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Mark scheme — Controlling Reactions (H)

Questio
Answer/Indicative content Marks Guidance
n
1
1 cv
(AO2.2)
Total 1
1
2 AV
(AO1.1)
Total 1
1
3 cv
(AO2.2)
Total 1
1(AO
4 cv (
1.2)
Total 1
Use of gas syringe / upturned measuring
cylinder / burette to collect gas over water
v
Apparatus will work v/
€g
'. gas syringe
— conical fiask
¢ dilute hydrochloric acid
{ asieb —~ + magnesium carbonate
OR
Clamp
Delivery tubs — \ : Measuring cyli 5
5 |a : N\ o | (AO3.3
hydrocmon:e;z:s \\‘70 1 \Lal;h a)
e ALLOW idea of same volume of acid in each experiment
ALLOW idea of same mass of magnesium carbonate in each
experiment
ALLOW Measure volume of gas at any sensible time interval
And any three from:
Measure known volume of acid v/
ALLOW just the idea of measuring the time taken for a fixed
Add known mass of magnesium volume of gas to be produced or the volume of gas produced in
carbonate v/ a fixed time
IGNORE measure the time taken for the reaction to finish
Measure volume of gas every 30 seconds
v
Repeat with different concentrations of
acid v
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Repeat using same temperature v/
Linear scale on both x and y axes v/
All points plotted correctly scores 2 marks 4
BUT
b|i ) (AO3 x
3 or 4 points plotted correctly scores 1 2.2)
mark ' ALLOW * ; square
NB Check that 7.0 x 1073 is plotted as 0.7 x 1072
Line of best fit through points v/
1
i | (Rate of reaction) increases v/ (AO3.1
a)
Idea that acid particles move faster /
particles have more energy v
Idea of increased collision frequency IGNORE references to ‘faster’ collisions
isi
ii | (between acid and thiosulfate) v 3
i AO2.2
o ( ) IGNORE just ‘more collisions’
Idea of more successful collisions /
collisions (between acid and thiosulfate)
are more energetic / more particles have
the activation energy v/
Total 13
Please refer to the marking instructions
on.page 4 of this mark scheme for ) AO03.2b Analyse information and ideas to draw
guidance on how to mark this question. .
conclusions.
Level 3 (5-6 K VOLUME
AeVT ( :h mar SI: tod ibe that To include fair testing, candidates should compare
th"a ysef‘t e re?“t_ S :’ t:sc" |e a . EXPERIMENTS 1 & 2
‘_*d“:)s(;' NSO"T‘ rela '°:‘t tﬁ € ":_ “t'_"e ° CONCENTRATION
th that th su;I)tpo. f :Tre :c ::n To include fair testing, candidates should compare
ut tha ?resu s in rt-e ation to the EXPERIMENTS 2 & 3
concentration of the acid DO support
the prediction with reference to
P . . . e results (in experiments 1 & 2) show as volume
experimental data (that includes fair L ,
testing) decreases reaction time does not change so reaction
esting
rate does not change
AND 6(A0O 3 g L .
- . . . . e results show that as concentration increases reaction
6 |a explains the results in detail using the | x 3.2b 3 ) .
. . . . time gets less so reaction rate gets faster
reacting particle model, using the idea x 2.2) o . .
. e the reaction in experiment 3 is faster, or has a shorter
of collision frequency, that the greater L )
. reaction time, than experiment 2
the concentration the faster the
reaction rate. . o
A02.2 Apply knowledge and understanding of scientific
enquiry, techniques and procedures.
There is a well-developed line of quiry qu P "
reasoning which is clear and logically o ) .
, . , e concentration is higher in experiment 3 (than
structured. The information presented is . ‘2
relevant and substantiated. ex.perlm(.en ) ) ) )
e acid particles are more crowded in experiment 3 / acid
Level 2 (3-4 marks) pa.rttlclels are/closer togdetherilllmore acid 3p/artlcles pt.-:;;
Analyses the results to describe that unlrt.vlo ur.neth more acid particles per cm=/ more aci
the results in relation to the volume of particies in the same space
acid DO NOT support the prediction
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AND that the results in relation to the
concentration of the acid DO support
the prediction with reference to
experimental data

AND

explains the results using the reacting
particle model, using idea of more
collisions (rather than collision
frequency) that the greater the
concentration the faster the reaction
rate.

There is a line of reasoning presented
with some structure. The information
presented is relevant and supported by
some evidence.

Level 1 (1-2 marks)

Analyses the results to describe that
the results in relation to the volume of
acid DO NOT support the prediction
OR

analyses the results to describe that
the results in relation to the
concentration of the acid DO support
the prediction

OR

explains using the reacting particle
model, using idea of more collisions
(rather than collision frequency) that
the greater the concentration the
faster the reaction rate.

There is an attempt at a logical structure
with a line of reasoning. The information
is in the most part relevant.

0 marks
No response or no response worthy of
credit.

e more (successful) collisions per second / collisions
more often / increased collision frequency / more
chance of a collision

IGNORE references to ‘faster’ collisions

NB Correct points may be credited from annotation on the
results table

Examiner’s Comments

This 6-mark, Level of Response, question assessed AO2 and
AQO3. At Level 3 (5 - 6 marks) candidates needed to analyse
the student’s results to describe if the results supported the
prediction with reference to experimental data that includes
fair testing. At this level candidates also needed to explain the
results using the idea of the reacting particle model and
collision frequency.

Some of the responses were excellent, showing a clear
understanding of fair testing and rates of reaction.

The answers of lower ability candidates often

e did not treat the predictions for volume and
concentration independently of one another; they
looked for experiments where the volume was low
and the concentration was high and / or vice versa

e chose experiments where the mass of magnesium
was also varied

e |ooked for experiments where the reaction time was
lowest (experiments 3 & 5) and drew the conclusion
that the volume had to be high (as well as the
concentration) to get a faster reaction rate

e criticised that data for not having an experiment where
the smaller volume (25cm?) and higher concentration
(2.0 mol / dm?) were used together.

Exemplar 3

e

M ge.Ahe. vl g e

Chorg how ofton dve. pardicles. coitide: This con be feen

P |G B R 1IOGE U YGUT SNSWEH..

nexpecivents.. ) ond 2., where only hoe welume.. mes.
L-.gr\&ao‘ oh.g de  prochon Fme sdoysd ot 30 seconds-

BRawewn. . be. 2. .canl ahaud. 2. Qirakr. congemdtaton,

0,/ acid Sprpd:‘ng Op Abe fearkian - Pus con be rown e e pmesiments
Boand dpkoe Lond 3, while g cusing dn congntzin
baom. Nral/da? do 2 molfedn? Coused he jogeten dire.

fo S kase from Fes. do. |55 meeniy # uas. faster.:

Tos. &8 because brasing. e canceminehion of.te

ac id e Ancd e s pioe s pordicies, (hih o)

.Causes frem 4o be more crowded: This lesds

| Ao a0gmd moe frequent collsions betwem fe
acié ;ar—hth’j cnd e magnesiam porbeleS , gyhich
speeda.ope rede of teackion.

This is a Level 3 (6 mark) response, which has correctly
identified that in experiments 1 & 2 only the volume of acid is
changed and in experiments 2 & 3 only the concentration of the
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acid is changed. The candidate has correctly described that the
results in relation to the volume of acid do not support the
prediction but that the prediction is supported in relation to
concentration. The candidate explains the results clearly using
the idea of collision frequency.

Exemplar 4

The.. studenks.... oSl EL. dodt... SYpack.... " Tee. smster
e viume b acid {Jn.rf becase. . Expedatal 1
gt sed o ameller, volume  of  acid Esed)
oo all_fhe others el azed 5050’ The cesm
Huse. B onpadonats. don’S bk up bis Oredichen is
Lhecause  they  both  lave 30 secend  reschin  fimes.
Ohar. experinaits like 3 have higler volve of

aclid [%om"_] but o lower reschun Gze ﬁs‘mf-.a';).

- o
The. greaber the conceratiag, of acld 5. backes

4 hecevse @XpATIONALS 3.24d.5 have o
highe k. ... consentre ... OF.. 5504 (2.0 i) _oad
the fsstest. . (Bscfon. Base...ob. S, Sesadda. 18]

006 .. Y2H . . it [FeArehionn. ... T
@xech...m. hight. . Concgabrshion. of  a8d la. o
Spasller volume  fo  have a  lhisler  rate

of.ceschion i This...ds. kesgoze. oo Syss ol
LoMEsisn.....o05.. npactad.  He bis.... g8
e A BB Bl S ffr M. CoSRS . . i
Lepeabicd. . eack. .. erxppomedtt... B BuRs.. e a8k ...
More.  accurabe.  restlés  incese.  Soma an.. dai

cpesults.. Eoble | ore a/mMD\!,q_L

This is a Level 2 (4 mark) response. While the candidate
appreciates that the results in relation to the volume of acid do
not support the prediction but that the prediction is supported in
relation to concentration, they have not shown an appreciation
of fair testing. The candidate explains the results clearly using
the idea of more collisions, rather than collision frequency.

Any two from:
Heating the acid:

e idea that acid particles move
faster / particles have more

b energy v 3(A0 3
e idea of increased collision x 2.2)
frequency v

e idea of more successful
collisions / collisions are more

energetic v L . C .
ALLOW the reaction time will decrease / the reaction time will

be less than 30 seconds
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AND DO NOT ALLOW reaction time increases
Predicted reaction time — Any time less DO NOT ALLOW faster reaction time
than 30s v

Examiner’s Comments

Good responses to this question described that heating the
acid would give the particles more energy and / or make the
particles move faster, resulting in more frequent collisions.
Credit was given for any reaction time less than 30 seconds.

FIRST CHECK THE ANSWER ON
ANSWER LINE

If answer = 1.67 x 10 (g / s) award 3
marks ALLOW 1.66 x 10/ 1.7 x 103 for 2 marks

IGNORE 0.0016 /1.6 x 103

8.33 x 10 x 240 = 0.19992 = 0.2
or

100 x 2.00 x 10 =0.2

or

50 x 4.00 x 103=0.2 v

0.2 + 120 = 0.00166666...
or 3(A0 2

¢ 0.2 +120 =0.00167 v X22 | ALLOW 1.66 x 10/ 1.7 x 10" for 2 marks
12) | IGNORE 0.0016 /1.6 x 10

=1.67x 103 (g/s) v

ALLOW ECF from incorrect calculation for 3 sig fig and

OR standard form mark

8.33x 104 x 2V Examiner’s Comments

=0.001666 or 0.00167 v Many candidates gained 3 marks for a correct answer of 1.67 x
103,

=1.67x103(g/s) v

I\

Q:/J AfL

Appendix 5e of the specification lists the mathematical skills
that will be assessed within the context of relevant chemistry.
Skill M2a requires candidates to use an appropriate number of
significant figures. Incorrect rounding to 3 significant figures,
giving 1.66 x 103, was a common error.
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Total 12
ALLOW (18 +0.22 =) 81.8 / 82/ 80 for 1 mark if no other mark
awarded
ALLOW (18 + 0.2 =) 90 for 2 marks if no other mark awarded
Examiner’s Comments

FIRST CHECK THE ANSWER ON Good responses to this question required candidates to use

ANSWER LINE estimating skills and round the data in the question to 1

If answer = 100 award 3 marks significant figure in order to work out the answer. Most
candidates simply divided 18 by 0.22 and then rounded their

Round each number to 1 significant 3(A0 | answer to 1 significant figure to obtain an answer of 80, only

7 ' | figure: 22) | gaining 1 mark.

Silicon dioxide nanoparticle 20 nm v

Silicon atom 0.2 nm v

Number of times larger = 20/0.2 = 100 v AfL
Appendix 5e of the specification lists the mathematical skills
that will be assessed within the context of relevant chemistry.
Skill M1d requires candidates to make estimates of the results
of simple calculations.
ALLOW more active sites / idea that there are more places for
the reaction to occur on

(Silicon dioxide) nanoparticles have a

greater surface area (to volume ratio than IGNORE idea that there is more area of catalyst to react with

powder) / ORA v
Examiner’s Comments

Idea that chemical reactions take place

on the surface of a catalyst v 3(AO 1 High ability candidates were able to describe that nanoparticles

ii x212 : :
have a greater surface area to volume ratio. They appreciated
x1.1) that chemical reactions take place on the surface of the

catalyst and so the larger surface area would help more

Idea that there will be more (frequent) collisions between reactant particles. Lower ability candidates

collisions / the rate of reaction will be did not appreciate that this was heterogeneous catalyst activity.

faster v
Q Misconception
A common misconception is that the catalyst takes part in the
reaction and reacts with the reactants.

Total 6

8 B 1
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Total

D

Total

Rate increases

More particles have energy above that of
activation energy (1)

More successful collisions (per second)

(1)

No mark for rate increases but must be there to award two
marks.

Rate decreases give 0 marks for the question

Rate decreases

Less particles per unit volume (1)

Fewer collisions per second / decreased
collision frequency (1)

No mark for rate decreases but must be there to award two
marks.

Rate increases give 0 marks for the question

ALLOW less crowded particles

ALLOW caollisions less often

Total

Suitable container for the reactants, e.g.
flask, boiling tube or test tube (1)

Use of a gas syringe / upturned burette

[
100 cm?® L

(=
o]
oo
o]

201 40

gas sy

1 a with water in trough of water / upturned
measuring cylinder with water in trough of
water (1) __dilute sulfuric acid
_—. zinc
The method actually works (1)
bli To allow a comparison between with and

without the added substance (1)

Idea that the rate of reaction will change if
concentration is changed (1)

It is a fair test is not sufficient

ALLOW if concentration is increased the rate of reaction is
increased

ALLOW to ensure there are the same number of acid particles
present / same number of acid particles per unit volume

Copper

Because the reaction is faster (1)

There is no change in appearance (1)

No marks for copper on its own
If substance other than copper given then 0 marks for the
question

Measure mass of catalyst before and
after (1)

(Relative rate) between above 1 and
below 10 because of smaller surface area
/ less exposed particles / less collisions

()

No marks for the prediction on its own

No marks for whole question if prediction incorrect
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Total

10
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