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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates.

The reports will include a general commentary on candidates’ performance, identify technical aspects
examined in the questions and highlight good performance and where performance could be improved.
A selection of candidate answers is also provided. The reports will also explain aspects which caused
difficulty and why the difficulties arose, whether through a lack of knowledge, poor examination
technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report.

A full copy of the question paper and the mark scheme can be downloaded from OCR.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).
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Paper 9 series overview

Candidates generally performed well on this paper, demonstrating a wide variety of skills. While there
were some misconceptions evident in the responses given, there were many areas where candidates
have been more successful than in previous series.

Candidates performed well with the Level of Response question on electrolysis. Calculations were
generally well performed with significant figures and decimal places expressed well. Candidates could
correctly draw the shape of an exothermic reaction profile.

Candidates who did well on this paper Candidates who did less well on this paper
generally:

generally:

demonstrated a knowledge of isotopes and
how the number of protons determines the
type of atom

calculated Rf values effectively

described how the structure of allotropes of
carbon related to their properties

described and explained how to carry out
electrolysis to extract copper from copper
sulfate

described trends in a graph and related this to
changes in the concentration of hydrogen ions

used a graph of concentration against pH to
determine the mass of an acid present in a
sample of a given volume

calculated energy transferred when bonds are
broken and made to determine the total energy
change and hence described the reaction as
endothermic or exothermic

carefully drew a suitable reaction profile with
correctly placed arrows and labels.

were less successful at drawing the electron
arrangement in ions

found it difficult to explain how the structure
and bonding of an ionic compound related to
its melting point

were less successful at identifying the
stationary and mobile phase in thin layer
chromatography

mixed up ideas about types of bonding and
intermolecular forces when describing the
similarities and differences in the properties of
allotropes of carbon

struggled to draw a working diagram for
carrying out electrolysis in the laboratory in
their centre

were less successful at expressing ideas of
working scientifically when explaining that pH
would be better measured using a pH meter
rather than universal indicator paper

found it difficult to calculate the total energy
change for a reaction

struggled to accurately draw arrows on a
reaction profile to describe the total energy
change and the activation energy.

© OCR 2023
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Section A overview

The multiple choice questions were generally well answered with Questions 5, 6, 9 and 10 being the
most challenging for candidates.

Question 1

1 Which substance is described as pure by a scientist?
A A solution of sodium chloride
B Analloy
C Dilute sulfuric acid

D Distilled water

Your answer [1]

The majority of responses to this question were correct. The most common incorrect response was B,
showing a lack of understanding of an alloy.

Question 2

2 A metal oxide has the formula XEO, where X is a Group 1 metal.
The relative formula mass of the metal oxide is 94.2.
Relative atomic mass (A): 0O =16.0
What is the name of X?
A Lithium

B Potassium

C Rubidium
D Sodium
Your answer [1]

This required a calculation from the data and an understanding of chemical formula. It was pleasing to
see that most responses were correct here.

6 © OCR 2023




GCSE (9-1) Gateway Science Combined Science A - J250/09 - Summer 2023 Examiners’ report

Question 3

3  Which gas bleaches damp litmus paper?

A Carbon dioxide

B Chlorine

C Hydrogen

D Oxygen

Your answer [1]

Most candidates were given the mark for identifying the gas test described was to test for chlorine.

Question 4

4 Copper carbonate reacts with dilute hydrochloric acid to form copper chloride, water and a gas.

What is the formula of the gas?

A C

B CO

c CO,

D CO,

Your answer [1]

Most responses successfully identified the formula of carbon dioxide.

7 © OCR 2023
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Question 5

5  Which row lists the material that has the weakest intermolecular forces?

Material Structure Melting point
(°C)
A giant covalent 1713
B ionic compound 801
c metal 98
D polymer 105
Your answer [1]

Candidates understood that weak intermolecular forces lead to lower melting points, however there was
a lack of understanding that metals do not exhibit this type of force. This gave a common incorrect
response of C rather than the correct response of D.

8 © OCR 2023
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Question 6
6 Which diagram shows the correct equipment diagram for simple distillation?

A
Water out

f

/

Water in

Water in

Water out

Water out
i%
f

Water in

Water in
QNX
/

Water out

C

D

Your answer

Examiners’ report

[1]
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Candidates could identify the need for a bung in the top of the round bottom flask. The majority of
candidates demonstrated a misconception of the direction of water flow within the condenser. An
incorrect response of D was seen, rather than the correct response of C, with water going in at the
bottom and out of the top of the condenser.

Question 7

T Which scientist developed this model of the atom?

A Bohr
E

Dalton

C Rutherford

D Thomson

Your answer [1]

The majority of responses identified the scientist responsible for this model.

10 © OCR 2023
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Question 8

8 Lead, Pb, and dilute nitric acid, HNO, react.
Pb + xHNO, — PB(NO,), + yNO, + zH,0

Which row correctly balances the equation?

X ¥ z
A 2 4 2
B 4 2 4
c 3 2 2
D 3 4 2
Your answer [1]

Most responses successfully balanced the equation and gave the correct response of C.

Question 9

9  This is the symbol for helium.

2

He

4.0

What is the mass of one atom of helium?
The Avogadro constant = 6.02 x 1023

A 3.32x10%g

B 6.64 x 107%%g

C 1.51x10%g

D 3.01x10%3g

Your answer [1]

This question required a calculation. Only a small number of responses successfully calculated the mass
of one atom using the information given.

11 © OCR 2023
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Question 10

10 The diagram shows the particle model for the condensation of a gas into a liquid.

Which is a limitation of the particle model?
A It does not show the arrangement of the particles.
B It does not show the movement of the particles.

C It does not take account of the energy of the particles.

D It does not take account of the forces between particles.

Your answer

(1]

Responses to this question gave both B and C as incorrect responses. The specification clearly states
that the particle model is limited as it does not take into consideration the forces between particles.

12 ©OCR 2
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Section B overview

Candidates used the spaces given to them wisely and offered responses to almost all questions.
Accuracy of diagrams is perhaps the key area for improvement moving forward to future series.

Question 11 (a)

11 Atoms of the same element can have different structures.
Fig. 11.1 shows the structure of two different atoms, Y and Z, of the same element.

Fig. 11.1

Y Z

(a) What name is given to different atoms of the same element such as Y and Z7

1]

Most responses identified these elements as isotopes.

Question 11 (b)

(b) Write the number of protons, neutrons and electrons in an atom of Z.
MNumber of protons = ...
Number of neutrons = ...........ccoccvieene

Number of electrons = ...........ccccoceene [2]

Candidates could interpret the diagrams effectively to give the correct number of protons, neutrons and
electrons.

13 © OCR 2023
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Question 11 (c)

(c) Write the mass number of an atom of Z.

Mass number of an atom of Z = ..o eesesneeennns 1]

Most responses added together the number of protons and neutrons to give the correct mass number.

Question 11 (d)

(d} Write the name of the element that contains atoms of Y and Z.

Use the Periodic Table.

1]

Most responses identified the element as oxygen, however the small number of candidates that did not
gain credit for the correct number of protons, were given credit for identifying the element from their
correct number of protons.

Question 11 (e) (i)
(e) Atoms of sodium react with atoms of Y to form an ionic compound.

Fig. 11.2 shows the ions formed when an atom of sodium reacts with an atom of Y.

Fig. 11.2

() —

(i) Complete Fig. 11.2 to show the arrangement of electrons in the ions. [2]

A number of candidates missed this question. Perhaps those candidates that did not read through the
whole stem of the question, but instead skipped to the command words meant this question had a higher
omission rate than expected. Not having eight electrons in the outer shell was the biggest misconception
of the electronic configuration of an ion.

14 © OCR 2023
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Question 11 (e) (ii)

(ii) What is the formula of the ionic compound formed when atoms of sodium react with
atoms of Y?

Tick (v') one box.

NaY2

Na 2‘(

Na 2‘(2

[1

Most responses identified the formula of the compound as the middle box.

Question 11 (e) (iii)
(iii) Why does sodium react with ¥ and £ in a similar way?

Tick (v') one box.

Atoms of ¥ and Z have the same number of electrons.

Atoms of ¥ and Z have the same number of neutrons.

Atoms of Y and Z have the same number of protons.

1]

Most responses identified the number of electrons as the essential factor involved in a reaction.

15 © OCR 2023
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Question 11 (e) (iv)
(iv) The ionic compound formed in Fig. 11.2 has a high melting point.

Explain why. Use ideas about structure and bonding.

.. [3]

They key areas for discussion in this question are the strength and type of the bonds and forces. The
expectation was that candidates could link the electrostatic forces for attraction between positive and
negative ions, to the amount of energy needed to overcome these forces. The majority of candidates
could link the strength of the forces to the amount of energy needed to overcome them.

Exemplar 1

BasL. iQNC.... - CONSUES... .. STRNY. LUCRUTAL G ...

Al oF. wﬁfmcho(\ ...... DeAELN... £18....0PROKHELY.c..
hotgra.fonk..and... A LOOEK....O8... O LM
00000z ALEAL. ... Dt 0. 30 LUHOSAR'C IR
b obachon. . ey .. R00ge...s.d. mcgm...ma.m.f:.%
Ny . g Ao DR 0. 200dS i ...

M/uy HL ol compouned haja kgl /Wh@/omf.

This response was given 3 marks and shows a clear understanding of the electrostatic forces of
attraction between oppositely charged ions and the amount of energy needed to overcome these forces.

16 © OCR 2023
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Question 12 (a)

12 Thin layer chromatography (TLC) is used to analyse and identify unknown samples.
Fig. 12.1 shows the apparatus used for thin layer chromatography.

Fig. 12.1

TLC chamber
— |

Siicagelona TLC plate — |

Propanone Sample

(a) Identify the stationary phase and mobile phase shown in Fig. 12.1.
SEAtIONANY PRESE ..ot e e e st aaaeean s e e

T (o 0T =T ] = S RSRROP
[2]

Candidates found it easier to identify the mobile phase as the propanone (solvent). When trying to
describe the stationary phase, a number of candidates gave the response of the ‘sample’. This showed a
lack of understanding that the sample is the substance that will be separated by moving up the stationary
phase as the mobile phase progresses.

17 © OCR 2023
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Question 12 (b)

(b) What determines how far the sample travels up the TLC plate?

Tick (v") one box.

The amount of sample used.

The size of the TLC chamber.

The type of solvent used.

]

Most candidates could identify the type of solvent as the determining factor for how far the sample
travels.

18 © OCR 2023
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Question 12 (c) (i)
(c) Fig. 12.2 shows the final TLC plate for a sample.

Fig. 12.2

Distance travelled

by the propanone 4rmm

’ T
15 Distance travelled
Inm by the sample

(i) Calculate the R, value for the sample.

Give your answer to 2 decimal places.

R; value for sample = ..., [3]

The vast majority of responses successfully calculated the Rf value from the data given. Where the
candidates had not calculated the value correctly, they could at least give their value to two decimal
places.

19 © OCR 2023
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Question 12 (c) (ii)

(iiy The table shows the R; values for four different substances.

Substance R;value
A 0.23
B 0.57
Cc 0.30
D 0.18

Use your answer to (i) to identify which substance, A, B, C or D, is the sample.

Tick (v") one box.

The sample is substance A

Examiners’ report

[1]

Most responses identified the substance as C.

20
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Question 13 (a)

13 Diamond and graphite are different forms of the same element.

The diagrams show the structures of diamond and graphite.

L __._.—-'--.._'
» - | - [

1
r_,,.—-"" b & = Pt T -
o T
P i i E i
* 'II’ lh“‘ "“.—"fl“ - —-:._:-_-:-- ___.—-—-_-'Tl-:-._
PN e
Diamond Graphite

(a) Describe and explain one property of graphite that is different from diamond.
0 0T

] =T = o o S

. [3]

There were several ways in which marks were given for this question. The responses that were given the
most marks discussed the ability of graphite to conduct electricity. Identifying this property allowed
candidates to discuss delocalised electrons that are free to move. Candidates seemed well prepared to
give these responses. Where candidates discussed layers of graphite, they struggled to link this to the
property of softness of the graphite structure.

21 © OCR 2023
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Question 13 (b)

(b) Describe and explain one property that is similar for both diamond and graphite.

0= 4 PP

] =T = (o | o PSS

- [3]

Candidates identified the property of high melting point being common to both allotropes. They also
discussed the large amount of energy needed to break these bonds. The more difficult concepts seemed

to be that these are both giant covalent structures.

Question 13 (c)

(c) A student thinks that the models used to represent diamond and graphite have limitations.

Give one reason why they are correct.

. [1]

Candidates gave a variety of responses but were often not clear on their descriptions. Few candidates
gave a clear limitation of the models. Perhaps centres could advise candidates to redirect their attention
to the stem of the question and the diagrams available that might have helped them organise their ideas

more carefully.

22 © OCR 2023
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Question 14*

14* Copper sulfate solution, CuSO,, contains copper ions, Cu?*, and sulfate ions, 8042‘.
A student extracts copper from copper sulfate solution using electrolysis.
They use the following equipment:
*  apower pack
» asmall glass beaker
= crocodile clips
+  carbon electrodes

. wires.

Describe and explain how the student extracts copper from the copper sulfate solution using the
equipment provided.

Include a labelled diagram of how the equipment is used.

.. [6]

Almost all candidates followed the guidance in the stem of the question and attempted to draw a
diagram. Some diagrams had electrodes above the copper sulfate solution, so this wouldn’t work. Some
diagrams had the anode and cathode connected incorrectly to the terminals of the power pack, e.g. the
positive terminal connected to the cathode rather than anode. These circuits would not work. The
majority of responses were given Level 2 or Level 3 marks after giving clear descriptions of the process
in terms of the movement of ions to the correct electrodes. The candidates that gained Level 3 also
explained the process of reduction in terms of a gain of electrons at the cathode where copper atoms
could be collected. It was pleasing to see half equations correctly written to describe the reduction.

23 © OCR 2023
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Exemplar 2

CUN(Z'* +0e” "VC‘-*-H}CCEM’QJ | /JPO m,c,suppig “PH mﬂc
OR D0 &e e o |

I
wl‘f (o TI\ 7 o oty

s
WS _
S (1 i@m&‘;’*\m
2 5 2l lwcakions
- ouneoe ¥ el —-——:VQJQ G\Q\LQ

........ Sradent.. rums.. power. gaskion. and. elesks..
...(L\M(TGV\E Qo5 Elaougla. w10, eledhodes. 0ok

...................... 000, EEIHEIL. oaped. axnd calhade. nagaiel et

Tho, elchole. (colkion). is.00ueaus. So SRdPrs. 0. Selukion
6002, Y0, V0L SR, io0s. (Cut! aﬁnoum as.cakioms.ar@....

Aechetiaticdlu akbmded ko cmmda as SANDRR. Co0es....
(QGS\ Hve, oo nQQahve arod | & G %&\ﬂs 9 A

Leo}(m(mu@w) e_o W@ .............. lg dﬂgdfa@i,
ak...Corooae.. inskead ek K wn. o\.s &&%rﬂwrrecopmr

----- . Aoakl hwdogen... Neophar. tong.....

.x%....\.@.&&....... 0
(0T oundQ\J( ) \aucmr\ mmqscmors Qlecheskadia 13

.............. []

Turn over

This 6 mark response includes a clear diagram of the equipment set up to carry out the process of
electrolysis of copper sulfate. The description and explanation are clear and follow a logical order. This
exemplar also gives an explanation of reduction at the cathode. It goes on to suggest an explanation of
oxidation at the anode, which was not essential to reach Level 3.
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Question 15 (a)

15 (a) Describe the difference between a strong acid and a weak acid.

-1

Responses found it a challenge to describe the difference between strong and weak acids. The words
‘dissociate’ and ‘ionised’ were rarely seen.

Question 15 (b) (i)

(b) Hydrochloric acid, HCI(aq), is an example of a strong acid.

The graph shows the pH of a dilute hydrochloric acid solution at different concentrations.

3

|
1

pH Emme s

0

0 0.02 0.04 0.06 0.08 0.10
Concentration of dilute hydrochlonc acid solution (mol/ dm3}

(i) Write the formula of the ion that gives the dilute hydrochloric acid solution the pH shown
on the graph.

. [1]

A small number of responses identified H+ ions as the ion responsible for pH.

25 © OCR 2023
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Question 15 (b) (ii)

{(ii) The pH of the dilute hydrochloric acid solution can be measured using either universal
indicator or a pH meter.

Explain which method would be better to use for measuring the pH shown on the graph.

.12

Most responses gained credit for the idea that a pH meter was more accurate than the universal
indicator paper but few could articulate their ideas clearly about the judgement needed with universal
indicator.

Question 15 (c)

(c) Describe how the pH changes with the concentration of dilute hydrochloric acid solution on
the graph.

[2]

A significant number of responses were given 1 mark for describing how the concentration changes with
pH. Those responses that gained both marks used the shape of the graph to add detail to their
response.

Misconception

Concentration and strength of acids are often confused. Candidates need to describe the

@ strength of an acid as the amount of dissociation that takes place, and therefore more
dissociation leads to more free hydrogen ions, which decreases the pH. Concentration simply
relates to the amount of a substance present, without the extent of the dissociation being
considered.

26 © OCR 2023
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Question 15 (d)

(d) As the concentration of the dilute hydrochloric acid solution increases by a factor of ten, the
pH of the solution decreases by one.

Use data from the graph to show that this statement is true.

. 12]

The expectation in this question was that candidates would use the data from the graph to prove the
statement correct. This required two sets of data points to be compared. Many candidates couldn’t
accurately read the data. At pH 3, zero was often misquoted rather than the correct value of 0.001 to
allow a direct comparison.

Question 15 (e)

(e) Calculate the mass of hydrochloric acid, HCI, in 100 cm? of solution that gives a pH 1.5.
Use data from the graph.
Give your answer to 2 significant figures.

Relative molecular mass (M,): HCI=36.5

Mass of hydrochloric acid in 100em® = .........ccccoveieicceee e, G [4]

Very few responses correctly processed the calculation to give a response to two significant figures. The
most common errors were in the conversion of pH 1.5 to a concentration of 0.03 moles per decimetre
cubed from the graph. If this conversion took place then candidates could multiply by 36.5. The missing
step was then dividing by 10 to find the mass in 100 cubic centimetres.

For those candidates that did complete the calculation, it was pleasing to see the steps laid out clearly.

27 © OCR 2023
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Question 16 (a) (i)

16 The reaction between nitrogen, Nz' and hydrogen, st to form ammonia, NHS, is an exothermic
reaction which is shown in this equation.

H

N=N + 3(H—H) 5 2

o
)

The table shows some bond energies.

Bond Bond energy (kJ/mol)
N=N 945
H-H 435
N-H 390

(a) (i) Calculate the total energy transferred to break all the bonds in the reactants.

Energy transferred to break all the bonds = ... kd/mol [1]

Most candidates correctly calculated the total energy transferred when bonds are broken.

28 © OCR 2023
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Question 16 (a) (ii)

(i) Calculate the total energy transferred when all the bonds in the products are made.

Energy transferred when all the bonds are made = ...........ccceiiiiiiiniiiicevceenee. kKd/mol [1]

Fewer responses correctly calculated the total energy transferred when bonds form compared to bonds
broken.

Question 16 (a) (iii)

(iii) Use your answers to parts (i) and (ii) to calculate the energy change for the reaction.

Energychange = ... Kd/mol [1]

For those responses that correctly calculated the energy transfers in Question 16(a)(i) and Question
16(a)(ii), the overall energy change was a straight forward subtraction. Misconceptions were in the form
of subtracting the wrong way around.

29 © OCR 2023
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Question 16 (b)

(b) Complete the reaction profile for the exothermic reaction of nitrogen, N,, and hydrogen, H.,
to form ammonia, NHB.

Label the energy change in the reaction and the activation energy.

A

N, +3H,

Energy

Progress of reaction

[3]

Most candidates were given marks for drawing the correct shape for the reaction profile and labelling the
product line. However there were few responses that correctly drew the arrows to represent the
activation energy and the total energy released. Double headed arrows were commonly drawn rather

than the single arrows
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Exemplar 3

19

to form ammonia, NH,,.

tabel the energy change in the reaction and the activation-energy:

A

Energy

Progress of reaction

[3]

This 3 mark response shows how the arrows for activation energy and energy released should be
correctly drawn.
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