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Section A
You should spend a maximum of 40 minutes on this section.

Write your answer to each question in the box provided.

An isotope of an element has a mass number of 25.
What is correct for an atom of this isotope?

A It has 12 neutrons.

B It has 25 electrons.

C It has 25 protons.

D The sum of its protons and neutrons is 25.

Your answer [1]

What is correct about s orbitals?

A  Only elements in Group 1 or Group 2 have them.
B They always contain 2 electrons.

C They are spherical in shape.

D They can contain up to 6 electrons.

Your answer [1]

Which species have an electron configuration ending in s'?
A atoms of some d-block elements

B atoms of Group 13

C ions of Group 2

D ions of Group 16

Your answer [1]

© OCR 2024
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Which row has the radiations arranged in order of increasing wavelength?

A

B

Cc

D

Your answer

infrared < ultraviolet < visible
infrared < visible < ultraviolet
ultraviolet < infrared < visible
ultraviolet < visible < infrared

What is correct about nuclear fusion reactions?

A

B

Cc

D

Your answer

They are the way in which all elements are formed.
They join together atoms to make heavier atoms.
They only occur under conditions of high temperature and pressure.

They turn neutrons into protons.

Which species is present in an acidic solution of glycine, H,NCH,COOH?

A

B

Cc

D

Your answer

H,N*CH,COOH
H,N*CH,COO0~
H,NCH,COO~

H,NCH,COOH,*

© OCR 2024
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In the mass spectrum of ethanoic acid (M, = 60), what is the cause of the very small peak at
mi/z =617

A the presence of an ethanol impurity in the ethanoic acid
B the presence of small amounts of CH,COOH,*
C the presence of '3C in the ethanoic acid

D the presence of 'H in the ethanoic acid

Your answer [1]

Which compound has optical isomers?
A CH,;CH,COCH
B CH,CH,CONH,
C H,NCH,COOH

D H,NCH(CH,)COOH

Your answer [1]

Which compound will react with sodium carbonate?
A CH,COCH;,

B CH,COOCH,

C CH4;CH,CH,OH

D CH,CH,COOH

Your answer [1]

© OCR 2024
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10 Which option occurred first in the discovery of atomic structure?
A the Geiger-Marsden experiment
B the idea of an atom with electrons embedded in positive charge
C theidea that electrons are arranged in shells

D the idea that the nucleus consists of protons and neutrons

Your answer [1]

11 The mass spectrum of a sample of an element is shown:

A

intensity

69 71

What is the relative atomic mass of the sample?

A 069.2
B 695
C 6938
D 70.0
Your answer [1]

© OCR 2024 Turn over
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12 Which of the following is correct for a C=C bond?

A All the electrons are between the C atoms.

B There are two m-bonds.

C There is one o-bond.

D The bond can freely rotate.

Your answer

13 The Table shows the concentrations of some noble gases in the atmosphere.

Gas Concentration by volume
He 5ppm

Ne 2 parts in 10°

Kr 0.0001%

Xe 1 part in 107

Which gas has the highest concentration?

A He
B Ne
C Kr
D Xe

Your answer

© OCR 2024
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14 Which reaction has the smallest atom economy for the formation of the organic product?

A CH, + HCI > C,H,CI
B C,H, + HBr - C,H.Br

C CHg + Cl, > C,HCl + HCI

D C,Hg + Br, > C,HBr + HBr

Your answer [1]

15 Which of 1-iodobutane and 1-chlorobutane has the higher boiling point and why?

A 1-Chlorobutane because its molecules have the stronger permanent dipole—dipole bonds.

B 1-Chorobutane because its molecules have the stronger instantaneous dipole—induced
dipole bonds.

C 1-lodobutane because its molecules have the stronger permanent dipole—dipole bonds.

D 1-lodobutane because its molecules have the stronger instantaneous dipole—induced dipole
bonds.

Your answer [1]

16 Which reaction has an increase in entropy?

A H,0(g) - H,0()

B N,0,(9) = 2NO,(9)

C  280,(g) + O,(g9) > 2S04(9)

D C(CHj),(9) — CH5(CH,);CH,(1)

Your answer [1]

© OCR 2024 Turn over
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17 The compounds below have negative lattice enthalpies.

Which option shows the compounds in order of more negative lattice enthalpies from left to right?

A

B

Cc

D

Your

NaF, KF, RbF
Na,O, K,0, Rb,0
Na,O, MgO, Al,O,

NaF, NaCl, NaBr

answer [1]

18 A colorimeter is used to determine the concentration of copper(II) ions in solution.

What is correct?

A Absorbance increases with the concentration of copper(1l) ions.

B
C
D

Your

In the colorimeter the filter is positioned between the cuvette and the detector.
The filter should be blue because copper(Il) ions are blue.

The zero reading on the colorimeter is taken using an empty cuvette.

answer [1]

19 What is correct about propanal, CH;CH,CHO, and propanone, CH;COCH,?

A

B

Your

© OCR 2024

Only propanal can be oxidised by acidified dichromate.
Only propanal forms a ‘silver mirror’ with Fehling’s solution.
Only propanone forms a cyanohydrin with hydrogen cyanide.

Propanal has a higher boiling point than propanone because propanal can form hydrogen
bonds.

answer [1]
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20 Astudent is measuring the relative rates of reaction of 1-chlorobutane, 1-bromobutane and
1-iodobutane with aqueous silver nitrate.

Which statement is correct?

A 1-Chlorobutane is slowest and gives a white precipitate.

B 1-Bromobutane is slowest and gives a yellow precipitate.

C 1-lodobutane is fastest and gives a white precipitate.

D 1-lodobutane is slowest and gives a yellow precipitate.

Your answer [1]

21 Wood is used to make a sample of bioethanol. The bioethanol is used to fuel a car engine.

What is correct?

A Carbon dioxide is the only pollutant produced by the car engine.

B The amount of carbon dioxide given out when the fuel is fully burned is equal to the amount
of carbon dioxide absorbed when the wood is grown.

C The fuel is made from the wood by cracking.

D The wood is never grown where other crops could be planted.

Your answer [1]

22 Which of the following represents poly(propene)?

A —CH,~CH(CH,)-

B —CH,~CH,~CH,-

C  —CH=C(CH,)-CH

D —C(CH,)-C(CH,)-

Your answer [1]

© OCR 2024
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23 10cm? of an alkane react exactly with 35cm? oxygen in complete combustion at RTP.

What is the alkane?

A CH,

B C,Hq

C CjHq

D C,H

Your answer [1]

24 50cm3 of 0.30moldm= Fe(1l) in acid solution exactly reduces 25cm?3 of 0.10moldm= NaClO,
solution. Fe(III) is formed.

What is the oxidation state of chlorine in the product?

A +3
B +2
C 0
D -1

Your answer 1]

© OCR 2024
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25 Methane reacts with chlorine by a radical mechanism.
There is an initiation reaction, two propagation reactions and various termination reactions.
The overall equation for the main reaction is CH, + Cl, — CH,Cl+ HCI
Which statement is correct for this reaction?
A CH,Clis formed in the first propagation reaction.
B HClis formed in the second propagation reaction.
C One termination reaction involves the formation of ethane.

D Two radicals react in the first propagation step.

Your answer [1]

26 The solubility of lead(II) chloride is 0.0388 moldm™3 at 293 K.

What is the correct numerical value of the solubility product at this temperature?

A 5.84x10°
B 234x10*
C 151x103
D 3.01x103
Your answer [1]

© OCR 2024 Turn over
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27 Ethanal, CH,CHO, reacts with cyanide in a two-step mechanism.

What is correct about this mechanism?

A

B

D

Your answer

In step 1 the nitrogen on the cyanide ion attacks the carbonyl carbon of ethanal.

In step 2 the intermediate formed in step 1 reacts with H™.

The intermediate formed in step 1 has the following structure: H3C—C_=O

CN
The overall reaction is electrophilic addition.

28 Which of the following radiations can break covalent bonds?

1

2

Your

© OCR 2024

ultraviolet

x-rays (which have higher frequency than ultraviolet rays)
infrared

1,2and 3

Only 1 and 2

Only 2 and 3

Only 1

answer

[1]

[1]
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29 The graph shows how the rate of an enzyme catalysed reaction varies with substrate
concentration.

reaction rate

A

substrate concentration

At low substrate concentration, which of the following is/are correct?

1

2

Your answer

© OCR 2024

Not all enzyme active sites have a substrate molecule attached.
The reaction is first order with respect to substrate.

The rate determining step involves both enzyme and substrate.
1,2and 3

Only 1 and 2

Only 2 and 3

Only 1

[1]

Turn over
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30 A carbon atom has the bonding shown.

N

C=

7

Which of the following is/are correct for this carbon atom?

1

2

Your answer

© OCR 2024

The shape is trigonal around the carbon atom.

The atoms attached to the bonds are all in the same plane.

The angle between the single bonds is 109°.
1,2and 3

Only 1 and 2

Only 2 and 3

Only 1

[1]
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Section B

31 Fireworks contain metal compounds that produce intense colours when they are burned.

(a) Give the colour from a firework containing barium carbonate.

..................................................................................................................................................... [1]
(b) The atomic emission spectrum of barium appears as a series of coloured lines at specific

frequencies on a black background.

Describe the appearance of the atomic absorption spectrum of barium.

How is the absorption spectrum related to the emission spectrum?

..................................................................................................................................................... [2]
(c) One line in the barium spectrum has a wavelength of 5.54 x 10~5cm.

Calculate the frequency of this line (in Hz).

freqQUENCY = ..o Hz [2]

© OCR 2024
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(d) Strontium carbonate is another compound used in fireworks.

(i) Write the equation for the thermal decomposition of SrCO,.

[1]
(ii) There is a trend in the stability of the Group 2 carbonates.
A student says:
*  Barium carbonate decomposes at a higher temperature than strontium carbonate.
* This is because the carbonate ion has a stronger bond to the more reactive barium ion.
Comment on the student’s statements giving the correct chemistry where necessary.
..................................................................................................................................................... [4]

© OCR 2024 Turn over
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(e) Agroup of students identify an insoluble Group 2 carbonate, MCO,, by calculating its M,.

The students’ procedure and results are:

»  They weigh out 3.02g of MCO,,.

+  They add the MCOj to 50.0cm? of 2.00moldm=3 HC! (an excess).

«  When the reaction has finished they make the solution up to 250 cm?3 in a volumetric flask.
«  They titrate 25.0cm? of the diluted solution with 0.108 moldm=2 NaOH.

«  Their mean titre is 26.15cm3.

The reaction between HCland NaOH is:

NaOH + HCI— NaCl+ H,0

The reaction between MCO, and HClis:

MCO, + 2HCI— MCl,+ CO, + H,0

(i) Describe the procedure they should use for weighing out the 3.02g of MCO,.

(ii) Calculate the M, of MCO,.

© OCR 2024
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(iii) The 25.0cm?3 of the solution used for the titration is measured using a volumetric pipette.
The uncertainty in reading the volumetric pipette is 0.06 cm3.
Calculate the percentage uncertainty in using this pipette.

Give your answer to an appropriate number of significant figures.

percentage uncertainty =

© OCR 2024 Turn over
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32 Chemists study the rates of reactions that occur in car engines.
(a) Equation 32.1 shows a reaction that occurs in catalytic converters.
NO(g) + CO(g) + O,(g) - NO,(g) + CO,(g) Equation 32.1

A chemist measures the initial rate of reaction for different initial concentrations of reactants at
constant temperature.

The results are given in the table.

Experiment [NO] [CO] [O,] Initial rate
number /Imoldm=2 | /moldm=3 | /moldm=3 |/moldm3s-'
1 2.0 x 1072 1.0 x 1072 1.0 x 1072 0.17
2 6.0 x 1072 1.0 x 1072 1.0 x 1072 1.53
3 2.0 x 1072 2.0 x 1072 1.0 x 1072 0.17
4 4.0 x 1072 1.0 x 1072 2.0 x 1072 0.68

(i) Use the results to show that the rate equation is:
Rate = k[NOJ?

(ii) Calculate the rate constant, k, for the reaction in Equation 32.1 and give its units.

© OCR 2024
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(b) Another reaction that occurs in a catalytic converter is shown in Equation 32.2.
NO,(g) + CO(g) - NO(g) + CO,(g) Equation 32.2

(i) The rate equation for this reaction is:
Rate = K[NO,J2
A student says that this reaction takes place in a single step.

Explain why this cannot be correct and give a possible mechanism for the reaction, indicating the
rate-determining step.

© OCR 2024
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(ii) A chemist studies the reaction in Equation 32.2 and measures the rate constant, k, at different

temperatures.

The chemist plots Ink against 1/T on a graph as shown.

Ink

7

6

0
0.0010

0.0012 0.0013

1T K

0.0014 0.0015

Calculate the activation enthalpy (in kJmol~") for the reaction in Equation 32.2.

© OCR 2024

activation enthalpy =

............................................ kJmol-! [4]
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(a)

(b)

(c)
(i)

24
Ammonium nitrate, NH4NO3, is a fertiliser.

One of the steps in the manufacture of NH,NO, is the oxidation of NO by the reaction in
Equation 33.1.

2NO(g) + O,(g) == 2NO,(g) AH =-114kJ mol-'  Equation 33.1

Give the appearance of NO,(g).

The reaction in Equation 33.1 is an example of a chemical equilibrium.

A student says that once the position of equilibrium has been reached, the reaction has stopped
so the concentration of NO,(g) remains constant.

Evaluate what the student says and give correct chemistry where necessary.

© OCR 2024
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(ii) For the reaction in Equation 33.1 at a certain temperature,
K. =6.9 x 102dm3mol~’
In an industrial plant, operating at that temperature:
Equilibrium concentration, [NO(g)] = 0.250 moldm™3
Equilibrium concentration, [O,(g)] = 0.180 moldm~3

Write the expression for K and calculate the equilibrium concentration of NO,(g).

equilibrium concentration, [NO,(Q)] = ..o moldm™3 [3]

(iii) Explain how increasing temperature affects the value of K for the reaction in Equation 33.1.

© OCR 2024 Turn over



(d)
(i)

(ii)

26
Equation 33.1 is repeated: 2NO(g) + O,(g) == 2NO,(g) AH=-114kJ mol-'  Equation 33.1

The reaction in Equation 33.1 uses a heterogeneous catalyst.

Explain the meaning of the term heterogeneous here.

Draw an enthalpy profile diagram for the reaction in Equation 33.1 and label the catalysed and
uncatalysed reactions.

Show the reactants and products and the activation enthalpies. [2]

A

enthalpy

progress of reaction

(iii) The catalyst used in the reaction in Equation 33.1 is a solid mixture of platinum and rhodium.

Explain why this solid is able to behave as a catalyst.

© OCR 2024
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(e) The standard entropies of the substances involved in Equation 33.1 are shown in the table.

Substance S°/Jmol1 K"
0,(g) 205.0
NO(g) 210.7
NO,(g) 240.0

Calculate the total entropy change, A S, (in J mol~'K-1) for the reaction in Equation 33.1

at 50°C.

© OCR 2024
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34 The plastic welding agent butanone, CH,CH,COCH,, is sold as “model cement” and used for
joining the plastic parts of scale model kits.

(a) Butanone can be formed by the oxidation of the alcohol CH,CH,CH(OH)CH,.
Classify this alcohol as primary, secondary or tertiary.
Give the structural reason for the classification you have chosen.
(O =TT o= 1o ] o AT OO PP PPPPPR PP

R B A ON . .. e e

(b) There are other alcohols that are structural isomers of CH,CH,CH(OH)CH,.

Draw the skeletal formulae for the two branched-chain isomers.

[2]

(c¢) The alcohol CH,CH,CH(OH)CH, can be made by reacting CH,CH,CHBrCH, with aqueous
sodium hydroxide.

Name the mechanism of this reaction.

© OCR 2024
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(d) Alcohols can be dehydrated by heating with concentrated sulfuric acid.
When dehydrated, CH;CH,CH(OH)CH, produces a mixture of three isomeric products.

Draw the structures of these three isomeric products.

[3]

(e) The mechanism for the dehydration of a cyclic alcohol using concentrated sulfuric acid takes
place in two steps.

Step 1:
H
( 1] |
O—H O*—H
( 1] ( 1]
+H" —
Step 2:

H
H H |
O*—H
(1]
> + H,O + H

Add curly errors to Step 2 to show the electron movements in the mechanism. [2]

© OCR 2024 Turn over
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(F)* A chemist sets out to identify compound A and its oxidation product, compound B.

The chemist has the mass spectrum, the IR spectrum and the "TH NMR spectrum of
compound A, and the IR spectrum of compound B.

0 Mass spectrum of compound A TH NMR spectrum of compound A
80
60-
intensity/ %
1 —OH
40
201
0.0-""=""I""I!!I!I“'I':!Iil!!'I'"'I""I"'!!""I"" T T T T T T T T T T T
10 20 30 40 50 60 70 5 4 3 2 1 0
mlz d/ppm

" IR spectrum of compound A

transmittance / %

50+

0 LI B B B S B S B B B T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000 500
wavenumber/cm™

IR spectrum of compound B
100

transmittance / %

50+

0 L B S A L L B B S S| T T T T T T T T T T T T T
4000 3000 2000 1500 1000 500
wavenumber/cm™

You may do working on this page but it will not be marked.

© OCR 2024



31

Use evidence from all the spectra to identify the formulae for compound A and compound B.

© OCR 2024 Turn over



32

35 Acid orange is a soluble azo dye that can be made from benzene by the following route:

Reaction 1 Reaction 2
e SO,H — O\ SO;H
nitration

benzene compound C
Reaction 3

H,N SO,H

Reaction 4

Reaction 5
N=N SO3Na - —Cl+N2 SO3H

acid orange

OH

(a)
(i) Name compound C.
..................................................................................................................................................... [1]
(ii) Reaction 1 is an electrophilic substitution using concentrated sulfuric acid.
Give the formula of the electrophile.
..................................................................................................................................................... [1]
(b) Use the Data Sheet to give reagents and conditions for reaction 3.
..................................................................................................................................................... [1]

© OCR 2024
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(c) Reaction 4 forms a diazonium salt.

Give the reagents and conditions for this reaction.

Y= T =T o)
(070 g T 11110 o 1= PP
..................................................................................................................................................... [3]
(d) Reaction 5 is a coupling reaction, using a phenol and sodium hydroxide.
Give the formula of the phenol.
[1]
(e)
(i) Drawa around the chromophore of acid orange.
OH
7 Vv y—soms
acid orange
[1]
(ii) One part of its structure makes acid orange more soluble than many other azo dyes.
Give the formula of this part.
..................................................................................................................................................... [1]

© OCR 2024 Turn over
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(F)* A scientist called Kekulé proposed a structure for benzene as shown:

9

The

enthalpy change data below shows that this is not entirely correct:

Q + Hy —» AhydmgemﬂtionH=—120kJmoI‘1
benzene + 3H, —» <:> AhydrogenationHz_208kJm0|_1

Explain why the data does not match the Kekulé structure.
Describe a different model for the benzene structure.

Explain how this different model accounts for the reaction of benzene with bromine better
than the Kekulé structure.

© OCR 2024
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Extra answer space if required.

END OF QUESTION PAPER
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EXTRA ANSWER SPACE

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

OCR

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact The OCR Copyright Team, The Triangle Building, Shaftesbury Road, Cambridge CB2 8EA.

OCR is part of Cambridge University Press & Assessment, which is itself a department of the University of Cambridge.

© OCR 2024



