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SECTION A

You should spend a maximum of 25 minutes on this section.
Write your answer to each question in the box provided.

The burette readings from a titration are shown below.

Initial reading/cm3 4.95

Final reading/cm? 23.10

The burette used has an uncertainty of 0.05cm3 for each reading.

What is the percentage uncertainty of the resulting titre?

A 0.22% V22210 - 4.95 = \%-\50*\3
B 0.28% AV = 0.05 +0.05 - 910>
C 044% *fo e unce«—\o\(vﬁsﬂa: 0-10 4100 =0.55 .
D 0.55% \.\5
Your answer Q 1]
How many p electrons does an atom of chlorine have?
A 5

C—\sz'elsl&(’?;l S

- ) OS
B 7 7 ) y; P )3?
c 1
E¥x5=11

D 17
Your answer z 1]

What is the number of hydrogen atoms in 6.8g NH,?

A 2408 x 1073

Numlboer 09( H«QA"OQU‘ Ao < .éﬁm-owé'}cs

B 3.612x10% lq_

C 7.224x10% 1y
=3 224X\0

D 1.806x 10%*

Your answer C [1]
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Which reaction to extract iron (Fe) has the highest atom economy?
A 2Al+Fe,05— 2Fe +ALO,

B FeO+CO—Fe+CO,

C Fe,0O;+3CO — 2Fe +3CO,

D 2Fe,0;+3C —4Fe +3CO,

Your answer | D [1]

Phosphorus is burnt in oxygen to produce a mixture of oxides.

Which oxide has the closest to 50% by mass of phosphorus?

a po, — ‘I o0 P = (31 /g2 )% 002 Y27 -
B PO —> o of P =(62/M0)x100 = Shuy.

€ PO ol of P = (62D noe = U A
v Tl of R = (up g = 463

Your answer A [1]

What is the oxidation number of S in NaZSZO3?

T QY ) + D) =0
B -2
'\’2-1‘ 27 -6 = o
C +2
2&""4 =0
D +4
- 2’71:.‘*]
Your answer L A=) [1]

Which of the following is not a redox reaction?
A CH,(g) + 20,(g) — CO,(g) + 2H,0(l)

B NaOH(aq) + HCI(aq) - NaCl(aq) + H,O(l)
C 2KCIO4(s) —» 2KClI(s) + 30,(9)

D Fe(s)+ H,SO,(aq) — FeSO,(aq) + H,(9)

Your answer B [1]
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8  Which compound has molecules with a trigonal planar shape?

A BeCl,

B BCL

C NCl

D PCL

Your answer | [3 [1]

9  Which equation describes the second ionisation energy of magnesium?
A Mg(g) > Mg**(g) + 2e”
B Mg(s) > Mg?*(g) + 2e”
C Mg*(g) >Mg?*(g) + e

D Mg?*(g) +e” — Mg*(g)

Your answer | (_ [1]

10 Which molecule is polar?

A H,S

B CO,

c ccy

D CJF,

Your answer | A [1]
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11 The equation for the complete combustion of methanol, CH,OH, is shown below.

12

1

CH,OH(l) + 150,(g) - CO,(g) + 2H,0())

The table shows standard enthalpy changes of formation, A:H®, in kJ mol~1.

Substance

CH,OH(l)

0,(9) CO,(9)

H,O(1)

AH®/kJ mol~"

-239

0 -393

—286

What is the enthalpy change of combustion of CH;OH(l), in kJ mol~1?

A\—\: Z. ﬁ\"\v — ZA\J\\/
= (965) - (-229)

A +726
B +440
C -440
D -726

Your answer

D

Hydrogen and iodine react in the reaction below.

H,(9) + I,(9) == 2HI(9)

Which row is correct when pressure is increased?

Rate of reaction Equilibrium yield of HI
A Increases Increases
B Increases No effect
C Increases Decreases
D Decreases No effect

Your answer
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13 Which statement is not a sustainability benefit of an industrial process using a catalyst?

A

B
C
D

Your answer | B

14 The skeletal formulae of four alcohols, W, X, Y, Z, are shown below.

Lower temperatures can be used.
The position of equilibrium moves towards the products.
The reaction takes place in less time.

There is reduced energy demand.

/\)\/

OH
é
OH
/~\/
OH
OH

T

Which pair of alcohols are structural isomers of each other?

A

B
C
D

Your answer | C

W and X
WandY
Wand Z

XandY
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15 A compound is shown below.

What is the systematic name of this compound?

CH,CH, H

E-3-fluoropent-2-ene
E-3-fluoropent-3-ene

Z-3-fluoropent-2-ene

o o m »

Z-2-fluoropent-3-ene

Your answer | C [1]

16 Which equation is a propagation step in the catalytic breakdown of ozone?
A C,F,ClL,—C,F,Cls+Cl
B O,+0-20,
C Cr+Cl-—ClL
D

ClO++ 0 —Cls + O,

Your answer | D 1]

17 How many structural isomers of C;H,,0 are secondary alcohols?

A 1 CHy— CH—CHy—CHy— CHy

. '

c 3
CHA—CHy~ CH — Cra—CHy,

D 4 \

- oH

Your answer L [1]

C\'\3 — %\—\ - ?“’\-— CHB
o\ (.\'\3
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18 The hydrolysis of 1-iodopropane by aqueous potassium hydroxide takes place at a faster rate
than 1-bromopropane.

Which statement explains the different rates of reaction?

A lodine is less reactive than bromine.

B The C-I bond enthalpy is less than the C—Br bond enthalpy.
C The C-I bond is less polar than a C—Br bond.

D The C-I bond length is shorter than the C—Br bond length.

Your answer | [ [1]

19 In a mass spectrum, which alkene is likely to have a fragment ion at m/z = 297
A H,C=CHCH=CH,
B H,C=C(CH,),
C H;CCH=CHCH,4

D H,CCH=CHCH,CH,

Your answer D [1]
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20 The IR spectrum of a compound is shown below.

100

B

80 -
60 -
transmittance i
(%)
40
20 A
O——————71— — 1 — 1 — 1 '
4000 3000 2000 1500 1000 400
wavenumber/cm™!
Which compound could have produced the IR spectrum?
A CH,CH=CH,
B CH,CH,CHO
C CH4;CH,CH,0OH
D CH;CH,COCH
Your answer | B [1]
© OCR 2025 Turn over
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SECTION B

21 This question is about atomic structure and isotopes of two elements in Period 3.
(@) This part of the question is about sulfur.

Complete the table below.

Species Protons Neutrons Electrons
34
S \6 \® 16
37_5-2. \G 16 18
[2]
(b) The mass spectrum of a sample of magnesium is shown below.
A
75.45%
Relative
abundance
15.21%
9.34%
24 25 26
mlz
Calculate the relative atomic mass of magnesium in the sample.
Give your answer to 2 decimal places.
(M5Usx24) + 5.2 x28) + (2 34x2A6D
\OO
Relative atomic mass = .............. 2-'“‘ ‘3“‘\ .......................... [2]

© OCR 2025

for more: tyrionpapers.com



(c) Magnesium has a giant metallic structure.

*  Draw a labelled diagram to show the bonding and structure in magnesium.
Include the correct charges on the metal particles in your diagram.

»  Explain how the structure of magnesium allows it to conduct electricity.

Diagram @3\{ g\ ur 1on

o\e\omx-.gwq"’ _@_ @

eleckrong
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(d) Magnesium reacts with dilute hydrochloric acid, as shown in the equation.
Mg(s) + 2HCI(aq) - MgCl,(aq) + H,(g)

A student reacts an excess of Mg with 24.5cm?® HCI(aq) using the apparatus below.

100 cm?3 gas syringe

Dilute hydrochloric acid

Magnesium

The student measures the volume of gas collected over time. All gas volumes are measured at
RTP.

A graph of the student’s results is shown in Fig. 21.1 below.

Fig. 21.1
70.0
60.0 man===
e T e e e
50.0
Volume 40.0 7
of gas /
collected
lem® 300
20.0
10.0
/!
0.0
0 5 10 15 20 25 30 35 40

Time/s
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(i) Calculate the concentration of HC! that the student used.

Give your answer to 2 significant figures and in standard form.

AH) = 60 _ 5 gx\02
AU 600
N (HCY) = 5.o0x10° 2

Conrnce ntration (HC” =M3= 0.204 :1‘OX\6\
0-024S5

-1
Concentration of HCI = ZOX\O .................. moldm=3 [3]

(ii) Explain the shape of the graph in Fig. 21.1, in terms of concentration, collisions and time.

#.QQQCE.&*Y.Q\‘.&.OQ ..................................................................................................................
LR concentvation...deceace s
D LOIIGION
%awer ...... col\rSon..... ﬂ)ef ..... Se.c.onoq .......................................................
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22 This question is about halogens and their compounds.

(@) An aqueous solution of bromine reacts with cold aqueous sodium hydroxide in a
disproportionation reaction.

The equation is shown below.
Br,(aq) + 2NaOH(aq) — NaBr(aq) + NaBrO(aq) + H,O(l)
Explain what is meant by the term disproportionation.

Use the equation above and oxidation numbers.

.................................................................................................................................................... [3]
(b) An aqueous solution of chlorine also reacts with cold, aqueous sodium hydroxide.
The reaction is more vigorous than the reaction of Br,(aq) with NaOH(aq) in (a).
(i) Explain why chlorine reacts more vigorously than bromine.
%...Pc.?rom'\.c..........w.a\ol..iu.s..‘: ...............................................................................................
........ Clo 0. arnadler . atomic.. Xachius.. Yaen Ry,
D AROC TN O L
Nucleor Chavae & wnoxe A C\ -
>, Ease of . «"aommqe\cc%ns ................................................................
...... Tasiev. 1o oiam  an electvon v ct
.................................................................................................................................................... [3]

© OCR 2025

for more: tyrionpapers.com



15
(ii) Chlorine is used in water treatment.

State one disadvantage of treating water with chlorine.

.................................................................................................................................................... [1]

(c) A group of students is provided with aqueous solutions of sodium chloride, sodium bromide and
sodium iodide in three unlabelled bottles.

Explain how the students can identify which bottle contains each aqueous solution using
precipitation reactions and the solubility of any precipitate formed.

Include an ionic equation in your answer.

e

........... X0 \\Iegbe\\owpvec\pﬁo\l'e
.................... Aa . A 2 BB e
.. c.\.ssso\v.ﬂ.g......................ok.\d;c ........ N3 (aoy) .
/-\a?\f ...... ANGOWVeS o Concentaled ... NH2 0w

..... A&............é@.@.....no’r........d.\sso.we.....\m....wn.cg\\frak.té...N.Hg [4]
(ooV\

.......... B(a%lcsqe.mnprea@\\o\kc
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23 This question is about equilibrium and bond enthalpies.

The chemical industry manufactures sulfur trioxide, SO, by reacting sulfur dioxide, SO,, and
oxygen. This is a reversible reaction which can reach dynamic equilibrium.

2S0,(g) + O,(g) = 2S04(g) AH=-196 kJ mol~" Equilibrium 23.1

(a) State two features of a dynamic equilibrium.

[2]
(b) The displayed formulae of SO, and SO, are shown below.
O
T S ”
Z
O @) S
Z

(0] @]
The bond enthalpies for the S=O bond in SO, and SO, are not the same.

The table shows bond enthalpies.

Bond Bond enthalpy/kJ mol™!
0=0 +494
S=0in SO, +522

Calculate the S=0O bond enthalpy in SO,.

Use the information in the table and Equilibrium 23.1.

Ener %o( Londs beoken = (u XS?)\—_\-(\KU\C\\Q
%a = A5%2 KJ

S=0Vbord es,\\olm n 6xS03 = 2532 + 146
= 271718 Ko\
S5=0 Yond enthalpyin @ = 2008 | 43 Kool
6

Bond enthalpy of S=0 in SO, = \{63 ....................... kdmol~! [3]

© OCR 2025
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(c) The table shows equilibrium concentrations for Equilibrium 23.1.

[SO,(g)]/moldm™3

[0,(g)]/moldm~3

[SO,(9)]/moldm™3

25.0

108

42.0

For Equilibrium 23.1

+  write the expression for the equilibrium constant, K

+ calculate K to 3 significant figures and in standard form.

2
k(.:. ‘_%O_g(a)]

N Oz.(ca)]z[OL(a@

Kc= Y.o*

250> x\0%

© OCR 2025
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24 This question is about alkenes.
(@) 2-Chloropropene can form an addition polymer.

(i) Draw two repeat units of the polymer formed by 2-chloropropene.

[1]

(ii) 2-Chloropropene can be disposed of by combustion. This process releases the greenhouse gas
carbon dioxide.

State one other problem with this method of disposal.
....... ,‘oxmo\\-\or\OG\'\C\

.................................................................................................................................................... [1]
(b) Pentene, C;H,,, can undergo complete combustion to produce the same products as the

combustion of an alkane.

Write the equation for the complete combustion of C;H,,.

........ C.g'\'\\o-s-:\-ﬁ/q,Oa—?SC‘Oz.-\-g\"\:.O [1]

© OCR 2025
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(c) Methylpropene, (CH,),C=CH,, reacts with HC/to form a mixture of two products.
Compound A is the major product.

(i) Outline the mechanism for the formation of the major product, compound A.
The structure of (CH;),C=CH, has been provided.

Include curly arrows and relevant dipoles, the structure of compound A and the name of the
mechanism.

Hsc H \ H CHz, H
l

C_C —-—C—H — C—“ C—H
/( \ ¢’ T \ \

H%-r L H

CC_\“” Jdl

CHy H

\ \
He—C — C—M
3 \ \
\ H

Compound A

Name Of MECHANI SN ..o e e

(ii) Explain why compound A is the major product.

N\ove Stable {e({\aw& Corbocation i %ax\merﬂ
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25 This question is about alcohols.

20

Alcohols D, E, F and G, shown below, are structural isomers of C,H,,0.

H H OH H H CH,

H—é—(li—cli—(L—H H,C—C—C—OH H,C—C—OH HO
AN AR ) A
Alcohol D Alcohol E Alcohol F

T
—C—C—C—C—H
[ N
H H H H
Alcohol G

(@) Alcohols D, E, F and G are each heated under reflux with H*/Cr2072—.

Draw the structure of the organic product that is formed from each alcohol.

If there is no reaction, state ‘No reaction’.

Alcohol .Organic product
R
|
b H—%—-C‘-'é.——(‘,—H
H H H
H‘ 0
c HC—c—
3L oH
CH4
F No reaction
H
H H
L 4
G o — C—c— c —C
I L Nou
LA S H

[3]

(b) Alcohols D, E, F and G are each heated with concentrated H,SO,,, which acts as an acid

catalyst.

Which alcohol forms a mixture of two alkenes that are structural isomers of one another?

Alcohol

© OCR 2025
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(c) 25.99g of alcohol F is completely combusted in oxygen at a temperature of 100°C and
1.50 x 10° Pa pressure.

The equation for this reaction is:
C4H,,0 + 60, — 4CO, + 5H,0
Calculate the volume of CO,(g) produced, in cmd.

Give your answer to an appropriate number of significant figures.

B

~\
numloer og woles o?‘ adeohol = Mass = 2594 _ o.3samo\
M« Fu-0

Alconol + Cos

A s Y
035 X\ 2 UX05
0o “ ﬁ_.L{ mMoles-

‘P\I-.——VNRT
Ven RT _ 40 x33ux 333
1% \050)(\05

= 0:02%94380

>— m3
V= 0.0239u3%0 X0 = 2,39 X\ Gem?

Y
Volume of COL(g) = ..... Q%O‘X\O ................... cm?® [5]

END OF QUESTION PAPER
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EXTRA ANSWER SPACE

If you need extra space use these lined pages. You must write the question numbers clearly in
the margin.
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