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General guidance to Additional Assessment Materials for use in 2021

Context

Additional Assessment Materials are being produced for GCSE, AS and A levels
(with the exception of Art and Design).

The Additional Assessment Materials presented in this booklet are

an optional part of the range of evidence teachers may use when deciding on a
candidate’s grade.

2021 Additional Assessment Materials have been drawn from previous
examination materials, namely past papers.

Additional Assessment Materials have come from past papers both published
(those materials available publicly) and unpublished (those currently under
padlock to our centres) presented in a different format to allow teachers to
adapt them for use with candidate.

Purpose

The purpose of this resource to provide qualification-specific sets/groups of
questions covering the knowledge, skills and understanding relevant to this
Pearson qualification.

This document should be used in conjunction with the mapping guidance which
will map content and/or skills covered within each set of questions.

These materials are only intended to support the summer 2021 series.



3 This question is about enthalpy changes.

(a) (i) State whatis meant by the term ‘standard enthalpy change of combustion!

ann/\alpy(,l/\angewhmommlao{asubstamets
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(i) Write the equation, including state symbols, for the reaction that occurs when
the standard enthalpy change of combustion of octane, CgH;s(l), is measured.

() T 1250,9) — 802 t qtOq)

(iii) The standard enthalpy change of combustion of octane is -5470kJmol-".

Complete the reaction profile diagram for the combustion of octane. .
Include labels showing the standard enthalpy change of combustion, A.H=,
and the activation energy, E,.

enthalpy reactants

/kJmol~!

v

progress of reaction



(b) Enthalpy changes of reactions which cannot be measured directly can be
calculated using standard enthalpy changes of combustion.
The table shows some of these values.

Substance AHZ /KImol-
Cls) -394
H.(g) —-286
CH,(9) -890

Complete the Hess cycle and use it to calculate the standard enthalpy change for
the following reaction.

C(s) + 2H,(g) - CH.(g)

_M\\x—m /zqo

0, 210

A\, = —394 t(1x-2%6) 11390
= =76 kRImal™



(c) The equations for the combination of gaseous atoms of carbon and hydrogen to
form methane, CH,, and propane, C;H;, are

C(g) + 4H(g) — CH.(g) AH =-1652kJmol™!
3C(g) + 8H(g) — CiHslg) AH=-3998kJmol™
Calculate:

(i) the mean bond enthalpy of a C—H bond.
A = bdnds broken - ponds made

—1652° 0- Yx
=7 = |6§2.’L|
=443 kKImol™
(i) the mean bond enthalpy of a C—C bond. C;Hz .
[ Cl
c - -C-C-C~
—13993= 0 ElOL t 3(‘“9] L
~ 3999 = 0— 2x — 3304
2= 6194

0= +3Y7T kImol™

(Total for Question 3 = 13 marks)



3 This question is about the oxidation of ammonia.

One equation for the oxidation of ammonia is

(a) Write the expression, including units, for the equilibrium constant K. for this reaction.

Expression K(_: [02]3 [Nﬂg]q _ (M[)[dm_z)-’ :(M0|dM'3)_l
HCDCE S

mol " dm®

Units ... M 0(4 ..... O\Mz _______________________________

(b) Nitric acid is made from ammonia. One of the stages in nitric acid production
involves the oxidation of ammonia to produce nitrogen(ll) oxide, NO. In this
process, a mixture of ammonia and oxygen is passed over a platinum-rhodium
catalyst. One manufacturer uses a pressure of 5atm and a temperature of 850°C.

The equation for this reaction is different from that in 3(a).
4NHs(g) + 50,(g) — 4NO(g) + 6H,0(qg) AH = -904.8kJmol™!

(i) Use this equation, and the enthalpy changes of formation of nitrogen(ll) oxide
and water, to calculate the enthalpy change of formation of ammonia in kJ mol-".
You may find it helpful to draw a Hess cycle first. You must show your working.

AH (NO(g)) = +90.4kJ mol!
AH (H,0(g)) = —241.8kJ mol™!

UNf;  + 50, > 4NO +¢H,0

0
Mx\ ”//;l-z

IN4 161, 150,

= -Yx + (4x 90-4) +(6x-24-8) = -90Y-3
(= =184y Y = o= —u6d RTmol™

)




(i) Calculate the atom economy by mass for the formation of NO in this reaction.
Give your answer to an appropriate number of significant figures.

30 = 0.132
u(11) + €x32)

(c) In fact, this oxidation to form nitrogen(ll) oxide is an equilibrium reaction.

(i) Explain the effect, if any, of increasing pressure on the equilibrium yield of NO
in this reaction.

4NH;(g) + 50,(g) = 4NO(g) + 6H,0(g)

.............................. ole creases yiodd of VO astiaere are 4 moles of gas
. ohthe wptand [0 moles onfne rigint, so e
o equllibrium MOVES f0fne side with 1€55 molesof gas
[ f0f00 (M) I opder o decreasenne pressure., due.
_______________________________________________ t0 Lo Chatouier’s Pripople.

(i) Explain the effect, if any, of an increase in pressure on the rate of this reaction.

e ipredsing. ne pressure inereq ses te rateof reachon
e R RRC AP L MOFR MOLeS N 0.glV.en voluME SO MOre.



(iii) The platinum-rhodium catalyst used in this reaction is a heterogeneous catalyst.
State what is meant by the term ‘heterogeneous’ and why a catalyst has no effect
on the yield of the products in the reaction.

0Ol erent state o tiae readtants.
e Qcatalystoincreases tnerate of botn Me forward and. .
Lo TRUONSR peddions equaNy

(d) The diagram shows a Maxwell-Boltzmann distribution of particle energies,
including the activation energy, E,, for a reaction.

Number of
particles with
energy, £ E,

I

|

|

|

|

An increase in temperature will

[0 A increase the area under the curve.

move the peak of the curve to the right.

O o K

B
C raise the height of the peak.
D move the position of the activation energy, E;, to the left.

(Total for Question 3 = 14 marks)




6 Aqueous hydrogen peroxide decomposes according to the following equation.
2H,0,(aq) — 2H,0(l) + O.(q)

ut 2-
The decomposition is catalysed by manganese(IV) oxide. —Vv MV\ O - Mnoz

This can be investigated by measuring the volume of oxygen produced at various
times as the reaction proceeds. Part of the apparatus used in the experiment is shown.
The manganese(lV) oxide is placed in a small glass container, which is then tipped
over to start the reaction. A stop clock is started at the same time.

(a) Complete the diagram to show how the gas can be collected and its volume measured,
labelling the apparatus used.

gos SYringe

delivery

/ tube

—

L

bung

aqueous anial fAask
hydrogen peroxide

manganese(lV) oxide P"U )




(b) An experiment was carried out using 0.25 g of manganese(lV) oxide granules and
50cm’ of aqueous hydrogen peroxide of concentration 0.16 moldm™. The results
are shown in the table and plotted on a graph.

Time/s 00 | 200 | 300 | 500 | 600 | 8.0 | 100 | 120 | 150
Volume of O,/cm® 0 51 68 85 88 91 92 92 92
120
100 -
z * X
80
7
Vol /
olume /
60 Z Y.
/cm? ;
40
/
/
20
/
0

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Time/s

(i) The rate of reaction may be assumed to be approximately constant up to the
first volume measurement (20.0s in this experiment).

Use this approximation to calculate the initial rate of this reaction, giving the
units with your answer.

(1)
512955 auis!

20



(i) Draw a tangent at 40s on the graph on Page 20 and use it to calculate the rate
of reaction at this time.

9rad\'0ll\i = volume - rgte of ream'on(cn/t’s“)
i

Ay 0260 . 0.764 cm’s™!
A X 0-15

(iii) The experiment was repeated on a different day when the laboratory was
20°C warmer. The volume of oxygen was recorded for the same total time
of 150s.

Draw the line that you would expect to obtain in this experiment. Assume the
pressure in the laboratory is the same. No calculation is required.

120 -

100 -

X
X
X

Volume
/cm?®

| T T T T T | T 1
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Time/s



(iv) Explain, using collision theory, any differences between the line you have
drawn and the original line of best fit.

Ata-higher temperature e parncles gam kinec ..
._...A._M\M“gjjm.,.s.o.u.,M.o,u.Qm,.fas.th 30 tnere are morefrequent
o SUecesstful colisions and therefore afasterratoof oo

,,,,,,,,,,, ceacnonintne acst SO seconmds.

(c) Catalysts are not used up during a reaction. Manganese(lV) oxide acts as a
heterogeneous catalyst.

Describe in outline a method to show that the manganese(IV) oxide is not used up
in the decomposition of hydrogen peroxide and that it still functions as a catalyst.

W gh e cont ents of the conical ftask an dmen allow e
1,0 to Waporate . Rewerghme atalyst and repeat
mu)\pwmﬂ\tuslr\gfmw\ﬂlo,Thzvolumeofozgw
_collected over e (505, and tnereforetng rate, sihouldpe
e same g aatalyst sn't used upe

(Total for Question 6 = 13 marks)

Total for Test = 40 marks



