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SECTION A
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box[X. If you change

your mind about an answer, put a line through the box $¢ and then mark your new answer with

1

across X.
The mean C-F bond enthalpy is +485 kJ mol™.

Which process has an enthalpy change of +1940kJmol™'?

L0 A C(9) + 4F(9) CF.(9)
CF.(9)
C(g) + 4F(9)

C(s) + 2Fy(9)

B C(s) + 2F,9)

Ll

(N

0 ¢ CF,(9)

[l D CF,(9)
(Total for Question 1 =1 mark)

Which expression gives the standard enthalpy change, in k) mol™, for the

reaction shown?

BaCOs(s) — BaO(s) + CO,(q)

AH< values: BaCOs(s) = =1216 kJ mol™
BaO(s) = =554 kJmol™
CO,(g) = -394 kJ mol™

A -554-394+ 1216
B -554-394-1216
C 554+394+1216
D 554+394-1216

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The standard enthalpy changes of combustion for a series of alkanes are shown.

Alkane formula AHE /kJmol™

C,Hs(9) -1560

CsHs(9) -2219

C4Hi0(0) -2877

CsHy,(L) -3509

Another alkane has an enthalpy change of combustion of -6125 kJmol™.

Which is the most likely formula for this alkane?

O

(|
(|
(|

A

B
C
D

CeHs
GHie
CegHig
CoHyo

(Total for Question 3 = 1 mark)
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4 Which row in the table shows the forces between the molecules in the liquid state?

Permanent dipole-dipole

e e Hydrogen bonding

Molecule London forces

BF; X v X

CH,

NH;

SN TS

X v
X X
H,S v X

(Total for Question 4 = 1 mark)
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Use this space for any rough working. Anything you write in this space will gain no credit.
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5 Which of these isoelectronic compounds would be expected to have the
highest boiling temperature?

O

|
|
(|

A

B
C
D

butan-1-ol
2-methylpropan-1-ol
2-methylpropan-2-ol
pentane

(Total for Question 5 = 1 mark)

6 What is the value of n in the half-equation shown?

O N @™ >»

O,(g) + 2H,0() + nes — nOH(aq)

(Total for Question 6 = 1 mark)

7 Which equation shows a disproportionation reaction?

O

(|
(|
(|

A
B
C
D

Cu + 4HNO; — Cu(NO;), + 2H,0 + 2NO,
L + 50, + H,O — 2HIO; + 50,
2MnO; + MnO, + 40H  — 3MnO; + 2H,0
5,0 + 2H" - SO, + S + H,0

(Total for Question 7 = 1 mark)

8 When sodium bromide reacts with concentrated sulfuric acid,
sodium hydrogensulfate is always formed.

What other product(s) are formed in this reaction?

O

(|
(|
(|

A

B
C
D

hydrogen bromide only

bromine and hydrogen bromide only

bromine, hydrogen bromide and sulfur dioxide only
bromine, hydrogen bromide, sulfur dioxide and sulfur only

(Total for Question 8 = 1 mark)
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9 Which property decreases as Group 2 is descended?

O O o O

A

B
C
D

atomic radius

reactivity of the elements
solubility of the sulfates
thermal stability of the nitrates

(Total for Question 9 = 1 mark)

10 In a neutralisation reaction, 20.0cm? of 0.500 moldm™ nitric acid reacts with 10.0cm?
of 1.00moldm™ aqueous sodium hydroxide.

HNOs(ag) + NaOH(agq) — NaNOs(aq) + H,O(l)

What is the concentration, in moldm™, of the sodium nitrate solution produced?

O

L]
L]
L]

O N W

0.33
0.50
0.67
1.0

(Total for Question 10 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11 The equation for the reaction of sulfur dioxide with oxygen is shown.
250,(g) + 0O,(g) = 250s(q) AH=-192kJmol™
(@) What is the effect of a decrease in temperature?

rate increases and yield decreases
rate increases and yield increases
rate decreases and yield decreases

rate decreases and yield increases

(b) What is the effect of an increase in pressure?

L] rate increases and yield decreases
rate increases and yield increases

rate decreases and yield decreases

O N @™ >»

L]
L]
L] rate decreases and yield increases

(Total for Question 11 = 2 marks)

12 A mixture of 1.0cm’ of 0.20 moldm™ potassium chromate(VI) and
5.0cm’ of 1.0 moldm~ sulfuric acid forms the equilibrium shown.

2CrO; (aq) + 2H'(aq) = Cr,07(agq) + H,O()
yellow orange

What would be the effect, if any, on the colour of the solution if
5.0cm’ of 1.0moldm™ sodium hydroxide were added?

L] no visible change
the mixture becomes colourless

the mixture becomes more yellow

O N @™ »

L]
L]
L] the mixture becomes more orange

(Total for Question 12 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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13 Tertiary alcohols are used in the manufacture of petrol additives.
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(@) Which of these is a tertiary alcohol?
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1-methylcyclopentanol
2-methylcyclopentanol
2-methylbutan-1-ol

3-methylpentan-2-ol

(b) Which reagent reacts with tertiary alcohols?
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acidified aqueous potassium dichromate(VI)
bromine water
phosphorus(V) chloride

sodium carbonate solution

(Total for Question 13 = 2 marks)

14 Infrared spectra may be used to identify organic compounds.

(@) When propan-2-ol is refluxed with excess acidified potassium dichromate(VI),

the product will show a peak due to
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O—H stretching at 3750 - 3200cm”™
C=0 stretching at 1740 - 1720cm™
C=0 stretching at 1725 - 1700cm™

C=0 stretching at 1720 - 17700cm™

(b) When propan-1-ol is heated with acidified potassium dichromate(VI),
the product that is distilled off as it is formed will show a peak due to

O—H stretching at 3750 - 3200cm™’
C=0 stretching at 1740 - 1720cm’
C=0 stretching at 1725 - 1700cm’

C=0 stretching at 1720 - 17700cm’

(Total for Question 14 = 2 marks)
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15 Separate solutions of 1-chloropropane and 1-bromopropane in ethanol are warmed
with aqueous silver nitrate.

Why does the formation of a precipitate take longer with 1-chloropropane?

O Nn @ >

1-chloropropane is less soluble than 1-bromopropane
the C—Cl bond is stronger than the C—Br bond

the C—Cl bond is more polar than the C—Br bond
silver chloride is more soluble than silver bromide

(Total for Question 15 = 1 mark)

16 A sample of propane-1,2-diol with a mass of 1.52g reacts completely with
excess phosphorus(V) chloride.

What is the maximum mass, in grams, of the organic product?

[A,values: H=10 C=120 0=16.0 Cl=35.5]

O

(|
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(|

A

B
C
D

1.13
1.89
2.26
4.52

(Total for Question 16 = 1 mark)

17 Which compound reacts with ammonia to form CH;CH(NH,)CH,?

O

(|
(|
(|

A

B
C
D

1-chloropropane
2-chloropropane
propane
propene

(Total for Question 17 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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18 This question is about sodium hydroxide.
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(@) (i) Write an ionic equation for the neutralisation reaction between
aqueous sodium hydroxide and hydrochloric acid.
State symbols are not required.
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(i) State what is meant by standard enthalpy change of neutralisation, A.,;H*.
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(b) A student carried out an investigation to determine the enthalpy change of &3 'f:
neutralisation of aqueous sodium hydroxide by hydrochloric acid. Sl
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- after two minutes, the solutions were mixed in a copper calorimeter and the
temperature was noted at 30s intervals.
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(i) Use the graph shown to determine the maximum temperature change, AT, in
this experiment. You must show your working on the graph.

0>
LKL

i'e
NCO
X
2e%%%

Xy
S
'
/.\
*
K

‘ .
RLRLREK
SRR

%
vv¢e
G
bt tetetetst

<
3
0%

s

O
X
\j

030
%!

AR AARKAAN A

%S
(A x
5 5%
e
X Q’

%
sy
>
Ly
X SR KRR IR AI

0%
%
RN
S oes

0%
"%

S
950508

QRS
QAR
RS
50K

6
fole
o5
K5
o2%

X
S0
0
R

S
8
RS
S
s
5

%&
&&
X X

25
RS
R
K
89595
%!

AN

NN O AP A T
P 7 5 0 6 9 A @0 1 0 2 4



2 4

P 7 5 @0 6 9 A 0

\ R A
- 9
>
(]
5 g
“o (S
o
<
8 ,_,m
(%]
b O
2 - —
o Bl =) —
3 = S —
™M © in —
— Ce —
> o ram —]
o - _ —
(@)} < I —
o [ —
< ] I © —
h o © —
C c O .= —
Oan..LH —
o— .|UO —
= = O == ]
" T 5 < O © —
O ~ .nbonSN ]
0 g qlayoer.l —
— — U c O —_—
— U...Hhr.ln ]
o= o= 2 —
I vs< o3 =
— (o)) o & —
c O + © O —
andCh —
haett —
cnsar.nlu =
S5 @ —
>~ D < wn —
\© C © XNiE& » —
S 020 0© —
c2a0%§
eGm_de
Y =~ v o
o S=25¢
v - "
0 Xe] <t N o —~ o
~N ~N N ~ N 2T ¢
() > C
= U © 2D
5 <=7
© UL
S
v —
o =
gy
=~
L J

B et a ot o e O ot e O e o o e e o O e o O ot o et ot Lo et ot Sotat ot o totetottototetotototodetototetoseds

K RGO A w BRI W B B < S B BB BRSO PRI B PR 196%% 19090 KX K SRR AR e R )

X XSS AELIERKIEK P KR ] KSKAR < KRR IEIDY IR IER IR IR XX Rl A R e < €]

%% %% %% % Ry <3 N P %% e % 1969% o96%% 9e%% KR SRR g 1
%% %% SO0 | SR TV ke 2 N s %% % MW <

R I SO SR L S R S K S SRR R TR RIR K

R SRIRH XL KL SRXELRH SR 3K RIS 35

R O S e S RO I LIS EIL S IIL SIS

O O s e e S i S R S B G S RIRIILIRKRK,

T RIS TN I ARSI NN ERILKALILSS
Viea K lg¥ %N v &%\ % % 3 0 %

%002 va X 27 20% ) ) o b \ ’

e R R R R R RS R SSEIISEIEE

KRR RILKERISKRRLHRILRAILREL KKK X 25

<%
:f (.
%%
%
0%

&

ONC
oo KB
SRR RIS

Joge”

1

1



(iii) Explain how, if at all, the enthalpy change of neutralisation obtained in
(b)(ii) would differ if the heat capacity of the calorimeter was included

in the calculation.

(c) Aqueous sodium hydroxide reacts with 1-bromopropane to produce propan-1-ol.

(i) State the type and mechanism of this reaction.

(ii) Complete the mechanism for this reaction.

Include curly arrows, and relevant lone pairs and dipoles.
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(iii) Under different conditions, sodium hydroxide reacts with 1-bromopropane to

form propene.

Name the type of reaction and a suitable solvent.

(2)

Type of reaction

Suitable solvent

(Total for Question 18 = 16 marks)
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19 This question is about some of the elements in Group 7 of the Periodic Table.
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(@) Mixtures of halide salts are found in brine solutions extracted from oil and
gas wells.
lodine, which is used as a dietary supplement, may be obtained from
these mixtures.
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A brine solution containing 2.49 g of a mixture of potassium iodide and
potassium chloride was analysed.
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Procedure

Step 1 Excess aqueous silver nitrate solution was added to the solution to
completely precipitate the halide ions.
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Step 2 Excess aqueous ammonia was added to the mixture.
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Step 3 The mixture was filtered, and the solid was washed, dried and weighed.

The mass of the dried solid was 0.162g.
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(i) State the colour of the solid in Step 3.
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(i) Calculate the percentage by mass of potassium iodide in the mixture.
Give your answer to an appropriate number of significant figures.

3

L%
AR
et

[A values: Ag=107.9 K=39.1 1=126.9]
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(b) Chlorine gas may be prepared by heating concentrated hydrochloric acid with
solid manganese(lV) oxide.

MnO,(s) + 4HCl(ag) — MnCl(ag) + Cli(g) + 2H,0(1)

Show, by reference to oxidation numbers, that this is a redox reaction.

(c) lodine may be obtained by bubbling chlorine gas through aqueous
potassium iodide.

When the reaction is complete, hexane is added and the mixture shaken.
Two layers are formed.

State the colour of each layer.

(2)

Aqueous layer

Hexane layer
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*(d) Explain why iodine is more soluble in hexane than in water, by considering the
intermolecular forces in iodine, hexane and water and any intermolecular forces
formed between iodine and the solvents.

Detailed descriptions of how the intermolecular forces form are not required.
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20 This question is about carbon dioxide.
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(@) (i) Carbonate ions may be identified by their reaction with aqueous acid to
produce carbon dioxide.
Give the ionic equation for this reaction. Include state symbols.
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(i) Limewater (an aqueous solution of calcium hydroxide) can be used to test for
the presence of gaseous carbon dioxide.

State what would be seen when carbon dioxide is bubbled through
limewater.
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(b) A student determined the solubility of calcium hydroxide in water by titration
with hydrochloric acid. The equation for the reaction is shown.
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Ca(OH), + 2HClL — CaCl, + 2H,0
Procedure

+ calcium hydroxide powder was added to distilled water and the mixture was
stirred until no more solid dissolved.
The excess solid was filtered off to leave a saturated solution.
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(i) The student used the same procedure to determine the solubility of
strontium hydroxide.

Explain whether or not the mean titre value for strontium hydroxide would be

different from that for calcium hydroxide.

Between 1960 and 2020 the amount of carbon dioxide in the atmosphere rose
from 320 parts per million (ppm) to 420 ppm.

The recent rapid increase in the atmospheric carbon dioxide is affecting the
chemistry of seawater.

Carbon dioxide dissolves in water to form carbonic acid, H,CO;(aq).

The carbonic acid dissociates in water according to the equilibrium shown.
H,COs;(aq) = H'(agq) + HCO;(aq)

Explain, in terms of the equilibrium, the effect of the increase in
atmospheric carbon dioxide on the acidity of seawater.

(Total for Question 20 = 12 marks)
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SECTION C
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21 This question is about some organic molecules which are important in the
production of adhesives and coatings.
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(@) Compound Xiis a liquid containing carbon, hydrogen and oxygen only.
A sample of X, with a mass of 1.92g, contains 1.08g carbon and 0.131 g hydrogen.
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(i) Use these data to calculate the empirical formula of X.
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(i) The mass spectrum of X is shown.
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Deduce the molecular formula of X, using the mass spectrum and
your answer to (a)(i).
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(i
groups in the molecule.

Complete Table 1.

Table 1

ii) Reagents were added to separate samples of X to identify the functional

Reagent

Observation

Functional group

bromine water

bromine water
decolourised

(2)

aqueous sodium
carbonate

effervescence

(iv) Using your answer to (a)(iii) and the mass spectrum, complete Table 2.

Table 2
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(v) X does not show geometric isomerism.

Draw a possible displayed formula of X.
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(b) Propenoic acid can be produced industrially from propane-1,2,3-triol,

a by-product of the manufacture of biodiesel.

The first step is a dehydration reaction to convert gaseous propane-1,2,3-triol to

propenal. This reaction requires a solid catalyst.

ClHZOH ClHO
CHOH —— ﬁH N

CH,OH CH,

(i) Explain how a catalyst increases the rate of this reaction.

Use the Maxwell-Boltzmann distribution shown and refer to the

collision theory.

Number of
particles with
energy, E

2H,0

(ii) The propenal is then oxidised to propenoic acid.

Write an equation for this reaction using [O] to represent the oxygen from the

oxidising agent.
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(c) One synthetic route for the production of propenoic acid uses propene, derived
from crude oil, as a starting material.

propene — propane-1,2-diol — prop-2-en-1-ol — propenoic acid
(i) Suggest suitable reagents and conditions for the conversion of propene to
propane-1,2-diol.

(i) Suggest why the production of propenoic acid from propane-1,2,3-triol is
more sustainable than its production from propene.

(Total for Question 21 = 18 marks)

TOTAL FOR SECTION C = 18 MARKS
TOTAL FOR PAPER = 80 MARKS
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