t 1
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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 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.
Use of the Data Booklet may be appropriate for some questions.
31 Ethanol combines with ethanoic acid to form ethyl ethanoate according to the following reaction. Libr
[V

Incyeant n P meavls

C:HsOH(]) + CH,COH(l) = cHsclog;:esz(l) + HO() AH®=-6kJmol™ C'LM’ +othe
‘im

0-2m 0-2mof

9.2g ethanol, 12g ethanoic acid and 8.8 g ethyl ethanoate are mixed and allowed to stand at

298 K, until equilibrium is feach& hod + CHOD, H = CH W

(M.—: CgH5OH,46, CH3COzH,60. CHgCOngHE,, 88) - 4 Cuj z 3(%6’—(

o-md lml'inﬂ 0 0-2 0-|

The resulting equilibrium mixture is found to contain 4.8 g ethanoic acid. Ckmgzﬁ 12 —02 +012
Equl[ 008 008 0:22

The expedm@ent is Y@peated at 323 K. ,

_ Lfmoles o M;[L,J' decreae , Ml
Which statements are correct? A DF olner 7 ,,Lgo detvesune
uci's increase

/There are 0.22 moles of ethyl ethanoate in the mixture at equilibrium at 298 K. but °][ P
2~ The equilibrium mixture at 323 K will contain more than 4.8 g of ethanoic acid. equldbrium on 'fN-l(,FE

VG/ If a small amount of water is added at the start of enher experlment the value of K. would not
be affected. bcz l(: M’O 0‘-’1’% fm ure

© UCLES 2021 9701/11/M1Ji21
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32 The diagram shows an incomplete energy profile diagram for a reaction.

[ 1

041,\@"“& products
- %ﬂr‘a’%

bo-‘, enthalpy
40 17\"’tkS I‘"ﬂ)‘ﬂi‘, reactants
?w)@a\?‘a

progress of reaction
Which reactions could this diagram refer to? A '
\/03003 —» CaO(s) + COy »Htevmaﬂ o(ew-m,)vsmtm ©» wD{ﬂﬂtah‘Uc
w2 Hy(g) - 2H(g) wl-::m:sa{m 1S also +ve ew
& Ci(aq) - CI(g) + aq e,uapufoel—m 15 all aboouk mpal'n-f evehfy g0 erdvfhermic

Ak vudm‘oﬁvML
33 A gaseous hydrocarbon has a density of 2.42 gdm™ underoorm conditions. T=298K E, P = 10-22SkPa

What could be the skeletal formula of this hydrocarbon? D PV - VIR,I

= mons $0 iAw? lf{“v\/‘\s
f'u} 1 N mays = Sg?' where n V'\:q;mw
cH B
/ - medar = LHgxd 3lL|¥2’i% =%glmd s
T8 -—E‘*V ’ A e -ﬂ? Wk 101-326X 10" tq
K near Lo

3N mam = Sb
ﬂc-—L c,a ?l
34 Wh|ch molecules contain at least one bond angle of 120°7? B
oMy c c due o <p2 hﬂlmoltgal-lm
2 PF, I?,o 97 ﬁo
3 NCI oulo 107°

35 Which statements are correct going across Period 3 from sodium todb:lonne'? D

[ profoms increane inthe came sh lw)l,
‘/I/ The charge on the nucleus |ncrgases, pulling the electrons closer to it. ‘J‘"’ ba' Oy ean SL“MI

X The radius of the most common ion of each element decreases.-ﬁcrm Nﬂ\ b Sl ) 9;:“:"‘5 t‘““@ am‘h/‘
onic. rad

X The shielding caused y inner electrons decreases, so the outer electrons are pulled closer e!q
to the nucleus. ahi on (.l«nm.ﬂqSA when eleckron 15 buwa-l-o differ
whic v;z '(3°i down o u\> Omu? NOT 0SS P ri
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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.

36 Which statements are correct? . 2-,
A Cuwg:smm:lnbta#«m Wy bez 05 jc o,

Magnesium carbonate decomposes at a lower temperature than calcium car onate.dish,u;d wr (a
2 Calcium hydroxide is more soluble in water than magnesium hydroxide_hcr!roxidl. 90&&“34:’000'\ orwf)

\,a/Calcium is a stronger reducing agent than magnesiumbcz Ca can moic leb loce Zﬁd’m
Ham N)d» .
37 Which statements are correct? A

\/1/ 1,1-difluoroethane is less reactive than 1,1-dichloroethane. C=F 1s S'Lrwmv\ HAM Crd ml‘l o

1/2/ 1,1-difluoroethane is polar. DMC l‘D C’F bb‘le WW ’nﬂw W "ﬁ} n d(cémnoq Vﬁ

3~ The C—F bond is stronger than the C—C1bond. bc2 ‘f Shovter bﬂd &"“7‘#" in C-F

38 Which pairs of compounds may be distinguish@d by testing with alkaline aqueous iodine? B
M/I;utanal and butanone BM'AJ bbulo[nww qu/(y) U&uﬂw P|>|7 :
‘I)l \ ,\cx\ff vz/pentan-Z—one and pentan-3-ol PUA‘JGM-— '0'( voonk ﬁl\ler a&upw"r E be2 f‘} olow\l' hae

/&/O'ol (! \ 3 propanone and propan-2-ol bD’n‘\. fml: . ﬂr * +D

Vo S C with oH

\ \,U/\ \

/C\’c; ‘0“ 39 Which reactions have a coloured organic product?

v1/ethanal + 2 4-dinitrophenylhydrazine reagent Wﬁﬂwwk‘& v QIQJiMJ'OFM MA'
c

N color s sians oo reem bub grezw edor
2 ethanol + acidified potassium dichromate(VI) e ok meaau ﬁ

3 ethene + cold dilute acidified potassium manganate(VII) F VFU«J"D (/Obourb&S

mo!muwb 0%0»07 LA propo/n—'i—ore
40 Propanoic acid is reacted with an excess of lithium aluminium hydride. The organic product of this
reaction is reacted with ethanoic acid in the presence of concgntrated sulfuric atlzi , forming

product X. PyoPovn-i— + ediomelc ow

propylitbomoli(®)
osbov

What are major commercial uses of X’?E C/

X fuel
12/ solvent

& flavouring
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