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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge O Level Chemistry
(5070), and to show how different levels of candidates’ performance relate to the subject’s curriculum and
assessment objectives.

In this booklet a range of candidate responses to questions in Paper 2 Theory, Paper 3 Practical and Paper
4 Alternative to Practical have been chosen as far as possible to exemplify high, middle and low marks. Each
response is accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

This booklet does not cover Paper 1 as it contains multiple-choice questions where the mark scheme
provides sufficient detail sand the candidate answers do not require examiner commentary to expand on
how the marks were gained.

For ease of reference the following format for each component has been adopted:

Mark scheme

A 4

Example candidate
response

. 4

Examiner comment

The mark scheme, as used by examiners, is followed by examples of marked candidate responses, each
with an examiner comment on performance. Comments are given to indicate where and why marks were
awarded, and how additional marks could have been obtained. In this way, it is possible to understand what
candidates have done to gain their marks and what they still have to do to improve their grades.

This document illustrates the standard of candidate work for those parts of the assessment which help
teachers assess what is required to achieve high, mid and low grades beyond what should be clear from the
mark scheme.

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support
at https://teachers.cie.org.uk
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Assessment at a glance

Assessment at a glance

For the Cambridge O Level in chemistry, candidates take three components: Paper 1 and Paper 2 and
either Paper 3 or Paper 4.

Paper 1: Multiple Choice

40 compulsory multiple-choice questions. A copy of the Periodic Table is provided as part of this paper.
40 marks

Paper 2: Theory 1 hour 30 minutes

This paper has two sections.

Section A has a small number of compulsory, structured questions of variable mark value. 45 marks in
total are available for this section.

Section B has four questions to choose from and candidates must answer three. Each question is worth
10 marks.

A copy of the Periodic Table is provided as part of this paper.

75 marks

Paper 3: Practical Test 1 hour 30 minutes | Paper 4: Alternative to Practical

Details of the syllabus and requirements for this A written paper of compulsory short-answer and
paper are given in section 5. structured questions designed to test familiarity with
Candidates may not refer to notebooks, textbooks laboratory practical procedures. Further details are
or any other information during the practical given in section 5.

examination.

Qualitative Analysis Notes are provided. Qualitative Analysis Notes are not provided.

40 marks scaled to a mark out of 30 60 marks scaled to a mark out of 30

Teachers are reminded that the full syllabus is available at www.cie.org.uk
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Paper 2 Theory

Paper 2 Theory

Section A

Question A1

Mark scheme

A1 (a) (i) C(1) [1]
(i) A(1) [1]
(iii)) F (1) [1]
(iv) G(1) [1]

(b) AANDB / AAND G (1) [1]

[Total: 5]
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Example candidate response — high
A1 Choose from the following compounds to answer the questions opposite.

A H H P B H HHH
I 7 _ N
AN T
H H OH HHHH
© 0 0 Ty
e aasRees
F CI HHHHHH
S o N
IR T
H CI H O H H H
= 1 S SO B
S e AR I T O
H H H H O H H
Each compound can be used once, more than once or not at all.
(a) Give the letter of the compound which
(i) isaCFC,
G [1]
(ii) is propanoic acid,
S (1]
(i) is-propyl ethanoate,
B 1]
(iv) can be oxidised to sthanoic acid: z
SO 6 O ' [1]
(b) Give the letters of two compounds that react together to make an ester.
= 1]

Cambridge O Level Chemistry 5070
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Paper 2 Theory

Examiner comment — high
A1(a)

This candidate was able to select the CFC structure in (i). Most high grade candidates were able to select
the CFC structure.

The candidate was able to select the structure of propanoic acid in (ii). Most high grade candidates were
able to select the structure of propanoic acid.

Although many high grade candidates could identify the structure of propyl ethanoate in (iii) this candidate
identified another ester, ethyl propanoate, instead and so was not awarded a mark.

This candidate was able to select a compound that could be oxidised to ethanoic acid in (iv). Most high
grade candidates were able to select a compound that could be oxidised to ethanoic acid from the list of
structures provided.

Mark awarded = 3 out of 4

A1(b)

Most high grade candidates selected an alcohol and a carboxylic acid from the structures provided. This
candidate chose propanoic acid and butanol although there was another alcohol that could have been
chosen.

Mark awarded =1 out of 1

Total mark awarded =4 out of 5

Your education hub
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Paper 2 Theory

Example candidate response — middle
A1 Choose from the following compounds to answer the questions -opposite.

A H o B H H H
7 [
s e Re
.H H OH H H H
© 0 o T ETTT Y
e S A e
F CI HHHHHH
= S D
e S T I
H ClI H O H H H
0T R | o
A o H—§-gg0—G—o—h
H H H H O H H
Each-compound can be used once, more than once or not at all.
(a) Give the Iétter of the compound which
(i) isaCFC, e T,
.......... LS i

(ii) is propanoic acid, : .
- X ‘ [

(iii) is:propyl ethanoate,

.. " i
(iv) canbe .oxidiseq to-ethanoic acid.
B ' S (1]
(b) Give the letters of two compounds that react together to make an ester.

[Total: 5]
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Paper 2 Theory

Examiner comment — middle
A1(a)

This candidate was able to select the CFC structure in (i). Many mid-grade candidates were able to select
the CFC structure.

This candidate selected the CFC rather than propanoic acid in (ii).

This candidate was able to identify the correct ester in (iii). Some mid-grade candidates could identify the
structure of propyl ethanoate; other candidates chose the other ester shown in the structures.

This candidate was not able to identify ethanol in (iv) and instead chose an ester. Many mid-grade
candidates were able to select ethanol.

Mark awarded = 2 out of 4

A1(b)

Many mid-grade candidates selected an alcohol and a carboxylic acid from the structures provided. This
candidate chose propanoic acid and ethanol although there was another alcohol that could have been
chosen.

Mark awarded =1 out of 1

Total mark awarded = 3 out of 5

Your education hub
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Paper 2 Theory

Example candidate response — low
A1 Choose from the following compounds to answer the questions opposite.

A HH o B HHH .
L Y
H=—0=% W= o
H H OH H H H
¢ T T P ey
e e neees
F Cl HHHHHH
iy SIS
i ras e e
H Ci H O H H H
° 1y TN,
e L 6 S AR O i
H H H H O H H

Each compound can be used once, more than once or not at all.

(a) Give the letter of the compound which

(i) isaCFC, -
‘. QY 11

(ii) is propanoic acid,

...... _ &\ Tee® (1

(iii) is propyl ethanoate,

............ L5 S : (1]

(iv) can be oxidised to ethanoic acid.

............ F (1]

(b) Give the letters of two compounds that react together to make an ester.

............ B and Y‘\‘ [1]

. ' [Total: 5]
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Paper 2 Theory

Examiner comment — low
A1(a)

This candidate was able to select the CFC structure in (i). Some low-grade candidates were able to select
the CFC structure.

This candidate selected the structure of propanoic acid in (ii).

This candidate identified another ester, ethyl propanoate, instead and so was not awarded a mark in (iii).
This candidate did not chose ethanol in (iv) but chose the halogenated ethane.

Mark awarded = 2 out of 4

A1(b)

This candidate chose one of the alcohols but did not choose the carboxylic acid structure.

Mark awarded = 0 out of 1

Total mark awarded =2 out of 5
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Question A2

Mark scheme
A2 (a) Fluorine (1)

(b) (i)

(ii)

(c) (i)

(ii)

(d) (i)

(i)
(iif)

Bond breaking absorbs energy AND bond making releases energy/bond
breaking is endothermic AND bond making is exothermic (1)

Less energy absorbed than released/more energy released than
absorbed/ endothermic energy change is less than exothermic energy
change/ exothermic energy change is more than endothermic energy
change (1)

Moles of chlorine = 1.5 (1)

Energy released = 277.5(kJ) (1)

Unchanged/does not move (1)

Same number of moles (of gas) on both sides/equal volumes (of gases)
on both sides/equal number of molecules on both sides (of the equation)

(1)

Moves to the left/backward reaction favoured/moves to reactants/moves
to H, or I, (1)

(Forward) reaction is endothermic/reverse reaction is exothermic (1)

HI - H + I" (1)
OR
H,O + HI — H,0" + I (1)

Ca + 2HI — 0312 + H2

CO;* + 2H' — H,0 + CO, (1)
OR

CO;* + 2H' — H,CO; (1)

OR

CO3* + H" — HCO; (1)

Cambridge O Level Chemistry 5070 \\l\@/_//‘

Paper 2 Theory

[1]

[2]

[2]

[2]

[2]

[1]
[1]

[1]
[Total: 12]
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Paper 2 Theory

Example candidate response — high
A2 Hydrogen reacts with halogens to form hydrogen halides.

(a) Predict which halogen reacts most violently with hydrogen.

........ Clolotinne.... L4 ) )

(b) The reaction between hydrogen and chlorine is exothermic.

Hy(@) + Cly(g) —> 2HCI(g) AH =~185kJ/mol

(i) Explain, in terms of bond breaking and bond forming, why this reatlztion is exothermic.

//Za gééluajrm éﬁ”éﬁ’?? &u)’@g/ Z;

betents. Ko banc. % ______ /ﬁéy,,&@zm el
Lhlodive i Logg agégdlﬁ/ ﬁ# Wa/'f/m/

%-Z /’/5/ /ﬂﬂWM/ /&’M; ........ ) M.f-’»/ov?‘.k:‘&e.[zl

(ii) When one mole of chlorine molecules reacts, 185kJ of energy is released.

Calculate the amount of energy released when 106.5g of chlorine reacts,
»z 1065
- 4
/ -f" — i’ g?,( /£ energy released = ........ o? ‘7‘7'{— ................... kJ [2]
(c¢) Hydrogen reacts with iodine in a reversible reaction.
This reaction reaches an equilibrium if carried out in a closed system.

Hy(g) + I(g) = 2HI(g) AH = +53kJ/mol

(i) The reaction is studied at a temperature of 400°C.

Describe and explain what happens to the position of equilibrium if the pressure is
mcreased

2]
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Paper 2 Theory

Example candidate response — high, continued
(ii) The reaction is studied at 25 atmospheres pressure.

Describe and explain what happens to the position of equilibrium if the temperature is
decreased.

/ZZ- Y o B’Mbao ) M@da’m;(g

(d) Hydrogen iodide dissolves in water to form hydroiodic acid, HI(aq).
Hydroiodic acid is a strong acid.
(i) Write an equation to show the dissociation of hydroiodic acid.

............. '/ ;@fﬂ(g} — 2‘ /7,—7:(4&@@)[1]

(ii) Hydroicdic acid reacts with calcium.

Wirite the equation for this reaction. .
........... . ﬂ{;)?‘zﬁz@%)ﬂ&zlq@%%(y)m

(ili) Hydroiodic acid reacts with sodium carbonate.

Write the ionic equation for tL\_is reaction.7/___ 3 /
2. ol A s B g o D,
8y Lo

/4L + raCO 2 ,
__b/\./df...f'le *—/420 /*64[/
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Paper 2 Theory

Examiner comment — high
A2(a)

This candidate did not refer to fluorine and so was not awarded a mark. The candidate also gave an
incorrect formula which should have been CI, instead of CL If candidates uses a formula then it must be
totally correct.

Mark awarded = 0 out of 1

A2(b)

This answer on (b)(i) appreciates that energy is required to break bonds and that more energy is released
during bond formation. Other high grade candidates gave clear answers involving bond breaking absorbing
energy and bond forming releasing energy and then made a comparison between the size of the energy
changes as a second sentence.

The candidates gave a correct answer to (b)(ii) which included the working out.

Mark awarded = 4 out of 4

A2(c)

In the answer to (i) this candidate makes a common misconception and confused rate of reaction with
position of equilibrium. The best answers here stated what happens to the position of equilibrium and then

explained the answer in terms number of moles of gas on each side of the equation.

In (ii) the candidate explained what happened to the position of equilibrium and related this to the
endothermic nature of the forward reaction.

Mark awarded =2 out of 4
A2(d)
The candidate did not show dissociation of hydriodic acid and so is not given a mark in (d)(i).

In (d)(ii) the equation is correct. The candidate does not need to include the state symbols to be awarded full
marks. When state symbols are needed it is indicated in the question.

All high grade candidates found (iii) very demanding and as in this candidate’s answer many included ions
that do not react rather than focussing on the carbonate and the hydrogen ion.

Mark awarded =1 out of 3

Total mark awarded = 7 out of 12

Your education hub
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Paper 2 Theory

Example candidate response — middle
A2 Hydrogen reacts with halogens to-form hydrogen halides.

(a) Predict which halogen reacts most violently with hydrogen.
SRUSRRRSRRNE 0 Vo 140 ) WA\ 0N e AN00OS OO OO OO RSRROROON 1]
(b) The reaction between hydrogen and chlorine is exothermic.

*op_%e‘f’ Hz(g} + Cly(g) —> 2HCU(g) AH=-185kJ/mol
g{?p % v& U] Explam in terms of bond breaking and bond forming, why this reaction is exothermic.

\“—3 Y Ee e Nan. Lsa em}'cc:"r M. Yo coss,

.cs’i.é.?ca;ﬂ.ﬁ\r Q. ece \ooré)s L ea\cé—qw%f

%gm xeah (el e ‘@rr&mh

s 20y o “. ev\_er% el ‘{'Of \Qon@
(ii) When one mole of chlorine molecules reacts, 18t kJ of energy is re[easedbf%v_a.

Calculate the amount of energy released when 106.5g of chlorine reacts.

("ZC (.k’?»‘ifj \o\es = wss 2%y 56 —> \s‘.??v-—'a ty—-twyj
\ob s — ¢
1 _3;_\2}._ 106
Canl 3:.“:5;2}5 energy released = EDCDE.) ........... kd [2]

(c) Hydrogen reacts with iOdi_fae in a reversible reaction.
This reaction reaches an equilibrium if carried out in a closed system.
Hy(g) + I(g) = 2HI(g) AH = +53kJ/mol

(i) The reaction is studied at a temperature of 400°C.

Describe and explain what happens to the position of equilibrium if the pressure is
increased.

AKLNhe wmsor& Ao Lv\.d“e@;;eél@m
..... C..\r?x\l“ckta w23 ANLBLCCAN e o DOS KON

P T RO T2 oW T ¥ NES \ mi..sz. of ..
Socwenn.d Yea daon. o OS] \ ...................... 2]
%\( Cod-ex aw dC e Caoke xgac_L

e X o N Tho¢ c\rswag e PO o
o%— e_guu\\\bf\k)m VQS "
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Paper 2 Theory

Example candidate response — middle, continued
(i) The reaction is studied at 25 atmospheres pressure.

Describe and explain what happens to the position of equilibrium if the temperature is
decreased.

A -\:ameeca&ote & Aicreased
W.cade..of o coadd. e a.c kL.
w\\\bac&r@—&—ﬁr ..... K. KHe. care.ofl.

RS Q& W Coyoihior) om -
(d) Hydrogen iodide dissoives in water to form hydroiodic acid, HI(aq).

" Hydroiodic acid is a strong acid.
(i) Write an equation to show the dissociation of hydroiodic acid.

08 R W SO = S S O (]

(ii) Hydroiodic acid reacts with calcium.

Write the equation for this reaction.

“ .
(0 (e teay) -y )
(ili) Hydroiodic acid reacts with sodium carbonate.

Write the ionic equation for this reaction.
LSO = NS 40 = e >..LO0 . 03 (1]

[Total: 12]

o/
H,‘;_\_Ua(gs —— oA CO3H

W7 oA N w* [ 0y —> 8T 1Ok

[
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Paper 2 Theory

Examiner comment — middle
A2(a)

The candidate correctly recognised that fluorine was the most reactive halogen. The incorrect spelling was
ignored.

Mark awarded = 1 out of 1
A2(b)
In (i) this candidate did not appreciate that bond making releases energy and referred to the energy required
in bond making. There is a reference to bond breaking being larger than bond making which is incorrect, and
also does not specifically refer to the energy change. Many mid-grade candidates found this a challenging
question and would be advised to answer this question in terms of three bullet points.

e bond breaking absorbs energy

e bond making releases energy
e more energy released than absorbed

In (ii) the candidate did not use the correct value for the relative molecular mass of chlorine and as a result
obtained double the correct answer. This answer was worth one mark since the rest of the calculation was
correct. The working out shown by this candidate made it very easy to award the error-carried-forward mark.
Mark awarded = 1 out of 4

A2(c)

This candidate only referred to the position of equilibrium changing in (i) and attempted to explain the answer
in terms of rate of reaction. The candidate did not appreciate that the number of moles of gas on both sides
of the equation were equal.

This candidate only referred to the position of equilibrium changing in (ii) and attempted to explain the
answer in terms of rate of reaction. The candidate did not appreciate the importance of the exothermic
nature of the reaction.

Mark awarded = 0 out of 4

A2(d)

This candidate wrote the correct equation for the dissociation of hydriodic acid in (i).

The equation in (ii) did not include the correct formulae and so could not be balanced correctly.

All candidates found (iii) very demanding. This candidate did not know the formula of the carbonate ion
which made balancing the equation impossible.

Mark awarded =1 out of 3

Total mark awarded = 3 out of 12

Your education hub
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Paper 2 Theory

Example candidate response — low
A2 Hydrogen reacts with halogens to form hydrogen halides.

(a) Predict which halogen reacts most violently with hydrogen.
K.F.})ﬁ)..‘}oi\ ....... (1]

(b) The reaction between hydrogen and chlorine is exothermic.

Ho(g) + Cly(g) —> 2HCI(g) AH=-185kJ/mol

(i) Exp[ain. in terms of bond breaking and bond forming, why this reaction is exothermic.

............ D [t Lo QLD oS S KO TPOORALG

...... beces V8. Rt HIMED o Q2 . AR AT

....................................................................................................................................... [2]
(ii) When one mole of chlorine moleculés reacts, 185kJ of energy is released.

Calculate the amount of energy released when 106.5g of chlorine reacts.

energy released = lc’D701> kJ[2]

(c) Hydrogen reacts with iodine in a reversible reaction.
This reaction reaches an equilibrium if carried out in a closed system.
Hy(g) + Iy(g) == 2HI(g) AH = +53kJ/mol

(i) The reaction is studied at a temperature of 400°C.

Describe and explain what happens to the position of equilibrium if the pressure is
increased.

...... A5 /Qﬁrs.csa/@mrc:mae%%
Posrhon%ﬂaag(z//fﬁ”vmé%é&
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Paper 2 Theory
Example candidate response — low, continued
(if)y The reaction is studied at 25 atmospheres pressure.

Describe and explain what happens to the position of equilibrium if the temperature is
decreased.

tuhen.. P, {emp.w:@:éa.(.‘.ﬂ. ...... ﬁ}c:c'(ca&‘?—g%e

(d) Hydrogen iodide dissolves in water to form hydroiodic acid, HI(aq).
Hydroiodic acid is a strong acid.

(i) Write an equation to show the dissociation of hydroiodic acid.

et = "Bt 30 (1)

BPTA RO 2 T2 18
(li) Hydroiodic acid reacts with calcium.

Write the equation for this reaction.

.......... RN o K0 N> SO 4220 1 IO 0 SOOI ¢ )

(ili) Hydroiodic acid reacts with sodium carbonate.
Write the ionic equation for this reaction.

M e ]+ NA O 2 Na ¢l (031’1‘/7 1

[Total: 12]

‘ ’ AST PAPERS
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Paper 2 Theory

Examiner comment — low
A2(a)

This candidate gave the name of a noble gas rather than a halogen.
Mark awarded = 0 out of 1
A2(b)

In (i) this candidate just defined the meaning of the term exothermic and made no reference to bond making
and bond forming.

The candidate gave an answer which was the product of the enthalpy change and the mass of chlorine used
on (ii) rather than calculate the moles of chlorine used.

Most of the low grade candidates found this question extremely challenging.
Mark awarded = 0 out of 4
A2(c)

This candidate was able to describe what happens to the position of equilibrium in both (i) and (ii) but did not
attempt to make an explanation in either question.

Mark awarded = 2 out of 4
A2(d)

In (i) the candidate did wrote an equation involving HI and H,O but it did not show a dissociation. Most
candidates found this a very challenging question.

The candidate used hydrochloric acid rather than hydriodic acid in the equation in (ii) and also wrote the
wrong formulae for the products.

The candidate did not write an ionic equation in (iii) and used HCI rather than HI again.
Mark awarded = 0 out of 3

Total mark awarded = 2 out of 12

20 Cambridge O Level Chemistry 5070 \\\@/_//‘ FN?SSIE EA PERS
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Paper 2 Theory

Question A3

Mark scheme

A3 (a)

(b)

(c)

(d)

(e)

(f)

(Different) number of neutrons/(different) mass number/ (different) nucleon
number/phosphorus 32 has one extra neutron/atomic mass/mass (1)
(Same) number of protons/(same) atomic number/both have 15 protons (1) [2]
P, (1) [1]
(i) Weak intermolecular forces/weak attraction between molecules (1) [1]
(ii) No free electrons/no delocalised electrons/all electrons used in

bonding/no mobile electrons(1) [1]
number of neutrons 16 (1)
number of protons 15 (1)
electronic configuration 2,8,8 (1)

[3]

All three shared pairs between H and P (1)

Rest of structure correct (1) [2]
2PH; + 40, — P,05 + 3H,0

Correct formulae (1)

Balancing — dependent on correct formulae (1) [2]

[Total: 12]
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Paper 2 Theory

Example candidate response — high
A3 Two isotopes of phosphorus are ?;P and ?EP '

(a) State one difference and one similarity between these two isotopes. _
- difference , 31

IRE.RED. IS ONTREA. DOWE. AN, ABNe. .. A ENREA L FY e

similarity
WWQ‘&MW\M%MW\&Q““\L&&

mhm\\m%mwﬁqﬁn&wm&m

(b) Phosphorus forms simple molecules which have a relative molecular mass of 124,

Suggest the formula of a phosphorus molecule.

(c) Phosphorus has a low melting point and does not conduct eleciricity.

(i) Explain why phosphorus has a low melting point.-

xmmmﬁmmmﬁh&Mﬁmﬁhmﬁﬁmm%&mﬁjgwxm&m&m
(ii) Explain why phosphorus does not conduct electricity. '

Qﬁaa@hms..mq.m...ka...cbm..gf\e&misﬁx%. Newanse. ..

\tmmﬁgaefwm%mmms e eeeseeee e ssemmeenes [1]
(d) Complete the table for ?;PE“.
number of neutrons || Ao,
number Of prolons o ki- ssssssbssnnan
electronic configuraton | 2,58, X

(3]

22 Cambridge O Level Chemistry 5070 \\\EJ//‘
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Example candidate response — high, continued
(e) Phosphorus forms a compound called phosphine, PH,.

Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of phosphine.

Only draw the outer shell electrons.

£ o
=

[2]
(f) Phosphine ignites in air to make water and phosphorus(V) oxide.
Construct the equation for this reaction.
PV 0 N N D N A O R s 2]
[Total: 12]
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Paper 2 Theory

Examiner comment — high
A3(a)

Most high grade candidates scored maximum marks for this question. This candidate gave answers that
referred to the same number of protons but different number of neutrons. Other candidates went further and
gave the actual numbers of protons and neutrons within their answers.

Mark awarded = 2 out of 2

A3(b)

The correct formula for a phosphorus molecule, P4, was given.

Mark awarded = 1 out of 1

A3(c)

In (c)(i) this candidate did not specify the presence of weak intermolecular forces that are easily broken. The
candidate’s statement of 'not having strong forces of attraction’ does not imply the presence of weak
intermolecular forces, the comment is also incorrect since the covalent bonds within the phosphorus

molecules are strong.

As with many other high grade candidates this candidate was able to give a clear explanation in (c)(ii) as to
why phosphorus does not conduct electricity.

Mark awarded = 1 out of 2
A3(d)

This candidate was able to complete the table and appreciated that the ion contains 18 electrons rather than
15 electrons.

Mark awarded = 3 out of 3
A3(e)

This candidate drew a correct ‘dot-and-cross’ diagram for phosphine. The candidate used dots and crosses
but full marks would have been given even if all the electrons were drawn as either dots or crosses.

Mark awarded = 2 out of 2

A3(f)

This candidate gave a correct balanced equation.
Mark awarded = 2 out of 2

Total mark awarded = 9 out of 12

Your education hub
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Example candidate response — middle
A3 Two isotopes of phosphorus are ?;P and ?gP

(a) State one difference and one similarity between these two isotopes.

difference

Thedy . have ARNALRY nwdeon  namba. ...
qua a3 m%}),
similarity _

TRAY o NG SEONE. . 0208 % plotars
................. oriwwelot) Y

(2]
(b) Phosphorus forms simple molecules which have a relative molecular mass of 124.

Suggest the formula of a phosphorus molecule.

93 ' 1]

(c) Phosphorus has a low melting point-and does not conduct electricity.

(i) Explain why phosphorus has a low melting point.

Reconca Yoo onndilag o hdween e afomsS
15 (o> covglend bastiding, ... wit.. 6%, bend. o

(if) Explain why phosphorus does not conduct electricity.

9\\“"0\“‘“‘”‘ S [1]

(d) Complete the table for S2P3-.

15
number of neutrons reenn | lb .............
number of protons \.5_
electronic configuration. | 2 825 ..

(3]
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Paper 2 Theory

Example candidate response — middle, continued
(e) Phosphorus forms a compound called phosphine, PH,.

Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of phosphine.

Only draw the outer shell electrons.

GF o O

&?

(2]
(f) Phosphine ignites in air to make water and phosphorus(V) oxide.

Construct the equation for this reaction.

[Total: 12]
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Paper 2 Theory

Examiner comment — middle
A3(a)

This candidate gave answers that referred to the same number of protons but different nucleon number.
Other candidates went further and gave the actual numbers of protons and neutrons within their answers.

Mark awarded = 2 out of 2

A3(b)

This candidate gave an answer of P; and provided no justification for this answer.

Mark awarded = 0 out of 1

A3(c)

In (i) this candidate made no reference to weak intermolecular forces being broken and only referred to the
bonding between atoms rather than between molecules. Most mid-grade candidates found this question very
challenging.

This candidate referred to the presence of free ions rather than free electrons in (ii).

Mark awarded = 0 out of 2

A3(d)

This candidate was able to complete the table but did not appreciate that the ion contains 18 electrons rather
than 15 electrons.

Mark awarded = 2 out of 3
A3(e)

This candidate drew a correct ‘dot-and-cross’ diagram for phosphine. The candidate used dots and crosses
but full marks would have been given even if all the electrons were drawn as either dots or crosses.

Mark awarded = 2 out of 2
A3(f)

This candidate could not write the formula for phosphorus(V) oxide and so was not able to write the balanced
equation.

Mark awarded = 0 out of 2

Total mark awarded = 6 out of 12

Your education hub
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Paper 2 Theory

Example candidate response Iow
A3 Two isotopes of phosphorus are § 5P and P

(a) State one difference and one similarity between these two isotopes.

difference

similarity
ﬂ@ Aane.... Same... rmmé.@v 01 drotan
lirll...edeet N

(b) Phosphorus forms simple molecules which have a relative molecular mass of 124.

@

Suggest the formlula of a phosphorus molecule.

(c) Phosphorus has a low melting point and does not conduct electricity.

(i) Explain why phosphérus has a low meiting point.

.ﬂbﬂiﬂﬁﬁfdﬂ(&..J:{.....sz.:mm- JEAan. weadi.......

(i) Explain why phosphorus does not conduct electricity.
/Déo,gp/,wm S AL Al Y. MAGUGS.. oc..
&@\dy oud electhncl O — [1]

(d) Complete the table for 81 -

number of neutrons I =
Aumber of protons I X S
electronic configuration 2 ;“8”“_.8. ,’IB ). 3

(3]
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Paper 2 Theory

Example candidate response — low, continued
(e) Phosphorus forms a compound called phosphine, PHa.

Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of phosphine.

Only draw the outer shell electrons.

| ]
A
‘e

[2]
(f) Phosphine ignites in air to make water and phosphorus(V) oxide.
Construct the equation for this reaction.
H3..#+.22, )
i
[Total: 12]
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Paper 2 Theory

Examiner comment — low
A3(a)

The candidate gave two correct answers involving the numbers of neutrons, protons and electrons.

If the candidate had referred to the different relative atomic mass this would have been incorrect, however if
it had been the different atomic mass then this would have been awarded mark.

Mark awarded = 2 out of 2

A3(b)

The formula for the molecule should have been P,.
Mark awarded = 0 out of 1

A3(c)

In (i) this candidate refers to weak electrostatic forces between them but does not define what them refers to.
If molecules had been referred to this would have been worth a mark.

The lack of free moving electrons in (ii) was a good answer.
Mark awarded = 1 out of 2
A3(d)

All three entries into the table were incorrect. This candidate used the mass number to determine how many
electrons in the phosphide ion rather than the atomic number and the charge on the ion.

Mark awarded = 0 out of 3
A3(e)

This candidate scored the first mark for showing the pairs of electrons shared between hydrogen and
phosphorus. However, the diagram did not show any lone pairs of electrons.

Mark awarded =1 out of 2

A3(f)

This candidate was not able to deduce the formula of phosphorus(V) oxide and as a result could not
construct a balanced equation. Most low grade candidates were unable to deduce the formula for
phosphorus(V) oxide.

Mark awarded = 0 out of 2

Total mark awarded =4 out of 12

Your education hub
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Paper 2 Theory

Question A4
Mark scheme
A4 (a) (i) BisSO, (1) (1]
(ii)
S 0]
Mole 40 60
ratio 32 16
OR1.25 | OR3.75
Simplified | 1 3
ratio

Mole ratio line (1)
Empirical formula SO; (1)

Sulfur trioxide / sulfur(VI) oxide (1) [3]
(iii) Fe,03 (1) (1]
(b) Fe*(aq) + 20H(aq) — Fe(OH),(s)
Equation (1)
State symbols — dependent on correct formulae (1) [2]
(c) Any soluble barium compound e.g. barium nitrate/barium chloride (1)
BaSO, (1) (2]
[Total: 9]
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Paper 2 Theory

Example candidate response — high
A4 The flow chart shows some reactions of iron(ll) sulfate, FeSO,.

colourless gas that turns colourless gas which has
acidified potassium 40% by mass sulfur and
brown solid manganate(VII) colourless 60% by mass oxygen
A B Cc

A L

heat strongly

FeSQ0,(s)

dissolve in water

A

FeSO,(aq) -
NaOH(aq) reagent X
green ppt o  white ppt
D v E

(a) “Iron(ll) sulfate is heated strongly.
(i) Write the formula of gas B.

Q..

(ii) Calculate the empirical formula of gas C.

Name'gas C.
$= Yo 0~ 6O
32- 16
=12¢C 2.5 GO,
I‘)‘.S ‘\M
4 3
empirical formula is SO%

snanw T T T

name S.\!—l‘?‘“““‘\‘"ﬁﬁdsl .
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Example candidate response — high, continued

(iii) Two moles of iron(ll) sulfate decompose to-form one mole of solid A, one mole of gas B
and one mole of gas C.

Deduce the formula of solid A.

: 3%
formula of A ........... F,;e- ................................. M1
(b) Write an icnic equation, including state symbols, forthe formation of the green precipitate D.
Ay -
W omvarer oerOTITR AN 012 Ao 3 © SO (2]
W e ()

(c) Suggest the name of reagent X and give the formula for the white precipitate E.

name of reagent X &“WW:HQE" :

formula of precipitate E Ew Q_'@;.%

[Total: 9]
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Paper 2 Theory

Examiner comment — high
A4(a)

In (a)(i) the candidate gave the answer of O, rather than SO,. Since the question asked for the formula of
the gas then any answers that gave only the correct name would also not have been awarded a mark.

In (ii) the candidate gave a very clear answer with the complete working out and the answer and so was
awarded full marks.

The candidate did not show any working out in (iii) and gave the incorrect answer of Fe*. The best answers
from high grade candidates used their answers from (i) and (ii) to deduce the correct formula of Fe,O3.

Mark awarded = 3 out of 5

Ad4(b)

Many high grade candidates found this a difficult question and gave a variety of ionic equations which often
did not relate to the reaction in the question. This candidate gave an ionic equation with state symbols but it
related to neutralisation rather than precipitation so was not awarded any marks.

Mark awarded = 0 out of 2

A4(c)

Many high grade candidates found this difficult but this candidate gave two correct answers. It is important
that the instructions in the question are followed in terms of the name (of the reagent) and then the formula
(of the precipitate).

Mark awarded = 2 out of 2

Total mark awarded = 5 out of 9

. __F .
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Example candidate response — middle

Paper 2 Theory

A4 The flow chart shows some reactions of iron(ll) sulfate, FeSO,.

colourless gas that turns

colourless gas which has

acidified potassium 40% by mass sulfur and
brown solid manganate(VII) colourless 60% by mass oxygen
A g — RS
A , ‘ ' 2 A
heat sfrongly
FeSO,(s) ;
dissolve in water
Y
FeSO,(aq) .
NaOH(aq) reagent X
green ppt white ppt
D E

(a) Iron(II) sulfate is heated strongly.

(i) Write the formula of gas B.

u.......u.."M“"ﬂ-o--.“.ou.ouuo“....“"..-u..........."...."."...u"...."...u."......".. sesrsssrsnsssanrnng

(i) Calculate the empirical formula of gas C.

L[1]

Name gas C. Sulbar " Qg e
o . 40
3Z ) 16
125 ' 2,78
1.5 ’ 125
i : 3
empirical formula is ...... S O'l ........

name 39‘4{%!\03&@}#

Cambridge O Level Chemistry 5070
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Paper 2 Theory

Example candidate response — middle, continued
(iii) Two moles of iron(ll) sulfate decompose to form one mole of solid A, one mole of gas B
and one mole of gas C.

Deduce the formula of solid A.

(c) Suggest the name of reagent X and give the formula for the white precipitate E.

name of reagent X ....... an.
- formula of precipitate E Zn a0 =l SQ.»,& ............ 2

[Total: 9]
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Paper 2 Theory

Examiner comment — middle
A4(a)

In (i) this candidate could not write the formula of a gas.

This candidate could calculate the empirical formula for the gas in (ii) and showed the working out very
clearly. However this candidate thought that SO3; was sulfur dioxide rather than sulfur trioxide.

This candidate did not write a formula for the solid but gave it the name of ‘sulphate’. When a question asks
for a formula then there will be no marks for a correct name.

Mark awarded = 2 out of 5
Ad4(b)

This candidate did not attempt to write an ionic equation. This question was very challenging to mid-grade
candidates.

Mark awarded =0 out of 2
A4(c)
This candidate could not name the reagent or give the formula of the precipitate.

If the correct formula rather than the name of the reagent was given, a mark was awarded, but with the
precipitate it had to be the correct formula.

Mark awarded = 0 out of 2

Total mark awarded = 2 out of 9

Your education hub
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Paper 2 Theory

Example candidate response — low
A4 The flow chart shows some reactions of iron(11) sulfate, FeSO,.

colourless gas that turns colourless gas which has
acidified potassium 40% by mass sulfur and
brown solid manganate(VIl) colourless 60% by mass oxygen
A B c
i T A i
heat strongly
FeS0,(s)

dissolve in water

Y
FeSQyaq) -

NaOH(aq) reagent X

green-ppt white ppt
D E

(a) Iron(lI) sulfate is heated strongly.

(i) Write the formula of gas B.

........... Hydmgm.ﬁ....gm SRR ) |
(ii) Calculate the empirical formula of gas C.
Name gas C.
BRe
_’W/'DO -I%w
" e il >
0., b
PN o

L ‘_\ (S_Oi )

name ....slalphur..... dloxide.... . ]
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Example candidate response — low, continued
(1ii) Two moles of iron(lI1) sulfate decompose to form one mole of solid A, one mole of gas B
and one mole of gas C. ’

Deduce the formula of solid A. '
2 fas0, = H, 19 HFed,

formula of A ... Q . eevrereeesiieneneen, ]

(b) Write an ionic equation, including state symbols, for the formation of the green precipitate D.

| o PRI o). 1. MO B 37 XD M gt MOTp 5y Oy v )
(c) Suggest the name of reagent X and give the formula for the V\_fhite precipitate E.

name of reagent X ........NHgstg,

| formula of precipitate E ......... FQ;LMHH?L'/[Q]

[Total: 9]
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Paper 2 Theory

Examiner comment — low
A4(a)

In (i) this candidate stated that the gas was hydrogen rather than the gas sulfur dioxide.
This candidate did not use the data to calculate the empirical formula in (ii) and instead used the simplest
ratio of the percentage by mass data. The candidate was able to obtain an error carried forward mark by

naming sulfur dioxide from their answer of SO,.

This candidate made an attempt in (iii) to use their answers to deduce a formula for the solid A but with the
answer of hydrogen from (i) this was not possible.

Mark awarded = 1 out of 3

Ad4(b)

This candidate attempted to write an equation for the reaction but did not get the formulae correct for the
products. The question needed an ionic equation and this candidate did not include any ions in their
equation.

Mark awarded = 0 out of 2

A4(c)

Both formulae given by this candidate were incorrect. The reagent should have been a name although if a
correct formula had been given it would have been awarded a mark.

Mark awarded = 0 out of 2

Total mark awarded =1 out of 9

Your education hub
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Paper 2 Theory

Question A5

Mark scheme
A5 (a) (i) Mg* + 2 — Mg (1)

2CI" — Cl, + 2e” (1) (2]
(b) (i) Impure copper (1) 1
(ii) Pure copper (1) (1]

(c) Moles of NaCl=55 x 3.5 OR 192.5 (1)
Moles of Cl, = 96.25/96.3/idea of dividing moles by 2 (1)
Volume =2310(dm?) (1) [3]

[Total: 7]
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Paper 2 Theory

Example candidate response — high
A5 Electrolysis is often used in the extraction and purification of elements,

(a) Magnesium is manufactured by the electrolysis of molten magnesium chloride.

Write equations for the two electrode reactions that occur during this electrolysis.
24

Aoccde. = (”-(—a-—-::?..CL x.de ettt s s eneesens 2]

(b) Copper can be purified using the electrolysis of aqueous copper(ll) sulfate.

(i) What is used as the anode (positive electrode)?

%@wgn@meec‘ng?e: ................ wrnnene[1]

(i) What is used as the cathode (negative electrode)?

(c) Chlorine can be made by the electrolysis of concentrated aqueous sodium chloride.
" The overall process can be represented by the following equation.

2NaCi(aq) + 2H,0() => 2NaOH(aq) + Cly(g) + Hy(a)

—

55dm? of 3.5mol/dm?® aqueous sodium chloride is electrolysed.

What is the maximum volume of chlorine that can be formed, measured at room temperature
and pressure?

Moles & NeC L = SSdm %2 1D rr\ch/&Jn3

\eoo
=0, 1A% moles .
.o Moes & =hlofne= 91%%-

—_Qloqé aS ok -

S \olome & cdnotne = (.0Q65% O, 063D xBY as
Brmed . = 2.3\ dad
volume of chlofing = ... Aa D) coerennsnenenee AM3 [3]

[Total: 7]
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Paper 2 Theory

Examiner comment — high
A5(a)

High grade candidates found this question challenging and rarely got both of the equations correct. This
candidate got the cathode equation correct but failed to get the anode reaction correct. The candidate did not
start with chloride ions, instead they used chlorine molecules, although the electrons were on the correct
side of the equation.

Mark awarded = 1 out of 2

A5(b)

The purification of copper was known by most candidates. In (i) this candidate gave impure copper and in (ii)
just copper. There was no need to state in (ii) that it was pure copper.

Mark awarded = 2 out of 2

A5(c)

This candidate gave an extremely clear answer with all the relevant steps in the calculation shown. The
candidate mistakenly divided by 1000 in the first step and so lost the first mark but gained the two
subsequent marks.

Mark awarded = 2 out of 3

Total mark awarded =5 out of 7

Your education hub
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Paper 2 Theory
Example candidate response — middle
M&* a
A5 Electrolysis is often used in the extraction and purification of elements.

(a) Magnesium is manufactured by the electrolysis of molten magnesium chloride.

Write equations for the two electrode reactions that occur during this electrolysis.

B Calvaloes R S 4 2

..............................................................

AL hoode:=™ v 2 S CV

SRR, % SO O™ 98 - ceenrnenenns[2]

(b) ‘Copper can be purified using the electrolysis of aqueous copper(Il) sulfate. <Y

(i) Whatis used as the anode (positive electrode)?

;‘_s:?waq: 2 \Q\C&:.Q ........................................................... [1]

(i) What is used as the cathode (negative electrode)?

(c) Chlorine can be made by the electrolysis of concentrated aqueous sodium chloride.
The overall process can be represented by the following equation.
2NaCl(aq) + 2H,0(l) —> 2NaOH(aq) + Cl(9) + H,(g)
55dm? of 3.5 mol/dm?® aqueous sodium chloride is electrolysed.

What is the maximum volume of chlorine that can be formed, measured at room temperature

and pressure?
olurwe = ¢

g Mc of C\, = 353x2 =1
)_3 M 0{ 05 el =B+ 385 =98-S

=) = 85 %35  _05.1925

1000
ZNa a C\Eo ume of chlorine = 3\'L‘? .............. dmd [3)
59 E5x2 [Total: 7]

35
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Paper 2 Theory

Examiner comment — middle
A5(a)

This candidate wrote two equations but they did not represent the discharge of ions. This was because at the
cathode magnesium atoms were shown to be losing electrons and at the anode chloride ions were gaining
electrons rather than losing electrons. This type of error was typical of a mid-grade candidate.

Mark awarded = 0 out of 2

A5(b)

The purification of copper was known by most candidates. In (i) this candidate gave impure copper and in (ii)
pure copper. There was no need to state in (ii) that it was pure copper since copper on its own was
sufficient.

Mark awarded = 2 out of 2

A5(c)

This candidate showed the working out which demonstrated that they had used the wrong approach to the
question. The candidate did not work out the number of moles of sodium chloride from the concentration and
volume. They did not use the mole ratio to calculate the moles of chlorine produced, and finally they did not
use the molar volume of gases.

Mark awarded = 0 out of 3

Total mark awarded = 2 out of 7

Your education hub
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Paper 2 Theory

Example candidate response — low
A5 Electrolysis is often uséd in the extraction and purification of elements.

(a) Magnesium is manufactured by the electrolysis of molten magnesium chloride.

Write equations for the two electrode reactions that occur during this electrolysis.

2CAY v e Caa
“'\g"+ QJ—_ ...... AL W

(b) Copper can be purified using the electrolysis of aqueous copper(ll) sulfate.

(i) Whatis used as the anode (positive electrode)?

(i) What is,used as the cathode (negative electrode)?

(¢) Chlorine can be made by the electrolysis of concentrated aqueous sodium chloride.

The overall process can be represented by the following equation.
2NaCl(aq) + 2H,0(l) ~> 2NaOH(aq) + Cl,(g) + H,(0)
55dm? of 3.5mol/dm?® aqueous sodium chioride is electrolysed.

What is the maximum volume of chlorine that can be formed, measured at room temperature
and pressure? '

BB = QU &S mot [dm3

Q. a9

volume of chlorine = dm?3 [3]

" [Total: 7]

46 Cambridge O Level Chemistry 5070 \Eej//‘

PAST PAPERS
INSIDE

Your education hub




Paper 2 Theory

Examiner comment — low
A5(a)

This candidate wrote two electrode equations that were incorrect. The formula for the ions were incorrect
and had the wrong charges, in addition both equations showed the gain of electrons.

Mark awarded = 0 out of 2
A5(b)

In (i) the wrong name of the electrode was stated and it should have been impure copper however in (ii)
copper was correct. There was no need to put pure copper in (ii) to be awarded the mark.

Mark awarded = 1 out of 2

A5(c)

This candidate attempted the question but used the wrong approach to the calculation. The candidate should
have calculated the moles of sodium chloride, then the moles of chlorine and finally used the molar gas
volume to calculate the volume of chlorine.

Mark awarded = 0 out of 3

Total mark awarded =1 out of 7

Your education hub
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Paper 2 Theory

48

Section B
Question B6

Mark scheme
B6 (a) white solid disappears/pungent smell/condensation/colourless droplets (1)

(b) For ammonia:
Test with (moist red) litmus (1)
turns blue (1)
OR
Test (with stopper/glass rod from) (concentrated) HC1 (1)
white smoke/white fumes(1)

For carbon dioxide:
Test with limewater (1)
Goes milky/cloudy/white precipitate/goes white (1)

(c) Add soluble zinc compound/zinc chloride/zinc sulfate/zinc nitrate/other
named soluble zinc compound (1)

Filter (1)
NOTE: This mark can only be scored for filtration directly after mixing the
reagents and implying that it is the solid that is on the filter paper

Wash and (air) dry residue (1)
NOTE: This mark cannot be scored if there is no filtering.

(d) 3(NH,),CO; + 2H;PO, — 2(NH4);PO, + 3CO, + 3H,0

Correct formulae (1)
Balancing — dependent on correct formulae (1)

Cambridge O Level Chemistry 5070 \\‘\EJ/‘
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[3]

(2]
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Example candidate response — high
B6 Ammonium carbonate, (NH,),CO,, is a white solid that is a component of ‘smelling salts’. -

It decomposes when it is heated.
(NH,),CO4(s) —> 2NH,(g) + H,0(g) + CO4(g)
(a) A sample of ammonium carbonate is heated strongly until it all decomposes.
- Suggest what you would observe during the experiment,
Lurtent st ek anmmora 35 000068 8d e
1]

(b) Describe how you would show that both ammonia and carbon dioxide are formed in this

decompositior&- ~p
gnwﬁat\_hm?qpm%*wwﬁmtwﬁbﬁmw

%M,\Q\’M. ..... mkwm.......w ....... Broor...ved.. Xo Wue uich

wea[4]

(¢) Ammonium carbonate is soluble in water but zinc carbonate is insoluble in water.

Describe how you would prepare a sample of pure, dry zinc carbonate using a solution of
" ammonium carbonate. .

Twnsbww%%%w,ieﬂmﬂmmuw%w
Lowd ane wikeki. aud....ax..oabiad . ok bk
20000 0 dusif Sy sRAL BE.. 2N Sox i, e
mmw ..... O SR S 3P DT AN —
VO P B - TEX: JEOS S Y Ve N A

(d) Excess ammonium carbonate reacts with phosphoric acid, HyPO,.

Construct an equétion for this reaction. ‘

5((‘\\’5“)1(1(33—%2&5?014-?&@ :.—*r\‘\,_O%lU‘“’\iis?oH .............. 2]

[Total: 10]
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Paper 2 Theory

Examiner comment — high
B6(a)

This candidate identified the formation of ammonia from the equation and correctly recognised that it has a
pungent smell. Other candidates appreciated that the white solid would disappear or that the mass of the
solid would decrease.

Mark awarded =1 out of 1

B6(b)

Most high grade candidates found this question about the tests for carbon dioxide and ammonia very straight
forward. This candidate clearly describes the effect of ammonia on damp red litmus and of carbon dioxide on
limewater. The extra information about collecting the gas in a syringe was ignored since it was not
necessary.

Mark awarded = 4 out of 4

B6(c)

Most high grade candidates found this question about the preparation of zinc carbonate very demanding and
only a small proportion of candidates appreciated that the method of choice was precipitation.

This candidate was able to identify the use of the correct reagents but did not describe a filtration stage
followed by drying the residue. For mark 3 it must be clear that it is the residue on the filter paper that is
being washed and dried. The candidate referred to crystallisation rather than precipitation in their answer.
Mark awarded =1 out of 3

B6(d)

The candidate was able to deduce the correct formulae for the reactants and products for one mark but did
not correctly balance the equation.

Mark awarded =1 out of 2

Total mark awarded =7 out of 10
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Example candidate response — middle
B6. Ammonium carbonate, (NH,),CO,, is a white solid that is a component of ‘smelling salts’.

It decomposes when it is heated.
(NH,),CO4(s) —> 2NH4(g) + H,0(g) + CO,(g)
(a) A sample of ammonium carbonate is heated strongly until it all decomposés.

Suggest what you would observe during the experiment.
Dum_, ...... S:Ispc».im.qg\l:..'..l-..j.\.-..nbmnzﬁ..'!:kb.—!?....ﬁ!\.—;m.-:\.?fa,.‘:;:émém ............. :
Sersesdasnsas ‘...........‘[11

.:9!.\:;9......:..f.n.g!o.nvs.ﬂ.i.o.x.-].dﬂ....i.s...g.{y.c«x ﬁﬂ_

(b) Describe how you ‘would show that both ammonia and ‘carbon dioxide are formed in this
decomposition. \

EUURURTL (S COR TG | NPT T SO 1. 0 | hn;as...p.epm..'mi:.:*e...hlue.;...&.e‘.mn&.lﬂ, ........
.?g.a.ﬂ...al.mdﬂ.‘.cj...{,‘.:.:c...._(.ﬁ;,.....ﬁ!'.&f.,....So._h)..ﬁo.v.\...;M.&\.éi.%!m.s...&hnuﬂk.H'._'s.{.-.....

L T T T T L P TP PP PR ....[4]

(c) Ammonium carbonate is soluble in water but zinc-carbonate is insoluble in.water.
Describe how you would prepare a sample of pure, dry zinc carbonate using-a solution of
ammonium carbonate.

ARGk ek A e cex banodin. K. oniged. floals G N add....
foad AXOPL AL AR A coxbanodi...on kL e seechdn. ...

(d) Excess ammonium carbonate reacts with phosphoric acid, H;PO,.

Construct an equation for this reaction.
AN Coak Balond  Co 4 Ha 0 4l D RO 2
[Total: 10]
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Paper 2 Theory

Examiner comment — middle
B6(a)

This candidate did not give an observation but just described in words the chemical equation. Good answers
used the information in the equation such as the state symbols to deduce an observation such as ‘the mass
would decrease’ or ‘the solid would eventually disappear’.

Mark awarded = 0 out of 1

B6(b)

This candidate was able to describe the use of litmus to test for ammonia and of limewater to test for carbon
dioxide. The candidate gave both the reagents and the expected result and so obtained full marks for this
part question.

Mark awarded = 4 out of 4

B6(c)

Candidates at mid-grade found this question very demanding and often were not able to describe the correct
method of purification. Some candidates used a base and acid method, others a titration method and a
significant proportion of mid-grade candidates did not answer the question.

This candidate used the reagents of zinc carbonate and ammonium carbonate rather than a soluble zinc salt
and ammonium carbonate. Although the answer included a filtration stage it refers to removing excess
ammonium carbonate rather than collecting the product of zinc carbonate. Furthermore the answer also
describes crystallising zinc carbonate which is incorrect.

Mark awarded = 0 out of 3

B6(d)

Although this candidate attempted to write an equation some of the formulae were incorrect which made
balancing the equation impossible.

Mark awarded = 0 out of 2

Total mark awarded =4 out of 10
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Paper 2 Theory

Example candidate response — low
B6 Ammonium carbonate, (NH,),COy,, is a white solid that is a component of ‘smelling salts’.

It decomposes when it is heated.
(NH,),CO4(s) —> 2NH,4(g) + H,0(g) + CO,()

(a) A sample of ammonium carbonate is heated strongly until it all decomposes.

Suggest what you would observe during the experiment.

decomposition.

e uﬁl\ Shmu "Q/Lcd? Whe N ammenium
carbonakes T heaked.... QM0N0 Qe
........... ofdﬁmww@ﬂ“?
\oecomes..ararnonio(y k). Bnd\odnen..
cosrenl came o e ueder  dume
A eneant o thok @&@f bon-
ZR e Ud}iC&d 4]

(c) Ammonium carbonate is soluble in water but zinc carbonate is insoluble in water.

1
o ST oy

...........................................................

Describe how you would prepare a sample of pure, dry zinc carbonate using a solution of
ammonium carbonate.

Bird e oall DU\k Sesmm () oxe_z;e_,

.......

20 W ST an &),

(d) Excess ammonium carbonate reacts with phosphoric acid, H;PO,.

Construct an equation for this reaction.
(NN Y 2. Fiwl et ) O TE NP A w Y = Tt L EH O L DI

[Total: 10]
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Paper 2 Theory

Examiner comment — low
B6(a)

This candidate did not quote observations and so was not awarded a mark. This candidate needed to state
that a pungent gas was released rather than just ammonia was released to get a mark. The comment about
the limewater was irrelevant in this question.

Mark awarded = 0 out of 1

B6(b)

This candidate gave the limewater test for carbon dioxide but did not give a test to identify ammonia. The
most popular test for ammonia was that it turns moist red litmus blue.

Mark awarded = 2 out of 4
B6(c)

All candidates found this question very challenging and most low grade candidates did not score with this
question.

This candidate did not give the correct reagents, giving ammonium carbonate and zinc rather than
ammonium carbonate and a soluble zinc salt. This candidate did not describe the experimental details and
so did not have access to the filtration and the wash and dry mark.

Mark awarded = 0 out of 3

B6(d)

This candidate did not write the correct formula for ammonium phosphate and so could not balance the
equation. This was a very challenging question for low grade candidates.

Mark awarded = 0 out of 2

Total mark awarded = 2 out of 10
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Paper 2 Theory

Question B7

Mark scheme
B7 (a) TiCl, + 2Mg — 2MgCl, + Ti (1) [1]

(b) Reduction because Ti ions gain electrons/oxidation number of Ti decreases
(1)

Oxidation since Mg loses electrons/oxidation number of Mg increases (1) [2]

() M, of TiCls = 190 (1)
Moles of TiCl is 0.658/% of Ti = 25.3 (1)

Mass of Ti = 31.6(g) (1) (3]

(d) Titanium because magnesium can displace titanium (1) 1

(e) (Simple) molecular/reference to molecules (1)

Covalent (1) (2]
(f) Electron(s) can move/has delocalised electron(s) (1) [1]
[Total: 10]
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Paper 2 Theory

Example candidate response — high
B7 Titanium can be manufactured by heating titanium(IV) chloride, TiCl,, with magnesium.

(a) Construct the equation for this reaction.
T U L !
lk“-t-)M%@),gc.Lx L N S 1]

(b) Explain why this reaction involves both oxidation and reduction.

(c) What mass of titanium can be made from 125 g of titanium(IV) chloride?

Mores of Titenl U (,“lwio{g__ 0. 6S 1

Mevt of Ti¥emium = O .G’Yﬁ x4®
‘ = %'hg?j

mass of titanium = ... 2 oo g [3]
(d) Which metal is the less reactive, magnesium or titanium?
Explain your answer.

~ . T . N
Aikaam dess reactive. metel. Slace..iX. ek x AL B —

”ﬁ.&-\%wm ..........

Suggest the structure and bonding of titanium(IV) chloride.

. . (X | .
.:(K%...ﬂiuaﬁt&fx,&...at&....:’fii‘g«.{m.m.ﬁ..\.':’)...c,'smlnr.id.g..s.au\.d...Em&.am\dli!sym!......
BN RTR T T~ S P I - 0 1T\ R TN |1 PO, 2]

f) Explain how titanium metal conducts electricity.
() Exp i ‘w_,% ty.

THadive.metel. hatd free. electons  uhich. allow. etectricity......
o e onddvedi.... e eeeeenenenes [1]
[Total: 10]
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Paper 2 Theory

Examiner comment — high
B7(a)

The candidate gave the correct balanced equation.

Mark awarded = 1 out of 1

B7(b)

The candidate appreciated that magnesium loses electrons and that this is oxidation which is one of the
marking points. Although the candidate appreciates that reduction is the gain of electrons they stated that
chlorine gains electrons which is incorrect so they did not get the second mark for this question.

Some high grade candidates were not sufficiently precise with their answers and gave answers that did not
identify the correct chemical species being oxidised or reduced. Other high grade candidates gave answers
that referred to specific oxidation states such as magnesium is oxidised since its oxidation state increases
from 0 to +2. The calculation of actual oxidation states is not a requirement of the syllabus though correct
statements were credited.

Mark awarded = 1 out of 2

B7(c)

This candidate gave the correct answer and so was awarded all three marks however they did not show all
the working out. In this question the incorrect use of decimal places and significant figures were ignored so
the incorrect rounding to 31.5 was not penalised.

Mark awarded = 3 out of 3

B7(d)

The candidate appreciated that titanium was less reactive than magnesium and referred to magnesium
replacing titanium. This idea was sufficient to award a mark although better answers referred to magnesium
displacing titanium.

Mark awarded = 1 out of 1

B7(e)

This question was found to be very challenging even by high grade candidates. This candidate only refers to
ionic bonding which is incorrect so the answer was given no marks. The best answers referred to simple
molecules with covalent bonding. These answers used the properties of the compound to deduce the
structure and bonding.

Mark awarded = 0 out of 2

B7(f)

This candidate referred to the presence of a sea of free electrons which was sufficient for the award of a
mark. Most high grade candidates were able to score a mark for this question.

Mark awarded = 1 out of 1

Total mark awarded = 7 out of 10
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Paper 2 Theory

Example candidate response — middle
B7 Titanium can be manufactured by heating titanium(iV) chloride, TiCl,, with magnesium.

(a) Construct the equation for this reaction.

e d e e M G M Gl 2 T C

(b) Explain why this reaction involves both oxidation and reduction.

Beconnt..Anis .. deackon... b @Mo!;q
a«»el/m&\%e_oimcl’umal@a ..... ﬂl’/i/a
M,QL ............. A.E.clwkf&ﬁ ........... XS

n te. /)EQ-E»!(.'\&Y).
'H}ui ........ Mw ......... .4&.........’2&”1.[2]

Aedwee
(c) What mass of titanium can be made from 1259 of tltamum(IV) chloride?

~ 125
a0
= 045 7g ¥ 18

3LS T A

i

mass of titanium = ?:'l&_V g [3]

(d) Which metal is the less reactive, magnesium or titanium?

Explain your answer.

}:{‘ani LI DECRALZ 'i'l‘.,u_z,lm ....................
heackivite . Sﬁ?ﬁl% .......................................

(e) Titanium(IV) chloride is a liquid with a low boiling point of 126°C.
Suggest the structure and bonding of titanium(IV) chloride.

A
) \ Lisbsaesssate s et s e e e e e PO 4 R0R [2]
ing

() Explain how titanium metal conducts electricity.
Becavae.... k. et Bce.... Jonek. ..o eleetsons,
‘fw‘).. ....... tond wcr!nﬁ&\e n XY (1]

eckxioiky
=

[Total: 10]
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Paper 2 Theory

Examiner comment — middle
B7(a)

This equation quotes the wrong product in TiCl, when it should be titanium metal, Ti. Other candidates at
this level often gave incorrect formulae and so could not balance the equation.

Mark awarded = 0 out of 1

B7(b)

This candidate does not give any explanation and only refers to one substance in the answer. To be able to
be awarded a mark, the idea that reduction was gain of electrons and oxidation was loss of electrons had to
be made. For a second mark the correct species gaining or losing electrons had to be identified.

Mark awarded = 0 out of 2

B7(c)

This candidate obtained the correct answer and showed sufficient working out to show that they had used a
molar approach rather than one using percentage composition. In this question rounding-up errors were
ignored.

Mark awarded =3 out of 3

B7(d)

The candidate correctly stated that titanium was less reactive but did not offer an explanation. The most
common correct explanation at was that magnesium displaced the titanium.

Mark awarded = 0 out of 1

B7(e)

The candidate correctly identified the bonding as covalent but did not mention anything about the simple
molecular structure. Many candidates at this level referred to ionic bonding and this resulted in no marks
being awarded.

Mark awarded = 1 out of 2

B7(f)

This candidate identifies the presence of free electrons which is a marking point but also refers to the
presence of free ions which is a contradictory statement.

Mark awarded = 0 out of 0

Total mark awarded = 4 out of 10

Your education hub
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Paper 2 Theory

Example candidate response — low
B7 Titanium can be manufactured by heating titanium(1V) chloride, TiCl,, with magnesium.

(a) Construct the equation for this reaction.
aT\L\q%M%m_\T\aMchﬂ\Cﬁ\am
(b) Explain why this reaction involves both oxidation and reduction.
Mh’m&fm&\ AN S O AOT AL s
U U O AT AL R YRV 3 T S

.......... and. be camen . oniainieen S e U Lo
............... M. SN 62 A0S XN O S0 AR A

R T Sl mwhdimximr\\%QuMﬂQmﬂwi{z]

(c) What mass of titanium can be made from 1259 of titanium(IV) chloride?

6roNBY RS
<6

mass of titanium = 6 g [3]
(d) Which metal is the less reactive, magnesium or titanium?

Explain your answer.

B\ CUTIR. - e S N SR VSO Y .- S XS < VXTI = 3 YY)
ORI X QU 3 Y U P £ O . VY W Wmm Q,MQ

(e) Titanium(IV) chloride is a liquid with a low boiling point of 126°C,
Suggest the structure and bonding of titanium(iVv) chloride.
......... The, *\\‘wvmﬁ\\hﬂs} A% Tt wtedl . Canbasb.

. .......\s.x-mum LA, S [2)
&\‘ M—'ﬂ&ﬂukma axe_ ot S C\oWt Yo

XX Come\ st X q-—t.s_ﬁ.)i'ric.:\'r\-\— \ow

[Total: 10]
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Paper 2 Theory

Examiner comment — low
AT7(a)

This candidate was not able to construct the equation because they wrote the incorrect formulae for the
products in the reaction.

Mark awarded = 0 out of 1

B7(b)

This candidate described oxidation as the gain of electrons and reduction as the loss of electrons and so
was not awarded a mark. In addition the candidate did not identify the chemical species that were oxidised or
reduced.

Mark awarded = 0 out of 2

B7(c)

This candidate attempted the calculation but did not use the correct approach to the question. The most
popular approach was to calculate the moles of titanium chloride, deduce the moles of titanium and then
calculate the mass of titanium made.

Mark awarded = 0 out of 3

B7(d)

This candidate did state that titanium was less reactive but they did not explain this deduction using
information form the equation. The explanation needed to refer to magnesium being able to displace titanium
from its compounds.

Mark awarded = 0 out of 1

B7(e)

This candidate did state that the compound had covalent bonding but did not mention anything about the
structure of the compound. The comments about the electrons not being close to each other was irrelevant
and was ignored.

Mark awarded = 1 out of 2

B7(f)

This candidate gave a good answer referring to the presence of free mobile electrons.

Mark awarded =1 out of 1

Total mark awarded = 2 out of 10

Your education hub
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Paper 2 Theory

Question B8

Mark scheme
B8 (a) Any correct equation e.g.
Ci7Hzs — CsHe + CisHszo (1)

(b) Reaction is faster because particles are moving faster/rate increases because

particles have more energy (1)

More particles have energy above the activation energy/more effective
collisions/more fruitful collisions/more energetic collisions/more (chance of)

successful collisions (1)

(c) (i) Has carbon-carbon double bond/has C=C bond (1)

(ii) Add bromine (water) (1)

Goes from (orange/brown/red/red-brown)/to colourless/(bromine) is

decolourised (1)

(d) H CN
| |
C-C
| ]
H H

Correct repeat unit (1)
Free bonds at the end (1)

(e) Maximum/predicted mass = 1750 (tonnes)

OR
95

1750 x —> (1)
100

Mass of product = 1662.5 (tonnes) (1)

62 Cambridge O Level Chemistry 5070
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Example candidate response — high
B8 The flow chart shows the steps involved in the manufacture of poly(propenenitrile).

crude-oil

propenenitrile

Y
poly(propenenitrile)

(a) Long chain alkanes such as C,,Hgq can be cracked to form propene, CgHe.

Construct an equation to show the cracking of C,,H,, to form propene.

C K —r C
oz ‘sk{w-&sﬂcm

(b) The equation shows the reaction to make propenenitrile.

2C;Hg(9) + 2NHy(g) + 30,(g) — 2C,HgN(g) + 6H,0(g)

Describe and explain what happens to the rate of this reaction if the temperature is increased.

T Khe. Aerapeiatve. b dncteased, Thea. due. wete. of S
...x.c-.e.c:’riqa...mmﬁ&..fgs&sn....ﬁ!.\.....-‘.;....mesn.:ihe...gsc.’cic.\m ........................

....... coNide. vl mecs gaegy......
............ , B
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Paper 2 Theory

Example candidate response — high, continued
(c) The structure of propenenitrile is shown.

(i) Explain why propenenitrile is unsaturated.
X sonsaturoted becowse it hat o, GG dovi e benel........
sk
(ii) Describe a chemical test to show that propenenitrile is unsaturated.
Me. feact. ik ot agueovs. breming which. (.o cealelith ...
toma. Nguid TE... pepencartile. Sovastviated hea The. .
Lsewien @il becnssaot

......4.%5:&9.9.&...3‘.1:1\...so.smr...f!’.s-m.............

(d) Draw part of the structure of poly(propenenitrile).

g
\ \
- —C—
i\
(&
W SNL Y
(2]
(e) A factory uses 1750 tonnes of propenenitrile to produce poly(propenenitrile).
The percentage yield is 95%.
Calculate the mass of poly(propenenitrile) produced.
o ast
exentvitc) = \ISO XA -
Mes of polylpiof R
mass of poly(propenenitrile) = -\‘H‘%ﬂ‘éé‘v tonnes (2]
[Total: 10]
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Paper 2 Theory

Examiner comment — high
B8(a)

This candidate gave an equation with two alkenes, C3Hg and C45H30 which is incorrect. Many high grade
candidates were able to construct correct equations.

Mark awarded = 0 out of 1

B8(b)

This candidate appreciated that the particles collide with more energy but did not include any comment about
the particles moving faster or having more kinetic energy. Other candidates referred to more successful
collisions instead of more energetic collisions and this was given credit.

Mark awarded = 1 out of 2

B8(c)

This candidate referred to the presence of the carbon-carbon double bond in (i) and so was awarded a mark.
Candidates that did not mention that the double bond was between carbon atoms were not awarded a mark.

This candidate described using bromine to test for unsaturation and gave the correct observation and so was
awarded two marks. Most high grade candidates were able to gain these two marks.

Mark awarded = 3 out of 3

B8(d)

This candidate could not draw the structure of the polymer because they used the wrong formula for the
cyano group using C3N, rather than CN. The candidate did however draw in a two carbon skeleton with free
bonds at either end so was awarded this marking point. Many high grade candidates were able to get both
marks for this question.

Mark awarded = 1 out of 2

BS(e)

The candidate clearly crossed out the incorrect answer and replaced it with the correct answer and working
out to be awarded two marks. The incorrect answer was often given by candidates answering this question.

Mark awarded = 2 out of 2

Total mark awarded =7 out of 10

Your education hub
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Paper 2 Theory

Example candidate response — middle
B8 The flow chart shows the steps involved in the manufacture of poly(propenenitrile).

crude oil

v

propene

/

properienitrile

e A A
poly(propenenitrile)

(a) Long chain alkanes such as C,;Hz, can be cracked to forni propene, CzHg.

Construct an equation to show the ¢racking of C,;H, to form propene.

e G262, G Mzt Qo Mrp I (1]
(b) The equation shows the reaction to make propenenitrile.
} :
—/b 2C4Hg(9) + 2NH(g) + 30,(g) —> 2C,H,N(g) + 6H,0(g)
e Describe and explain what happens to the rate of this reaction if the temperature is increased.
AL e \ L%Lflwumﬁumgmqulh.{!m&u&ﬁn O.L...
/4,?’ e PUDDERCAINIE.... W\ Aee0oat. ... 0. k. 1S Lxblatamic. Beackionand..........
) ) ) . f—uo%-—-,:c.
N I,-‘_c..ua_of.;....l.s;;a...m?mm..:.;,b{:;.@m@.uz....pm});.!;.&%.am.fﬂke.iﬁ‘ead;%....
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Paper 2 Theory

Example candidate response — middle, continued
(c) The structure of propenenitrile is shown.

(i) Explain why propenenitrile is unsaturated.
The....0m.pene.mibmle.. .. Onse o YaleQ 0 L coadaiee Mg

brmmmio . .0t S I g it an.... om s ahuraked).
YT e P T VT VS T3 L S L AR e Sep i |

(d) Draw part of the structure of poly(propenenitrile).

3] H
\’\\ / < r !
L= St
! \ \ \
H ™ LN

[2]
(e) A factory uses 1750 tonnes of propenenitrile to produce poly(propenenitrile).
The percentage yield is 95%.
- (A~ 59
Calculate the mass of poly(propenenitrile) produced.
Malep = Mads moros 125% ¥ s
. = \F§41 .
--—"*\ Y 98
= Moay
AR Ch T3
eat = M LAXE3T 44206
mass of poly(propenenitrile) = ............ 4.0 &3 &............ tonnes [2)
[Total: 10]
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Paper 2 Theory

Examiner comment — middle
B8(a)

This candidate constructed a suitable equation for cracking. Although other equations were allowed in the
mark scheme this was the most common equation given by mid-grade candidates.

Mark awarded = 1 out of 1

B8(b)

This candidate referred to the position of equilibrium rather than rate of reaction and so was not awarded any
marks. The candidate assumed that the reaction was exothermic and states that the production of
propenenitrile decreased rather than that the rate of reaction increases. The answer needed to refer to
molecules moving faster and having more successful collisions.

Mark awarded = 0 out of 2

B8(c)

This candidate only referred to the presence of a double bond in (i) but this was not sufficient and had to be
identified as a carbon-carbon double bond to be awarded a mark.

In (ii) this candidate gave a good answer referring to the use of bromine to test for unsaturated compounds.
The reference to decolourised was sufficient to get the observation mark.

Mark awarded = 2 out of 2

B8(d)

This candidate could draw the structure of the polymer but did not show the triple bond between the carbon
and the nitrogen atom and so only scored one mark. If the group was shown as CN rather than C—N then
this would have been acceptable for the second mark.

Mark awarded = 1 out of 2

B8(e)

The candidate was not available to complete this calculation and used an approach using moles rather than
using the connection between percentage yield, actual yield and predicted yield.

Mark awarded = 0 out of 2

Total mark awarded = 4 out of 10
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Example candidate response — low
B8 The flow chart shows the steps involved in the manufacture of poly(propenenitrile),

crude oil

propenenitrile

Y

poly(propenenitrile)

(@) Long chain alkanes such as C,,H,, can be cracked to form propene, CqHg.

Construct an equation to show the cracking of C,;H,q to form propene.

‘qﬁ%%k | C'QL*_) ........................ CS%Q ............. (1]

(b) The equation shows the reaction to make propenenitrile.
2C,Hy(g) + 2NHy(g) + 30,(g) —> 2C4H,N(g) + 6H,0(g)

Describe and explain what happens to the rate of this reaction if the temperature is increased.

e

.........................................................................................

waldan q—%fl‘lm%‘cs% ...............

cm}\d@mafﬁwﬁxgwm ............................ .
%ﬁﬁd ..... &(‘\ ﬁ%‘b&ﬁﬂﬁb %\séfﬁméc;[z]
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Paper 2 Theory

Example candidate response — low, continued
(c) The structure of propenenitrile is shown.

(i) Explain why propenenitrile is unsaturated.

“heqhane Arple baqdﬁ\\eq lhowg o L0s odueded vaoasm s mecs

.......... CLETT

wanowolines “)f{ "J[‘\\GN t‘cuﬁ\w} fen @

cenrfer[1]
(ii) Describe a chemical test to show that propenemtnle is unsaturated. wine a

Yo praeid \ﬂ\\Q \s umcd \no{} ¢ bearme

(d) Draw part of the structure of poly(propenenitrile).

{
) !'(.-{.E(T

‘ L \o\” o\
G\f C.SS . 2]
(e) A factory uses 1750 tonnes of propenenitrile to produce poly(propenenitrile).
The percentage yield is 95%.

Calculate the mass of poly(propenenitrile) produced.

\1S0 ol
o AT
|EX
mass of poly(propenenitrile) = .............. \ L’("”Z ............... tonnes [2]

[Total: 10]
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Paper 2 Theory

Examiner comment — low
B8(a)

This candidate could not construct the balanced equation for the cracking of C47H 3¢ since they included an
extra reactant in the equation and only had C3;H¢ as the product.

Mark awarded = 0 out of 1
B8(b)

This candidate appreciated that the rate of reaction would increase but did not explain why in terms of
particles moving faster and having more successful collisions.

Mark awarded = 0 out of 2

B8(c)

This candidate referred to the presence of the triple bond in (i) but in this structure it does not make the
compound unsaturated since the triple bond is between carbon and nitrogen. The answer had to refer to the
presence of a double bond between two carbon atoms.

In (ii) this candidate did not mention the use of bromine to test for unsaturation and so was awarded no
marks.

Mark awarded = 0 out of 3

B8(d)

This candidate misunderstood the question and drew plastic items instead. The correct answer needed to be
a structure of the polymer showing the bonds and atoms present.

Mark awarded = 0 out of 2
B8(e)

This candidate was able to use the information to calculate the mass of the polymer formed. This candidate
showed working out that was clear to follow.

Mark awarded = 2 out of 2

Total mark awarded = 2 out of 10

Your education hub
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Paper 2 Theory

Question B9

Mark scheme

B9 (a)

(b)

(c)

(d)

(e)

(f)

72

Melting point below 25°C (1)
Boiling point above 25°C (1)

Particles move faster/particles gain energy (1)

Particles spread out/ move away from each other (1)

Volume of gas increases (1)

Particles spread out (1)

Ethene has a lower (relative) molecular mass/ethene has a lower formula

mass/ or reverse argument (1)

ANY TWO FROM
LS 0/
H—C—C—C H—C—C
S
H H / H/
H (1)
"\
H c—H
Y
H—C—C
| N H
H G
HT N\
Ho(1)
P
UL
H H H OH
OR
LT
T
H H OHH (1
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[2]

[2]

[2]

[1]

[2]

(1]
[Total: 10]

PAST PAPERS

INSIDE

Your education hub



Example candidate response — high
B9 Alkenes are a homologous series of unsaturated hydrocarbons.

The table shows information about some alkenes.

(a)

(b)

(©)

(d)

alkene molecular melting point | boiling point
formula /°C /°C

ethene - GC,H, -169 -105
butene C4Hq -185 -6
hexene CeHyn 140 .. 63
decene CyoHag - —66 171
dodecene CyoHoy -35 - 214

Decene is a liquid at 25°C.

How can you make this deduction from the data in the table?

@x&.m&lﬁm%.gﬁﬁh..o’?ﬁ...&m.@.h..knmﬂ-.ﬁm...&“g.cr ..... IR =S
.ba?\ﬁrﬁ..ﬁck..ﬁs.k%he&..&qm...%?a.u..ﬁm...s&e cane.ts. i :
B = L T .[2]

Buténe boils at —-6°C.

Use the kinetic particle theory to explain what happens when butene boils.
Lden.. Bdkene.. oS\, e maecen. oo heak. nerau a0 .

W?Mamcd\ﬁnaﬁcm%md%\axegnce..\ﬁa\te.?teovumk
.cd:\?s‘inm U —

A sample of ethene gas in a gas syringe is heated from 20°C to 100°C.

The pressure remains constant.

Describe and explain, in terms of the kinetic pérticle theory, what happens to the volume of
the gas. - )

A She. Xemperohxe. ate3e fnateaned ) e perden. ek 0. 0. ek memy
»nexz.\ﬁ\lmff.g an.Soemensed. oske. e.x:\ex‘fs:y."ﬁﬁ ":\”se..—rm\-c;:w%a—gﬁa

£xp00ds. Moedehy Toeceafoe. Moe.. NOME.. F. 408 2 e rnsnnnenn [2]
At room terhpefalure ethene diffuses faster than butene.

Explain why.

(l}\e:. seelemaitel oz, maecsd . s . . e 55... Jordss. hon.....
Pokene., 50 0o AT TR FHHREs v [1]
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Paper 2 Theory

Example candidate response — high, continued
(e) Draw the structure, showing all the atoms and all the bonds, for two isomers with the molecular

formula C Hg.
b M
-G ~C=C— =V fC-e-c=Cc-H
H H o

(2]
(f) The structure of hexene is shown.

T
e
H HHH

Draw the structure, showing all the atoms and all tha bonds, for the product of the reaction of
hexene with steam.

H R K AR WY
O | | | |
H— -C—lc. C-Cc—-C—C —O-u
1 i ]
e H |'Ei }.!g H H

(1]
[Total: 10]
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Paper 2 Theory

Examiner comment — high
B9(a)

This candidate gave an accurate answer referring to both the melting point being lower than 25°C and the
boiling point above 25°C. Other candidates referred to room temperature rather than 25°C and this was
accepted in the mark scheme. A common error was to refer only to the melting point or the boiling point.
Mark awarded = 2 out of 2

B9(b)

This candidate appreciated that the particles gained energy but did not mention any idea of the particles
spreading out or that intermolecular forces were broken. Candidates that mentioned atoms or ions instead of
particles or molecules were awarded no marks for the question.

Mark awarded = 1 out of 2

B9(c)

This candidate appreciated that the volume of the gas increases but was not able to give an adequate
explanation and did not mention that the particles would move away from each other. The most common
incorrect explanation referred to particles moving faster or having more collisions.

Mark awarded = 1 out of 2

B9(d)

This candidate appreciated that ethene has a lower molecular mass than butene and so would diffuse faster.
Mark awarded = 1 out of 1

B9(e)

This candidate drew both structures very clearly and was awarded both marks. Some high grade candidates
drew cycloalkanes such as cyclobutane and these were accepted as correct.

Mark awarded = 2 out of 2

B9(f)

This candidate drew a clear structure of hexanol, and made certain that the hydroxyl group was drawn out
fully and so was awarded a mark. Either hexan-1-ol or hexan-2-ol was accepted as correct.

Mark awarded =1 out of 1

Total mark awarded = 8 out of 10

Your education hub
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Paper 2 Theory

Example candidate response — middle
B9 Alkenes are a homologous series of unsaturated hydrocarbons.

The table shows information about some alkenes.

alkene molecular melting boint boiling point

. formula /°C /°C
ethene C,H, -169 -105
butene C4Hg -185 -6
hexene - CgHyp -140 63
decene CioHag -66 171
dodecene- CyoHos -35 . 214

(a) Decene is aliquid at 25°C.

How cén you make this deduction from the data in the table?

LBecaune. i velue covnen  bedwoens 815
mw‘napﬁa‘iw\%@k\a&\r\?p&m’s
2]

(b) Butene boils at -6°C.

Use the kinetic particle theory to explain what happens when butene boils.

Jbeno.. 8. Deilea A pakee Jea.. B\ d et
each.ofen....amd...udll.. Vil . Motees Par Bcle ... cniio.
ﬁmqla Rineds.... {:u\f.«kﬁ% ......... aad ) ﬂf—ﬁ"\f annoh.. At

(c) A sample of ethene gas in a gas syringe is heated from 20°C to 100°C.

The pressure remains constant.

Describe and explain, in terms of the kinetic particle theory, what happens to the volume of
the gas.

E’Mmu.&a thac{La elea.. sl Qaim.aonoed.e. Kinehi s ene:
I,...tollie\s.. ’%ea o ha&«}e,x Aake... ‘e;tc,m(&
t‘?‘:\ o1y WAL ol Ay,
..... '\fmﬂmt\ LAY 2. QN e anciAinapne. sad)
(d) At room temperature ethene diffuses faster than butene.

Explain why.

...E...E:R».m.a..?s....ﬁg&ilﬁ;&._.’.ﬁ)gn...ha,t{ne...a&...f{i‘,....mmr}.ql.ms....L?:ﬁﬁ......
06D hendt. dhoawn.. Ddene. R eoeenenen[1]
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Paper 2 Theory

Example candidate response — middle, continued
(e) Draw the structure, showing all the atoms and all the bonds, for two isomers with the molecular
formula CH,g.

H Mol \
o !’; Flgt-as O S g
- ¢ = (=0 L Y
\ __.( - C - _ e : 0 Lol ¢ \
e A it L g
| \ | \
s, } U \
f H 4 | g
(2]
(f) The structure of hexene is shown.

Sudas

H H HcH

Draw the structure, showing all the atoms and all the bonds, for the product of the reaction of
hexene with steam.

Cy H a \A 20

v it TR [1)
i R DT S T
[Total: 10]
\\\EJ/‘ FI\?SSIE II;A PERS Cambridge O Level Chemistry 5070
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Paper 2 Theory

Examiner comment — middle
B9(a)

In this question the candidate needed to make a specific reference to 25°C (or room temperature) to be
awarded a mark. It was not sufficient for this candidate to state that this value was between the melting point
and the boiling point. The question uses many values so it is not clear what value is being referred to. The
best answers stated that 25°C was above the melting point but below the boiling point.

Mark awarded = 0 out of 0

B9(b)

This candidate gave an imprecise answer and was only awarded one mark. There is no specific statement
that the particles gain energy or move faster and so the first marking point in the mark scheme cannot be
awarded. The idea that the particles escape the liquid is equivalent to the particles breaking free from the
liquid so is awarded the second marking point in the mark scheme.

Mark awarded 1 out of 2

B9(c)

The candidate does state that the volume increases but although they appreciate that the particles have
more energy they do not describe that the particles spread out from one another.

Mark awarded = 1 out of 2
B9(d)

The candidate only refers to ethene being lighter but to be awarded a mark must refer to the relative
molecular mass of ethene being smaller than that of butane.

Mark awarded = 0 out of 1

B9(e)

The left hand side structure is incorrect with the inclusion of an oxygen atom. The second double bond in the
right hand structure has been erased so that this structure is acceptable and this candidate is awarded one
mark.

Mark awarded = 1 out of 2

B9(f)

This candidate has drawn a correct structure with the hydroxyl group shown in full. The structure of hexan-2-
ol would also have been acceptable. The reference to CsH4, and H,O is considered as working out and was
ignored.

Mark awarded =1 out of 1

Total mark awarded = 4 out of 10

Your education hub
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Example candidate response —

low

Alkenes are a homologous sériés of unsaturated hydrocarbons.

The table shows information about some alkenes.

(@

(b)

(c)

(d)

e PAST PAPERS
INSIDE

alkene molecular melting point | boiling point
formula /°C /°C
ethene C,H, -169 -105
butene C4Hg -185 -6
hexene CGH.“2 ~140 63
decéne "CyoHag -66 171
dodecene CiHay, -35 214

Decene is a liquid at 25°C.

How can you make this deduction from the data in the table?

.Lince.. ik oling poiut s ad e ad wﬂhma
m“}r ‘& gk -eLc Wl can cze,M% de:em,
e s -----\--*O\f‘“‘* Qt"@.‘" e seese e [2]

Butene boils at -6°C.

Use the kinetic particle theory to explain what happens when butene boils.

....................... et (e verd S behoeon
Qo oon and h\tjdw‘agan b@adt_ ovd opeeed
“‘9”“‘% “" Jondem divectdone WVW“
‘MQOPmA”M[z]

A sample of ethene gas in a gas syringe is heated from 20°C to 100°C.

The pressure remains constant.

Describe and explain, in terms of the kinetic particle theory, what happens to the volume of
the gas.

_meve.. ot .a Facher gpegd ..... ine_all owedz‘m_c'
P‘fwv‘q G‘VWVd ..... S )

At room temperature ethene diffuses faster than butene.

Explain why. a 0a< polAjOIm uOO!SOU;@’.,(g
Ehene...xh. Adready gg =i oher ﬁ
Ditene ..mmig:gdwm Qgas 2o vatwely
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Paper 2 Theory

Example candidate response — low, continued
(e) Draw the structure, showing all the atoms and all the bonds, for two isomers with the molecular

formula C,H,.
H 3
\ \
H—C —C—¥
M
- C—-H

[2]

() The structure of hexene is shown.

% P :
R
H. SRS HsH

Draw the structure, showing all the atoms and all the bonds, for the product of the reaction of
hexene with steam.

YU p A

\ , . \ v

Bme ~C o C 6 1 Gt B
\ \ \ |
I o & wh

(]
[Total: 10]
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Paper 2 Theory

Examiner comment — low
B9(a)

This candidate only quoted the data given in the table and made no attempt to relate this to 25°C and the
state of the alkene. The candidate needed to state clearly that the melting point is less than 25°C so it had
melted and that 25°C is less than the boiling point so it had not yet boiled.

Mark awarded = 0 out of 2

B9(b)

This candidate had the misconception that covalent bonds between carbon atoms and hydrogen atoms are
broken when a liquid boils. Candidates needed to clearly state that it was forces between molecules that
were broken.

Mark awarded = 0 out of 2

B9(c)

This candidate clearly states that the volume increases, and then explains why in terms of particles
spreading around.

Mark awarded 2 out of 2
B9(d)

This candidate did not appreciate that the rate of diffusion depends on the relative molecular mass of the
compounds and instead related it to the state of the compound.

Mark awarded = 0 out of 1
B9(e)

This candidate only drew one structure and this structure was incorrect since it had only three carbon atoms
and did not have a double bond.

Mark awarded = 0 out of 2

B9(f)

This candidate missed out one hydrogen atom in the structure and as a result did not get a mark. Although
the candidate drew the hydroxyl group as —OH rather than —O—H bond this was not penalised in this
question.

Mark awarded = 0 out of 1

Total mark awarded = 2 out of 10

Your education hub
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Paper 3 Practical Test

Paper 3 Practical Test

Question 1
Mark scheme

1 (a) Temperature readings

F: full set of temperatures provided for columns D and E (1)
R: temperatures recorded to 0.5°C (1)

S: temperature rises correctly calculated, 6 correct (1) OR all correct (2)

P: pattern of results:
a general rise then fall (1)
experiments 1-3 increasing temperature rise (1)
experiments 4—7 decreasing temperature rise (1)

Accuracy:

For each of the experiments 1-7 give 1 mark for each temperature rise within 1.0 °C

of the supervisor's value (7)
(b} Graph
Correct plotting of all the points (1)

Two intersecting straight lines which fit the results as plotted (1)

(c) Volume of P

Correct recording of the volume from the graph at the point of intersection of the two

lines (1)

Mark parts (d} — (f} using the candidate’s volume of P.

Assuming the volume of P is 23.0cm:

(d) Number of moles of HCIin 23.0cm® of P

_ 23.0x1.50
1000

=0.0345 (1)

(e} Number of moles of NaOH which react

=0.0345 (1)

82 Cambridge O Level Chemistry 5070
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Paper 3 Practical Test
Mark scheme, continued
(ff Concentration in mol/dm® of Q
Volume of Q
500-23.0=270(1)
Concentration of Q

_ 0.0345x1000
27.0

=1.28 (1) (2]
[Total: 21]
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Paper 3 Practical Test

Example candidate response — high
1 Reactions between alkalis and acids are exothermic. The change in temperature when aqueous
sodium hydroxide I1s added to dilute hydrochloric acid of known concentration can be used to
determine the concentration of the alkall.

P 1s 1.50mol/dm? hydrochloric acid.
Q 1s aqueous sodium hydroxide.

(a) (i) Put P into a burette and use it to measure 10cm® of P into a plastic cup. Measure the
temperature of P to the nearest 0.5°C and record the value in column D of the table.

(ii) Using a measuring cylinder, measure 40cm?® of Q as accurately as possible. Pour this
volume of Q into the plastic cup containing P. Stir, using the thermometer, and measure
the highest temperature reached. Record the value in column E of the table.

(iii) Empty the plastic cup and rinse it with water.

(iv) Repeat the procedure described in (i) to (iii) but using the different volumes of P and Q
given in columns B and C of the table for experiments 2 to 7.

(v) For each experniment, calculate the temperature rise and record the value in column F.

A B C D o E F
experiment | volume | volume initial highest temperature
number of P of @ temperature | temperature rise
sugp /em?3 /em?3 of P of mixture /°C
/°C /°C

3.5 1 10 40 3107% | 340 3o
5.» 2 15 35 30.5 26.9 5.5 /
2.0 3 20 30 11.0 7.8 6.0 3%
&% 4 25 | 25 | 30 375 cs
5.¢ 5 30 20 51,0 36.5 5.5 v
B

3.9 6 35 15 21,5 250 3.5
9.5 7 40 10 32 0 340 2.0 v

Fv Ry S/ RN v -

(b) Plot a graph of temperature rise (column F) against volume of P (column B) on the grd
opposite. Using these points, draw two intersecting straight lines. [2]
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Paper 3 Practical Test

Example candidate response — high, continued
12

11

1o FFHE T :

e

e,

temperature rise 6
;‘DC N ’. 7 N

P i

e
=

™
f:_
')

0 10 20 30 40 50
volume of P/cm?3

(c¢) From the graph, read the volume of P where the two lines cross. O

volume of P ... Bl 0. X .............. em3 [1]

(d) Calculate the number of moles of hydrochloric acid present in the volume of P you gave as an

answer to (c). ‘
of moles of HCI = mmmﬁah ofF HU (in molldr?) X wolame of Het (in dw?)

= |.50 X 1000
= 0.0405 moles
moles of hydrochloric acid ... 0.8 4Q.5...meles......oooveeeenn. (1] [
(e) Deduce the number of moles of sodium hydroxide whlch react'with the number of moles of
hydrochloric acid you gave as an answer to (d). ) “*;‘?{-" s
NaOH + HCI —> NaCl + H,0
) o | mole HCI resct ol | moll NaoH,
NaO l Hel 00403 moles  HU react WML 06405 wmsles NaoH,
moles of sodium hydroxide ....2: 2422, . meles. oo [1]
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Paper 3 Practical Test

86

Example candidate response — high, continued
(f) Calculate the concentration, in mol/dm3, of the aqueous sodium hydroxide, Q.

vralion o X Jdm?) = ho. of moles of Naol
contentration f NeOH (in mel _of reler ol Mol

loo0

%a5 2
3

gt 1,76 mol [dn’ /

concentration of Q ...... S mol/dm? [2]

Vi

A

3t

[Total: 21

20

Examiner comment — high

(a) By completing the practical work described the candidate produces a full set of temperature
measurements (columns D and E) which are recorded to the nearest 0.5 °C. The temperature rises
(column F) are all correctly calculated and follow the expected pattern of rise and fall. The labelled row
of ticks below the table shows the seven marks awarded.

Each experiment’s temperature rise is within 1.0 °C of the supervisor’s value provided on the left of the
table and so another seven marks are obtained.

Mark awarded = 14 out of 14

(b) The required data is correctly plotted and used to draw two intersecting straight lines.
Mark awarded = 2 out of 2

(c) The candidate misreads from the graph the volume of P which should be 23.0 or 23.5 cm®.
Mark awarded = 0 out of 1

(d) The volume of P from (c) is clearly and correctly used to calculate the number of moles of acid.
Mark awarded = 1 out of 1

(e) The number of moles of alkali is the same as the number of moles of acid in (d).
Mark awarded = 1 out of 1

(f) 23cm’is the volume of Q which reacts with 27 cm® of P so the candidate scores the first mark and then
a correct calculation follows to produce the concentration of the alkali for the second.

Mark awarded = 2 out of 2

Total mark awarded = 20 out of 21
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Example candidate response — middle
1 Reactions betlween alkalis and acids are exothermic. The change in temperature when aqueous
sodium hydroxide is added to dilute hydrochloric acid of known concentration can be used to
determine the concentration of the alkali.

P is 1.50mol/dm? hydrochloric acid.
Q is aqueous sodium hydroxide.

Paper 3 Practical Test

(@) (i) Put P into a burette and use it to measure 10cm?3 of P into a plastic cup. Measure the
temperature of P to the nearest 0.5°C and record the value in column D of the table.

(i) Using a measuring cylinder, measure 40cm? of Q as accurately as possible. Pour this
volume of Q into the plastic cup containing P. Stir, using the thermometer, and measure
the highest temperature reached. Record the value in column E of the table.

(iii) Empty the plastic cup and rinse it with water.

(iv) Repeat the procedure described in (i) to (iii) but using the different volumes of P and Q
given in columns B and C of the table for experiments 2 to 7.

(v) For each experiment, calculate the temperature rise and record the value in column F.

A B C D E F
experiment | volume | volume initial highest temperature
number of P of Q@ temperature temperature rise
fem3 fem?3 of P of mixture /°C
Sup /°C /°C
S0 o o /
Lo 1 0 | 4 |29 S2t 7e
) v /
6.4 2 15 3 | 27C J&/ ’ 4%
® = ook /
7s| 3 | = | w [T TP
4.5 4 25 % |29 A S /
o -
g 5 30 20 | 2] B B¢ sub [€°C /
L 6 35 15 | 29% Fla % /
2.S 7 40 10 | 29r 7 =i /

/%

v x

W/

(14]

Iz

(b) Plot a graph of temperature rise (column F) against volume of P (column B) on the grid
opposite. Using these points, draw two intersecting straight lines.

=/
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Paper 3 Practical Test

Example candidate response — middle, continued
12 i I

1
I
|
I

11

10

temperature rise 5
& & dh

0 10 20 30 40 50
volume of P/cm3

(c¢) From the graph, read the volume of P where the two lines cross.

O
volume of P W X cm3 [1]

(d) Calculate the number of moles of hydrochloric acid present in the volume of P you gave as an

answer to (c).
0.0015 x/f F
o 02T

moles of hydrochloric acid 002; ........ / ......................... (1] (

(e) Deduce the number of moles of sodium hydroxide which react with the number of moles of
hydrochloric acid you gave as an answer to (d).

NaOH + HCI — NaCl + H,O
[ 1]
0.027 /

moles of sodium hydroxide ............cccooceeeeeic e [1]
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Paper 3 Practical Test

Example candidate response — middle, continued
(f) Calculate the concentration, in mol/dm3, of the aqueous sodium hydroxide, Q.

gmt
0.02F _ |.5x (0
J

CONCORMALION OF Q ....o.roremesmmsrmsnri e pesssmsipmmss mol/dm? [2]

[Total: 21]

Examiner comment — middle

(a) While there is a full set of temperature measurements provided, there is no indication that the readings
have been taken to the nearest 0.5 °C and the candidate makes a subtraction error in experiment 5. The
pattern of temperature change is correct. Consequently, there are five ticks below the table.

All the temperature rises are within 1.0 °C of the supervisor’s — the corrected value for experiment 5 is
the one used to make comparison.

Mark awarded = 12 out of 14
(b) The required data is correctly plotted but two intersecting straight lines have not been drawn.
Mark awarded = 1 out of 1

(c) Without two straight lines the candidate does not have a point of intersection but the mark would have
been awarded if 25 cm® had been given as the volume.

Mark awarded = 0 out of 1

(d) The volume of P from (c) is correctly used to calculate the number of moles of acid.
Mark awarded = 1 out of 1

(e) The number of moles of alkali is the same as the number of moles of acid in (d).
Mark awarded = 1 out of 1

(f) The volume of Q is incorrect and so is the concentration calculation which follows.
Mark awarded = 0 out of 2

Total mark awarded = 15 out of 21
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Paper 3 Practical Test

90

Example candidate response — low

1

Sur

B U~ R O F

Reactions between alkalis and acids are exothermic. The change in temperature when aqueous
sodium hydroxide is added to dilute hydrochloric acid of known concentration can be used to
determine the concentration of the alkali.
wel '
P is 1.50 mol/dm® hydrochloric acid.
Q is aqueous sodium hydroxide.
) ARy OH

@) (i) Put P into a burette and use it to measure 10cm® of P into a plastic cup. Measure the

temperature of P to the nearest 0.5°C and record the value in column D of the table.

(i) Using a measuring cylinder, measure 40cm? of Q as accurately as possible. Pour this
volume of Q into the plastic cup containing P. Stir, using the thermometer, and measure
the highest temperature reached. Record the value in column E of the table.

(iii) Empty the plastic cup and rinse it with water.

(iv) Repeat the procedure described in (i) to (iii) but using the different volumes of P and Q
given in columns B and C of the table for experiments 2 to 7.

(v) For each experiment, calculate the temperature rise and record the value in column F.

A B C D E F
experiment | volume | volume initial highest temperature
number of P of Q temperature | temperature rise
Jem3 fem3 of P of mixture /°C
/°C /°C
1 10 40 jo5C ey es'c X
2 15 '35 25:5 °¢ e S8 % v
4 25 25 D:E',hc 24 ‘é, 5.5 ‘e K
5 30 20 aos'e ' g it %
6 35 15 ash % ?’0-' e i-g'c /
7 40 10 | geis Ja e asic v

BSOR/ S/ Pxoxoxo
(b) Plot a graph of temperature rise (column F) against volume of P (column B) on the grid
opposite. Using these points, draw two intersecting straight lines. [2]
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Paper 3 Practical Test

Example candidate response — low, continued
12

114

10

temperature rise
/°C

3_____' | : F\/

0 10 20 30 40 50
volume of P/em3

(c) From the graph, read the volume of P where the two lines cross.

volume of P .......... B8 e / em3 [1] l

(d) Calculate the number of moles of hydrochloric acid present in the volume of P you gave as an
answer to (c).

Mol volume

2yclw

- )4 @)
o i ; 1-2% \r\()%

et Moles of hydrochloric acid ........ . n2 ooh fdn® 4]

(e) Deduce the number of moles of sodium hydroxide which react with the number of moles of
hydrochloric acid you gave as an answer to (d).
NaOH + HCL—> NaCl + H,0 c[”
Wol e mel — V2§ X0 % <

Ut Aash —¥ N

Leaul '
moles of sodium hydroxide ............... .18, ¥9 ¥ > o famd [1]
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Paper 3 Practical Test

Example candidate response — low, continued
(f) Calculate the concentration, in mol/dm?, of the aqueous sodium hydroxide, Q.

A | | | 0

hot 18
" S * concentration of @ ..o 215 . mol/dm? [2]
1o [Total: 21]
> 0%3S

Examiner comment — low

(a) While the candidate has provided a full set of temperatures in columns D and E, recorded to the nearest
0.5°C and correctly calculated all the temperature rises, the pattern of results is not as expected.
Nevertheless, three of the temperature rises are within 1.0 °C of the supervisor’s values.
Mark awarded = 7 out of 14

(b) The required data is correctly plotted but two intersecting straight lines have not been drawn.

Mark awarded = 1 out of 2

(c) The volume given is that at the point where the two lines meet and as such was judged worthy of the
mark.

Mark awarded =1 out of 1

(d) The candidate is not secure in the use of concentration and instead calculates the number of moles in
30cm? of gas. If extra data, such as molar volume of a gas or relative mass, is needed, it will be
provided.

Mark awarded = 0 out of 1

(e) Despite the wrong answer for the number of moles of acid in (d), the candidate correctly uses the
relationship in the equation to deduce the number of moles of alkali.

Mark awarded =1 out of 1

(f) While the formula written by the candidate can produce the right answer, the volumes used are not
those for neutralisation.

Mark awarded = 0 out of 2

Total mark awarded = 10 out of 21

Your education hub
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Question 2
Mark scheme

2

Paper 3 Practical Test

R is hydrochloric acid $ is sodium thiosulfate

Test

Notes

General points
For ppt

allow solid, suspension, powder

For gases

Name of gas requires test to be at least partially correct.
Effervesces = Bubbles = gas vigorously evolved but not gas evolved

Test1
bubbles
gas pops with a lighted splint

hydrogen

metal disappears

(1)

[4]

to score hydrogen mark there must be some
indication of a test e.g. ‘popped with a splint’,
‘tested with a burning splint’

Test 2
(a) white ppt

(b} ppt remains

[2]

Test 3
white or yellow ppt
manganate(VII) decolourised

pungent gas/sulfur dioxide

[3]

allow turns colourless /white/brown

Test 4

decolourised

[1]

allow turns colourless

Test5
white/yellow/red/brown ppt

colour of ppt darkens

[2]
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Paper 3 Practical Test

94

Mark scheme, continued

Test

Notes

Test 6
(a) solution turns purple/red/violet (1)

solution finally colourless/pale

yellow (1)
(b) green (1)
ppt (1)
insoluble in excess (1)

(5]

accept dark brown

accept colour fades/becomes paler

accept black-green

Conclusions

Cationin Ris H™. (In Test 1 metal reacts.) (1)

[maximum 16 marks from 17 scoring points]

Anion in Riis CI". (In Test 2 there must be a white ppt which remains in nitric acid.) (1)
If both ions in R are correct but inverted, allow one mark from the previous two.

S is a reducing agent. (Test 4 decolourised or green pptin Test6) (1) [3]

[Total: 19]
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Example candidate response — high

Paper 3 Practical Test

2 You are provided with solutions R and S.
Carry out the following tests and record your observations in the table. You should test and name
any gas evolved. '
test ;
>y test observations
/
1 | To 2cm depth of R in a test-tube, Gas- e evo\ed Vigosously. 1Le*\‘7é5<5€”fﬁ
add a piece of magnesium. is seen . Splid magnessium jaissolves
and 4a o colourless SOlUMEN 1S formed
The gay evolved Ts dested win oo
lighted Sp int, dglred  splint @xtlnguishes
witn A pop nd. Rydvogen aiven off,
2 | (a) To1cmdepth of Rin a test- Hhite cipitede As .
tube, add a few drops of peste \/ Fenriied.
agueous silver nitrate. '
(b) To the mixture from (a), add Nhite Sclolae ,‘?/ 0 '
dilute nitric acid. . preciprt ermalns insoluble.
White precipitate  does mot dissowe
3 | To2cm depth of R in a boiling tube, [A pale \Veliow solbtisn s formed .
add an equal volume of S and warm e i
the mixture gently. :
Place over the mouth of the boiling | The filtex roper ¢ hanges - colour
tube, a piece of filter paper which e s ciaifs
has been soaked in acidified s Pu‘TP o b s Acidified
aqueous potassium manganate(VII). | KMnOgy 1s  decolotusiced.
4 | To 1cm depth of aqueous iodineina | Brxown <Soluiien +uvns eolourless-
test-tube, add S. Aquaecus todine 1s dE'colDV(':ed-
A colourless soluvdien fo frmed .
p _
5 | To 2cm depth of aqueous silver Toialy yellewo P-uve{cichue TS formed.
nitrate in a test-tube, add a few _ PRI
drops of S and leave to stand until a peRip & Ao ebanges 1o
no further change is seen. ofange and Aven it +turne byowon- 2
Finally a black v{ump o:j?'sm;d
Temains
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Paper 3 Practical Test

Example candidate response — high, continued

6 | (a) To 1cm depth of aqueous Iniially A black colcur  goludion s
iron(I1I) chloride in a test-tube - . Yyt
v | formed hieh die ear 5 N Mixing .,
add an equal volume of S and ' v iegapp gy
mix well. : The colour slowoly fade N mT x;na_
Finawy an orange col\ctred solotion
rermnain s :

(b) To the mixture from (a), add ‘
aqueous sodium hydroxide until D“tﬂ Sfeev/ pfedpﬂogé e formped
no further change occurs. wHL Lo de ops Of NOOW -Tjrhy M—
: ~‘/f

green  pve o pibare : -
AN exﬁe%.P remains /insoluble

[16]
Conclusions
Give the formula for a cation and the formula for an anion in R.
AcationinRis .......... o and an anion |nR|sC-\—\/ 5
In Tests 4 and 6, S is acting as ..... Red Vet g AGE0k.. \/ S [3]

[Total: 19]

Examiner comment — high
Test1 The observations are clearly made and the gas is tested and so identified.

Test2 Both scoring points are covered.

Test 3  While the candidate notes reaction taking place, the yellow is due to a precipitate (solid sulfur) and
the decolourisation of the manganate(VII) by a pungent gas (sulfur dioxide).

Test4 Any one of the three sentences is a correct description worth the mark available.

Test5 The candidate’s good description of the changes that occur when a few drops of S are added,
reveal careful execution of the test and recording of observations.

Test 6 While the colours noted i.e. black and orange, are not correct, the candidate has observed the
colour of the solution become dark and then lighten. A perfect description follows of what occurs on
addition of aqueous alkali to the mixture from (a).
Mark awarded = 14 out of 16

Conclusions The candidate makes all the correct conclusions and has the necessary supporting evidence.

Mark awarded = 3 out of 3

Total mark awarded = 17 out of 19
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Paper 3 Practical Test

Example candidate response — middle
2  You are provided with solutions R and S.

Carry out the following tests and record your observations in the table. You should test and name
any gas evolved.

test .
ey test observations
1 | To 2cm depth of R in a test-tube, LGL"‘%Z cxmou:nk d?(.‘ a@@é{u@@m
add a piece of magnesium. ,‘l qu
*
‘ID c:lxsgolue i~ a= R, The ~eackin
s Q%D'R\t-cmq , 2

2 | (a) To1cm depth of Rin a test- s, 9
tube, add a few drops of WK te Pre @lp‘!:aﬂ??/ 'Dabmg -
aqueous silver nitrate. -
(b) To the mixture from (a), add “n\_ﬂ.\ P(QQJ P' éoo@z 'TQM_‘%& 2

dilute nitric acid.
_ lf\-Q'c')lU_&p’Q Mo ~Q,gg'h,\0.( Tﬁa@@toy,
os Qﬂ\o\“@% oCcavy -

3 | To2cm depth of R in a boiling tube, ' | . 'DG* <
add an equal volume of § and warm e d’zh@w %@}P“mﬁ ms.

the mixture gently.

Place over the mputh of the bqi[ing PUC“PLL erwf &C(L‘ctﬁi

tube, a piece of filter paper which

has been soaked in acidified a%‘i@w ?D'\&SQIUM W&V\Saﬂﬂﬂﬂ W 0
aqueous potassium manganate(VII). QLG.Q_@,‘ St ﬂ ‘/ Z

4 | To 1cm depth of aqueous iodine ina | “flaq fcoron O.@\Bbbr @,(l ?a::\i‘m
test-tube, add S.
—Qé)lu.%(rm becm,\m L

5 | To 2cm depth of aqueous silver -
nitrate in a test-tube, add a few Placle >ec P)C&ZO:E ynd
drops of S and leave to stand until M e’o.&&\ '_hM\ ho*%dm

no further change is seen.
Sfa(,&zm\ po{
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Paper 3 Practical Test
Example candidate response — middle, continued
—
6 | (a) To 1cm depth of agueous X ﬂﬂg -
iron(I1I) chloride in a test-tube, fale ‘fq’ﬂm,/g-‘i‘d

add an equal volume of $ and - —pe-\yW\ss
mix well.

(b) To the mixture from (a), add Tuske

2c) Mﬁ —Qyt
agueous sodium hydroxide until {Ylg

no further change occurs. el P@—‘QQ b

(16]

Conclusions

Give the formula for a ca;l? and the formula for an anion in R.

aﬁeh mo and an anion in R |<QR ) QMD:OA/ k.. iom Z

181

AcationinRis ( .....

In Tests 4 and 6, S is acting as Y . Qat mﬂw ...... : [3]

[Total: 19]
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Paper 3 Practical Test

Examiner comment — middle

Test1 The candidate records the reaction of the magnesium with the acid but does not follow up on the
gas produced, despite the regular exam instruction immediately above ‘You should test and name
any gas evolved'.

Test 2 Both observations are clearly and accurately made.

Test3 While the changes in the liquid and with the filter paper are well made, the mark associated with
the gas produced, is missed.

Test4 The loss of colour of the aqueous iodine is noted.

Test 5 The formation of a precipitate indicates the practical instructions were followed but the candidate
has only recorded the last colour of the solid and not noted the darkening of the precipitate as the
test-tube stands.

Test 6 In (a) the candidate correctly describes the final colour of the solution but makes no mention of the
aqueous iron(III) chloride turning dark-violet initially. While the darkening of the colour may have
been missed, it could be that the candidate is again only recording the final result as in

Test 5. The construction of the observation, resulting from the addition of excess alkali or ammonia to a
solution, must always state what happens in excess — see Qualitative Analysis Notes on the
question paper.

Mark awarded = 11 out of 16

Conclusions Having identified both the ions in R, the candidate chooses the wrong type of redox agent. The

reduction of iron(III) to iron(II) in Test 6 should have convinced but the use of iodine, as a test for reducing

agents rather than iodide in testing for oxidising agents, may have caused the confusion.

Mark awarded = 2 out of 3

Total mark awarded = 13 out of 19

Your education hub
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Paper 3 Practical Test

100

Example candidate response — low
2  You are provided with solutions R and S.

Carry out the following tests and record your observations in the table. You should test and name

any gas evolved.

test
no.

test

observations

1 To 2cm depth of R in a test-tube,
add a piece of magnesium.

B bies V(:F Hyn\m;mf\;m; AC{
Produled . Tre (RaGhion &4
CXo Sharmic |

2 |[(a) To 1cm depth of Rin a test-
tube, add a few drops of
aqueous silver nitrate.

(b) To the mixture from (a), add
dilute nitric acid.

(o lovr Change  £rom Colovrfesy
Lo whitt  precifitese.

NO Chargy i¢ 0 bfrvoy

3 | To 2cm depth of R in a boiling tube,
add an equal volume of S and warm
the mixture gently.

Place over the mouth of the boiling
tube, a piece of filter paper which
has been soaked in acidified
aqueous potassium manganate(VII).

The So(viton turns el rom
Colovrltsy wien heotey A

The patee Turng (U(GU({V’/

4 | To 1cm depth of aqueous iodine in a
test-tube, add S.

The Solvk(on Turng from (o

tTo (o[ov”‘”ﬁ /

5 | To 2cm depth of aqueous silver
nitrate in a test-tube, add a few
drops of S and leave to stand until
no further change is seen.

T he Colovr Changp 4y dark el

A
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Paper 3 Practical Test

Example candidate response — low, continued

6 | (a) To 1cm depth of aqueous

iron({I1) chloride in a test-tube, "B o Tho : :
add an equal volume of S and dour k\“”“ﬂ’ G(U’\“ leghe Y4
mix well, _E_o ‘0 \(*UIL

—e——,

(b) To the mixture from (a), add
aqueous sodium hydroxide until 1 A o tO\Jf C Mw}( o black o

no further change occurs.

—— et
[16]
Conclusions
Give the formula for a cation and the fermula for an anion in R. /
: % .
A cation in Ris .. F{. (A ydngkn) ¥ and an anion in R is U(CHD”Q : 3
In Tests 4 and 6, S is acting as @Q(&"([f\j ..... &?P’\V ................. . 3]
[Total: 19]
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Paper 3 Practical Test

Examiner comment — low

Test1 The candidate’s ‘bubbles’ correctly shows that a gas is seen in the reaction of the acid with the
metal but no evidence is provided that the gas is hydrogen. A test with its result must be given for
hydrogen to score a mark. The metal’s disappearance is also omitted.

Test 2 The observations cover both scoring points.

Test3 The candidate records colour changes but there is a yellow precipitate formed in the solution and a
pungent gas causes the paper to turn colourless. These details are missing.

Test4 The recording of the colour change secures the mark here.

Test5 Here, as in Test 3, the candidate focuses on the colour but does not record that it is the colour of a
precipitate.

Test 6 The observations provided in (a) and (b) are not sufficient to score any marks.
In (a) it may be that the colour lightened after the solution turned black but there is no description
provided. The statement in (b) perhaps suggests it was not black when the alkali was added
because it becomes black again. The addition of alkali to excess ought to prompt the candidate to
provide comment about precipitate as described in the Qualitative Analysis Notes.

Mark awarded = 5 out of 16

Conclusions After a disappointing score in the Tests, the candidate nevertheless makes the most of the
evidence recorded and scores all three marks in this section.

Mark awarded = 3 out of 3

Total mark awarded = 8 out of 19

Your education hub
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Paper 4 Alternative to Practical

Paper 4 Alternative to Practical

Question 1
Mark scheme

1 (a} (i} (gas)syringe (1)

(iiy 16 (1)em®

(b} (i} carbon dioxide / CO; (1)
limewater turns milky (1)
CaCO; + 2HCI — CaCl; + H,O + CO; (1)

(i} Hydrogen /H, (1) pops in a flame (1)
Zn + H;504 — ZnS04 + Hz (1)

[1]
[1]

[3]

[3]

[Total: 8]
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Paper 4 Alternative to Practical

Example candidate response — high

1
WW”II““I"“IHHI
10 |20 30 40 50cmd

(a) (i) Name the apparatus shown above.

...... 6‘@: ’;?f;}_",“‘?“%ve. (1]

(i) What is the volume of gas in the apparatus?

[1]

(b) Each of the following pairs of substances react together to produce a gas as one of the
products. : :

In each case
« name the gas produced,
+ describe a test for the gas,
«  construct an equation for the reaction.
(i) calcium carbonate and dilute hydrochloric acid
gas c&vbﬁﬂﬂ?cax?&e
test ......hu&z‘m‘iﬂ.......%ﬁ.h..:—.’rﬁsmea‘:x,*.}.......irim.ﬁ.@sﬁ:ﬁm..ﬁt...&.Lams..rn%:\.\ﬁﬂ
equation for the reaction .......(o@r.. GPa, .. I CA.... o2 Calila. . 0.0 €0,
3
(ii) zinc and dilute sulfuric acid
gas H%dﬁ"ﬁ’@.ﬂh
test ... 2orfrag. S ilene. Fe . Uighted _cplal...cobehsillgine.a. e

equation for the reaction ... Zamuu. . e S 22 e Mo
(3]

[Total: 8]
Examiner comment — high
(a) (i)(ii)The candidate identified the gas syringe from the diagram and correctly recorded the volume of gas
in the syringe.
Mark awarded = 2 out of 2

(b) (i) The candidate named the gas evolved as carbon dioxide and gave a correct test, bubbling the gas
through limewater turning it milky, to confirm its presence.

(i) The candidate named the gas as hydrogen and gave a correct test, a lighted splint producing a
pop, to confirm its presence.

In both of the answers the candidate gave a perfect description of each test and a balanced equation.
Mark awarded = 6 out of 6

Total mark awarded = 8 out of 8
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Paper 4 Alternative to Practical

Example candidate response — middle

]
Wzo 30 40 50cm3

(a) (i) Name the apparatus shown above.

(ii) What is the volume o‘flgas in the apparatus?

(1]

(b) Each of the following pairs of substances react together to produce a gas as one of the
products.

in each case
* name the gas produced,
+ describe a test for the gas,
= construct an equation for the reaction.

(i) calcium carbonate and dilute hydrochloric acid

equation for the reaction .. CQ CG "l‘ HG{ ? éﬂ{ C/+C0ﬂ[3]

(ii) zinc and dilute sulfuric acid

T 5 = BTN

(3]
[Total: 8]

equation for the reaction Zn

Examiner comment — middle

(a) (i)(ii)The candidate identified the gas syringe from the diagram and correctly recorded the volume of gas
in the syringe.

Mark awarded = 2 out of 2

(b) (i) The candidate named the gas evolved as carbon dioxide and gave a correct test to confirm its
presence. The formulae of calcium carbonate and calcium chloride in the equation were incorrect
and the products did not include carbon dioxide.

(i) The candidate named the gas as hydrogen and gave a correct test, a lighted splint producing a
pop, to confirm its presence. A correct equation was given.

Mark awarded = 5 out of 6

Total mark awarded = 7 out of 8
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Paper 4 Alternative to Practical

106

Example candidate response — low

1

W 20 30 40 50cm3

(a) (i) Name the apparatus shown above,

(ii) What s the volume of gas in the apparatus?

(1]

(b) Each of the following pairs of substances react together to produce a gas as one of the
products.

In each case

)

(i)

* name the gas produced,

+ describe a test for the gas,

»  construct an equation for the reaction.

calcium carbonate and dilute hydrochloric acid

gas .. VN ﬂ‘j(}‘/ofm i

fest.. ﬁafrss— hman %%sef W W a_pop. Swwlt

equation for the reaction .. (:0- f:@.; + HC! —9 La Gl ‘j' H'

: ‘[3]
zinc and dilute sulfuric acid
o Hghegen....
test Mf—’ﬁ“ ...pep.. ,SM w‘vevx a gtlmarj; S;a'nms LS {ﬂlw;'«l
equation for the reaction ZH%HLSO%_—‘?Z!"\SQL(—_I—H[B]
[Total: 8]

Examiner comment — low
(a) (i)(ii)The candidate identified the gas syringe and correctly recorded the volume of gas in the syringe.

(b)

Mark awarded = 2 out of 2

(i)

The candidate suggested that hydrogen was evolved. The test, which stated it produces a pop,
was not sufficient to obtain a mark. The equation was not correct.

(if) Although hydrogen had been suggested as a product in the previous part of the question it was
acceptable in this part.

The test was incorrect as it involved a glowing splint, which is used in the test for oxygen, not a flame to
produce a pop. Although the equation was correct in terms of the reactants and products the mark was
lost for stating. H as a product rather than H,.

Mark awarded =1 out of 6

Total mark awarded = 3 out of 8
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Question 2
Mark scheme

Paper 4 Alternative to Practical

2 (a) (i} off white or cream or pale yellow (1) 1]

(ii} Ailtration / filter (1)

(b} (i) 0.05(1) moles

(ii) 0.06 (1) moles

(c) 0.05(1)x 188 = 9.4g (1)

(d) 0.03(1)x 188 = 5.64g (1)

[1]

[1]
[1]

[2]

[2]

[Total: 8]
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Paper 4 Alternative to Practical

Example candidate response — high

2 A student adds 50.0cm3 of 1.0mol/dm? aqueous silver nitrate to a beaker containing 40.0cm? of
1.5mol/dm?3 aqueous sodium bromide.

(a) (i) A precipitate of silver bromide is produced.

Suggest the colour of the precipitate.

Cream colovte [1]

(i) How is the precipitate separated from the reaction mixture?

By, FiRealon:. [1]

(b) (i) Calculate the number of moles of silver nitrate in 50.0cm® of 1.0 mol/dm® silver nitrate.
no.oF moles & Concentraton xvelvme

©.05
- meq“dﬂé — T et A vinenn. MOlES [1]

(ii) Calculate the number of moles of sodium bromide in 40.0cm? of 1.5mol/dm?® sodium
bromide.
No.of moles = ncenraten X Vavme

= ). Seed /o\f«{i X 0-040 M wisssssssasssen B Rl s cansind moles [1]

T 0.06 moda

(c) The equation for the reaction is
AgNOQ, ‘+ NaBr —> NaNOg; + AgBr

Using your answers to (b)(i), (b)(ii) and the equation, calculate the mass of silver bromide
produced in the experiment. :
[A.: Ag, 108; Br, 80]

Molar ratio 9 AgNO3 *ABY = moles < ©-0Smols
121

-1
Oolar Mass = 108430 = I%ggrno»' .

Yhoss = malar Mags = molzs ny

I L v @ [2]

(d) The student repeats the experiment using 50.0cm?® of 1.0 mol/dm® silver nitrate with 60.0cm?®
of 0.5mol/dm?3 sodium bromide.

Calculate the mass of silver bromide produced in this experiment.
‘mélcs of QQN D3 (sitver ﬂihrqh-_:) = volum e X concenrzhon =
> ©.050dps> x 1.0 met/dss
~ 9.95 mols
imﬂ‘ cS 'ﬂp ey E)Y CSadl‘u m brm;dcj P Vah"ﬂcﬂd&om\rgm
’ Z 0.060:4A> X 0.5Smed Joo® 2 003 moly,
M or Ya¥™ = NaBy : PgBy

s 4 = 0.23 mocs, 5. G4

mMmass * molar mass X moles

otal: 8
= 13290k X 0.03mud DS 6%, [atal o]
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Paper 4 Alternative to Practical

Examiner comment — high
(@) (i) The candidate suggested correctly that the colour of silver bromide precipitate is cream.

(if) The statement that the precipitate may be separated by filtration was also correct.
Mark awarded = 2 out of 2

(b) (i)(ii) The question required the candidate to calculate the number of moles of silver nitrate in each of the
two solutions. The candidate’s answers of 0.05 moles and 0.06 moles were correct.

Mark awarded = 2 out of 2
(c) This question required the candidate to realise that the smaller number of moles was the limiting factor
in calculating the mass of silver bromide produced. 0.05 moles was the smaller of the two and should be

multiplied by the molar mass of silver bromide, 188. The candidate deduced this correctly and obtained
the answer of 9.4 9.

(d) The candidate calculated that the number of moles in 60.0 cm® of 0.5mol/dm?® sodium bromide was
0.03 and, on multiplying by 188, obtained the correct answer of 5.64 g.

Mark awarded = 4 out of 4

Total mark awarded = 8 out of 8
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Paper 4 Alternative to Practical

Example candidate response — middle

2 A student adds 50.0cm® of 1.0mol/dm? aqueous silver nitrate to a beaker containing 40.0cm? of
i SmDIr"de aqueous sodium bromide.

£ 3.1 1t
(a) (I) A precipitate of silver bromide is produced.

Suggest the colour of the precipitate.

%

(i) How Is the precipitate separated from the reaction mixture?

......... e hiaval dishlbdion o 1]

(b) (i) Calculate the number of moles of silver nitrate in 50.0cm® of 1.0mol/dm? silver nitrate.

et i ey 0205 moles [1]
4 - 0.0¥1-0 = o60%
(i) Calculate the' number of moles of sodium bromide in 40.0cm® of 1.5mol/dm® sodium
bromide. N oy
no oxV
~1.§X o.oH 22980 ... mOlES [1]

R r’:\ﬁ was LR

(c) The equation for the reaction is

E . G
AgNO + NaBr — NaNO, + AgBr

Using your answers to (b)(i), (b)ii) and the equation, calculate the mass of silver bromide
produced in the experiment. o
[A,: Ag, 108; Br, 80]

: = @\r@g/_x 123 — qré{
J"Q%%“f; “‘85 - 006 % 1%8 =23
i . 20683

Mond = Wnotere My ;
M D_O 6% al2

(d) The student repeats the experiment using 50.0cm? of 1.0 mol/dm3 silver nitrate with 80 0Ocm?
of 0.5mol/dm?® sodium bromide.

"

Calculate the mass of silver bromide produced in this experiment.

.68 B9 =Q.y | a]’f"“wg:j{wfm
_ (S0
e | 6o ¥ 188 =& 6
~ e 05X 006 SN © St o = N1
e o - [Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — middle
(@) (i) White was suggested as the colour of silver bromide which is not correct.

(if) The precipitate cannot be removed by fractional distillation.
Both marks were lost for part (a) of the question.
Mark awarded = 0 out of 2

(b) (i)(ii) The question required the candidate to calculate the number of moles of silver nitrate in each of the
two solutions. The candidate’s answers of 0.05 moles and 0.06 moles were correct.

Mark awarded = 2 out of 2

(c) Instead of multiplying 188 by the smaller number of moles, 0.05, the candidate added together both
numbers of moles together to give 0.11 and multiplied this by 188.

One mark was awarded for the correct final calculation and use of 188.

(d) The candidate calculated that the number of moles in 60.0 cm® of 0.05 moles of sodium bromide was
0.03 but then multiplied 0.05 by 188, the higher of the two moles.

One mark was awarded for the calculation of 0.03 moles of silver bromide.
Mark awarded = 2 out of 4

Total mark awarded = 4 out of 8
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Paper 4 Alternative to Practical

Example candidate response — low

2 A student adds 50.0cm® of 1.0mol/dm?® aqueous silver nitrate to a beaker contatnlng 40.0cm? of
1.5mol/dm?® aqueous sodium bromide.

{a) (i) A precipitate of silver bromide is produced.

Suggest the colour of the precipitate.

1]
(i) How is the precipitate separated from the reaction mixture?
LYAvalon 1]
(b) (i) Calculate the number of moles of silver nitrate in 50.0 cm® of 1.0mol/dm? silver nitrate.
SO0 :
222X 1020408 2208 moles[1]
[000
(i) Calculate the number of moles of sodium_bromide in 40.0cm? of 1.5mol/dm? sodium
bromide.
“Ho0 ¥ |- =008
Mﬂ = oo O‘% moles.[1]

~ {e) The equation for the reaction is \ |
AgNO, + NaBr —> NaNO, + AgBr

Using your answers to (b)(i), (b)(ii) and the equation, calculate the mass of silver bromide
produced in the experiment.
[A,: Ag, 108; Br, 80]

06
lw———_—*
Meden _ A

60§ = 10:2..
g7 PR « L ER—

(d) The student repeats the experiment using 50.0cm3 of 1.0mol/dm? silver nitrate with 60.0cm3
of 0.5mol/dm? sodium bromide.

g2l

Calculate the mass of silver bromide produced in this experiment.
[ D . l ! S O * O
% —_— é O 3 0

[Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — low
(@) (i) Yellow was suggested as the colour of silver bromide which is not correct.

(if) The precipitate can be removed by filtration.
Mark awarded = 1 out of 2

(b) (i)(ii) The question required the candidate to calculate the number of moles of silver nitrate in each of the
two solutions. The candidate’s answers of 0.05 moles and 0.06 moles were correct.

Mark awarded = 2 out of 2

(c) The candidate was confused as to how the molar mass should be involved in the calculation.
0.05 was multiplied by 108 and 0.06 was multiplied by 80. No marks were awarded.

(d) The candidate did not calculate the number of moles of silver bromide and was not awarded any marks
for this part of the question.

Mark awarded = 0 out of 4

Total mark awarded = 3 out of 8
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Paper 4 Alternative to Practical

Question 3
Mark scheme

3 (a) CeHis AND C/His (1) [1]

(b} reaction flask with some form of heat indicated (1)
thermometer + cork / bung / closed (1)
condenser with water circulating in the correct direction (1)
receiver flask, not closed (1) [4]

[Total: 5]
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Paper 4 Alternative to Practical
Example candidate response — high
3 (a) Using the general formula for the homologous series of alkanes, suggest the formula for both
hexane and heptana, the sixth and seventh members of the alkane series respectively.
hexane

. C € Hll.' ..........................
heptane

g}.l’.ln.z .........................

(b) A mixture of hexane (b.p. 69°C) and heptane (b.p. 89°C) may be separated by fractional
distillation.

(1]

The diagram below shows a fractionating column attached to a flask which contains a mixture
of hexane and heptane.

Complete the diagram by adding further apparatus to enable each alkane to be collected.

_\.‘_![, /
~/ .
= AL
o/ i : -'l‘l i
o P .r’ A
cﬁg :__.' o ‘-_/ £ (B oy
Yoty s N
&Y /™ -
T
P
b e, N
£ i
hexane and /£ v S
heptane G =X Cecevns
mixture Ao +lnsk
SEl e

(4]
[Total: 5]
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Paper 4 Alternative to Practical

Examiner comment — high
(a) Both formulae were correct

Mark awarded = 1 out of 1
(b) The candidate completed the diagram using all the correct apparatus and labelled as appropriate.

A water bath was used and not a Bunsen as the reactants are both flammable. The thermometer was
correctly positioned and inserted in a cork.

The drawing of the condenser was accurate and the flow of water was indicated. A receiver flask was
added and left open.

Mark awarded = 4 out of 4

Total mark awarded = 5 out of 5
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Paper 4 Alternative to Practical

Example candidate response — middle
C'LHiIud.

3 (&) Using the general formula for the homologous series of alkanes, suggﬁm%b:’n:gla for both
hexane and heptane, the sixth and seventh members of the alkane series respectively.

hexane Ct Huass

Ck H iy

4
heptane ('1 Hiava
Ci .

(1]

(b) A mixture of hexane (b.p. 69°C) and heptane (b.p. 89°C) may be separated by_fractional
distillation.

The diagram below shows a fractionating column attached to a flask which contains a mixture
of hexane and heptane.

Complete the diagram by adding further apparatus to enable each alkane to be collected.

.x‘h\.‘-',‘_:'“ :\ * LA
=" !_"t "
¢ e L ( {
wa et o [
ol = el
hexane and
heptane
mixture

[4]
[Total: 5]
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Paper 4 Alternative to Practical

Examiner comment — middle
(a) Both formulae were correct.

Mark awarded = 1 out of 1
(b) The candidate did not suggest any method of heating.
The thermometer was correctly positioned and inserted in a cork.

Although the drawing of the condenser was acceptable, the flow of water was reversed and incorrect. A
beaker to collect was added and left open.

Mark awarded = 2 out of 4

Total mark awarded = 3 out of 5
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Paper 4 Alternative to Practical

Example candidate response — low

3 (a) Using the general formula for the hamologous series of ajkanes, suggest the formula for both
hexamandhephne,hesixhandsmnﬁmnmmofmealkamssdesmpacﬁvely

—

hexane

C.H
cl-l

heptane

....... G K.
T [1)

(b) A mixture of hexane (b.p. 69°C) and heptane (bp 89 °C) may be separated by fractlonal

distillation. e

Tﬁgaééram below shows a fractionating column attached to a flask which contains a mixture
of hexane and heptane.

Complete the diagram by adding further apparatus to enable each alkane to be collected.

s
S
¥ = ot
pav o ‘P 5\"’?
k7
| o
| =g =
hexane and
heptane
mixture

[4]
[Total: 5]
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Paper 4 Alternative to Practical

Examiner comment — low
(a) Both formulae were correct.

Mark awarded = 1 out of 1
(b) The candidate did not suggest any method of heating.
There was no thermometer in the top the column.

The condenser did not have an inner section and there was no indication of water flow. An open
receiver beaker was added.

Mark awarded =1 out of 4

Total mark awarded = 2 out of 5
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Paper 4 Alternative to Practical

Question 9

Mark scheme

9 (a) 3.85g(1) (1]
(b) ZnO + Hy80, — ZnSO, + H,0 (1) [1]
(c} red/ pink to yellow (1) [1]

(d) 25.2 31.1 48.3 (1)
0.0 6.8 23.8 (1)
25.2 24.3 24.5 (1)
Mean titre = 24.4cm® (1)

1 mark for each correct row or column to the benefit of the candidate. [4]

(e} 0.00244 (1) moles [1]
() 0.00122 (1) moles [1]
(g) 0.0122 (1) moles (1]
(h) 0.05 (1) moles [1]
(i) 0.0378 (1) moles (1]
iy 0.0378 (1) moles [1]
(k} 3.069(1) [1]
() 79.5% (1) [1]
[Total: 15]
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Paper 4 Alternative to Practical

122

Example candidate response — high

9 A student determines the percentage of zinc oxide in mixture C, containing both copper and zinc
oxide.

(a)

(b)

(c)

A sample of C is added to a previously weighed beaker which is then reweighed.

mass of beaker + C
mass of beaker

29.15¢g
25.30g

n

Calculate the mass of C used in the experiment.

o DTS e

50.0ecm® of 1.00mol/dm?® sulfuric acid (an excess) is added. to the beaker containing the
sample of C. This mixture is warmed gently while being stirred.and then left to stand for a few
minutes.

Zinc oxide reacts with sulfuric acid but copper does not.
The unreacted copper settles at the bottom of the beaker and is removed by filtration.

Construct the equation for the reaction between zinc oxide and sulfuric acid.

U G S S = Y S e A=A o Y N 0 ) S |

When the reaction has finished the mixture is transferred to a volumetric flask and made up to
250 ¢m?3 with distilled water. This is solution D.

Using a pipette, 25.0cm® of D is transferred into a conical flask and a few drops of methyl
orange indicator are added.

A burette is filled with 0,100 mol/dm?3 sodium hydroxide.

Aqueous sodium hydroxide is run into the conical flask containing D until the end-point is
reached.

What is the colour change of the methyl orange during the reaction?

The colour changes from ......CRG . 10 e B G [1]
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Paper 4 Alternative to Practical

Example candidate response — high, continued

The student does three titrations. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

isttitration 2nd titration 3rd titration
: = z = bz Y
= — 6 o g £
= - o = =48

TEFFTFEFFITTER

{HERERERRRARE

(d) Use the diagrams to complete the following results table.

titration number 1 2 3
final reading/cm?® DL a i ok e W%
initial reading/cm® %) Lo Co 3 PR«
volume of 0.100mol/dm?
sodium hydroxide/cm3 2%.2 24,5 2U. 5
best titration results (v) — sl
Summary

Tick (+) the best titration results.
Using these results, the average volume of 0.100mol/dm? sodium hydroxide is

2R omB 4]

(e) Calculate the number of moles of sodium hydroxide in the average volume-of 0.100mol/dm?®
sodium hydroxide in (d).

Meolese 24U .0 x02100 _
1 OO
= O- coouy poviies 220024849, moles [1]
(f) Sodium hydroxide reacts with sulfuric acid according to the following equation.
2NaOH + H,S0, — Na,SO, + 2H,0

Calculate the number of moles of sulfuric acid which reacts with the sodium hydroxide in (e).
D220 22 ... m0les [1]

{g) Using your answer in (f), calculate the number of moles of sulfuric acid in 250cm? of D.

G W oMy 1/ NN moles [1]

l\ie/j//‘ FI\?SSI-II-J EA PERS Cambridge O Level Chemistry 5070 123




Paper 4 Alternative to Practical

Example candidate response — high, continued
(h) Calculate the number of moles of sulfuric acid in 50.0cm? of 1.00mol/dm? sulfuric acid.

M oles = Eon )

= C;i}gog ............... el moles f1]

(i) Using your answers in (g) and (h), calculate the number of moles of sulfuric acid which reacts
with the zinc oxide in the sample of C.

Nowed meevs G-0G - O\ 1L

= . 0%%¢€ :
O= 0348 moles [1]

(j) Using your equation in (b) and your answer in (i), deduce the number of moles of zinc oxide in
the sample of C.

...... s O2BAR i molos [1]

(k) Calculate the mass of zinc oxide in the sample of C.
[A:Zn, 65; 0,16]

Moy O-02H% é&g '1'16_)

= O-03%8x ¥ eerereeonn 22 PN g 1]
= &s0gle

() Using your answers in (a) and (k) calculate the percentage by mass of zinc oxide in the
sample of C.

3.06\%

7. by mays=
3.5

w100

il R B i B T

[Total: 15]
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Paper 4 Alternative to Practical

Examiner comment — high
(@) The candidate calculated the mass of C used in the experiment.

(b) All the formulae in the equation were correct and the equation was balanced.
(c) The colour change of the indicator, red to yellow, was correct.
Mark awarded = 3 out of 3
(d) All the burette diagrams were read accurately and the volumes were correctly inserted into the table.
The mean reading was taken using the appropriate two titres.
Mark awarded = 4 out of 4
(e)-(I) This question required the candidate to complete a series of calculations each one based on the
previous answer. Candidates are expected to maintain accuracy at each stage, neither rounding
down nor up an answer and maintaining a minimum of three significant figures throughout.

Using the mean titre the candidate completed all the calculations successfully.

All answers were given to a minimum of three significant figures and the final answer 79.53% was
correct.

Mark awarded = 8 out of 8

Total mark awarded = 15 out of 15

Your education hub
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Paper 4 Alternative to Practical

126

mass of beaker +C =
mass of beaker = 25.309g

Example candidate response — middle
9 A student determines the percentage of zinc oxide in mixture C, containing both copper and zinc

(a) A sample of Cis added to a previously weighed beaker which is then reweighed.

29.15¢

Calculate the mass of C used in the experiment.

Mags of ¢ 229.18-28 -3

(b) 50.0cm® of 1.00mol/dm® sulfuric acid (an excess) is added to the beaker containing the

sample of C. This mixture is warmed gently while being stirred and then left to stand for a few
minutes.

Zinc oxide reacts with sulfuric acid-but copper does not.
The unreacted copper settles at the bottom of the beaker and is removed by filtration.

Construct the equation for the reaction between zinc oxide and sulfuric acid.

gesenersens e iiseseqriperiesens

........Z—.!J.Q..l.{a....’.‘:......\ip.S?.Q.$53S.}.....:)...?ﬁ%.gai N, 0 i ]

(c) When the reaction has finished the mixture is transferred to a volumetric flask and made up to

250cm?3 with distilled water. This is solution D.

Using a pipette, 25.0cm® of D is transferred into a conical flask and a few drops of methyl
orange indicator are added.

A burette is filled with 0.100 mol/dm? sodium hydroxide.

Aqueous sodium hydroxide is run into the conical flask containing D until the end-point is
reached.

What is the colour change of the methyl orange during the reaction?

The colour changes from B X SR \L‘E““‘” [1]
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Paper 4 Alternative to Practical

Example candidate response — middle, continued

The student does three titrations. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
= = =23 | E¥
25 =8 = =
T e —31 -
' E - 3 48

T TLLETTT:

|

I.:| CERCTTFIF R LT T TTL]

TR TR [T [TTTTTTTTT

T

= Pl TR i, sl

(d) Use the diagrams to complete the following results table.

titration number 1 2 3
final reading/cm? o5.2 | =:n.1 48.3
initial reading/cm?® R 6.8 Q_gg__%_,_? 8
volume of 0.100mol/dm?3
sodium hydroxide/cm? 25.2 24-3 24. 5
best titration results (v) v s
Summary

Tick (v) the best titration results.
Using these results, the average volume of 0,100 mol/dm?® sodium hydroxide is

g:*;@li'i‘*'s & DA & Cin?

w24 4 omB.[4)

(e) Calculate the number of moles of sodium hydroxide in the average volume of 0.100 mol/dm?
sodium hydroxide in (d).
N=N C
=F0.0244X 0., | ; 3

(f) Sodium hydroxide reacts with sulfuric acid according to the following equation.
2NaOH + H,80, — Na,S80, + 2H,0

Calculate the number of moles of sulfuric acid which reacts with the sodium hydroxide in (e).
o.44% "2 .
P OO o o e .

. moles [1]

(g9) Using your answer in (f), calculate the number of moles of sulfuric acid in 250cm? of D.

P=NE
B = arad ;
e i E
N= Yoo | e 220V2 8 oles[1]
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Paper 4 Alternative to Practical

Example candidate response — middle, continued
(h) Calculate the number of moles of sulfuric acid in 50.0cm?® of 1.00mol/dm?® sulfuric acid.
N =V C
-=0.08x% \
0.0 5 moley v 2,522 ... moleS [1]

E——%

(i) Using your answers in (g) and (h), calculate the number of moles of sulfuric acid which reacts
with the zinc oxide in the sample of C. :

[ ] 5 & mO'\E.'—*
©.0\25
o EE....moles [1]
(J} Using your equation in (b) and your answer in (i), deduce the number of moles of zinc oxide in
the sample of C. o XA
2 o & \"zsoq > 2 &qu s O
1+ .05
QDDE' moles [1]
(k) Calculate the mass of zinc oxide in the sample of C.
. [A:2Zn, 65;0,16] N - &
W S OD3 Y
LA g - Y
...... PO < ] o

() Using your answers in (a) and (k) calculate the percentage by mass of zinc oxide in the

sample of C. _
_BES 5 100"/ ,

[Total: 15]
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Paper 4 Alternative to Practical

Examiner comment — middle
(@) The candidate calculated the mass of C used in the experiment.

(b) All the formulae in the equation were correct and the equation was balanced.
(c) The colour change of the indicator, red to yellow, was correct.
Mark awarded = 3 out of 3
(d) All the burette diagrams were read accurately and the volumes were correctly inserted into the table.
The mean reading was taken using the appropriate two titres.
Mark awarded = 4 out of 4
(e)-(I) The candidate’s answers to (e) and (f) were correct.
Answer (g) required the candidate to multiply answer (f), 0.00122, by 10.

The answer of 0.0125 lost the mark but this answer may then be used in subsequent parts of the
calculation.

Part (h) was correct.

Part (i) required subtracting answer (g) from answer (h) but the candidate divided (h) by (g) and
then did not obtain any further marks in the question.

Mark awarded = 3 out of 8

Total mark awarded = 10 out of 15

Your education hub
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Paper 4 Alternative to Practical

130

Example candidate response — low
9 A student determines the percentagé of zinc oxide in mixture C, containing both copper and zinc
i

oxide. :

()

(b)

(¢) When the reaction has finished the mixture is transferred to a volumetric flask and made up to

A sample of C is added to a previously weighed beaker which is then reweighed.

mass of beaker+ C = 29.15¢g
mass of beaker = 25.30g

Calculate the mass of C used in the experiment.

%6§ ........................... a1l

50.0cm? of 1.00mol/ dm?3 sulfuric acid (an excess) is added. to the beaker containing the
sample of C. This mixture is warmed gently while being stirred and then left to stand for a few
minutes.

Zinc oxide reacts with sulfuric acid but copper does not.

The unreacted copper settles at the bottom of the beaker and is removed by filtration.

Construct the equation for the reaction between zinc oxide and sulfuric acid.

LolOWY, & B0 =2 2080, b Dol

250cm? with distilled water. This is solution D.

Using a pipette, 25.0cm?® of D is transferred into a conical flask and a few drops of methyl

orange indicator are-added.

A burette is filled with 0.100 mol/dm? sodium hydroxide.

Aqueous sodium hydroxide is run into the conical flask containing D until the end-point is

reached.

What is the colour change of the methyl orange during the reaction?

The colour changes from ¥Zéh.................to ...E;:(.Hn.s.».{..... [1]
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Paper 4 Alternative to Practical

Example candidate response — low, continued
The student does three titrations. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

st titration 2nd titration 3rd titration

11

I
-

23

TTTTTTTTTT

POt

TTETTETTToTT
(=]

[TTITTTTTTTaT

(d) Use the diagrams to complete the following results table.

titration number ' 1 2
final reading/cm?3 1S S AT
initial reading/ém? o ny
volume of 0.100 mol/dm? ;
sodium hydroxide/cm?3 242 245
best titration results (v) e

Summary

Tick (v) the best titration results. )
Using these resuilts, the average volume of 0.100mol/dm?® sodium hydroxide is
P02 & XU T
LU > N
-

.......... Q—L!L'lcms [4]

(e) Calculate the number of moles of sodium hydroxide in the average volume of 0.100mol/dm?
sodium hydroxide in (d).

oO-loo % sy “ _
o 00 B 11 0 a2 . SRR moles [1]
(f) Sodium hydroxide reacts with sulfuric acid according to the following equation.

2NaOH + H,S0, —> Na,SO, + 2H,0

Calculate the number of moles of sulfuric acid which reacts with the sodium hydroxide in (e).

O 00U
. L2022 N s tOlES [1]
(g} UsIng your answer in {T), caiculate e numper oT MoIes OT SUITUNC &cia In ZoU CIm™~ OF .
m =~ AV
- 000\ ~ L0

geade Q20000505 .moles [1]
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Paper 4 Alternative to Practical

Example candidate response — low, continued
(h) Calculate the number of moles of sulfuric acid in 50.0cm® of 1.00 mol/dm? sulfuric acid.

9:.0000.6.\.....moles 1]

(i) Using your answers in (g} and (h), calculaie the:numbier of moles of sulfuric acid-which reacts
with the zinc oxide in the $ample of C.

o of

ereeneeeeeOlES [1]

\) LSy youl eguduon 11 () ainu your diiswer i (1), usuuie Uie Hunniuen W nnvies Ol L1 UAIUS 3
the sample of C.

e ONS 1]

(k) Calculate the mass of zinc oxide in the sample of C.
[A: Zn, 65; 0,16]

() Using your answers in (a) and (k) calculate the percentage by mass of zinc oxide in the
sample of C. .

[Total: 15]
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Paper 4 Alternative to Practical

Examiner comment — low
(a) The candidate correctly calculated the mass of C used in the experiment.

(b) The candidate lost the mark for the equation by entering the formula for zinc hydroxide rather than that
of zinc oxide.

(c) The colour change of the indicator was correctly given as red to yellow.
Mark awarded = 2 out of 3
(d) All the burette diagrams were read accurately and the volumes were correctly inserted into the table.
The mean reading was taken using the appropriate two titres.
Mark awarded = 4 out of 4
(e)-(I) The candidate gave correct answers to (e) and (f).To obtain the correct answer to (g) answer (f)
should be multiplied by 10. The candidate however multiplied by 250/1000, then failed to give any
further correct answers and lost all subsequent marks.

Mark awarded = 2 out of 8

Total mark awarded =7 out of 15
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Paper 4 Alternative to Practical

Question 10
Mark scheme

10 (a} colourless (1) to brown / black (1)
(b} orange (1) to green (1)

(c} purple / pink (1) to colourless (1)

[Total: 6]
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Paper 4 Alternative to Practical

Example candidate response — high
10 A student does some reactions using gas X and gas Y.

A colour change is seen in each case.

Complete the observations by stating the initial and final colours in each test.

test observations conclusions
(a) Xis passed through Colovr change X is an oxidising agent.
_aqL_Jeous potassium fromr colowless
iodide.
4o brown colovv
s Sbsevy o -
(b) Y is passed through Colowr ch ange Y is a reducing agent.
acidified potassium - _
dichromate(VI). frorn orange
4o green colovY
is observed
(c) Yis passed through Colow chan 9c lyisa reducing agent.
acidified potassium \ _
manganate(V1I). fromn purple o
olowless Ts
obscrved.

[Total: 6]
Examiner comment — high
(a) The candidate gave the correct colour change of colourless to brown and gained both marks.
In some cases candidates reversed the colours.
E.g. brown from colourless.
In such cases both marks can still be obtained.
An alternative answer such as ‘the solution goes brown’ gains the second mark only.
Mark awarded = 2 out of 2
(b) The candidate gave the correct colour change of orange to green and gained both marks.
Mark awarded = 2 out of 2
(c) The candidate gave the correct colour change of purple to colourless and gained both marks.
Mark awarded = 2 out of 2

Total mark awarded = 6 out of 6
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Paper 4 Alternative to Practical

Example candidate response — middle
10 A student does some reactions using gas X and gas Y.

A colour change is seen in each case.

Complete the observations by stating the initial and final colours in each test,

test observations conclusions
(a) Xis passed through Vo Tawee amaes X is an oxidising agent.
aqueous potassium
iodide. Yo celorless
o b con
(b) Y is passed through Coler clamges |Yisareducing agent.
acidified potassium IS N
dichromate(V1). ks Eranae, te
%w"’ee‘ﬁ
(c) Yis passed through lor  @lharqes Y is a reducing agent.
acidified potassium e Co\orleyy
manganate(VII). i v wa?\ &

[Total: 6]
Examiner comment — middle
(a) The candidate gave the correct colour change of colourless to brown and gained both marks.

Mark awarded = 2 out of 2
(b) The candidate gave the correct colour change of orange to green and gained both marks.
Mark awarded = 2 out of 2

(c) The candidate suggested that the colour changes from colourless to purple, the reverse of the correct
answer and lost both marks.

Mark awarded = 0 out of 2

Total mark awarded =4 out of 6
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Paper 4 Alternative to Practical

Example candidate response — low
10 A student does some reactions using gas X and gas Y.

A colour change is seen in each case.

Complete the observations by stating the initial and final colours in each test.

test observations conclusions

(a) Xis passed through X is an oxidising agent.

agueous potassiumi ﬁh & ILr.'b

iodide.

cole n{ggﬁ

(b) Yis passed through ' & e Yisa reducing ag_ent

acidified potassium ¥ e 4 to

dichromate(VI). = . gn"e—ﬂ
(¢) Y is passed through " visa reducing agent.

acidified potassium

manganate(VII). (9(-0”"”2‘-2( te

PH:V(D} e

[Total: 6]
Examiner comment — low

(a) The candidate suggested that the colour changed from pink to colourless. This is incorrect and both
marks were lost.
Mark awarded = 0 out of 2

(b) The candidate gave the correct colour change of orange to green and gained both marks.

Mark awarded = 2 out of 2

(c) The candidate suggested that the colour changes from colourless to purple, the reverse of the correct
answer and lost both marks.

Mark awarded = 0 out of 2

Total mark awarded = 2 out of 6
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Paper 4 Alternative to Practical

Question 11
Mark scheme

11 (a) maximum temperature: 24.5, 29, 27, 23.5 (1)
temperature rise: 4.5, 9.0, 7.0, 3.5 (1) 2]

(b} All four points plotted correctly (1)
Draw two straight lines only (1)
Line 1 must involve points 1 and 2
Line 2 must involve points 3 and 4
Lines intersect without use of a curve (1) [3]

(¢} (i) mixture 1: H=74cm® AND J = 26cm® (1)

mixture 2: H = 34cm® AND J = 66cm”® (1) [2]
(i} 9.8°C (1) [1]
(iii} H=56cm® AND J = 44cm?® (1) [1]

In questions (c) read candidate’s graph to +/— half a small square.
In answers (c)(i} and (iii) totals must add up to 100cm®.

(d} No. of moles of J (1)

M =44 x1.00/56 x 2 = 0.393 (0.39) mol/dm® (1) 2]

(e} (i} 4.9°C(1) [1]
(i) 56cm’®H AND 44cm® J (1) [1]
[Total: 13]
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Example candidate response — high
11 The addition of an acid solution to agueous sodium hydroxide produces a rise in temperature.

Paper 4 Alternative to Practical

A student is provided with H, aqueous sulfuric acid, and J, 1.00mol/dm? sodium hydroxide.

He investigates the changes in temperature produced on mixing together different volumes of H
and J while, in each experiment, keeping the total volume of solution constant at 100 cm?,

The initial temperature of both H and J is 20°C.

The diagrams below show parts of the thermometer stems indicating the maximum temperature

recorded in each experiment.

20

80cm®H
+20cme Jd

—20

60cm3 H
+40cm® J

—20

40cm® H
+60cmeJ

™

—20
20cm® H

+80cm3J

(@) Record these temperatures in the table below and then calculate the rise in temperature in

each case.
volume | volume maximum temperature
of H/em® | of J/cm® | temperature /°C rise/°C
i = 2Y4. S H.&
0 40 9— q t()) C:f °6
o s 29.0 | ¥.0
20 | © | 23,6 | 2,¢€
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Paper 4 Alternative to Practical

Example candidate response — high, continued
(b) Plot these results on the grid below.
Using the points, draw two intersecting straight lines.

10 T = a2 smamsmazssammzzraams fIL

11
O

i
N {: NN SN
ot

temperature
rise/°C

20 0  volume of H/ecm®
40 60 80 100  volume of J/cm?®

(3]
(e) Use your graph to deduce

(i) the volumes of H and J in two mixtures, each of which producses a final temperature of

26°C,
volume of H/ecm® | volume of J/cm?
mixtur 1 Y 26
mixture 2 2 L&
[
{li} the greatest temperature rise that can occur,
(i) the volumes of H and J which produce this temperature rise.
H 6 rees O
J Li =t cm?
1)
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Paper 4 Alternative to Practical
Example candidate response — high, continued
(d) Solution J is 1.00mol/dm? sodium hydroxide.
H is aqueous sulfuric acid.
Sodium hydroxide reacts with sulfuric acid according to the following equation.

2NaOH + H,80, —> Na,SO, + 2H,0

Using this equation and your answers to (c)(iii), calculate the concentration of H.

A o cexiiaiion= D022 X looo
oees .._LTL\—K.—- -——-2_2——
looco
=28 .09 Y ereles = O 2O o) A

Moelesn of H.z_?:.C),_‘-t G2 Drmles

............... PoBq....molldm3 [2]

{e) The student repeats the experiment having first diluted the concentrations of both H and J to
half those used in the original experiment:

Suggest

(i) the greatest temperature rise that would occur,

(i) the volumes of both H and J that would produce this temperature rise.
3 [FR——— S e em?
(1
[Total: 13]
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Paper 4 Alternative to Practical
Examiner comment — high
(a) The candidate read the thermometer readings, inserted them into the table and calculated each
temperature rise.

(b) The candidate accurately plotted all the points on the grid and joined them up with two intersecting
straight lines as instructed in the question.

Mark awarded = 5 out of 5
(c) (i) Candidates are asked to read, from their graphs, the volumes of H and J in two mixtures each of
which produces a final temperature of 26 °C. Thus the candidate should read the volumes

corresponding to a temperature rise of 6 °C. The candidate’s answers were correct.

(if) The intersection of the two straight lines represents the maximum temperature rise that can occur.
The candidate’s graph gave the correct rise of 9.8 °C.

(ili) This maximum temperature rise should occur at volumes of 56 cm® of H and 44 cm® of J.

The candidate’s graph corresponded to these values.

The answers to parts (i) to (iii) showed the accuracy to which the candidate had completed the graph.
(d) The volumes of H and J given in (c)(iii) are used to calculate the concentration of H.

Candidates are given the equation for the reaction between sodium hydroxide and sulfuric acid, to
assist them with the calculation.

The candidate calculated the concentration of H correctly, recording the answer to two significant
figures as required.

Mark awarded = 6 out of 6

(e) (i)(ii) The final part of the question asks the candidate to consider the effect on the final temperature of
diluting the concentrations of both H and J to half those used in the original experiment.

Candidates should realise that as there were half as many moles of H and J used, the rise in
temperature would be half that originally determined. The candidate’s suggestion, that the
temperature rise is 4.9 °C but the volumes of H and J are unchanged, was correct.

Mark awarded = 2 out of 2

Total mark awarded = 13 out of 13

Your education hub
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Paper 4 Alternative to Practical

Example candidate response — middle
11 The addition of an acid solution to aqueous sodium hydroxide produces a rise in temperature.

A student is provided with H, aqueous sulfuric acid, and J, 1.00 mol/dm?3-sodium hydroxide.
. R

He investigates the changes in temperature produced on mixing together diﬁefén!\volumes of H
and J while, in each experiment, keeping the total volume of solution constant at 100@_)]’!13. :

The initial temperature of both H and J is 20°C,

The diagrams below show parts of the thermometer stems indicating the maximum temperature.
recorded in each experiment. = _ :

-

—30 —30| | —30 —30

—20 —20 —20 —20
80cm®H 60cm® H 40cm® H 20cm®H

+20cm3J +40cm3 J +60cmdJ +80cm3J

(a) Record these temperatures in the table below and then calculate the rise in temperature in

each case.
volume | volume maximum temperature
of H/em?® | of J/cm® | temperature /°C rise/°C
: 80 . | =20 24.< y-S
60 40 29 o
40 60 27 =+
20 80 a3, < e R )

(2]
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Paper 4 Alternative to Practical

Example candidate response — middle, continued
(b) Plot these results on the grid below.
Using the points, draw two intersecting straight lines.

'k saanuannne sumsEaEEE N mEssamEsaERRE 10

temperature
rise/°C

volume of H/ecm®
volume of J/cm?

(3]
(c) Use your graph to deduce

(i) the volumes of H and J in two mixtures, each of which produces a final temperature of

26°C,
volume of H/cm® | volume of J/cm®
mixture 1 4 A 26
mixture 2 Y bb
[2]
(i) the greatest temperature rise that can oceur,
ﬁ < q °C [1]
(iif) the volumes of H and J which produce this temperature rise.
H et e €M
J ti 2 ; cm?
1l
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Paper 4 Alternative to Practical

Example candidate response — middle, continued
(d) Solution J is 1.00mol/dm3 sodium hydroxide.

H is aqueous sulfuric acid.
Sodium hydroxide reacts with sulfuric acid according to the following equ:';ltion.

2NaOH + H,80, —> Na,SO, + 2H,0

Using this equation and your answers fo (¢)(iii), calculate the concentration of H.

5 o N S mol/dmd [2]

(e) The student repeats the experiment having first diluted the concentrations of both H and J to
half those used in the original experiment.

Suggest

(i) the greatest temperature rise that would occur,

B K IS oY 1)

(ii) the volumes of both H and J that would produce this temperature rise,

[1]
[Total: 13]
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Paper 4 Alternative to Practical
Examiner comment — middle
(@) The candidate read the thermometer readings, inserted them into the table and calculated each
temperature rise.

(b) The candidate accurately plotted all the points on the grid and joined them up with two intersecting
straight lines as instructed in the question.

Mark awarded = 5 out of 5
(c) (i) Candidates are asked to read, from their graphs, the volumes of H and J in two mixtures each of
which produces a final temperature of 26 °C. Thus the candidate should read the volumes

corresponding to a temperature rise of 6 °C. The candidate’s answers were correct.

(if) The intersection of the two straight lines represents the maximum temperature rise that can occur.
The candidate’s graph gave the correct rise from the graph of 9.9°.

(ili) This maximum temperature rise should occur at volumes of 56 cm® of H and 44 cm® of J.
The candidate’s graph corresponded to these values.

The answers given by the candidate to parts (ii) and (iii), showed the accuracy to which the
candidate had completed the graph.

Mark awarded = 4 out of 4
(d) The candidate was not able to complete the calculation.
The equation was not used and only the volume of H was used.

(e) The candidate correctly suggested that the greatest temperature would be half the initial temperature,
but also halved the volumes of H and J.

Mark awarded =1 out of 4

Total mark awarded = 10 out of 13
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Paper 4 Alternative to Practical

Example candidate response — low
11 The addition of an acid solution to agueous sodium hydroxide produces a rise in temperature.

A student is provided with H, agueous sulfuric acid, and J, 1.00mol/dm?® sodium hydroxide.

He investigates the changes in temperature produced on mixing together different volumes of H
and J while, in each experiment, keeping the total volume of solution constant at 100cm?®.

The initial temperature of both H and J is 20°C,
The diagrams below show parts of the thermometer stems indicating the maximum temperature
recorded in each experiment.

—30 —30 l —30 —30

20 —20 —20 —20

80cm® H 60cm® H 40em®H 20cm®H
+20cmt J +40cm3J +60cm3J +80cmsJ

{a) Record these temperatures in the table below and then calculate the rise in temperature in

each case.
volume | volume maximum temperature
of H/em® | of J/ecm® | temperature /°C rise/°C
80 20 >l Y <
60 40 29 |
40 60 b 4| 7
20 | o 24.5 y-§

(2]
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Paper 4 Alternative to Practical
Example candidate response — low, continued

(b) Plot these results on the grid below.
Using the points, draw two intersecting straight lines.

10 | I 3 R 4 ,'__\

8+ _
6 1 i
temperature [T
rise/°C m
oH

SeEmAEEEESSEENARenaEsEEEEEEEE ,
100 80 7° 60 40 20 0  volume of H/cm?
0 20 40 60 80 100  volume of J/cm?

(3]
(C) Use your grapn 1o deauce

(i} the volumes of H and J In two mixtures, each of which produces a final temperature of

26°C,
volume of H/em® | volume of J/cm3
mixture 1 7% 21
mixture 2 20 6%
2]
(1) e greatest temperature rise that can occur,
]
N.C c1]
(iif) the volumes of H and J which produce this temperature rise.
H Go cmd
s ® . om®
m
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Paper 4 Alternative to Practical

Example candidate response — low, continued

(d) Solution J is 1.00 mol/dm?3 sodium hydroxide.
H is aqueous sulfuric acid.

Sodium hydroxide reacts with sulfuric acid according to the following equation.
2NaOH + H,SO, —> Na,50, + 2H,0

Using this equation and your answers to (¢)(iii), calculate the concentration of H.
moles =  conc % volwme
{opD
| xloooz tenc X >0
40
Lo?P — (one @ "
Ll
s - 7—0""‘0‘ VA
o ;
S L, O mol/dm® [2]

(e) The student repeats the experiment having first diluted the concentrations of both H and J to
half those used in the original experiment.

Suggest

(i) the greatest temperature rise that would occur,

.......................................................

H 5 cm?3
(1]
[Total; 13]
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Paper 4 Alternative to Practical
Examiner comment — low
(@) The candidate read the fourth thermometer diagram incorrectly and as a result, lost one mark for the
first column in the table. The second mark was consequently awarded.

(b) The candidate accurately plotted all the points on the grid and joined them up with two intersecting
straight lines as instructed in the question.

Mark awarded = 4 out of 5
(c) (i) Candidates are asked to read from their graphs the volumes of H and J in two mixtures each of
which produces a final temperature of 26 °C. Thus the candidate should read the volumes

corresponding to a temperature rise of 6 °C. The candidate’s answers were correct.

(if) The intersection of the two straight lines represents the maximum temperature rise that can occur.
The answer suggested by the candidate of 11° was not correct.

(ili) The candidate’s graph suggests that the maximum temperature rise occurs at 58 cm® of H and
42 cm® of J. The candidate’s answer of 50/50 was not correct.

Mark awarded = 2 out of 4
(d) The candidate was not able to complete the calculation.
Neither the equation nor the volumes of H or J were used in the calculation.

(e) (i) The candidate’s answer of 5°C was not half of the original temperature rise of 11 °C.
(i) The candidate also halved the original volumes of H and J.

No marks were gained for parts (d) and (e).
Mark awarded = 0 out of 4

Total mark awarded = 6 out of 13
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