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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 This guestion refers to isolated gaseous atoms.

In which atom are all electronsd;»aired?

Iy 2
@Ba B Br[ﬁ; C 83? D gTP

2 Which compoun a hoiling point that is influenced by hydrogen bonding?
\/\f()l,/‘ﬂ()v\g’—@%?D 3\

%\ CHsCHO *F\ CH3;0CH;4 #\ HCO,CHj, @HCO;H

3 Which fuel would produce the largest mass of CO, when 10kg of the fuel undergo complete
combustion?

A biodiesel, Ci7H30, 277 'ﬂa/
ethanol, C;HgO
octane, CgHig 309 kek
7( propane, CsHs
4  The diagram shows the Boltzmann distribution of energies in a gas. The gas can take part in a
reaction with an activation energy, E,. The gas is maintained at a constant temperature.

A P

proportion of
molecules with
a given energy

0 E,

a

molecular energy

Which statement is correct?
\7( If a catalyst is added, peak P will be lower and E; will move to the left.
If a catalyst is added, peak P will be lower and E, will move to the right. )
Aok more wol Aom
If a catalyst is added, peak P will be the same and E, will move to the left. $0 \{udce)v

o werq4 :
D |If a catalyst is added, peak P will be the same and E, will move to the rightﬂ odfv"ob'm wuﬂ3
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5 Which molecule has no overall dipole?

A CHCI B Y\oH.CL.
C/—-C/

c-cJ
/

J

C CHCIs

o

/

w
6 Whicr\;\’solid contains more than one type of bonding?

® iodine wUM il \M\Mdu wcml '('WO%

B silicon dioxide PV

C sodium chloride leplC

D zinc webalue

@ CCly

7 Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The
following equation represents the enthalpy change of formation of butane.

4C(s) + SHa(g) — CaHio(9)

By using the following standard enthalpy of combustion data, what is the value of the standard

120, G}He(s) + SH, ()7 CyH (9D 402 (9)

enthalpy change of formation, AH%, of butane?

A -5883kJmol™’

—129kJmol™

C +129kJmol™
D +2197kJmol™

8 FEthanedioate ions, C,0,%

reaction is shown.

Which row is correct?

substance AH®/kJ mol‘1
C(s) ~394
H(g) —286
CaH1o(9) —2877

+2 -2

+y-2

C204 — 2C0,; + 2e”

C—C
—'D/ \D

oxidation state of
carbon in C,0,%

type of reaction

+3

+3 .
+5 %

+5

oxidation /

reduction
oxidation

reduction
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h(- 3%\, 5 >l/ 2877
£,CD,45H 0
h(fs%)wtz%) =—-2271+ %

2 = —129 kT /ol

Z

, react with a suitable reagent to form CO,. A half-equation for this

[Turn over



10

+2% |

r‘/’—-—l X > |
- + w4 H -2
4 Q_XINHBOH} +2Fe 2R 4gH +H0 +

N_O
2
Oxidation numbers should be used to answer this question.

A redox reaction takes place between hydroxylammonium ions, [NH;OH]", and acidified iron(11I)
ions, Fe**. The products are iron(I1) ions, Fe?*, H" ions, water and a compound of nitrogen.

The mole ratio of reacting hydroxylammonium ions to reacting iron(I1I) ions is 1:2.

Which nitrogen-containing compound could be formed in the reaction?

Element X has a higher first ionisation energy than element Y.

A NHs C NO D NO;

Two students state what they believe is one factor that helps to explain this.

student 1 “X has a higher first ionisation energy than Y because an atom of X has more
protons in its nucleus than an atom of Y."
student 2 “X has a higher first ionisation energy than Y because X has a smaller atomic

radius than Y.”
Only one of the two students is correct.

What could X and Y be?

X Y
A carbon boron
B magnesium aluminium Zr lao‘H/\ $M€M6§ oM ce'rrzcé
Cc oxygen nitrogen —
D oxygen sulfur m‘\\t‘ %4 9 ;}Q UBTYQ&

11 Hydrogen ions catalyse the hydrolysis of esters.

Which statement is correct?

The hydrogen ions act as a heterogeneous catalyst.

o The hydrogen ions are in the same phase as the reactants.

7( The hydrogen ions are used up in the reaction.

X

© UCLES 2018
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12 Silicon is heated in an excess of chlorine, producing compound J.

) y De
Excess water is added to the sample of J produced. gf _l_zug\__) Sl C’OL' @(mﬂﬂ«m

Which row is correct?

8icl, +2H,0—  8i0, +4Hf

Is HCI produced giomt: )
structure of J when water is moleculos
added to J?
A giant molecular no
B giant molecular yes
Cc simple molecular no
D simple molecular yes
Atomic rodius 1 olown Hhe qroup

13 Which element has the second smallest atomic radius in its group and the third lowest first
ionisation energy in its period?

\A boron smalles b sbomic, vodius inila {Ovou.?
\i calciumAnird smallest abomic vediun v ils ‘GVO“L?

magnesium

pad

NaM&MS’i p sd

D sodium

14 Chlorine reacts with cold aqueous sodium hydroxide to produce sodium chloride, water and
compound X,NaLC,%U
A

Chlorine reacts with hot aqueous sodium hydroxide to produce sodium chloride, water and
compound Y. mﬁo

)
What are the oxidation states of chlorine in compound X and compound Y?
X Y
A -1 -5
B el +5
c +1 -5
D +1 +5

15 In which reaction does ammonia behave as a Brensted-Lowry base?
A NH; + CHyCH,Br — CH;CH,NH, + HBr
NH; + H,O + CO; — (NH,4)HCO; a,;(w\s ﬂ*
C 2NH; + 2Na — 2NaNH; + H;
D 4NH; + 30; —» 2N, + 6H,0
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0 T o)
16 Aqueous silver nitrate is added to a solution of potassium |0d|de%ﬂ/°
KL + Pghd, —> Ok

Aﬂl-r N 3@11,)—> IVLQV(MW & ldewTPl:mnAamA

A acream precipitate that dissolves on addition of aqueous ammonia

Aqueous ammonia is then added.

What would be observed?

B a cream precipitate that does not dissolve on addition of aqueous ammonia
x a yellow precipitate that dissolves on addition of agueous ammonia

@ a yellow precipitate that does not dissolve on addition of aqueous ammonia

17 Oxides of nitrogen are present in the environment due to natural and man-made sources.

Which row is correct?

natural source of nitrogen oxides man-made source of nitrogen oxides
@ electrical discharges in the atmosphere internal combustion engines vl
B electrical discharges in the atmosphere as a by-product of the Haber process X
# decomposition of dead plants in rivers internal combustion engines
ﬂ decomposition of dead plants in rivers as a by-product of the Haber process

7

18 When 3.00g of an anhydrous nitrate of a Group 2 metal is decomposed, 1.53g of gas is
produced.

What is the nitrate compound?

A beryllium nitrate

B calcium nitrate

C magnesium nitrate Sv (NO&> —— 570 ‘f’lND "HO

@ strontium nitrate . /4 maf) —> I 313 #NO + 042273, D‘F 0,

19 Which row correctly describes one property of barium and one property of barium oxide?

observation when pH of solution obtained when Ba«r H
barium metal is a spatula measure of BaO is 0— BQ(O H) +4H L
3 2
added to water added to 100cm” of water CLDVLHL)
\( a few gas bubbles 8
form on the metal surface BQD‘I’ H 0 Ba (DH)
K' a few gas bubbles 13 '/\l QDWbLt %)
form on the metal surface 1
c rapid effervescence is seen 8 FH,
D rapid effervescence is seen 13 (7
© UCLES 2018 9701/11/M/J/18
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20 Fructose is a sugar with more than one chiral centre. The fructose molecule is shown with X, Y
and Z indicating three carbon atoms.

N
o—
X

Which carbon atoms are chiral centres?
A X, YandZ X and Yonly C Xonly D Yonly

21 Which pair of alcohols are isomers of each other?

X butan-1-ol and 2,2-dimethylpropan-1-ol b cosbon 21 C conbor. so ND
Q butan-2-ol and 2-methylpropan-2-ol

y pentan-1-ol and 2-methylpropan-2-ol § carbon 51 4 canbon S0 ND
x propan-2-ol and 2-methylpropan-2-ol 2 ¢anlben 21 L\ coanbon ¢0 NO

22 Sodium methoxide, Na'CHs;O~, reacts with 2-chloro-2-methylpropane in a nucleophilic

substitution reaction. The nucleophile is the CH;0™ ion. CIJJ3
+
-c&
Which row is correct? HJC ?Q CHB
ae-
intermediate or roduct [/
transition state P N
R cHs
(~) (CH3):C™ &~ (CH2)sCOCH; cl ey
+ / L‘—}C_ + 3
(CH:),C (CH3)sCCH,0H X NI
\% [HOCH,- - -C(CHj3);- - -CI]~ HOCH,C(CHa3)3 \L .
ﬂ [H3CO- - -C(CH3)s- - -ClI]” H3sCOC(CH3)s Ot
i~ £ —CHs
CJ—IJD
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23 Which alcohol can be dehydrated to give two products which are structu}[fxl isomers of each CH
other? (1 7 3, é [
(=C -C =C
A c (I: ;D | |a’
i L L 3
H—Cll—tll—C|J—CII—OH H—C|2—(|‘,—C—OH H—C|2—(|I—C|2—0H H—Cll—tll—OH
(
H H H H | 5H H H-C H CH,H H CH,
C:Cl ov | 1
]
Ch3 ¢ e
24 Which reagent could detect the presence of alcohol in a mixture consisting mainly of alkanes and
alkenes?

@ Na 1'|VM bﬁw&Sw/w o][ ”;(j)
X Br(inccl) reacks with alltones fop
X KMnOyaq) reacls with alleves top
X 2,4-dinitrophenylhydrazine not- wrh/\ ‘L'CA’}iOAjale

25 Compound Q

e contains a chiral centre,
e gives a positive result with Fehling's reagent, L\AUA‘J 0LL Mﬁl
e gives a positive result with alkaline aqueous iodine. c,»HAav\aﬂ / W/wmj a/bo/wp

What could compound Q be?

X 1-hydroxybutanone , f(‘r\B C?H \
B 2-hydroxybutanal \(— Clz" ('C —C =0 AMuis O(OMVlif I/\OWL we YBIAT aﬂ-nbbapl
@3-hydroxybutanal o /l' z c’;:\o- f/ﬂ"n'\a/b UUIA,L a@kﬂfb%
3-hydroxybutanone netten VOM?' € IDM-?
% B Auads atachda J
—C-(-C-C=o

|\
—C—c—‘c—c—-—o
\
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26 What is the mechanism folthe reaction of ethanal, CH3;CHO, with hydrogen cyanide, HCN, in the
presence of NaCN? ¢\ : f(wm NacN reacks & H*fwm HEN reacls

(@] Hop 0
] A Vi
A CH,—C—H —> CH,—C—H — CH,—C + H-
:CN- CN CN
+ -—
~ ()
Co?’ -o:p' H—C=N OH
e U |
H,—C*—H —» CH3—T—H - CH3—{|3—H + :CN-
CCN‘ CN CN
0 VH—C= OH OH
C CH,—C—H — CH,—C—H —— CH3—(|3—H
:CN- CN
D initiaton ~ HCN — He + *CN
Oo

propagation CH,—C + «CN — CH,—C—H
\
H CN
o- OH
CH,—C—H + H—CN — CH,—C—H + *CN
CN CN
o OH
terminaton ~ CH,—C—H + H+ — CH,—C—H

CN CN
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,—& ](‘,'C [ ) '6’ (’:JQ‘/ + HO*C‘%’
| \OfC c— —> ] '\0 ;]
27 Ethyl propanoate |s re“luxed with aqueous sodium hydroxide. The alcohol produced is then
reacted with methyl propanoic acid to make a second ester.

CoHeOH + CHyCH ,CH COH— C L ODC, H ¢

What is the structural formula of this second ester‘?

O, X

o) o
CH,—CH,—0—C—CH—CH, CH,—CH,—CH,—0—C—CH—CH,
CH, CH,
X A
0
CH,—C—0—CH,—CH—CH, CH,—CH,—C—0—CH,—CH—CH,
L, b,

28 Which reagent could be used to carry out the following reaction?

xudl;e, W
a:ldduaolz 2
@ a solution containing acidified dichromate(VI) ions

\ﬂ a solution containing dilute, acidified manganate(VII) ions

C asolution containing hot, concentrated, acidified manganate(V1I) ions {or unga}u/,alg?d CDMPDWV\L{X
}( concentrated sulfuric acid

29 Four reactions of propanoic acid to form salts and other products are shown.

Which reaction does not show the formulae of all the correct products?

—
:,ax’( A u)tkLM ga,l,l,’ B dekﬂ'afn‘
CH,CH,CO, K*(aq) + H,O(l) (CH,CH,CO,"),Mg*(aq) + H,(g)
ot KOH d Mg(s)
AL
1£€H:CH,CO,H(aq)
Mw propanoic bast-
Na,CO, acid Ca(OH),
D
CH,CH,CO, Na'(aq) + CO,(g) 4—#20 (CH,CH,CO,"),Ca*(aq) + H,O(l)
calt” w0t
© UCLES 2018 g701/11/M/JM18
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30 Compound X contains three carbon atoms. Part of a simplified infra-red spectrum of compound X

is shown.
100
transmittance C/H
504
~\ DA
1 e e e S S
400 3000 2000 1500 1000 500
wavenumber/cm™

Which compound could be X?

A CHyCH,CHO No Skkuﬂ peak at” 1670 - 1Tho /emn

B CHisCH.CO,H Np SHW\-O Pwk ot arownd 2500 fon
CH3CH,CH,0OH

D CH;CO,CH; hO SHMﬂd PM/L ak (710 - (TS0 /OWL

© UCLES 2018 9701/11/M/J/18 [Turn over
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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 One mole of sulfuric acid is used to make an aqueous solution. The solution contains H;SOy4
‘molecules, H* ions, SO,% ions and HSO,” ions.
Which statements are correct?D
/The solution contains 6.02 x 102 sulfur atoms. bez. 1 mede. P'/Uam:lr

X The solution contains an exactly equal number of H" ions and HSO,™ ions.

'% One mole of SO, ions contains two moles of electrons.

32 Which statements are correct? B

\/I/The hydrogen bonds in ice are more regularly arranged than in water.
\/2/ The solidification of water to form ice is exothermic. wu%j w ?iVUA OU-LL

% Pure water is less dense than ice.

33 Calcium reacts with water to form calcium hydroxide and hydrogen.
Ca(s) + 2H,0O(l) — Ca(OH),(s) + Ha(g)
The standard enthalpy change for this reaction is —414 kJ mol™.

What further information is needed in order tcﬁalculate the standard enthalpy change of

formation of calcium hydroxide, AHF Ca(OH),(s)? ‘”[’
Cou+ 24,0 —> Calot), + H,

/AH}’ for H.O(1)
T M=

X AH? for Hy(g)
Co+ Hy + 0,

x first and second ionisation energies of Ca

© UCLES 2018 9701/11/M/J18
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34 Which statements are correct when a reversible reaction is at equilibrium?c

)( All species are at equal concentration.
\,2/ The concentrations of all species remain constant.

\/3/ The rate of the forward reaction equals the rate of the reverse reaction.

35 Each of the three mixtures shown can result in a chemical reaction.

Which mixtures result in a redox reaction? |
o + o~

\j/ bromine + hydrogen g,;z "—H?— —> 2HBY -2 Aol +HoHos
X sodium chloride + concentrated sulfuric acid NHQ—('J + HZQDA, — HY + NA)’EDI’

"3{ potassium iodide + silver nitrate KT+ AgNO, —?A—%I + KND
Al HUHE- - +| +S_;3

36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? A

\,‘I/ Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to
acid rain. “0,_—%—80 __3803+ND 2,\ 0 —\'HZOQ l—\—QSO (oxa& { N

\/2/ Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to
form sulfuric acid.

I/S/Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants.

37 Polymer Z contains the length of polymer chain shown below.

This short length of chain is found many times within the chains of polymer Z, although it is not
the repeat unit.

—CH,;—-CHCI-CH;,- 'H’ H_
What could be the name of polymer Z? c R U/{' i_ _6 , /
WM —— C—C 97
)( poly(2-chloropropene) QP | ] n
poly(chloroethene) d H
3~ PVC
© UCLES 2018 9701/11/M/J/18 [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.

38 Limonene is found in lemons.

gl e
c .| af®
d, Neg sty ons

{ (=0
Chy — >
uzc\ % 2 lcr(,,

(\: o{mwb + ‘cwﬂ
lcetmess o, 1 CHs
(,/ 2 cH
limonene * breales I
(=0
Limonene is heated with concentrated acidified potassium manganate(VII). C/H
3

Which compounds are produced? C
>( CH3COCH,CH,CH(CH,CO,H),
L CO,

3" CH3;COCH,CH,CH(COCH)CH,CO,H

39 Chlorofluoroalkanes have been used as the refrigerant in refrigerators but care has to be taken in
disposing of old refrigerators.

Which statements about chlorofluoroalkanes are correct? B

/ C-CI bonds more readily undergo homolytic fission than C—F bgnds. .
Y g 4 uwx_gl vodicals
2~ Care is taken in the disposal of old refrigerators because of possible ozone depletion.

X CH.CIF is more volatile than C;Hs.

40 The M, of c is 72. The composition by mass of X is 66.7% carbon, 11.1% hydrogen
and 22.2% oxygen. X gives an_orange precipitate with 2,4-dinitrophenylhydrazine reagent.
X does not react with Fehling's reagent. dnus te o kelone

C H (@)

What can be deduced from this information? A 6b-T n- | 2?,-2@,
\/1/)( is a carbonyl compound. ig__’é - L_B_'B—(
Vz/x' o 1-287¢ 1-2¢7€ T 287C

is a ketone. 0
e 4 e I
3 Xis butanone.’f—C’|' \‘ X — CL‘ H@O
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