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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 3 and Paper 4 have been chosen as

far as possible to exemplify grades A, C and E. 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 and the candidate answers do
not require examiner commentary to expand on how the marks were gained.

Grades are given to each answer in this booklet, however in the examination the whole candidate script is
graded on the overall mark awarded, not on each question. It is therefore possible that, for some questions,
lower grade candidate answers are awarded the same or similar marks to higher grade candidate answers.

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

C Mark scheme )

Example candidate
response

<

(Examiner comment]

The mark scheme, 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.

Past papers, examiner reports and other teacher support materials are available on Teacher Support at
http://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 1 hour

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 1 hour
Details of the syllabus and requirements for this A written paper of compulsory short-answer
paper are given in section 5. and structured questions designed to test
textbooks or any other information during the Further details are given in section 5.

practical 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

Q PAST PAPERS
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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) [14]

(b} Graph

Correct plotting of all the points (1)
Two intersecting straight lines which fit the results as plotted (1) [2]

(¢} Volume of P

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

lines (1) [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) [1]

(e} Number of moles of NaOH which react

= 0.0345 (1) [1]

]e PAST PAPERS
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Paper 3 Practical Test

() Concentration in mol/dm® of Q
Volume of Q
50.0-23.0=27.0(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 — grade A

1 Reactions between alkalis and acids are exothermic. The change in temperature when aqueous
sodium hydroxide 1s added to dilute hydrochloric acid of known concentration can be used to

determine the concentration of the alkali.

P i1s 1.50 mol/dm® hydrochloric acid.
Q 1s aqueous sodium hydroxide.

(@ ()

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.

NN NN

(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 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
S0f fem?3 /em3 of P of mixture /°C
/°C /°C
3.5 1 10 40 910% | 2340 1.0
5.2 2 b 35 305 %6.0 5. 5
7.0 4 20 30 31.0 37.9 6.0
€S 4 25 25 30,0 375 6.5
C.g 5 30 20 51,0 3¢.5 5.5
3.9 6 35 15 21,5 350 1.5
2.9 7 40 10 32 O %4 0 2.0

Cambridge O Level Chemistry 5070

Fv Ry
(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.

s/y WY

=/

o
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Paper 3 Practical Test

12

11

10

.

Sk

temperature rise
’.“OC == 4 ™,

e
"

AN
W/

2 HH ‘ PV
i : L‘/

.,

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 ZYOX cm? [1]

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

answer to (c). . i P
o of moles of HCL= concantvation OF HAl (in motind) X volume o Hel Cin dw)

2 ] O

= I 50 X 000

= 0,0405 wmoles

moles of hydrochloric acid ..... 0. @405 ..meles..vevreeeenn [1] l

(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). ’ ey e
NaOH + HCI —> NaCl + H,O
} o ) ook HCT et wilh | mold Nao h.
h JNaOH H 00405 moles H  react . 00405 wmeles NaoH,

moles of sodium hydroxide ....0: 0422 . meles ..o [1]

\\@ PAST PAPERS
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Paper 3 Practical Test

(f) Calculate the concentration, In mol/dm3, of the aqueous sodium hydroxide, Q.

ton oF NoOW Ui wat/dn) = Db mole of o
co htentration f NoOKR (in el /dm o o S YT F

ppres
23

000

1 2

3

LR

A\

i

.

B
.\

concentration of Q@ ...l 6 mol/dm?3 [2]

[Total: 21

20
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Paper 3 Practical Test

Examiner comment — grade A

(a)

(b)

(c)

(d)

(e)

(f)

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

The required data is correctly plotted and used to draw two intersecting straight lines.

Mark awarded = 2 out of 2

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

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

The number of moles of alkali is the same as the number of moles of acid in (d).

Mark awarded = 1 out of 1

23 cm?® 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

]g// PAST PAPERS
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Paper 3 Practical Test

Example candidate response — grade C

1 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.

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

(@) (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 experiment, calculate the temperature rise and record the value in column F.

A B C D E E
experiment | volume | volume initial highest temperature
number of P of Q temperature | temperature rise
fem3 /em3 of P of mixture /°C
Sup /%G /°C
Lo 1 10 0 | s2¢ i i
S-S 2 15 35 2(5736 SYT s o
%E 3 20 0 | ZJr 36 % / - v
e Y 4 25 25 574 72 f : J (~ .,/
5:5 B 30 20 |\ 2V 5% Dz sub |6°C /
L, 6 35 15 ;7;» Covs % /
795 7 40 10 | 297 788 ¥s /

Jox o xo WY 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. 2] ‘

@ PAST PAPERS
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Paper 3 Practical Test

12

11

10

temperature rise 5
/°C i

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).
0.00l5 x/f I,
=D 027

moles of hydrochloric acid OOQ? ........ \/ ......................... (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
(X!
0.027 [

moles of sodium hydroxXide .........cccccevieiiiiec e [1]

\\@ PAST PAPERS
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Paper 3 Practical Test

(f) Calculate the concentration, in mol/dm?3, of the aqueous sodium hydroxide, Q.

ol 3
0.0%_ 1.5x[0

CONBEEEIBIEIE .. et s mol/dm3 [2]

[Total: 21]

@ PAST PAPERS
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Paper 3 Practical Test

Examiner comment — grade C

(a)

(b)

(c)

(d)

(e)

(f)

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

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

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

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

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

]g// PAST PAPERS
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Paper 3 Practical Test

Example candidate response — grade E

1 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.

el )
P is 1.50mol/dm?3 hydrochloric acid.
Q is aqueous sodium hydroxide.
o A O
(@) (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 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
sur | fem3 /em3 of P of mixture - /°C
/°C /°C
L 1 10 40 msc | o' gs'e X
g 2 15 " 35 765 % a"¢ L va
3 - 20 80 | ag.¢'c o ‘e ke X
¥ 4 5 25 255 NS s A
7 5 30 20 poos'e 'y 5.5 N
5 6 35 15 ass% 230" e A-s'e v
3 7 40 10 ag'.g"" aq "‘c_ 33"‘? i /

14

SOR S/ P x
(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]

@ PAST PAPERS
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Paper 3 Practical Test

12

11

10

temperature rise
/°C

p
>
<

3 P\/

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.

volume of P .......... 30 s / em3 [1] [

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

Mol = wol Umﬁ
24w

! .02 O

n — 126 0 \ Jdw 3
= Mmoles of hydrochloric acid ........c..c foumecc ) ool fdw [1]
T TS XD

(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 [;
\MoY  of Hel —F» V2§ xo 3 £

et ob maeh —r A _ _ | . a .
moles of sodium hydroxide .............. .S 9 T i Jdw? [1]

@ PAST PAPERS
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Paper 3 Practical Test

(f) Calculate the concentration, in mol/dm3, of the aqueous sodium hydroxide, Q.

A
hot S _
xS © concentration of Q ............ ok | A mol/dm3 [2]
w | [Total: 21]
> 03I
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Paper 3 Practical Test

Examiner comment — grade E

(a)

(b)

(c)

(d)

(e)

(f)

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
The required data is correctly plotted but two intersecting straight lines have not been drawn.
Mark awarded = 1 out of 2

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

The candidate is not secure in the use of concentration and instead calculates the number of moles in
30 cm? 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

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

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

e PAST PAPERS
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R is hydrochloric acid S 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

Test 1
bubbles
gas pops with a lighted splint

hydrogen

metal disappears

(1)
(1)
(1)

(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

(1)

[2]

Test3
white or yellow ppt
manganate(VII) decolourised

pungent gas/sulfur dioxide

(1)
(1
(1

[3]

allow turns colourless /white /brown

Test 4

decolourised

(1)

[1]

allow turns colourless

Test5
white / yellow/red/brown ppt

colour of ppt darkens

(1)

[2]

e PAST PAPERS
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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

Cation in R is H". (In Test 1 metal reacts.) (1)

[maximum 16 marks from 17 scoring points]

Anion in Ris 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 Test 6) (1)

=/

[3]
[Total: 19]
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Paper 3 Practical Test

Example candidate response — grade A

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 5
. test observations )
1 | To 2cm depth of R in a test-tube, Gas" to evowed Vigosously. {e‘"y’ésce‘m-
: add a piece of magnesium. s ceen . Splid rnagnessium |dissolves
and 4o o colourtless SOlUrioN 1S formed
The gay €volved Ts d€sted win o
l?SW‘-ﬁA splint A.‘«alu*ed splint X‘ﬁﬁa vishes
wits A pop nd- Rydvogen ¥ given off.,
2 |(a) To 1cm depth of Rin a test- nhite cpitete As
tube, add a few drops of pESP \/ e réved].
aqueous silver nitrate. '
(b) Tothe mixture from (a), add WNhite 1o 8 .\?/ o '
dilute nitric acid. e precipitate gemalns nsolubie.
White precipitate does mot dissowe
3 | To 2cm depth of R in a boiling tube, | A pale Velioro Solbten e formed -
add an equal volume of S and warm
the mixture gently.
Place over the mouth of the boiling | The filtex paper ¢hanqges - colour
tube, a piece of filter paper which e i ciaify
has been soaked in acidified from purple o browap wActdified
aqueous potassium manganate(VII). | KMnOgy 16 decolousiced.
4 | To 1cm depth of aqueous iodine ina | Brown Soloden Furns eolourless-
test-tube, add S. Aquaecus 1odine s de cowv('-used.
A colourless colviton Ts Rermed].
Vi
5 | To 2cm depth of aqueous silver Toialy yellowo P-v,(c‘\Pu—q_te {s formed.
nitrate in a test-tube, add a few foleed
drops of S and leave to stand until Tren precipl @ doiour phanges o
no further change is seen. ofange and Yven Tt turnsg brown-
Finally a blacks ‘/(ump of solid
Temains

20
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Paper 3 Practical Test

r—_s (a) To 1cm depth of aqueous TIniially A black colctur  golurion s
iron(I1I) chloride in a test-tube, formed  wohich disgappear s on ’m'\xing,
add an equal volume of S and ' .
mix well. : The colour slooly —fade (o1h) mlxina.
F?nq\\\r on c‘rcmse Ccoloured solotion
CerntunN s '
(b) To the mixture from (a), add _
aqueous sodium hydroxide until Di\'-\:ﬂ Sféei?/ precipl e formed
no further change oceurs. wHh  few de oPs Of NaoOW - Tjrby L{—
Qreen  preapitare vemains \/{nsolub\e
in_ excess.
[16]
Conclusions

Give the formula for a cation and the formula for an anion in R.

AcationinRis .......... v/ and an anion in Ris ....... G\ ... \/ ) 5
In Tests 4 and 6, S is acting as ..... Red ye?mg.....gﬁ;eob.:. \/ .......... [3]

[Total: 19]
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Paper 3 Practical Test

22

Examiner comment — grade A

Test 1 The observations are clearly made and the gas is tested and so identified.
Test 2 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).

Test 4 Any one of the three sentences is a correct description worth the mark available.

Test 5 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 agueous 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

e PAST PAPERS
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Paper 3 Practical Test

Example candidate response — grade C
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
: Y -
1 To 2cm depth of R in a test-tube, LOL'T%Q owv-Ownt QE Q@%ﬁ\)@@@nﬁg
add a piece of magnesium. '
m “ L’b@’f\ S{?J“{'llei
+o c:hs,golve i~ a= R, The ~ealion
'S onsthenmica . 2

2 |(a) To 1cm depth of Rin a test- » q! g ‘QBWYMS
tube, add a few drops of Whkite. e G;P' / -
aqueous silver nitrate. - -

(b) To the mixture from (a), add Qe,; &cxgse e 2

dilute nitric acid.
m.g.@[._,_bl_e Ne —QA'C'hAO-( 'x'ea@)gro,,,
Al C’J'\Om@e S0 -

3 | To 2cm depth of R in a boiling tube, ' : . -Qui ‘
add an equal volume of S and warm %\& ﬁzl\@w %_Q}F“cat mSs-

the mixture gently.

Place over the mouth of the boiling PUU“PLL Q@Q@b@( @Q a@c{;@ai

tube, a piece of filter paper which

has been soaked in acidified a‘?/‘*il@w ﬁbo\m&(tum WQ.&\SQG'O-&Q (\“ D
aqueous potassium manganate(VII). Qi_e_Qe,‘ . D / Z

4 | To 1cm depth of aqueous iodine in a ‘_'ﬂ,\g\ forauor\ QQ\BL,LT @’0’ \&:\f
test-tube, add S. Lu_sz
-SC) bewm L

5 | To 2cm depth of aqueous silver
nitrate in a test-tube, add a few Elacle P’QC‘A }I\'—QQ v
drops of S and leave to stand until % c:lc:_%ei:\ "t’bd\ loaﬂm
no further change _is seen. (96 “l'f'\o_ + L. @

Lo
L J PAST PAPERS
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Paper 3 Practical Test

_ _
6 |(a) To 1cm depth of aqueous o Mg .
iron(III) chloride in a test-tube, P‘:‘B‘e‘ ‘fd M/S&"J“G"‘
add an equal volume of § and -Q@fﬁW\B
mix well.

aqueous sodium hydroxide until
no further change occurs. ouwzg\

q&cacﬁﬁﬂi‘\-*ﬁ

(b) To the mixture from (a), add Tl @a{o_@{\ e@‘ﬁ% r—%l\ﬂ’m

[16]

Conclusions

Give the formula for a cation and the formula for an anion in R.

A cation in R is Q‘])L\,& .Oﬂ?h Jorn and an anion in R |<QAU. ) Q.thé/ .. 1om 2

\Sl

In Tests 4 and 6, S is acting as Oﬁ m,@y [3]

[Total: 19]
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Paper 3 Practical Test

Examiner comment — grade C

Test 1 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.

Test 3 While the changes in the liquid and with the filter paper are well made, the mark associated with the
gas produced, is missed.

Test 4 The loss of colour of the agqueous 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(I1l) 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
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Paper 3 Practical Test

26

Example candidate response — grade E

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.

tr?g.t test observations
1 To 2cm depth of R in a test-tube, \/{
add a piece of magnesium. B\M}H?& £ H 7 &ﬂ);?n /\‘C’L(Lj At
PlodvRy . The (Re(tion <4 ‘
o thermic .
2 | (a) To1cm depth of Rin a test- (olou
tube, add a few drops of Colour ¢ Mr\ag {:{DM Colovrle 5§
aqueous silver nitrate. 4o whiit \P(@ AP itose
(b) To the mixture from (a), add f x
dilute nitric acid. 8 han AU ) bfervey 2
3 | To 2cm depth of R in a boiling tube, -
add an equal volume of S and warm { LQ §°(Vﬂ0n A wrey Il |ow (L‘YOM
the mixture gently. (o \ou((ﬁﬂ il NUW'L
Place over the mouth of the boiling /\
tube, a piece of filter paper which
has been soaked in acidified Th \
aqueous potassium manganate(VII). U Al furns (olo U(V/
4 | To 1cm depth of aqueous iodine in a & ‘. / 0
test-tube, add S. ! I\Q S olutcon forns o (U \
To (Olourless /
5 | To 2cm depth of aqueous silver ’ -
nitrate in a test-tube, add a few T LQ (0 lo ur € }‘M?f {0 dirk 7'?”0“
drops of S and leave to stand until
no further change is seen. A 0

Cambridge O Level Chemistry 5070
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Paper 3 Practical Test

6 | (a) To 1cm depth of aqueous

mix well,

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

no further change occurs.

iron(1I1) chloride in a test-tube,
add an equal volume of S and

aqueous sodium hydroxide until

Olour (hunfe Epaa 190t (0L

To blre

e

Th (olouy, Chork £ black

'____._-—ﬁ
[16]
Conclusions
Give the formula for a cation and the \/formula for an anion in R. /
T ry !
A cation in Ris .. FL.. (L 4dngn) and an anion in R is k)((*\io(re') : 5
In Tests 4 and 6, S is acting as fﬁg(&” “n d\?{)’\"f/ ................. [3]
[Total: 19]

ST PAPERS

—a//
Camb INSIDE



Paper 3 Practical Test

28

Examiner comment — grade E

Test 1 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.

Test 3 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.

Test 4 The recording of the colour change secures the mark here.

Test 5 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

e PAST PAPERS
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Paper 4 Alternative to Practical

Paper 4 Alternative to Practical

Question 1

Mark scheme
1 (a)} (i) (gas)syringe (1) [1]

(i) 16 (1)em?® [1]

(b} (i} carbon dioxide / CO; (1)
limewater turns milky (1)

CaCQO; + 2HCI — Callk + H,0 + CO, (1) [3]

(iiy Hydrogen/H; (1) pops in a flame (1)
Zn + HS0, — ZnS0, + Hz (1) [3]
[Total: 8]
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Paper 4 Alternative to Practical

Example candidate response — grade A

WWIII“HIIIIH“IIII
10 |20 30 40 50cmd

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

...... 6‘@: ’;?{'}E,““J;‘ﬁﬁve. (1]

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 B - 1 o e O e

test ......J:a.uéza‘;?if........%ﬁ.h..%me&ﬁ,“.......!i‘f.!?.‘ﬁ'.@ﬂn"ﬁﬁ.‘ﬁ;..g.t.."‘qums..xh%.\.‘f:ﬂ

equation for the reaction .......{o@..CPa .. TG 2. Canbila. . 0.5 €0
(3]

(ii) zinc and dilute sulfuric acid

gas H%d\‘f@@.ﬁr\

test ... Bowrfrag. Th..... s, Fo...an.. Ughted.. of) B tcbebroll ] ge. o P
equation for the reaction .......Zsm... . e S sl N T i - S
(8]
[Total: 8]

Examiner comment — grade A

(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.

(if) 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
e PAST PAPERS
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Paper 4 Alternative to Practical

Example candidate response — grade C

mzo 30 40 50cm3

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

@455;%&?45 ...... [1]

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

(1]

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 .. éq CO "l‘ HC{ 7 éﬂ C/‘fCOH[S]

(ii) zinc and dilute sulfuric acid

N Sﬂ:,mﬁ Z? 50,:, M.

(3]
[Total: 8]

Examiner comment — grade C

(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.

(ii) 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

]e ] PAST PAPERS
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Paper 4 Alternative to Practical

32

Example candidate response — grade E

1

W 20 30 40 0 cm®

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

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

............... Gl 1)

(1]

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

In each case

)

(i)

Cambridge O Level Chemistry 5070

* name the gas produced,
+ describe a test for the gas,
» construct an equation for the reaction.

calcium carbonate and dilute hydrochloric acid

gas .... : { HM(;VOjBn .......................................................
fest.. W fﬁ%e, kel Tk podetes g pop. Seund....
equation for the reaction .. (:0- f:@.; + HQ! —9 L Cl. ‘f‘ H'

)
zinc and dilute sulfuric acid
o Hsgdegen...... -
testweﬁﬂ . pop &Q\m\ ‘udlevx a qluﬂg Sphh‘é ﬂ’ Plawl
equation for the reaction Zh’%H}_S@Q“'—_”?ZHSQQL.+H[3]
[Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — grade E

(a) (i)(ii) The candidate identified the gas syringe and correctly recorded the volume of gas in the syringe.
Mark awarded = 2 out of 2

(b) (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.

(ii) 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

]g// PAST PAPERS
Camb INSIDE 33



Paper 4 Alternative to Practical

Question 2

Mark scheme

2 (a) (i) off white or cream or pale yellow (1) [1]
(ii) filtration / filter (1) [1]

(b} (i) 0.05(1) moles [1]
(i) 0.06 (1) moles [1]

(c}) 0.05(1)x188=94g(1) [2]
(d) 0.03(1)x 188 =564g (1) [2]
[Total: 8]

e PAST PAPERS
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Paper 4 Alternative to Practical

Example candidate response — grade A

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 o [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 1.0mol/dm? silver nitrate.
n6.oF Molcs = Concentraton xvolvme

©.05
- meq“dﬂé i — T et A MOlES [1]

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

= ). Sed /o\f«{i X 0.-040 M SOOI < 230, = 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 » AgNO3 “ AgBY =) moles < ©-0Smols
121

-1
Oolar Mass = 1p8430 = I%ggrno»' .

Yhoss = malar Mags = molzs &1 g

. TRkl 5 oAl S g el 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.
méles of AgN D3 Csitver ﬂ;m}-,-_:) = volum e X concenrzhon 5
= V.0S50dps> % O mo!fdﬁ'{
~ 9.95 mols
moes 26 NabBr (Sodivm beormidc ) = valuene % £8n centradyon
i = 0-060d&3 % 0-Smod /g 5 003 mil,

= P ¥
Mélor Yo = NaBr ) 9 Bv - 56 Berilieni p—
A .- i AL S gl2]
nass < molar mass X males [Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — grade A

(a) (i) The candidate suggested correctly that the colour of silver bromide precipitate is cream.
(ii) 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 g.

(d) The candidate calculated that the number of moles in 60.0 cm® of 0.5 mol / 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

e PAST PAPERS
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Paper 4 Alternative to Practical

Example candidate response — grade C

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.

%

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

......... e ehioel, dishlbdion 1]
(b) (i) Calculate the number of moles of silver nitrate in 50.0cm?® of 1.0mol/dm? silver nitrate.
el h= & A D205 moles [1]
e - 0.0xV\0 ~=o6wY

(i) Calculate the' number of moles of sodium bromide in 40.0cm® of 1.5mol/dm® sodium

bromide. N owy

no oxV
~1.§X ooH 22980 mOlES [1]
Y TP o) 0

(c) The equation for the reaction is

T 1
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]

_ = @68 *x 183 = q.4
J"Q%%“f; “‘85 — 006 % 1%8 =23
' ' 20.68

D_Ofég .9[2]

LA o ,—,- soter My
A

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

%

Calculate the mass of silver bromide produced in this experiment.

6.-65 xR =q.y | a]’f"“wg:j{wfm
_ 150y
s | 6o ¥ I88 =& 6
~ e 68X 0o & [(f(';)’—.ig 2]
S - [Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — grade C

(a) (i) White was suggested as the colour of silver bromide which is not correct.
(ii) 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

e PAST PAPERS
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Paper 4 Alternative to Practical

Example candidate response — grade E

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.

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

Suggest the colour of the precipitate.

[

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

LY0valion (1]

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

.0 .
Uoteo = SOOX 1:0-0:08 o @05 . moles (]
[000
(i) Calculate the number of moles of sodium_bromide in 40.0cm? of 1.5mol/dm? sodium
bromide. HooG % 1-€ = o 00
Mﬂ = leele O‘C;C/? 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.
o6l O 66 x O 2Uom

[A: Ag, 108; Br, 80]
Meles » MO
Moy A %

80§ = Mo 0.9,

{d) The student repeats the experiment using 50.0 cm3 of 1.0 mol/dm?3 silver nitrate with 60.0 cm3
of 0.5mol/dm3 sodium bromide.

Calculate the mass of silver bromide produced in this experiment.

(0.2 — SO0
-~ . Co.0

............. e N R W

[Total: 8]
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Paper 4 Alternative to Practical

Examiner comment — grade E

(a) (i) Yellow was suggested as the colour of silver bromide which is not correct.
(ii) 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) CsHiu AND C7Hig (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 — grade A

3 (a) Using the general formula for the homologous series of alkanes, suggest the formula for both
hexane and heptans, the sixth and seventh members of the alkane series respectively.

hexane

(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.

wdey
o '
i)
< s : 7 b »
{QrfJ 'I‘ _? g il l;:"]
ﬁ-f:‘ ¥ = / ; 2 : ~
_- .J'z ‘\ ;
N‘.' ;-iraafhi.,a:] Mafy r ‘| (
Fraaul el FoN
¥ hexane and / \ : .
heptane o N ¢ cevets
mixture 7 W
&bl de -

- ___._3'"“ LU:-\{( ¥

(4]

[Total: 5]
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Paper 4 Alternative to Practical

Examiner comment — grade A

(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 — grade C

Cu Hawso.

3 (a) Usimﬂmmmlhmuhbrmmmgousseﬁasdaw.mg%w‘hbrbm
hexane and heptane, the sixth and seventh members of the alkane series respectively.

hexane  Ct Huass

Ch H iy

,]
heptane (., w .,
CiHua

(1]

(b) A mixture of hexane (b.p. 69°C) and heptane (b.p. 88°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.

i

e LY
\
S
_?}J 2
™
T

-

w /4

o tc!
owl

hexane and
heptane
mixture

(4]

[Total: 5]
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Paper 4 Alternative to Practical

Examiner comment — grade C

(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 — grade E

3 (a) Using the general formula for the hamologous series of ajkanes, suggest the formula for both
hexane and heptane, the sixth and seventh members of the alkane series respectively.

—

hexane

C.H
é W

heptane -
C..H
1 6

[

(b) A mixture of hexane (b.p. 69°C) and heptane (b.p. 88°C) may be separated by fractional
distillation. e y =T

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.

A ~ ~ p"-"' e
bav of , s\’o
r;%/
| 'r{_.ﬁy‘f
hexane and J

? heptane
mixture

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

Examiner comment — grade E

(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) 3.859(1) [1]
(b} ZnO + H,50, — ZnSO, + H;O (1) [1]
(¢} red/ pinkto 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]
(i 0.00122 (1) moles [1]
(g) 0.0122 (1) moles [1]
(h) 0.05 (1) moles [1]
(i) 0.0378 (1) moles [1]
(i) 0.0378 (1) moles [1]
(k) 3.06g (1) [1]
() 79.5% (1) [1]

[Total: 15]
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Paper 4 Alternative to Practical

Example candidate response — grade A

9 A student determines the percentage of zinc oxide in mixture C, containing both copper and zinc
oxide.

(a) A sample of Cis added to a previously weighed beaker which is then reweighed.

mass of beaker + C
mass of beaker

29.15g
25.30g

n

Calculate the mass of C used in the experiment.

e B S [

(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.

o2 2 T . SO T Hom o e 0[]

(c) 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 .......CEG ... 10 v A @M @i [1]
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Paper 4 Alternative to Practical

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
: = = = Co3 | 47
= — 6 o ~ =
— - — 31 = =
= - e = 48

TEFFTFEFFITTER

{HERERERRRARE

(d) Use the diagrams to complete the following results table.

titration number 1 2 3
final reading/cm?® DX PRt L, 2
initial reading/cm® %) Lo % L. ix
volume of 0.100mol/dm?
sodium hydroxide/cm3 25.2 24,5 2U. 5
best titration results (v) — v
Summary

Tick (+) the best titration results.
Using these results, the average volume of 0.100mol/dm? sodium hydroxide is

Z e omB 4]

(e) Caiculate the number of moles of sodium hydroxide in the average volume-of 0.100mol/dm?®
sodium hydroxide in (d).
Meolese 24U .0 x0s2100

\ O o '
= (= Coouyu oles 220024049 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).
2.1 2% . iOles [1]

{g) Using your answer in (f), calculate the number of moles of sulfuric acid in 250cm? of D.

i 2 AN moles [1]
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Paper 4 Alternative to Practical

(h) Calculate the number of moles of sulfuric acid in 50.0cm? of 1.00mol/dm? sulfuric acid.
M oeley = (= o

= C;i}gog ............... (&) GQC ................ 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.

N o of elevs -0 - 0.0 \LL

= - O2%€ :
& L2 C3%& ..........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.

...... CsQ2HAR ... m0leS [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-0378n B O S <~ 1 | ~ S 12
= &s0gle

() Using your answers in (a) and (k) calculate the percentage by mass of zinc oxide in the
sample of C.

3.06\%

160
2.2C

7. bymas
e 2 52 B[]

[Total: 15]
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Examiner comment — grade A
(a) 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)=(lI) 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
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Paper 4 Alternative to Practical

Example candidate response — grade C

9 A student determines the percentage of zinc oxide in mixture C, containing both copper and zinc
oxide,

(a) A sample of Cis added to a previously weighed beaker which is then reweighed.

mass of beaker+ C = 29.15¢g
mass of beaker = 25.309g

Calculate the mass of C used in the experiment.
Mogs of ¢ ='29.18 -28 -3

= 3.8%3 eeersemmrsssssmeresessssnss 3 o FBreneeenn @ [1]

(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.

Znotn*“;\.SDMMT—)Z“SO%*Hn S S s )

e ieeneagyesenenss

(c) When the reaction has finished the mixture is transferred to a volumetric flask and made up to
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 0.100mol/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 X S \L‘E““‘” [1]
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Paper 4 Alternative to Practical

The student does three titrations. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each fitration.

1st titration 2nd titration 3rd titration
- =23 47
25 6 = =

TFEAA [ ITTATTTTTTT]T
LS
(9.0}

RRE

T

V[ TEFLTTEP LT R T TTTL]
I EEPUETH CERITTTTTTTTETTL

T
1

(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?
sodium hydroxide/cm?® 25.2 24-% 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?3 sodium hydroxide is

g:téli'i‘*'s = 24-4 cm?

w24 4 omB.[4)

(e) Calculate the number of moles of sodium hydroxide in the average volume of 0.100mol/dm?
sodium hydroxide in (d).
NN C
=F0.0244X 0. | ; 3

(f) Sodium hydroxide reacts with sulfuric acid according to the following equation.
2NaOH + H,80, — Na,80, + 2H,0

Calculate the number of moles of sulfuric acid which reacts with the sodium hydroxide in (e).
2.44¥107?

2 "22"‘\0"3 moles [1]

(g9) Using your answer in (f), calculate the number of moles of sulfuric acid in 250cm?® of D.

L0.ov25  moles[1]
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Paper 4 Alternative to Practical

(h) Calculate the number of moles of sulfuric acid in 50.0cm?® of 1.00mol/dm?® sulfuric acid.

N =vec
6. 0b5x%x |

0.0 5 moley e 2,522 ... moles [1]

E———9

an

(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.

-_{'b_f_—? =R aale] les
& B2
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. e A\
2 o & \"zsoq > 2w &qu s O
£ o, 0o\5
o ..o

-...moles [1]

(k) Calculate the mass of zinc oxide in the sample of C.

. [A:Zn, 85;0,16] Noas oo
— 33 I3

o F g
....... 49 [1}

(I) Using your answers in (a) and (k) calculate the percentage by mass of zinc oxide in the
sample of C. _ :
3:¢5 xive,

[Total: 15]
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Paper 4 Alternative to Practical

Examiner comment — grade C

(a) 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)-(1) 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
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Paper 4 Alternative to Practical

Example candidate response — grade E

9 A student determines the percentagé of zinc oxide in mixture C, containing both copper and zinc
oxide. :
(a) 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§ ........................... g1l

(b) 50.0cm3 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 suifuric 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.

Ao (ON),.. 4. 000220500 4. Dy Q...

(¢) 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?3 of D is transferred into a conical flask and a few drops of methyl
orange indicator aré-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 ...‘.‘;:(.Un.s.n.{..... 1]
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Paper 4 Alternative to Practical

The student does three titrations. The diagrams below show parts of the buretie with the liquid
levels at the beginning and end of each titration.

st titration 2nd titration 3rd titration

T

I
-

23

UL
[TTTITITTT

POt

N
[4)]
FTTTETTETTTTI
(=]

E[TTITTTTITTT

craend s

(d) Use the diagrams to complete the following results table.

titration number ' 1 2 3
final reading/cm3 1S S AT 2 AN
initial reading/ém3 ) 6 g B 8
volume of 0.100 mol/dm3 :
sodium hydroxide/cm?3 242 24 S | 264 g
best titration results () / ‘ o

Summary

Tick (v) the best titration results. )
Using these resuilts, the average volume of 0.100mol/dm?® sodium hydroxide is

L x 2l
2

.......... 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).

oloo g 24U _
ro 00 o 3 62 0 A 2 O, moles [1]

(f) Sodium hydroxide reacts with sulfuric acid according to the following equation.
2NaOH + H,80, — Na,80, + 2H,0

Calculate the number of moles of sulfuric acid which reacts with the sodium hydroxide in (e).

(ORNoNo LN
. L2022 N e OlES [1]
(g} USINg your answer in {T), caiculate e numper 0T MoIes OT SUITUIIC acia In ZoU Cm™ OF .
m =~ AV
- 000\ ~ L0

(eco Q20000505 ...........moles [1]
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Paper 4 Alternative to Practical

(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:number of moles of sulfuric acid-which reacts
with the zinc oxide in the $ample of C.

o of

A eeeeneeeomoles [1]

) USINY youl equdion 11 (o) ainu your dnswer 1 (1), usuuce uic nunuen U nivies Ol L VAU i
the sample of C.

e mONS 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. .

asaivressseani g [ 1]

[Total: 15]

Examiner comment — grade E

(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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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 — grade A
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 chanta e X is an oxidising agent.
_aqL_Jeous potassium fromr  colowless
iodide.
4o brown colovv
s Sbsevv €d -
(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 Y is a reducing agent.
acidified potassium \ _
manganate(V1I). from  purple o
lowless Ts
obscrved.

[Total: 6]

Examiner comment — grade A

(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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Example candidate response — grade C

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 Color o X is an oxidising agent.
aqueous potassium
iodide. Yo celorless
o Lo con

(b) Y is passed through
acidified potassium
dichromate(VI).

C;:; Lo c'_"__}-\ AAE B
Cg ~eer

Y is a reducing agent.

(c) Y is passed through
acidified potassium
manganate(VII).

lar Q_..'hq*n%\?_b
e Co\orleyy

‘l“l:‘s PL\TP\-@.

Y is a reducing agent.

Examiner comment — grade C

[Total: 6]

(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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Example candidate response — grade E
10 A student does some reactions using gas X and gas Y.
A colour change is seen ;n 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 - Orang to

dichromate(VI). = : gn"e—ﬂ
(¢) Y is passed through " visa reducing agent.

acidified potassium

manganate(VII). (9(0”"”2‘2( te

P&wﬂ e

[Total: 6]

Examiner comment — grade E

(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 100 cm”.

(d} No. of moles of J (1)

M =44 x1.00/56 x 2 = 0.393 (0.39) mol/dm® (1) [2]

(e} () 4.9°C(1) [1]
(i) 56cm® H AND 44cm® J (1) [1]
[Total: 13]
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Paper 4 Alternative to Practical

Example candidate response — grade A
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, 1.00mol/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.

—30 —30 —30 —30

i i a 7 8

—20 —20 —20 —20

80cm® H 60cm3 H 40cm® H 20cm®H
+20cm3J +40emd J +60cmeJ +80cm®J

(@) 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 2Y4. S H.&
80 40 9— q t()) q "6
40 80 29.0 | 7.0
20 | © | 93,5 | 2,C

(2]
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Paper 4 Alternative to Practical

(b) Plot these results on the grid below.
Using the points, draw two intersecting straight lines.

10

10 86 53 D R AR B LA

. 1

temperature
rise/°C

] 0
0  volume of H/ecm®
100  volume of J/ecm?®

(3]

(¢) 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/ecm® | volume of J/cm?
mixur 1 Y 26
mixture 2 X L6
[
(i} the greatest temperature rise that can occur,
(i) the volumes of H and J which produce this temperature rise.
H 6 oo M3
J Li b cm?
1)
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Paper 4 Alternative to Practical

(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 cexrieiion= D022 X looo
oee .._LTL\—K.—- T
looo
=26 .09 Y ereles = O 2O o) A

Meles of H-;_?:Q’._“t G2 Demles

P22 mol/dmB [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 [FRP—_— S em?
(1l
[Total: 13]
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Paper 4 Alternative to Practical

Examiner comment — grade A

(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.

(iii) This maximum temperature rise should occur at volumes of 56 cm?® of H and 44 c¢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 (¢)(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
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Paper 4 Alternative to Practical

Example candidate response — grade C
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, 1.00mol/dm®-sodium hydroxide.

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\r_:m3.

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 60cmd H 40cm®H 20cm®H

+20cmeJd +40cm® J +60cm*J +80cm2J

(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 u-<
60 40 2.9 A
40 60 27 =+
20 80 2%, 2.

(2]
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(b) Plot these resuits on the grid below.
Using the points, draw two intersecting straight lines.

10 —_

R R e T
F-t A=A EIVEEESSEE I 1 |
T i
H HEEHH
8 10 O EREE
1 I ,
Wl B B D 1
T
temperature B 8
rise/°C : tt
EEa

W N NSNS SRE
60 40
40 60

volume of H/em?®
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 T4 % 2%
mixture 2 b o) (A

[l
(i) the greatest temparature rise that can occur,

2-4 G 1]

(iif) the volumes of H and J which produce this temperature rise.

H ot e M3
J ti 2 ; cm?
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Paper 4 Alternative to Practical

(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 to (¢)(iii), calculate the concentration of H.

<. = 0:067
%’D C.o8a 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,

b e e 1)

(ii) the volumes of both H and J that would produce this temperature rise.

(1]

[Total: 13]
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Examiner comment — grade C

(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 from the graph of 9.9°.

(iii) This maximum temperature rise should occur at volumes of 56 cm?® of H and 44 c¢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 — grade E
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 liy —30 —30

20 —20 —20 —20

80cm® H 60cm® H 40em®H 20em®H
+20cmé J +40cms J +60cm®J +80cm®J

(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 U5 Ye$
60 40 29 |
40 60 1 7
20 | o 24.5 y-§

(2]
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Paper 4 Alternative to Practical

(b) Plot these results on the grid below.
Using the points, draw two intersecting straight lines.

10 \'

temperature

rise/°C

IHENNANRIAE AR AN RNE LRSS |
1 05 8 T O S PR 0 L
4fdsd TR -

0

80 7° 860
20 40

({C) Use your graph 10 geduce

40 20 0
60 80 100

volume of H/cm?
volume of J/cm?

(3]

(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/em®
mixture 1 7% 71
mixture 2 20 69
2]
(1) e greatest temperature rise that can occur,
]
1} C c]
(iif) the volumes of H and J which produce this temperature rise.
H Co cm?
J. ) . em?
11
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Paper 4 Alternative to Practical

(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 foliowing 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 — cone @ "
L

B = Lowol |Giw
N ;
B e 22 sssssnenmiol /A% [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,

U -]

(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 — grade E

(a) 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.

(ii) 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.

(iii) 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.
(ii) 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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