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Mark Scheme

Answer 1.
a) According to collision theory, the two conditions that particles need for an effective collision are:

« Sufficient energy
OR

Energy above the activation energy / E = Eg; [1 mark]
e (To be in the) correct orientation; [1 mark]

[Total: 2 marks]

¢« For a chemical reaction t
enough energy

cur, the particle ect orientation and with

b)Interms of collisions, increasing the centrationincreasestherate of reaction by:

¢ |ncreasing the number of (effective / successful) collisions perunit time

EXAM.BARERS.FRACTICE

CGH&UT}QBmees collide (effectively / successfully) more often; [ mark]

2024 Exam Papers Practice
[Total: Tmark]

¢ Theidea of the frequency of (effective / successful) collisions is one of the most commonly
missed marks in anexam

* TIP: Adding the phrase more frequent effective collisions should be sufficient to score 2
common exam marks when the rate of reactionincreases

o Obviously, you should write less frequent effective collisions if that is appropriate to
the question you are answering

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
1) The role of the manganese dioxide in this reaction is:

« Catalyst
OR
To increase the rate of reaction / to speed the reaction up; [1 mark]

i) The average rate of reaction, in cm? s™1, for the first 100 seconds of the reaction is:

. (15@) 0.07 (cm?s ) [

[Total: 2 marks]

* The manganese dioxide it is not a reactant or an

oxidising / reducing age
« Manganese dioxide is n
« Manganese dioxide is n
# The only realistic role left for mang e dioxide is as a catalyst

It is rare that you would be asked e results directly from a table fo calculate the rate, you

EWW%MWE&@@W?K@F@E

o This is telling you to have a value for the volume and divide it (per) by the time
Copyright
@ 2024 Exam Papers Practice

o release hydroxide ions

For more help visit our website https://www.exampaperspractice.co.uk/
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d)To find the rate of the reaction,incm>s1, att=300s

s Volumeat200s=14.5(cm?)
AND
Volume at 400 s = 21.5 (cm?); [1 mark]
e Differenceinvolume =21.5-14.5 =7 (cm?®): [1 mark]

_ T 3Ty
. Rate(—zm)_{}.[}%[cm s ') [Tmark]
[Total: 3 marks]

all awarded, evenwithout

e |fyourfinalansweris O.
working

o Forthe secondmar

the same final answ

o Ratesintherangeo

¢ [nanexam,youcouldb
therate

e Tip: Extend yourtangentto points

e Examiners willusually have arang

tangent will be slightly different

EXAM PAPERS PRACTICE

Answer2ic|I1i
@ 2024 Exam Papers Practice

i) The definition of the term "heterogeneous catalyst’is:

her values can taslongastheyleadto

0325-0.0375 ea pted for the final mark
ectedtoplot the graph, add the ent and then calculate

eeasytoread o
cceptable answers because the position of the
ss all students

e The catalystisin) adifferent phase / state to the reactants; [1mark]
ii) A catalyst has no effect on the yield of the products in the reaction because:

e (Acatalyst)increases therate of the forward and reverse reactions to the same extent; [1
mark]

[Total: 2 marks]

e Acatalyst only speeds up therate of the reaction therefore the equilibrium is metfaster
e However, the same net amount of productsis produced, just at a quickerrate

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) The letter Ron the students' graph represents:

* Therate of reaction at this pointis zero
OR
Thereactioniscomplete /has stopped / no more product will be produced
OR
All of the reactants have beenused up / reacted; [1 mark]

ii) The sketch of the graph if 5 0 moldm™ of B:

PERS PRACTICE
Copyright

@ 2024 Exam Papers Practice Tne (5)

e Thecurveissteeper than the original curve and still starts at the origin; [1 mark]
e Thecurvelevels / plateaus at double the height of the original curve; [1 mark]

[Total: 3 marks]

¢ Once all of thereactants have reacted together, no more product can be produced,
meaning that the graph will plateau
e Thefastertherate of thereaction, the steeper the gradient/slope of the graph
o Inthe second experiment, the concentration of Bis doubled, but nothing elseis
changed
o 50, thereaction happens faster and double the amount of productinthis caseis
formed

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The gradient of the curve decreases as the time of the reaction progresses because:

s The concentration of reactants decreases
OR

The reactants start to be used up; [1 mark]

e Therate of the reaction /rate of the formation of the gas decreases
OR

The frequency of successful collisions decreases / falls / is slower: [1 mark]

[Total: 2 marks]

* Thefastertherate of the
o Asreactantsstartto

o Once all of the react]

is produced

o Therateof thereact

of the graph
rts to decrease
us and no more product

nished

EXAM PAPERS PRACTICE
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d) Asmallincrease intemperature has a large effect onthe rate of a chemical reaction
because:

e Many /significantly more molecules / particles will have energy greater than or equal to the
activationenergy
OR
A much higher proportion of molecules / particles will have energy greater than or equal to
the activation energy; [1 mark]

* The proportion of collisions which are effective / successful willincrease
AND
The frequency of succe

[Total: 2 marks]

* Forachemicalreaction ollide in the correct
orientation and with su

o Theymust have ene

¢ Increasing the temperat
proportion of the particles will hav activation energy

e Particles will also be moving fast colliding more frequently

e Since the proportion of particles with the activation energy is higher, and the particles are

EXAM PAPERS PRACTICE
Cﬂﬂﬁ’itghﬁr{osmble factors
@ 2024 Exam Papers Practice

nt energy
greater than or equal to the activa

energy
hmeans that a greater

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 3.
a)
i) The term effective collision means:
e Acollisionthatresultsinareaction/products being formed; [1 mark]
ii) Two factors that could cause an ineffective collision are:

e The (reactant) particles may not collide in the correct orientation; [1 mark]

¢ The (reactant)particlem tivation energy (of the
reaction); [1 mark]

[Total: 3 marks]

s Thesearesomeofthek rms for this pa eedtobe able todefine
and understand

EXAM PAPERS PRACTICE

Copyright
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b)Discussing the statement about how the rate of reactionis affected by temperature:

s (Astemperatureincreases)there are more collisions (so the statementis true); [1 mark]

e Buttherate depends onthe frequency of effective collisions (notjust the number of
collisions); [1mark]

e Asthetemperatureincreases the (average) kinetic energy / speed (of the particles)
increases; [1 mark]

e Thisincreases the frequency of collisions; [1 mark]

e Thereis ahigher proportion of collisions that exceeds E, resulting in more effective
collisions; [1 mark]

[Total: 5 marks]

* Youshould be aware tha
alwaysrefertotheincre
collisions

¢ Thisis becausetheratei
givenamount of time - s

» \Whentemperature increases, ther

o Asthe particles are moving q
more frequently

EXAM-PAPERS PRACTICE
d
CﬂThe si'—;lf:ﬁ[id factoristhe mostimportantinincreasing the rate of reaction

@ 2024 Exam Papers Practice

eaction, you should
ng there are more

of reactant/productina
t time for this to occur
two reasons why the rate occurs

erdueto anincrease inkinetic energy, they will collide

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) To describe and explain the effect of increasing the pressure on this reaction:

o Therateincreases; [1 mark]

e Asthere are more molecules / particlesin a given volume, so more frequent collisions; [1
mark]

[Total: 2 marks]

There are keywords that you must use in explanations of rate changes
Asseeninpart(b), itisimportant notjust to state 'more collisions’, you must give atime
factor, such as more collisi d =
Itis alsoinsufficient to st
moleculesin a givenvol ,orperdm?, or
o Careful: Do not statethere are morem
You could also state tha

nit time

inthat there are more

second mark

EXAM PAPERS PRACTICE

Copyright
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d) A highly exothermic reactionis at more risk of exploding than a less exothermic reaction
because:

o When the reaction starts the temperature / kinetic energy of the (reactant) particles/
speed of the (reactant) particles increases (more thanin a less exothermic reaction); [1
mark]

e (This means that) many / many more particles have an energy greater than E;, which
increases the rate of reaction (more rapidly thanin aless exothermic reaction); [1 mark]

[Total: 2 marks]

e The'suggest' comman
you need to apply your

* Theguestionimpliesth
is more likely thatits rat

¢ Youneed to explain why
more suddenly than the ction

* Remember: The more quicker therate of
reaction, so for areactionto have denincrease inthe rate of reaction, theremustbe a
suddenincrease in the energy of,

e Highly exothermic reactions will release more energy than less exothermic reactions

EXAM PAPERS PRACTICE

Copyrfgfiey>F
@ 2024 Exam Papers Practice

rdindicates th ecifically studied this but
ledgeto ans
' exoth
willing
rate of reactio

trisk of exploding, thenit

creactionwillincrease

Answer 4.

For more help visit our website https://www.exampaperspractice.co.uk/
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a) The graph with curves for experiments 2 and 3 is:

Loss in
mass /g

Time /s

EXAM-PAPERS PRACTICE

C Cuwedﬁ hes at the same mass loss as Experiment1/ 0.5 g; [1 mark]
O t3: Curve steeper than Experiment 1

o ANg4 Exam Papers Practice

Curve finishes atamass loss of 1.0 g; [1 mark]

[Total: 2 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ This guestionrequires youto compare pairs of experiments, identify the change and
consider the impact it will have
s Experimentsland 2:
o Thetemperature of the reactionhasincreased
o This gives the particles more energy leading to more frequent successful collisions
and afasterrate of reaction (steeperling)
o The amount of reactants have not changed so the mass loss willbe the same
¢« Experimentsland 3:
o The concentrationof HClhasincreased
o Thismeansthatther i
frequent successful
o HClis thelimitingre

me leading to more
teeperling)

10
100 ~

dm™3HCl=0.

» 10 g of calcium
= 50cm’of 0.50

= 50cmof1.00

o Sincethe concentration of HC
tol.0g

EXAM PAPERS PRACTICE

Copyright
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doubled, the mass loss will alsodouble from 0.5 g

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

b) Theinitial rate of reaction for Experiment 1is:

08

0.6

Loss in
mass /g

o4

0.2

120

e Tangentdrawntothe curve fromti
AND
Tangent extends to at least 120 s: [1 mark]

EXAM-EAPERS PRACTICE

Cmngmtherange of 3.13x10° 10 3.53x107%; [I mark]
@ gg@ﬁﬂﬁﬂﬁﬁq@épers Practice

g/ s: [1Tmark]

[Total: 3 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ The question says to show your working on the graph, which means that there is a mark for
drawing the tangent

¢ When drawing tangents, the line should be extended as far asis convenient for youto
perform the calculations

e Extendingthetangentin this way decreases the amount of uncertainty

change in y —axis

change in x —axis
o Careful: Each small square onthe x-axisis worth 12 s
o You can also deduce the units using the gradient equation by substituting the

appropriate units for each axis
e |[fyoudidn'tdrawatang
sec where the change iniff@ssis 0.35 g, youwould score2m

o This would give arat@ef 3.24x10°g/

* Remember: Gradient =

raphfromt=0sectol108

¢) The average rate of reacti verthe first 240 seconds of Experlii@@nt 1is:

« 0.0021/0.00208/0.0
AND

. 95‘1;

EXAM PAPERS PRACTICE

e Theaveragerateis calculated by the totalmasslostin 240 s + 240

Copwgbgbibte =05+ 240=0.0021gs”

(e Eﬂgmp@m-ﬁuﬁ}gp@psaﬁémfm@ver, you would get error carried forward from part
(b)

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The effect of using larger sized pieces would have on the rate of reactionis:

¢ Theratewoulddecrease: [1 mark]

¢ Thesurface areaissmaller, soless freguent (effective) collisions (betweenreactant
particles); [1 mark]

[Total: 2 marks]

e Whilstthe effect of surface area onrate of reactionis not specifically covered within this
specification, you may have covered it in your previous studies

e The 'suggest' command indi th

* Therateofreactiondep

e Largerparticles will hav
thereis less contact bet

¢ This means fewer collisi
rate of reactionwill decr

ss of smaller particles, so

ective collisions and the

Answer 5.

EXAM PAPERS PRACTICE

Copyright
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a)
i) The meanrate of reaction over the first part of the experiment is:

change in volume 50 cm?
e Rate= ge i vo = = 3.3 em®s~1):[1]
change in time 155

i) The actualrate at 15 sis:

e Tangentdrawnonthegraphat15s;[l]
e Gradient of thetangent
» Rateofl.5t02.0(cm>s

i} The difference inthe value

s Thefastestrateisatthe
OR

The graph has started to curve by 1

tof thereaction/ thereactionslo own by 15s;[1]

he gradientis shallower at15 s;[1]

=XAM.PAPERS.PRACTICE

\rhere the graphis essentially a straight line
therat s best calgulated by drawing a tangent to the curve at the point of the
éﬁ%{g lﬁEt‘%g% E‘,r‘ PIUPI#at tangent. The larger the line drawn, the smaller
the uncertalnty of the measurement, so draw big tangents!
e Gradients are always calculated by the change in the value on the y-axis divided by the
changeinvalue on the x-axis

e Asteeperline should give a larger value for the gradient, which represents a fasterrate of
reaction

For more help visit our website https://www.exampaperspractice.co.uk/
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b)Using 25 ecm? of 0.2 moldm™? nitric acid would mean that:

¢ Theinitialrate of reaction would increase/ the initial gradient of the graphwould increase;
[1]

e The end of the reaction would be reached sooner/ OWTTE; [1]

+ The final/ total volume of gas produced would remain at 60 ecm?/ the same:; [1]

[Total: 3 marks]

* The two solutions here would contain the same number of moles of acid, whichis the
limiting reagent since p th umisi ss, so the final volume of
gasproducedwould b hc

* The more concentratedi@gld would react | re frequent collisions
occurring, and the reac dfast ' g used up more quickly

¢)Changestothereactiont

e Increase the concentration of the without decreasing the volume;
OR
Increase the volume of the acid without decreasing the concentration;

EXAM.PARPERS PRACTICE

C- Increasing the moles/ particles of the limiting reagent increases the amount/ moles/
the product;[1]

Rl |

@ 2024 Exam Papers Practice

[Total: 2 marks]

e Theonlyway to increase the amount (volume/ mass/ moles) of aproductis toincrease the
moles of the limiting reagent being used

¢ [nthis case the limiting reagentis an acid and therefore volume or concentration of the acid
canbe changed

For more help visit our website https://www.exampaperspractice.co.uk/
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d)Itis often betterto study a slowerreaction as:
Any two from the following:

e Shorterreactiontimes give alarger(%6) errorin timing; [1]

e [tispossible to compare reactions from the initial rate only (so the reaction does not need
to always be complete); [1]

e Morereadings can be takenin theinitial part of the reaction, reducing the change of
anomalies being missed/ OWTTE; [1]

[Total: 2 marks]

e Reactionsthat areveryf
errorassociatedwithta
e Theinitialsection of the
this is whenclock reacti
of the reaction and is stil

ay seemtime
the recordings
Ithati
are conducted,|
table to accurately compare rate

iting, but the increased
lated rates less accurate
ringrates; anexample of
cursinthe first 10-20%
ossreactions

EXAM PAPERS PRACTICE
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