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All Candidates' performance across questions

Question Title N Mean SD Max Mark FF Attempt %
1lai 2968 0.7 0.5 1 65.1 98.4
1aii 2857 0.4 0.5 1 37.3 94.7
1b 2666 0.3 0.5 1 34.1 88.4
2a 2874 0.6 0.5 1 62.8 95.3
2b 2937 0.8 0.4 1 79.3 97.4

3 2643 1 1 2 49.3 87.6

4 2783 0.8 0.4 1 80.5 92.3

5 2884 0.9 0.8 2 44.2 95.6
6a 3009 0.9 0.8 2 46.4 99.8
6bi 2830 0.9 0.9 2 42.7 93.8
6bii 2735 0.7 0.8 2 35.1 90.7
6biii 2863 0.9 0.4 1 85.5 94.9
6c¢i 2823 0.4 0.5 1 43.8 93.6
6cii 2610 0.6 0.7 2 31.3 86.5
6di 2705 0.4 0.5 1 42.2 89.7
6dii 2966 2.3 1.4 4 56.4 98.3
7ai 2912 0.6 0.5 1 57.3 96.5
7aii 2993 2.3 0.8 3 76 99.2
7aiii 2976 1.5 0.7 2 73.3 98.7
7bi 2907 1.3 0.9 2 67.4 96.4
7bii 2851 0.4 0.6 2 22 94.5
7biii 2784 0.4 0.5 1 37.9 92.3
7biv 3000 3 1.6 6 49.6 99.5

8 2891 5.3 3.3 10 52.6 95.9
9a 2644 0.7 0.5 1 65.7 87.7
9bi 2977 1.3 0.7 2 66.7 98.7
9bii 2732 0.9 0.9 2 45.7 90.6
9biii 2528 0.5 0.5 1 45.7 83.8
9c 2901 33 1.7 6 54.9 96.2
10a 3004 5.8 1.9 9 64.2 99.6
10b 2547 0.6 0.7 2 32.3 84.5
10ci 2456 0.6 0.7 2 29.4 81.4
10cii 2613 0.8 1.1 3 27 86.6
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(€)

Indicative content

Temperature
Boltzmann distribution has a curve to indicate a higher temperature

(curve drawn with peak lower and to the right)

increasing temperature increases the (kinetic) energy of the particles
more particles have energy greater than or equal to the activation
energy

more successful collisions per second / increased chance of successful
collisions

Catalyst
Boltzmann distribution showing lower activation energy for reaction

with catalyst [line for Ea(cat) drawn to the left of uncatalysed Ea]
catalyst provides alternative reaction pathway / provides a surface for
particles to adsorb to

this lowers the activation energy

more particles have energy greater than or equal to the activation
energy

© WJEC CBAC Ltd.
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Marks available

Question Marking details
AOl1 | AO2 | AO3 | Total | Maths Prac

5-6 marks

Detailed description of both factors

There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured. The information included in the
response is relevant to the argument.

3-4 marks

Detailed description of one factor OR incomplete description of both
factors

There is a line of reasoning which is partially coherent, largely relevant,
supported by some evidence and with some structure. Mainly relevant
information is included in the response but there may be some minor
errors or the inclusion of some information not relevant to the
argument.

1-2 marks

Incomplete description of one factor OR correct Boltzmann
distributions with no written explanation

There is a basic line of reasoning which is not coherent, supported by
limited evidence and with very little structure. There may be significant
errors or the inclusion of information not relevant to the argument.

0 marks
No attempt made or no response worthy of credit.

Question 9 total 7 1 4 12 1 1

© WJEC CBAC Ltd. 11
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waltry

Sticky Note

This response was initially placed in the lower band as there was only one idea expressed that was creditworthy: 
• Particles gain more energy as the temperature increases. 

It was awarded 1 mark only as the candidate expressed their ideas poorly and made multiple errors and omissions, including: 
• Drawing the peak of the high temperature curve above the peak of the low temperature curve on the Maxwell-Boltzmann distribution. 
• Omitting any reference to collisions or successful collisions. 
• Stating that the activation energy moves to the left without stating that this means that the activation energy is lower. 
• Omitting any explanation of what the changes to the curve or activation energy meant in terms of the number of particles having that energy. 
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waltry

Sticky Note

This response was initially placed in the middle band as there were several ideas that were creditworthy: 
• Correct distributions drawn to support the answer given. 
• Particles gain more energy as the temperature increases. 
• Particles colliding. 
• Catalysts lower the activation energy. 
• A clear explanation of more particles having an energy greater than or equal to the activation energy. 

The response was not put into the higher band for the following reasons: 
• No mention of successful collisions. 
• No mention of collisions per second or chance of collisions. 
• No explanation of why a catalyst lowers the activation energy.

A mark of 4 was awarded.
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waltry

Sticky Note

This response was initially placed in the higher band as it was a well-written answer that contained all the key points required. 
The only issue with this response is that the x-axis of both distributions was incorrectly labeled with “Reaction progress” instead of energy, but as the written explanation refers to energy it was deemed that this did not justify a penalty.

It was awarded all 6 marks. 
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Examiner
[
(c) Increasing temperature and the addition of a catalyst are two ways of increasing the rate o

of a reaction.
Using your knowledge of the Boltzmann distribution and particle theory, explain how the
rate of reaction is increased using these two different methods.
You may use a diagram(s) to support your answer. [6 QER]

12

18

© WJEC CBAC Ltd. (2410U20-1)






































































(i)  Plot the results on the graph paper below.
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(i) Use your graph to calculate the maximum temperature change for this
crystallisation. [2]

w9 ~ 170 = 2%

maximum temperature change = ... AT ... 'C

One mark was awarded for the calculation of the maximum temperature change. The second mark
was not awarded as there was no indication on the graph of how the temperature rise was
calculated (line(s) of best fit or guidelines showing the minimum and maximum temperature.





(iii} Use the total mass of the sodium ethanoate solution and the temperature change
from the graph to calculate the enthalpy change of crystallisation per mole of
sodium ethanoate. Assume the density of water is 1.00gcm ™ and the specific
heat capacity of sodium ethanoate solution is 418 JK™'g™".

M (CH,COONa.3H,0) = 136 . [4]
4ol 3H,0 = % b Hop = bl
fin f"'rm[: ; bl ‘2‘9} vzt

h=

i

220 923 F6loll.poly,,

- s
jdh-L,-J

enthalpy SHANOE = .o v kd mol™










Plot the results on the graph paper below.
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(i) Use your graph fo calculate the maximum temperature change for this
crystallisation. [2]

445 43

Z LS

maximum temperature change = 2,1 g .......... i Y





(iii)

Use the total mass of the sodium ethanoate solution and the temperature change
from the graph to calculate the enthalpy change of crystallisation per mole of
sodium ethanoate. Assume the density of water is 1.(}ﬂgcm‘3 and the specific
heat capacity of sodium ethanoate solution is 418 JK g™,

M (CH,COONa.3H,0) = 136 [4]

A zA wilIR 43¢
NB= 56 $HY
0L il

enthalpy change = 354 ....... kJmol™










(i)

Plot the results on the graph paper below.
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(i) Use your graph to calculate the maximum temperature change for this
crystallisation.

2]

maximum temperature change = .00 . °C





m,\ =-mclbs _ -0 x4 151 A AT=ane
i A-35 Nz =220
= -2560 T w00 _ ,f‘;
- 3-8 XTI oo\ ?

enthalpy change = -3\56 . kJmol™
















Marks available

Question Marking details
AOl1 | AO2 | AO3 | Total | Maths Prac
10. | (@) | () appropriate scales (1)
all points plotted correctly (1) (tolerance £1 square) 2 2 2 2
(ii) straight line extrapolating back to y-axis (1)
AT =44-17=27(1)
2 2 2 1
where vertical scale covers 0-40 extrapolation back to y-axis is not
possible so mark as follows
line of best fit drawn (1)
AT=41-17=24(1)
(i) mass of solution = 380g (1)
g=—mcAT =380 x 4.18 x 27 =—-42 886.8 J (1)
_ 320 _
n(CHsCOONa.3H20) = T3005 - 2.35 mol (1)
—429 —
AH = 2.35 =-18.26 kJ mol 1 (l) 4 4 2 1
ECF possible

AH = -16.22 using AT = 24 from part (ii)











(i)  Plot the results on the graph paper below.
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waltry

Sticky Note


One mark was awarded for the drawing of an appropriate scale. The mark for correct plotting was not awarded as the penultimate point was plotted incorrectly at a time of 160 s rather than 150 s. 





(i) Use your graph to calculate the maximum temperature change for this
crystallisation. [2]

:H "T | H.ﬁ( - Ff'{r(

maximum lemperature change = .2 L. °C



waltry

Sticky Note

One mark was awarded for the calculation of the maximum temperature change. The second mark was not awarded as there was no indication on the graph of how the temperature rise was calculated (lines of best fit or guidelines showing the minimum and maximum temperature). 





(iii} Use the total mass of the sodium ethanoate solution and the temperature change
from the graph to calculate the enthalpy change of crystallisation per mole of
sodium ethanoate. Assume the density of water is 1.00gcm ™ and the specific
heat capacity of sodium ethanoate solution is 418 JK™'g™".

M (CH,COONa.3H,0) = 136 . [4]
4ol 3H,0 = % b Hop = bl
fin f"'rm[: ; bl ‘2‘9} vzt

h=

i

220 923 F6loll.poly,,

- s
jdh-L,-J

enthalpy SHANOE = .o v kd mol™



waltry

Sticky Note

No marks were awarded for this part as: 
• There is no reference to the total mass of the solution. 
• The mole calculation uses the incorrect relative formula mass. 
• No attempt has been made to calculate the enthalpy change. 











Plot the results on the graph paper below.
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waltry

Sticky Note

Two marks were awarded for this graph as the scale was appropriate and the points were plotted correctly. 





(i) Use your graph fo calculate the maximum temperature change for this
crystallisation. [2]

445 43

Z LS

maximum temperature change = 2,1 g .......... i Y



waltry

Sticky Note

Two marks were awarded here. One mark was awarded for the line of best fit extrapolated back to the y-axis. The second mark was awarded for the correct calculation of the temperature rise. 





(iii)

Use the total mass of the sodium ethanoate solution and the temperature change
from the graph to calculate the enthalpy change of crystallisation per mole of
sodium ethanoate. Assume the density of water is 1.(}ﬂgcm‘3 and the specific
heat capacity of sodium ethanoate solution is 418 JK g™,

M (CH,COONa.3H,0) = 136 [4]

A zA wilIR 43¢
NB= 56 $HY
0L il

enthalpy change = 354 ....... kJmol™



waltry

Sticky Note

No marks were awarded here because the equation suggested to calculate the energy released is incorrect.










(i)

Plot the results on the graph paper below.
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waltry

Sticky Note

Two marks were awarded for this graph as the scale was appropriate and the points were plotted correctly. 





(i) Use your graph to calculate the maximum temperature change for this
crystallisation.

2]

maximum temperature change = .00 . °C



waltry

Sticky Note

Two marks were awarded here. One mark was awarded for the correct use of lines of best fit. The second mark was awarded for the calculation of the temperature rise although this was not the ideal answer. 
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waltry

Sticky Note

Three marks were awarded here.  The only error was to use the mass of water rather than the total mass i.e. the mass of the solute and the solvent as is needed in this question.  The mole calculation is correct and the remaining two marks were awarded as error carried forward marks. 
















20

10. The crystallisation of sodium ethanoate from a super-saturated solution is used to release heat
in reusable hand warmers.

(@) A super-saturated solution of sodium ethanoate was made by dissolving 3209 of
hydrated sodium ethanoate (CH;COONa.3H,0) in 60cm?® of hot water. It was then
allowed to cool to room temperature, which was measured as 17 °C.

A thermometer was added to the solution, which caused the sodium ethanoate to start
crystallising. The temperature of the process was recorded every 30 seconds for
3 minutes. The results are shown below:

Time/s Temperature/°C

0 17

30 27

60 35

90 41
120 40
150 39
180 38

20

© WJEC CBAC Ltd. (2410U20-1)
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Examiner
only

(i) Plot the results on the graph paper below. [2]

Temperature/°C

Time/s

(i)  Use your graph to calculate the maximum temperature change for this
crystallisation.

(2]

maximum temperature change =

21

© WJEC CBAC Ltd. (2410U20-1) Turn over.
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(iif)

Use the total mass of the sodium ethanoate solution and the temperature change
from the graph to calculate the enthalpy change of crystallisation per mole of
sodium ethanoate. Assume the density of water is 1.00g cm™ and the specific

heat capacity of sodium ethanoate solution is 418JK™'g

M (CH;COONa.3H,0) = 136

141

[4]

enthalpy Change = ..., kJ mol™

Examiner
only







































































































































































































































































































































































Use all of the data provided to determine the identity of compound A. Explain your answer

using information from all of the data sources provided. [10]
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Marks available

Question Marking details
AO1 | AO2 | AO3 | Total | Maths | Prac
8. award (1) each for up to 9 of following
white precipitate indicates the unknown halogen is chlorine (1)
n(C) =3.25
n(H) = 3.22
n(Cl) = 1.63 (2) for all three
ratio of C:H:Cl is 2:2:1 therefore empirical formula is C2H2ClI (1)
molecular ion peak at 122 therefore molecular formula is C4H4Cl;
1)
n(Br2) =2 mol (1)
n(A) = 1 mol (1)
bromine reacts with A suggests a C=C double bond (1)
1 mol of A reacts with 2 mol of Br, = two double bonds (1)
1 peak in *H NMR spectrum = one hydrogen environment (1)
2 peaks in 13C NMR spectrum = two carbon environments (1)
IR peak at approx. 650 cm~ is C—ClI
IR peak at approx. 1650 cm™ is C=C (1) for either
mass spec peak at 87 is C4H4Cl* 3 3 4 10 3 2
mass spec peak at 52 is C4H4*
peaks in ratio of 9:6:1 around 122 indicates two Cl atoms
(2) for any of three
award (1) for identification of correct compound
2,3-dichlorobuta-1,3-diene (accept correct structure)
Question 8 total 3 3 4 10 3 2

© WJEC CBAC Ltd.











Use all of the data provided to determine the identity of compound A. Explain your answer

using information from all of the data sources provided. [10]

WOLEE . P 2 S LA s

59:900. + 3.28 . 29220 A00 4171 8087

C 1+ H Ch 7t ellosine

PR T T of chlosing

el L B B AT —— TR A A
I8 1.87¢2




waltry

Sticky Note


This response was awarded marks for the following points: 
• Identification of the halogen as chlorine based on the formation of a white precipitate. 
• Calculation of the moles of carbon, hydrogen and chlorine in the sample. 
• Calculation of the correct empirical formula. 
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waltry

Sticky Note


This response was awarded marks for the following points: 

• Identification of one hydrogen environment from the NMR. 
• Identification of two carbon environments from the NMR. 
• Identification of a carbon-carbon double bond and a carbon-chlorine bond from the IR spectrum. 
• Identification of the halogen as chlorine based on the formation of a white precipitate. 
• Calculation of the moles of carbon, hydrogen and chlorine in the sample. 
• Calculation of the correct empirical formula. 
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Sticky Note

This response was awarded marks for the following points: 
• Calculation of the moles of carbon, hydrogen and chlorine in the sample. 
• Calculation of the correct empirical formula. 
• Identification of the halogen as chlorine based on the formation of a white precipitate. 
• Identification of a carbon-carbon double bond from the IR spectrum. 
• Identification of one hydrogen environment from the NMR. 
• Identification of two carbon environments from the NMR. 
• Recognition that compound A contains two chlorine atoms due to the 9:3:1 ratio in the molecular ion peak of the mass spectrum. 
• Calculation of the moles of compound A and bromine. 
• Recognition that the 2:1 ratio of bromine to compound A means that there must be two double bonds in compound A. 
• Drawing the correct structure of compound A (a correct name would also have gained the mark here).
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8. Compound A contains only carbon, hydrogen and an unknown halogen.

Refluxing compound A in aqueous sodium hydroxide followed by the addition of nitric acid and
aqueous silver nitrate produces a white precipitate.

Elemental analysis of compound A indicates it contains 39.02% carbon and 3.25% hydrogen
by mass.

When bromine is added to compound A, 123 g of compound A reacts with 320 g of bromine.

The "THNMR spectrum of compound A consists of only one peak. The 3CNMR spectrum of
compound A consists of two peaks.

The infrared spectrum and simplified mass spectrum are shown below and overpage.

Infrared spectrum
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Mass spectrum
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Use all of the data provided to determine the identity of compound A. Explain your answer
using information from all of the data sources provided. [10]
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