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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 Manganese and nitrogen can show a range of different oxidation states.

Calculate the sum of the oxidation states of Mn and N in each row of the table.

In which row is this sum the smallest?

manganese-containing nitrogen-containing
species species
+{ 0
h | a MhCL, N,
3
g | B Mnco, M " No,~
G g -3
Y | c KoMnO, Mud,? NH," g
) -1 ¢ ON
9 (o Mn(OH)3 NH0H Wz %°
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2 The mass spectrum of an alloy of copper and gold is shown.

607 s6.36
50
40
percentage
abundance 0] 25.14
20 18.50
10
0
6365 ) 197 ¢
mle (2 b
Cu gyl
Which expression can be used to calculate the relative atomic mass, A,, of copper _present in this
sample? SOPRELP
A (56.36 x 63)+(25.14 x 65)
(56.36 +25.14 +18.50)
B (56.36 x 63)+(25.14 x 65)+(18.50 x 197)

(56.36 + 25.14 + 18.50)
(56.36 x 63)+(25.14 x 65)
(56.36 + 25.14)

(56.36 x 63)+(25.14 x 65)
(63 +65)

D

3  Which atom has exactly three unpaired electrons?

A an isolated gaseous aluminium atom A{/? lsg'o?,&z 9\«? 1S 3 on QZL(:NKJ MW\
B an isolated gaseous carbon atom C— 1$L&$L 2 uvL wred d
C anisolated gaseous chromium atom (Cr—> 1¢ 9g” 9‘? 2 BE LIS 3(1 0 UVLFMV detjmm

@an isolated gaseous phosphorus atom P — 1&15&1 l?é Zi‘: ?;F
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4 Element W is in period three of the Periodic Table and has a solid, white oxide, X. X is thermally
stable and has a very high melting point. N
ry hig IPXE Nap Mo | M,oy, S[OL(PHD[D/$OL

v
X is slightly soluble in water.

Which row describes the structure and bonding of X?

structure bonding

A giant S covalent
three dimensional lattice

B strong double bonds covalent
within small moleculesN/‘

@' giant S ionic |
three dimensional lattice

D strong ionic bonds ionic
within small molecules

5 Ethane, CHiCH;, and fluoromethane, CHs;F, have the same number of electrons in their
molecules.

Their boiling points are given.

CH3CHa 184.5K
CHsF 194.7K

What is responsible for this difference in boiling points?

Ch oM, han only van der Wa—ﬂ‘{ﬁv’c/&\
A CH4F has a larger M, than CH;CHs. >3 h Lj t
CH Fh t dipole, CHsCHs d t vohile wa also hav f(yrmaw&w
sF has a permanent dipole, CH3CH3 does not. iy oL@;uOMd’/\ One gé’m
C CHasF has a strong C—F bond, CH;CH; does not. )
intermo leadon Amces

Hydrogen bonding occurs in CH3F, but not in CH;CHa. . o (A)Q/
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5

The reaction pathway diagram for a chemical reaction is shown.

il A

—

m“’j! . &wwumio red, = Aor boclwoad seackion
ond 2

7

8

Z

bwL=,{lw ,]anw\ol seackirn

()
A2

energy

®

hin

A A
Lo

progress of reaction

Which statement is correct?

a2 —\e
7\ The activation energy of the forward reaction and the enthalpy change of the backward

reaction have the same sign.
earton

x The activation energy of the forward reaction is more than twice the enthalpy change of the
backward reaction and opposite in sign. e.xa Ywice

4ve ve
@The enthalpy cha forward reaction and the activation energy of the backward
reaction have the same sign.

Q
D The enthalpy change o‘f\/'f\h’e forward reaction is more than twice the activation energy of the
backwﬁtﬁw

What changes in conditions or molecular properties make it more likely that gases approach ideal
behaviour?

'X higher pressﬁdwidz fm—m LO(QQJ EQ/LWJ/LOLUV

X lower temperature

C more polar molecules

@ weaker intermolecular forces —H/\a{’s $ome’H/\f./7 LAZQJ

Ethanol can be oxidised to ethanal by dilute acidified dichromate(VI) ions. UU';‘H Il not ﬂ%&ﬁ(

The oxidation reaction equationE@ZHSOH - C,H,0 + 2H" + 2e‘> We houddl vom bine M"" 47
wake o Aivale o
The reduction reaction equation is Cr,0,”~ + 14H" + 6e” — 2Cr*" + THO(Y Fhene ard 26 m/lwﬁ
ec

Which equation is correct? %@1 Pﬁjb;hw lA:;:«
@ Cri07% + 8H' + 3C;H;OH — 2Cr* + 7TH;0 + 3C;H,0 A jz,m bl waé

B CrO;” + 12H" + CHsOH — 2Cr*" + 7TH,0 + CHO 2 ( HgOH - 30, U, 0 reut

C Cr,0/ + 12H" + 3C,HsOH — 2Cr’* + 6H,0 + 3C,H,0 Cr09% YT 904> J( 7H,0

D Cr,0;* + 14H" + 3C;HsOH — 2Cr** + 6H,0 + 3C,H,0 M ol PN
14N .

2CHeOH + Cv, 0427 QH——? 3G, H,0 +6 +2(v+7#0
= D HOH +C'YZO(’ + aH 2G H,0 -i’QC“/ 47#10
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9 What is the correct expression for K. for the reaction shown?
I(aq) + 2Fe?*'(aq) = 2I(aq) + 2Fe**(aq)

[2I7][2Fe*] e (CAFe P o [Li2Fe?] o [LlFe* ]
[L,][2Fe*] [L]Fe* [2T][2Fe*] [IPFe* P

10 X and Y react together to form Z in a reversible reaction.

The equilibrium yield of Z is lower at higher temperature. —fwwa/w/ Yﬂﬂ.e;ﬂlb'vt Lo exo’/hevmz'c
S0

The equilibrium yield of Z is lower at lower pressure. Meovre me f&) 1 '{'ML IZ/ILLL

Which equation could represent this reaction?

® X(g) + Y(@) = Z(g) AH=-100kJmol™
B X(@) + Y(@) = Z(@) AH=+100kimol forwand reackion v b e xohermic

— —1 N
)( X(s) + Y(g) = 2Z(g) AH=-100kJmol ?msw woill howe. o
\;( X(s) + Y(g) = 2Z(g) AH=+100kJmol” edld since

no . oQ vv\aQ L&W oot sides -

11 The volume of carbon dioxide collected by reacting 0.100mol of magnesium carbonate with
50.0cm? of 1.00moldm™ sulfuric acid is measured against time. The volume produced is plotted

against time and the line labelled P on the graph is obtained. 0
Mcos»fuso—emcj S Ho+Co,
A 0| MUP 0 D§va

1200 em

volume of 9_“‘* veackiow. gives a,lma&*l’
CO,/cm? P double Hinz vbluwme «f O,
oun -H/Lalr In 151"')'2&

0 time/s
The experiment is repeated using 0.100 mol of the same magnesium carbonate, and a different
sample of acid. All other conditions remain the same. Plotting these results gives the line labelled
Q.

Which sample of acid could give the line labelled Q7

X 100 cm? of 0.500 moldm™ sulfuric acid would gve game volume 001  shape di#
O 3 aph ghape 13 Al

B 100cm® of 1.00 moldm- sulfuric acid a“(houﬂlr\ 4&«3%5 2000em D]C o, , qrapn shep

200cm? of 0.500 moldm™ hydrochloric acid would aalva Q\A,[Aﬁ 190D ow” 32( L,
200cm® of 1.00 moldm™ hydrochloric acid

2HCE + Mgeo,—> Mgl + H,0 + (O,
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12 Sodium and sulfur react together to form sodium sulfide, NaS.

How do the atomic radius and ionic radius of sodium compare with those of sulfur?
odium frms +ie ion i cabion

atomic radius ionic radius E‘I sud plun mR anien - . '
_ _ Soollum welad hon rwmallmlc
A sodium < sulfur sodium > sulfur roclid ‘HA_GWL Lol bo?/ D{'
B sodium < sulfur sodium < sulfur 1[10»02/\/ @[‘LC‘EVU‘M/Z but its
. . Conic rodius te emallen
C sodium > sulfur sodium > sulfur
_ _ %M%Maéof sa//,kwya/;s
D sodium > sulfur sodium < sulfur gﬂb /u({'/a d t
4
veouleipu
d»skua 'ﬂ/st

13 Which graph represents the variation in electronegativity for Period 3 elements?

X “
Lok
We

.i—

/
electronegativity electronegativity . \Jl
" o-
::wa 410
N 't 2

~ X
Na Mg Al Si P 8 CI Na Mg Al Si P S CI
element element
\ﬁox”’ wf
LR
electronegativity electronegativity /\
Na Mg Al Si P S CI Na Mg Al Si P s ¢
element element
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Ba,t WU — Bat + W, 04+ 00, M3c03+Hu —> Mgl + H .0 +co,
14 Dilute hydrochloric acid is added to solid barium carbonate and solid magnesium carbonate in

separate test-tubes. Boald, + Naol} — pa @ H *MOLC/

Dilute sodium hydroxide is added to 0.1 moldm™ barium chloride (a-nd 0.1 oldm magnesium

chloride in separate test-tubes. Mj (/{/1 +Nobd H M LOHB '\)\&d

Which row is correct? Lm&oWbLe;
BaCOs(s) BaCly(aq) MgCOas(s) MgCla(aq)
+ HCl(aq) + NaOH(aq) + HCl(aq) + NaOH(aq)
A no change X white ppt X no change X no change X

B |_-effervescence (9, nochange .| effervescence «{" no change )(
@ Affervescence M » no change | effervescence A white ppt L//
D |“effervescence W1 white ppt X effervescence .t~ white ppt |

15 River water in an agricultural area contains NH,*, COs*", HCOs~, CI~ and NO;~ ions. In a water
treatment plant, this water is treated by adding a calculated quantity of calcium hydroxide.

What is precipitated from the river water when calcium hydroxide is added?

A CaCl, CaCOa C Ca(NOa); D NH4OH

16 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room
temperature.

With NaCl, the products are NaHSO,4 and HCI.
With Nal, the products are NaHSO;,, HI, I,, SO, H,0, S and H,S.

What is the explanation for this difference in products? Hns ol L\a/;\—p do WEH,L vw!u ! /DX]DQSZIAG
power 9? halides - a
B Hydrogen chloride is more volatile than hydrogen iodide.

- e
@Iodide ions are better reducing agents than chloride ions. N\/\OQ (GRS IOQ/%EU 0K LOL(SLV\.a Aa/guly

D Sulfuric acid is able to act as a dehydrating agent with Nal.

Cadd, 1 Lo By, miCal
17 An aqueous solution of a calcium compound is treated with a mixture of dilute aqueous nitric acid
and aqueous silver nitrate. The resulting white precipitate dissolves when dilute aqueous

ammonia is added. oy jds
2 CoX+ AgNO,* HNO
What is the relative molecular mass, M;, of the calcium compound? j >

A 540 B 756 @111.1 D 1999

% Chloride ions will displace iodine from solution.

,

X (wlilz P?t.>

w ch L& soluble
i aop(N H3>
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18 Which statement about the ammonium ion is correct?

It can act as a Brensted-Lowry base. *H/\D)\/c Nu( 2

e It can react with OH™ to give ammonia. NH \ Q. + \\}QD l—\_e N-H 2 —\—NQ‘lSOM'l’ HZO
G Itis pyramidal with bond angles of 107°. 'VQH:‘LM%AWZD w(hﬁ [oovs.o! LAA/\_ZQM ﬁé [[90[ ,go

X The nitrogen atom is sp? hybridised.

19 In a catalytic converter 5.6 g of carbon monoxide reacts with an excess of nitrogen monoxide.

What is produced in this reaction?

A 2.4gofCand 6.0g of NO, 2 CO N0 —2?_@024/\\}9/
B 24gofCand9.2gof NO; <

C 8.8gofCO,and1.4g of N =02 — 5 %-%j%l 2'%3
8.8g of CO; and 2.89g of N3

20 The Finkelstein reaction occurs when Nal in propanone reacts with a chloroalkane or
bromoalkane. The halogen is directly replaced by I. The reaction only works for primary
halogenoalkanes.

Which halogenoalkane produces compound X7

o T e

)
7@ (CH3),CHCH(CH3)CH,CH,Br

)
¥ (CH;),CHCH(CH3)CH,Br QX
J (CH3),CHCH,CH,CH(CH;)CI

®{CH3)ZCHCHZCH(CH3)CHZCI

21 The diagram shows the skeletal formula of compound Y.

Y
OH O
OQOH C/Hu L\O 1
/ \
What is the empirical formula of Y7 K A
@CHO B CH,0; C C;HO; D C;H;04
© UCLES 2019 9701/13/M/J/19 [Turn over
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22 In polymer Z every carbon atom in the polymer chain is bonded to O?'F hydrogen atom and one

methyl group. | hL H IL/
Which alkene could be polymerised to make polymer Z7? { C//%/ ’_i . [ 9’
A but-1-ene H H [ { CZ N
but-2-ene C_.:_- ( / C’HZ CHZ a*5 CH\S
C methylpropene ( (
D propene ﬁHj) CH§ ]{I .
>C,‘C C—’-C/\ wiere R (g wlfc‘jlgrwf

23 Which compound would produce a carboxylic acid and a ketone whenptreated with hot,
concentrated acidified manganate(VII) ionsfg allr g e \
— T

X X X ™

24 Water is added to a sample of 2,3-dibromohexane.

Some of the 2,3-dibromohexane undergoes complete hydrolysis and some of it undergoes partial

hydrolysis. L
—(— —C— — _‘ ! —

What is not present in the mixture of products? (|:—C|" C’_C( + HZO E— 7H>C' C"'? C"/_;
v By o+l ©H

?{ CH3CH(OH)CHBICH,CH,CH .
N0
CH3CH(OH)CH(OH)CH,CH,CHs -
H3CH,CH(OH)CH(OH)CH,CH; Br oY
ov
CH3CH,CH,CH(OH)CHBrCHs L
R qHsC ¢~ Ged;

on fer%l'a/\:j qumoa«déom&s wnclexe o ol By

25 Which statement about the mechanism of an Sy1 reaction of a halogenoalkane is correct?

A nucleophile is substituted by an electrophile, | E)( !
halogemonlleawe i respomible for utermeelfule
One intermediate isTormed from two reacting molecules.

[ 3 -
Ijroups. 5”6'(;}1\?%-1" Nacl ’1
3 ) 4ro
rAAS eH

The intermediate is uncharged. 2
i &va}»j MWOJ
CH

The intermediate is stabilised by adjacentc&ﬁ

CH 3
2 -
| _E (daimedials
Nodr + (-0l e— o ¢ (el
) 2
3

© UCLES 2019 970113119
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26 Structural isomerism and stereoisomerism should be considered when answering this question.

Which isomer of CsH30H gives the greatest number of different alkenes when itis dehydrated'? \ C_»LL{
/
CH C' C=cC
AC,“ ‘C}'C’ é\/ Su— C \C'pu‘(zl (.( \
CH, > l 1 tis & troms M
(He
CH;—CH—CH—CH,0H CH;—CH,—CH,—CH—CH,—CH,
CH, OH
=
%“ 2 c D e
_ CH,— C~ =ty
W C-CH=C —CH; CH, cH, CH, >
3 | I CHs
CH;—CH,—C—CH,—CH, CH,—C—CH,—CH,OH
OH CH,
eow bowyl com ound
27 Compound Q reacts with 2,4-dinitrophenylhydrazine to give a precipitate.
kelone
Compound Q does not produce a precipitate when warmed with Fehling’s solution.
What could be the identity of compound Q7
CH3COCH;
CH3(OH)CH,CH3
§< CH4CH,CO,H
R CH:CH,CHO
28 Structural isomerism only should be considered when answering this question.
A set of isomeric compounds, with molecular formula CsH4,0, all react in a 1:1 ratio with an
excess of HCN by nucleophilic addition. C l-l 0 ld u
y nucleop < has o w,joleﬁvoufml ‘i]w‘f . L
!
- d the set? b _etbL k-
ow many isomeric compounds are in the se (E (;/CI C’ -H 4G
A 5 B 6 7 D 8 -Cc- o uﬁl_'c_
] -¢c-c-¢c-¢ ;
_C-c-Cc-CH P!
L o
. . : Ut
29 Which pair of substances could react to give the ester CH;CH,CO,CH3? 0 s
i e O T O S S Sy
A ethanol and ethanoic acid cuswzcgz# y —?—(‘_‘—c'-c—l-l I |
B methanol and ethanoic acid CHz0 4o
[T |
methanol and propanoic acid —0‘.—%—& -H
D propan-1-ol and methanoic acid CHs
© UCLES 2019 9701/13/M/Ji19 [Turn over
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30 An ester is shown.

o] o_&owbw UW O
H

o
HCODH +
(0]
What is the structure of the carboxylic acid that would be obtained by acid hydrolysis of the ester
linkage?
® °
(0] (@] OH
H OH HO (0]
C D
0 o]
@] O )I\
z (@] (0] (0]
OH
HO
(6]
© UCLES 2019 9701/13/M/J/19
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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 Which deductions about the ?3;Bi atom are correct?! ’

A It has 83 electrons. F"g?’/ ne 209-Q2 = 126 ,e = 83
X It has 126 nucleons. 209 nutl2ous

X It has 83 neutrons. 126 newkrewns

32 Which statements are correct when referring to the two common isotopes of chlorine? A

A" The isotopes have different masses. lSo{—wa) have Somme adomic mo. byl “Uﬁ[' neubron no-
\/2/ The isotopes have different numbers of nucleons. Mt D .

3" The isotopes have the same chemical reactions. bcz. ve came no-of eleclroun 27—}140&5
whod ‘CDJ on[)t’/r{—i, okefﬁ*‘-*o! oA

33 For which enthalpy changes is the value of AH always negative?B

" combustion vZAAM%lj 73 ?li"w Ou.i'
Vz/ hydration

% solution

© UCLES 2019 9701/13/M/J19 [Turn over
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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 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.

34 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two
temperatures, T, and T.

T1 (_, ,. —
T, w

proportion of
molecules

with energy E

h -bouow\dh Wt

0 E, E

molecular energy, E

Which statements are correct? A

\/1/ The shaded area represents the proportion of molecules with energies between E; and E; at
temperature Ts.

stalz , mow&

\,Z/No particles have zero energy at either temperature. E van ak lowes t mzzsﬁ%
& .
\/S/T2 is a higher temperature than T. PO%QAS some eu fH

35 Which statements about sodium chloride are correct? A

Cl,+ Nood—> Nacl +Natlo +4,0

1 Itis a product of the reaction between chlorine and cold aqueous sod|um hy%omd
a0H —> Nacl+ Naclo 5THD

2 Itis a product of the reaction between chlorine and hot aqueous sodium hydromde

3 ltis a product of the reaction between chlorine and aqueous sodium bromide.
A, + Nabr—s Nadf +By

36 Which gases will dissolve in water causing a lowering oﬁe pH’?C UAWLM L move VM
Hhone bromivoe oo (b dis lau_’A
>{ ammonia

Br —F{&VM s colution Noby .
2 sulfur dioxide SOz-t HZO — L};SD}
L3 nitrogen dioxide ND?«+ H,0—s HMD}

© UCLES 2019 970113119
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37 Which compounds have optical isomers? &
L2 )(

H O

N CH,

H—fC—oH

4 X
H—C—OH OH HO—C—CH=CH—C—OH

*,
H—fC—OH _CH_

CH, CH,
H—C—OH
H

38 Bromine reacts with ethene in an addition reaction. ! ’

Which statements about this reaction are correct?

/ It is the basis of a test for unsaturation in alkenes. l‘&l yes bvown 4o eslouslem
X It leads to an increase in each of the H-C—H bond angles. |20 {p |04 -QD
x A nucleophile attacks the C=C bond in ethene. B‘{z Ic C/ledﬂofl’\ll@

39 An unknown organic compound Z reacts with sodium to give a combustible gas as one product.
Z does not give a yellow precipitate with alkaline aqueous iodine. no|- ketone or @/L\M o7

What is a possible identity of Z7 A
A" ethanoic acid ﬂ{U% H ZC@)

2~ pentan-3-ol ﬂW(’b H )
38" propan-1-ol %\UQA \'\LQ\%

40 An organic molecule X has a molecular formula of CsHy0O,. Its infra-red spectrum has a strong
peak at 1250cm™, a strong peak at 1720 cm™ but no strong peak above 3100cm™.
c-0 C=0 no 0-H
What could X be? 6 o
L |
/ethyl propanoate 'CI«'C(—C —O0— ?’C(" bl "0 ‘
L2~ methyl butanoate RN C—C;"C,'C —0C —

l 1
1-hydroxypentan-3-one o
>< C:, & A {/—0 H Hus one would I/LOWQ, FUJC

| oloove 310D em”

l
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