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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available publicly) and unpublished (those currently under padlock to our centres) presented in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.



4 Ethanol, GGH.OH, is a member of the homologous series of alcohols.
(a) Calculate the number of molecules in 55.2kg of ethanol.

[Avogadro Constant = 6.02 x 10 mol-']

numbor o molecules = Moles X avogadros constant

noles = _S5-2X000 - 200
Ye
n(molculas) = 1200 X 6-02 XI0¥

"

7.974 %10%* molacules

(b) Write the equation to represent the standard enthalpy change of formation of
ethanol. Include state symbols.

Wy t 3ty 11019 — GHsOM



(c) Ethanol burns completely in excess oxygen.
CHOH() + 30,(g) » 2CO,(g) + 3H,0()

(i) The table shows some mean bond enthalpy data.

Bond —C C—H c—o0 0O—H 0=0 =0
oI 347 413 358 464 498 805
/ kJ mol

Calculate the enthalpy change, in kJ mol™', for the complete combustion of
1 mol of ethanol.

M= Zh (bonds broeen) — ZAR (bonds made)

= ngg) + 353 +Y6H + 3(%%)]—@(%05) t 6(%‘0]
Y33| - GOOH

p = —162% KTmol™
—



(ii) Complete the reaction profile diagram for the combustion of ethanol and fully
label the diagram.

A

Ea=\adtivanon energy
enthalpy

CGHsOH(l) + 30,(g)

DN F-1623 kJmd
20024 3H. Og)

-

reaction pathway

(iii) A data book value for the standard enthalpy change of combustion of ethanol
is —1367.3 kJ mol™".

Give the main reason why the value you calculated in (b)(i) is different from
this data book value.

~inconaplete ombusion

(Total for Question 4 = 10 marks)



8 Compound X reacts slowly with water according to the following equation.

X(s) + H,O(l) — Y(aq) + Z(aq) + H*(aq)
The reaction is catalysed by hydrogen ions and eventually goes to completion.

Compound X was added to water and the concentration of compound Y determined at

various times at a constant temperature.

The results of the experiment are shown.

T Concentratioii of Y
/moldm™

0 0.000
25 0.002
40 0.005
50 0.010
65 0.020
75 0.030
85 0.040
100 0.050
115 0.060
140 0.070
200 0.080
260 0.085
380 0.090

(@) (i) Complete the graph of concentration against time by adding the six missing points.

Draw a line to pass through all the points.

(2)
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(i) Describe how you would find a numerical value for the initial rate of reaction
and for the maximum rate of reaction in this experiment from the graph.
No actual calculations are required.

_10.fnd_tAe intial rate of reasron drow a tangent 9 me
_turye att=0 and men_.ca._l_cu_l_.ut_e..m.t9_r_adn'_w_._.ofmm__________
| ~tangent. . B S
| To f\nd e maXimum rate ofrwunon divide e maximum
~OY) formed byme wta) time of the reachon.

(b) For many reactions, the values of the initial rate and the maximum rate are the same.

Explain why the values of the two reaction rates obtained in this experiment are
different from each other.

g rafe of red GoNns v ey DW_atfirst because the
A ons (product) has. not be on formed y of, sotae.
_reochon doos not start boing catalysed unal ~ 50s.-

(c) Give a reason why the measurement of the initial rate of reaction is likely to be
less accurate than the measurement of the maximum rate.

_InAtal rote dossnt include me @talyst

(Total for Question 8 = 9 marks)



4 Methanol is manufactured from a mixture of carbon monoxide and hydrogen.
CO(g) + 2H,(g) = CH;OH(g) AH =-90.8kJmol~’

(a) Give two characteristics of all reactions at equilibrium.

° forward and reverse reaconsare oCUrnngat thesame
_rate . o
e (oncammﬂonsof tn L reacrants omd produon reMain .

(b) (i) How does the equilibrium yield of methanol change if the temperature is increased
at constant pressure or the pressure increased at constant temperature?

Equilibrium yield when Equilibrium yield when
temperature is increased pressure is increased
A decrease decrease
m B decrease increase
O ¢ increase decrease
() Increase increase

(ii) Explain your answer to (b)(i).

The forward readion is £xotharmiC s0 NCreasing me
terv\parmum woultl movene eq UlLbyium fo1ne left, inthe.
—ghdothermic olicechion, norderto decrease tne temp erafure
_(uttordlr\gm Le Clhatelior's. Prmclpla) o
~There are lessmoles ontne ry gl/\TSIdQ oﬁv\e equaﬂon
. (’1 S 3) 50.,._m,c_r,z,as|_r\9ﬂn¢ presiure moves Ane eg uthbrium o
the side Wit lessmole s of gas. fodecredse e pressure.



(c) Explain why, in the industrial process involving this reaction, a catalyst is used.

~Inorelor to obtamn ahigia ylud of memanol, alow

o tempergfure ignetded. D oCrtasngtne temporature
o pelreQses taerate of achonas fne molecules move slower

~ondtere oreles froquent suctessful cotlisions, o4
o ORAlystincreases therdto oOf redction.

(Total for Question 4 = 7 marks)

4 Methanol, CH;0H, is a liquid fuel.

An experiment was carried out to determine the enthalpy change of combustion of
liquid methanol.

thermometer

__—~beaker

_—water

/Eﬁ\ ~__— spiritburner nr(th 3OH)= 32 gmol™

- methanol

The energy obtained from burning 2.08 g of methanol was used to heat 75.0 g of water.
The temperature of the water rose from 25.0°C to 91.0°C.
[Specific heat capacity of water =4.18Jg ™' °C"']

(a) Use the data to calculate a value for the enthalpy change of combustion of
one mole of methanol.

Give your answer to an appropriate number of significant figures and include
a sign and units.

4= MC AT pt= 2061
g° 75 X 4T X 66 0065
- el - 20 691 k] = 118-2 LImol ™

= — j "'I
moles (Chsot) =208 0.068 M = - 311 W

s neqative as it an exstermic reaction)
32 (Al’) is nega



(b) Methanol can be synthesised from methane and steam by a process that occurs
in two steps.

Step 1 CHa(g) + H,0(g) = 3H,(g) + CO(g) AH = +206kJmol™
Step2  CO(g) + 2H,(g) = CH;0H(q) AH = -91kJmol™

(i) Explain the effects of increasing the pressure on the yield of the products and
on the rate of the reaction in Step 1.

Intreasing tne pressure dourt ases wae yiold of products

_polluse there are More paoles of 905.._on.me__.r_|'_gl_/1_r;|'_dz.._

_oftne_equation (Y moleson rignt vs 2 moles on left) sotine equlibrium
MOV QS tofne side witlh (25 moles of gas.Inorder todecrease
______________ fhe pressure.

,_ ,l_n_c_r,aa,s_lfr\_g_ L presure inregses fiae rate of readtion as
~mereare more molecules in 0.glvenvolume so more
fre(lutm SUCCLsSALL Collisions . |

Thu eart bota due w Le Chatolier's Prmupw,

(ii) Step 2 is carried out at a compromise temperature of 500K.

Explain why 500K is considered to be a compromise for Step 2 by considering
what would happen at higher and lower temperatures.

At anwortemperature, meyiod of merhanol would
_In(rease asmae forward reacon is exoth eFMIC buttiae rate of
~refron would boto0 SIOW. Increasing the temporature
Cwould increase therate of reachon but decrease tne yrad of
—product, $0- DAL LOMProMise HAp sroture maximises
~tneyrdd whilst kegping e ratt of eodion fast-

& guetole Chatelers Privaple. .



(c) Calculate a value for the standard enthalpy change of combustion of gaseous
methanol using the enthalpy change for Step 2 and the standard enthalpy
change of combustion of gaseous carbon monoxide and of hydrogen.

Standard enthalpy change

Substance of combustion/kJ mol™
CcO —283
H, —286

0+ M, > (00 M= -q

-6
-11%

4

04 ¢ 4,0

— 943 + (1%-216) - x=-4I
= %= - 1764 MN\DI—l

(Total for Question 4 = 14 marks)

Total for Paper = 40 marks



