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Section A

For each guestion 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 Boltzmann distribution of molecular energies in a sample of aqueous hydrogen peroxide at
room temperature is shown.
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Which diagram shows the Boltzmann distribution of molecular energies of aqueous hydrogen

peroxide maintained at room temperature when a catalyst, manganese(IV) oxide, is added?
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2 Oxygen has three stable isotopes, Y0, ;0 and JO. All three isotopes are present in a sample of
oxygen gas, O,, which was analysed using a mass spectrometer. ) + can be C.DW.ble\QJ.‘L'm/\ DF
2

b 11
@‘0210:52

How many peaks associated with the O, ion would be expected?
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are shown in the graphs.
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3

The first eight successive ionisation energies for two elements of Period 3 of the Periodic Table

ionisation
energy

01 2 3 4

electron removed

5

6 7 8 0

electron removed

What is the formula of the ionic compound formed from these elements?

@ MgCl, B

D)

aBr;

)s( Na,S /\?{’ K.Se & oo

Lo v VI
-9 wu\rxw'mﬂ whese otk Q‘x\lU; ‘Qb‘f\d‘\k‘ﬂg L9 3\)\? c™ (ﬂmg

4 A o bond is made between two carbon atoms in a molecule of ethene.
¢ bond

N0 Wy wig [u

Which diagram shows the orbital overlap that occurs to form this bond?

*

; O :

® @O oape i

5 The table shows some properties of four substances.

Which substance could be potassium iodide? KT [D-,,, o ¢°Mlpo /

melting point electrical conductivity
of solid/°C when molten
—66 poor
B -39 good B
@ 680 mfév good wudM»LL'Ut'Lj Lo ﬂwo\ °‘A)“3““M°Uf@‘* dhale
D 1600 " poor
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6 X, Y and Z are all gases that behave ideally and react according to the equation shown.

X(9) + 2Y(9) — 2Z(g) 3
LUSw + Opef—> el LoTD et
When 3.0mol of X and 3.0mol of Y are placed inside a container W|th a volume of 1 0dm? , they

react to form the maximum amount of Z. Hm V le %
ﬂ/) 3 ot nﬁ/x z mof

The final temperature of the reaction vessel is 120°C. Y howier we Ve Mz T, -
What is the final pressure inside the reaction vessel? 5Mof )/ h””""e’gf amout I;
2 r jusk Zwm Af&/s
A 449 x 10°Pa ci'p!m i hes
B 9.80 x 10°Pa F 2 and Y- Smof of X wﬁu
ln e;ccu& will be ché LA
1.47 x 10" Pa con boiner
D 1.96x10'Pa Px ___fU“’D = 4-$x8-3lhx (zzo+,279
oD)*

P- |-L|‘7>(16’Pa

7  Which pair of substances are both simple molecular?

K Cqand graphene ‘Fmvm.cr(L ﬂ(\ MT\MLL Haus TQM/L ch««DUA& SL’VMQL'UML
Ceu and iodine

y graphene and graphlte? Lauk MAtf{W(ﬂN

graphite and iodine
vomt mol Y M.C:QUSV\'

o
8 A reaction pathway diagram is shown. ad;wd?w’l’\ WUJ&‘:\ (1”

A

reactants

energy| |+ wmmw\ﬁ /ﬁ-( VMDL‘LU“

m I G R

dﬂff“” . -

J)rogress of reaction

Which row is correct? lo )
ot ; w&f’“’\

enthalpy change of activation energy of
the forward reaction the reverse reaction
A K" M
KL o)
‘X L o]
‘K P M
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9 Xis either chlorine or an oxide of chlorine.

X reacts with water, under suitable conditions, to form the two acids HCI and HCIO; in the mole

ratio of 1 (HC1):5 (HCI10O3). éCLO +5H 0 —> Hd %Hd@
2 2 3

What could be X?

%[ & % 2 2 207
Mk ;’:d/olb Cl,0 @CIO D Ci,0

10 Ethyl ethanoate undergoes the following reaction.

CH3;CO,C;Hs + H,O = CyHsOH + CH3;CO.H K. =0.27
04 04t
Equal amounts of ethanoic acid and ethanol were mixed together and allowed to rpﬁmg—wm

equilibrium. It U’I
q &Mm wap <busled bsﬁifﬁmc (§0“ iv ea%? b dw £ e al- ok
At equilibrium, the c‘inncentratlon OOT;EK:thanmc ?ﬁf an ethanol \ﬁere YEIO|E££U ha_d Cwaf)/dm

m: heunce €4

What is the concentration of ethyl ethanoate at equilibrium? . - . ,
CHy 0, C He + H,0 = C, HeOH + Cil COH 01 0-42Xo 42,

A 0.22moldm™ Tl ~ o Z Z

B 0.65moldm™ ok W 1092 1-042

@ 3 Yowobz ol 042 042
0.81 moldm™

D 1.54moldm™

I wwlo.o@ hober yroco :E’MOH

11 Which row is an example of ete geneous catalysm

reaction catalyst
A esterification sulfuric acid X
‘3} the Contact process divanadium pentoxide
Cc destruction of the ozone layer chlorine radicals X
D atmospheric formation of sulfur trioxide nitrogen dioxide V\Mmﬂ\%wub

12 Element Q readily oxidises in air. The oxide produced reacts with water to form a solution of very
low pH.

Where could element Q be found in the Periodic Table?

period group
A 2 1 Yt would form bare
B 2 14 X - fnely exiclen one MAOW(E 1 wa./éé’/v like SLO
c 3 14 X&~
ONE 15 | PH0, — L0t 1,0 > 4, PO, (psphnic acid)
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13 The eight elements sodium to argon are in the same period of the Periodic Table.
The equation corresponding to the first ionisation energy is shown. o . \
lmuh%
) 3

X(@) - X'(g) + e —t —t1 l —1
N M% M STy o Al
For which of these eight elements is the electron in this equation removed from a filled orbital?
: No— 1838’ p 35
A Mg, Al Si, P, S, Cland Ar My 39‘)\?
B Al Si P,S,Cland Aronly g ?; i\’
!
@ Mg, S, Cland Ar only Zsl, %P‘fla‘;ggl 3136 P»::_f_;,“’; 40 w@,aemb&w
B
D S, Cland Aronly H———23¢ ®

2> b
oy ———7 % S’V
(L o Av bub Ar dminl:wmd: so s U
14 Elements D and E are l%a;h IWFIOE’ 3. Elemeént D has the smallest atomic radius in Period 3.
There are only two ele Period 3 which have a lower melting point than element E. ?
Elements D and E FreTaWogTefﬁer to form compound L.

Which compound could be L?

A MgCl B MgS C Nas$S ®P013/
A M 4 P 8 LAY

15 How many of the solutions shown, when added to separate portions of magnesium sulfate

solution, produce a white precipitate? 80, (soluble
tate? - MgS0, (solub )
HCl(aq) NHa(aq) (NH4)2003(aq) Ba(NOaz):(aq)

i) $ag0,
A o o M @3 i

16 A white solid, Z, is soluble in water. A sample of Z is heated with a Bunsen burner until there is no
further change. When the residue is shaken with water a solution is formed with no solid

remaining. e jole
e stble g Ba (NO,) —> Bad +M0, +0,,
What could Z be? 2
Bao+H ,0- Ba(OH)
X Mgco, D& Mg(NOs), BaCO, € Ba(NOs), 2
o4 S a o ‘
‘*D‘éﬂcﬁi S?JU»AQU’A‘ U-LSOPY Ba0 bub Bawg Lt MSDtMHL i wal—%

17 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?
LUnce(, ks nexcess we' Il wse
A0S 05 c 06 b 12 w Qva.ho ) Mo@H‘i’ Ned
+o IINILIN
3C1, 16N OH—fNinc| + Naclo, +3H ,0 food
0-bmdes —> 0 Swdles
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7
18 Ammonium sulfate, (I\l\lg4}2804, and ammonium nitrate, NHéNoa, are used as fertilisers.
2 0

These salts have different percentages by mass of nitrogen. They have the same effect as each
other on the pH of wet neutral soil.

Which row is correct? 7° tN ""‘Q‘]H‘bfoq% _ZX_IL{_XWDZ = Zl‘lﬂ/,
1221
/ o,FN)iu\ N, No,—> 21y moo"/=5s'/
go " ]

— N ° N *
® ammonium nitrate decrease I MHDT" i e -F‘NM ’@MAV\AMLW
Hof et

B ammonium nitrate increase Yeduces \’ ECF

higher percentage

of nitrogen by mass effect on pH of soll

ﬁ( ammonium sulfate decrease

p{ ammonium sulfate increase
/

NO[NOy 1 60, /%0s
19 Which reaction gives a product that is an atmospheric pollutant causing acid rain?

A 3Mg(s) + SO;(g) —» MgS(s) + 2MgO(s)

B (NH),SO4(s) + Ca(OH)y(s) —> 2NHs(g) + CaSOu(s) + 2H,0()

C 2MnO,(aqg) + 5S0,(g) + 2H,0(l) —> 2Mn*(aq) + 4H'(aq) + 5S0.*(aq)
(©)zresous) - Fe0uts) + 504(0) + S0x(0)

20 3-methylbut-1-ene can undergo different types of reaction.
+H, +d,

Cl
e e W
\ e DEU\‘tuc cl

oLoldIHU‘\/L

Which row correctly identifies the reaction types?

reaction 1 reaction 2 dnene i L0 MuclepI)(Ai le here wn4re Q

oxidation electrophilic addition

N

B oxidation nucleophilic addition 7

@ reduction ek L.~ electrophilic addition
A

D reduction nucleophilic addition X’

© UCLES 2019 970112/MIJM9 [Turn over
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21 Compound X does not show cis-trans isomerism.

f

What could be the identity of compound X? CiH?’ ol oA
c=C L osome & Ton
1,1,2-trichloropropene ( ( Lo oy
B 1,2,3-trichloropropene C/( A
C 1-chlorobut-1-ene

D 1-chlorobut-2-ene

22 The diagram shows the repeat unit of an addition polymer. QAN\/_Z’VLU{>
Mz

C,Hs CH, [ 1 & &

] —-C—CL-C—C~

|
CH;  GC,H; n C’u.’>

What is the correct name for the monomer that would form this polymer?
A cis-1,2-diethyl-1,2-dimethylethene

B cis-2-ethyl-3-methylpent-2-ene

C trans-2-ethyl-3-methylpent-2-ene

®trans—3,4{iimethylhex—3—ene

© UCLES 2019 9701121118
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23 A molecule of geraniol is shown.

geraniol

M\OH
expandnc=c ¢, ottaches L—oujvm

What is formed when geraniol is reacted with an excess of cold, dilute, acidified manganate(VII)

@ B
0]
AY\/H/\OH WOH
HO HO HO HO
OH OH (e} O

Cc
O
0 O )\/\)\./u\
OH OH

.wkpywatww?
24 Alcohol W cannot be made by reducing a carboxylic acid with LiAIH,. Alcohol W gives only one
product when dehydrated with concentrated sulfuric acid.

ions?

What could be the identity of W?

)( butan-1-ol \
[

|
butan-2-ol —3%—6'—'04‘/—0'7' C’-C,—C,=c;,
| t
propan-1-ol

propan-2-ol

25 Which product can be made from bromoethane by an elimination reaction?

A ethanol

p [
9 ethene — (;/'CI'B‘Y S ((','—‘—C| +Hbr

C ethylamine

D propanenitrile
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10 2y Br

[

26 Propene, bromine and hydrogen bromide are mixed in the dark. | ‘ 2 I
A number of products are formed, some in very small quantities.

[

Which substance will not be present in the mixture of products?

A 1-bromopropane , O'Y :
B 2-bromopropane - C—Crl-'C—
l
@1 1-dibromopropane Br
1,2-dibromopropane
adebuyde ald
27 Which reagent could be used to distinguish between ethanal and propanal?
A 2 4-dinitrophenylhydrazine 7 b
I,/NaOH(aq) A T
il L
C KyCr07;/H,S0
2Cr07/H;S04(aq) %l Mugi\\ m LBA e’
D Tollens' reagent ,\&/\a‘c X~
wot

dibule
N Y

\LC;"V AN\
\’fwﬁ_ O

a_t{ go\'(('w) C'H3CHOU;Q>

w&wol«l(ﬁv)

Which row is correct?

N
) the change in M, CH 3 UH
alcohol X is .
is greatest for
A primary YtoP
primary ZtoP v

Cc secondary YtoP

D secondary ZtoP
© UCLES 2019 9701/12/MIJ/19
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29 One molecule of compound R is shown. [/)
¥ gt R
compound R H CGDH p oW
- A% I L
H HH /- O X wet’ _
L w L
H—C—C—C+0—C—H ; A N
T ke et )
H H H —~ @ '
What is the name of compound R and how does its boiling point compare with that of butanoic
acid?
name of R boiling point of R
\ﬁ methyl propanoate higher than butanoic acid
x methyl propanoate lower than butanoic acid
C propyl methanoate higher than butanoic acid
(Do propyl methanoate lower than butanoic acid |b .deuoce acid has L‘ddmau" lowo,"'?

30 The diagram shows the infra-red spectrum of Q.

100

transmittance
50+
o+ T
400 3000 2000 1468500 1000 500
wavenumber/cm™

What could be Q7
X butan-1-ol 1O Sl,'rﬂ‘v\% ?Ubff- on. 320D — 3,L£0 /M
ﬁ butanoic acid “° ovoac] l;eada »-Frowt 2§'DD/C/M

@butanone

D 3-hydroxybutanal ne ﬂ:yw\_a Fe,a,la oW '%zcm.-ic;(cyém
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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 When O; reacts with H,S the products are SO; and H,0. Hz S ﬁ-Dg’_a Hz 0+ g D .

Mixture Y contains an equal number of the two molecules shown, and no other molecules.
16 =18 Ty _32aq _1
SO_ BO 1H_168_1H

Which statements about Y are correct? A
‘4/ The average M, in Y is 34. M = 3[‘/

v{ If some oxygen molecules are removed from Y, the average M, of the mixture remains the

same. ole
Lroko of 0 oy "
\,3/ When mixture Y is ignited, some H,S remains unreacted. H,S . Sines e A har as

4o talce ﬂ-‘i}-‘-"'j wmoles macj—awls/
some [,Lzs wl“ be
32 Which statements about an atom of Tc are correct’?D

\/1/ It has 13 fewer protons than neutrons. P—L|5 n= Sb
X It forms %*Tc?* which has 45 electrons. ar 4| dec/@rvws
X It has 56 nucleons. S neutrews lout 99 nucleonn

oxtdation wo .\,

33 In which reactions are nitrogen atoms reduced?
a2 2|\|o2 N N2 + 20,
L2 4Nb, - 2M0 + 30,
o8 4Nb, + 6H,0 - dNH; + 70,

© UCLES 2019 9701121118
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13
34 The manufacture of ammonia from nitrogen and hydrogen is an important industrial process.

Which of the following would leave the equilibrium constant, K;, for the formation of ammonia

unchanged? A\ K er Lol
todo wdTA
\J/addmon of an iron cat hMé ” 3, —= 25 ZNH_} %LM? . \I:QYQ
.2~ addition of ammonia K, P = [NH3]
L3 an increase in pressure (_N :l [
R X

35 Which reactions involving calcium and its compounds produce two gaseous products’?®

N0, & 0,

/heaiing solid anhydrous calcium nitrate
?’\ heating solid anhydrous calcium carbonate OV\lAa O (‘3)

x adding calcium metal to water onlt' #2 Cﬂ)

36 A small quantity of hot, concentrated sulfuric acid is added separately to solid samples of
potassium halides, KX. -~ -~
— on Br &t

Which potassium halides react and produce a mixture of products that include a halogen, X,7 6

\z/potassium iodide
\Z/potassium bromide

\x potassium chloride \LC\ 4+ ngol‘\ 5 Kzgo " + H,d

37 The diagram shows a compound used as a flame retardant.

Br Cle(€6r6

Br.
Br

Br Br
Br

Which statements about this structure are correct? A
/The empirical formula is C;H3Br.
\,2/ The Cy; ring is not planar.

8" There are six chiral carbon atoms.

© UCLES 2019 970112/MIJM9 [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 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.

38 Halogenoalkanes can be hydrolysed using agueous sodium hydro de

terbi o holmenscd
Which compounds tend to be hydrolysed by an Sn1 methanism? B
\/CHgCHzCCl(CHg,)CHECHE,
/CHgCHzCBT(CH3)CH2CH3
}( CH3CH,CH(CH3)CH,CH,Br ’_Y_//E |oid v,
pmoh‘ot'w‘ td

39 In an organic synthesis, a 62% yield of product is achieved.

o

Which conversions are consistent with this information?

cqu,,o»A[o]/a CAD +H,0
74.00g of butan-2-ol — 44.64 g of butanone ahonld .w, 77, {ou-l-a.v\me

\/2/ 74.00g of butan-1-ol — 54.56 g of butanoic acid “".OH ﬂ[ 7wDH + l* 0

@ S'IW K’L a ’_@ ‘oué,—av\ol.b au.&
/74.009 of 2-methylpropan-1-ol — 54.56 g of 2-methylpropanoic acid
Cillqor +7[0] _4 C H coodl + H O wid

o Sl oo 885 o 2 My [ pTepancic
40 An oxidising agent that can oxidise ethanal to ethgﬁjic acid or thanoat ions will al )ud
methanoic acid, HCO;H, to carbon dioxide and water.

Which reagents, on heating, will react differently with HCO,H and CH;CO,H? C
——

_ an
K NaxCos(aq) wekal canbonale +actd
\,z/ Fehling’s reagent
\,3/ dilute acidified KMnOy4
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