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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS and
A Level Chemistry (9701), and to show how different levels of candidates’ performance (high, middle and
low) relate to the subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For each question, each response is annotated with a clear explanation of where and why marks were
awarded or omitted. This, in turn, is followed by examiner comments on how the answer could have been
improved. In this way it is possible for you to understand what candidates have done to gain their marks and
what they will have to do to improve their answers. At the end there is a list of common mistakes candidates
made in their answers for each question.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks, beyond the guidance of the mark scheme. Some question types where the
answer is clear from the mark scheme, such as short answers and multiple choice, have therefore been
omitted.

The questions, mark schemes and pre-release material used here are available to download as a zip file
from Teacher Support as the Example Candidate Responses Files. These files are:

Question Paper 22, June 2016

Question paper 9701_s16_qp_22.pdf
Mark scheme 9701_s16_ms_22.pdf
Question Paper 33, June 2016
Question paper 9701_s16_qgp_33.pdf
Mark scheme 9701_s16_ms_33.pdf
Question Paper 42, June 2016
Question paper 9701_s16_qp_42.pdf
Mark scheme 9701_s16_ms_42.pdf
Question Paper 52, June 2016
Question paper 9701_s16_qgp_52.pdf
Mark scheme 9701_s16_ms_52.pdf

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

Cambridge International AS & A Level Chemistry 9701
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How to use this booklet

Introduction

Example candidate response — high

Examiner comments

3 Acidified potassium dichromate(VI) can oxidise ethanedioic acid, H;G,0,
The relevant half-equations are shown.

CrOof + 14H" + ?é - 2Cr* + TH,O

[Hzc.‘,o - 2C0, + 2H" + 2e7) o

HLLLG-LB—? Loz v EH"'J"M‘ .
{a) State the overall equation for the reaction bebween acidified dichromate(VI) ions and

ethanedlolcamd o
Crlﬂ-} "4 140t & SHztanﬁ'it\'w + —]HJU + EC-OE. @

/r . . FGHY
Answers by real candidates in

exam conditions. These show you
the types of answers for each

level.

Discuss and analyse the answers
with your learners in the

classroom to improve their skKills. /

fed ethanedioic acid, H,C,0,.xH,0, was reacted
btassium dichromate(VI).

b(VI) solution was required for complete oxidation

romate{VI) ions used to react with the sample of

- " wOUW T o
e 6.4 X104 o

amount = . e

How the candidate could have improved their answer

o This equation contains
all the correct species
from the half-equations

gwen so one mark has
TR =T o .

/Examiner comments
are alongside the
answers, linked to
specific part of the
answer. These explain
where and why marks
were awarded. This
helps you to interpret the
standard of Cambridge
exams and helps your
learners to refine their

@am technique. /

In (a) the candidate needed to remember that the key;
loss in one half-equation must balance the electron g

This explains how the candidate could have

improved their answer and helps you to interpret
In (b)(iif) the candidate used the correct method but n| the standard of Cambridge exams and helps your

number of significant figures in the answer must corn
provided.

learners to refine exam technique.

Common mistakes candidates made in this gquestion

(a) The skills needed to combine two half-equations and

tricky for many candidates. Good candidates often gotd This lists the common mistakes candidates made
in answering each question. This will help your
(b) The first two parts of the calculation were generally ¢ learners to avoid these mistakes at the exam and
the A calculation depended on the previous answer tog give them the best chance of achieving a high

them out, while weaker candidates failed to recognise th

mark.

.

J
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Assessment at a glance

Assessment at a glance

Candidates for Advanced Subsidiary (AS) certification take Papers 1, 2 and 3 (either Advanced Practical
Skills 1 or Advanced Practical Skills 2) in a single examination series.

Candidates who, having received AS certification, wish to continue their studies to the full Advanced Level
qualification may carry their AS marks forward and take Papers 4 and 5 in the examination series in which
they require certification.

Candidates taking the full Advanced Level qualification at the end of the course take all five papers in a
single examination series.

Candidates may only enter for the papers in the combinations indicated above.

Candidates may not enter for single papers either on the first occasion or for resit purposes.

All components are externally assessed.

Weighting
Component

AS Level | A Level
Paper 1 Multiple Choice 1 hour
This paper consists of 40 multiple choice questions, 30 of the direct choice type
and 10 of the multiple completion type, all with four options. All questions will be 31% 15.5%
based on the AS Level syllabus content. Candidates will answer all questions.
Candidates will answer on an answer sheet. [40 marks]
Paper 2 AS Level Structured Questions 1 hour 15 minutes

This paper consists of a variable number of questions of variable mark value. All
questions will be based on the AS Level syllabus content. Candidates will
answer all questions. Candidates will answer on the question paper. [60 marks]

46% 23%

Paper 3 Advanced Practical Skills 2 hours
This paper requires candidates to carry out practical work in timed conditions.
Candidates will be expected to collect, record and analyse data so that they can
answer questions related to the activity. The paper will consist of two or three
experiments drawn from different areas of chemistry. Candidates will answer all
questions. Candidates will answer on the question paper. [40 marks]

23% 11.5%

Paper 4 A Level Structured Questions 2 hours
This paper consists of a variable number of free response style questions of
variable mark value. All questions will be based on the A Level syllabus but may
require knowledge of material first encountered in the AS Level syllabus.
Candidates will answer all questions. Candidates will answer on the question
paper. [100 marks]

- 38.5%

Paper 5 Planning, Analysis and Evaluation 1 hour 15 minutes
This paper consists of a variable number of questions of variable mark value
based on the practical skills of planning, analysis and evaluation. The context of
the questions may be outside the syllabus content, but candidates will be - 11.5%
assessed on their practical skills of planning, analysis and evaluation rather than
their knowledge of theory. Candidates will answer all questions. Candidates will
answer on the question paper. [30 marks]

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

6 Cambridge International AS & A Level Chemistry 9701
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Paper 3 — Advanced Practical Skills

Paper 3 — Advanced Practical Skills

Question 1(a) and 1(b)

Example candidate response — high

Examiner comments

You will determine the concentration of a solution of hydrochloric acid by diluting it and then titrating
the diluted solution against an alkali.

HCl(aq) + NaOH(ag) — NaCl(aq) + H,O(l)

FA 1 was made by dissolving 1.06g of sodium hydroxide, NaOH, in distilled water to make 250cm?®
of solution.

FA 2 is hydrochloric acid, HCL

bromophenol blue indicator

(a) Method
e Pipette 25.0cm® of FA 2 into the 250 cm?® volumetric flask. Keep remaining FA 2 for use
in Question 2.
e Add distilled water to make 250 cm?® of solution and shake the flask thoroughly. Label this
solution FA 3. )
e  Fill the burette with FA 3. —
e Use the second pipette to transfer 25.0cm? of FA 1 into a conical flask. —
e Add about 10 drops of bromophenol blue. °
e Perform a rough titration and record your burette readings in the space below. The end
point is reached when the solution becomes a permanent yellow colour.
AVSORNRE W[ SYRNRVE \)o\vm
Phe @.3) er2 33 @)
| O ! l 12 OO 3
0.0 2.-2.<Q00 | 2 s OD The rough titre is #7524 ... cm

|
’ e Carry out as many accurate titrations as you think necessary to obtain consistent results.
Make certain any recorded results show the precision of your practical work.

Record, in a suitable form below, all of your burette readings and the volume of FA 3
added in each accurate titration.

[Tad Do, | Tael vet | e gt [\)9\\,&% . o |
L]V o It is simpler to write
CO«"\ e (0,,\3\ /t Tt e titre /cm™ or ‘titre
4 o.00 |22.00 |22.00 al (em’:
ad Mark for (a) = 6/7
2 0. p0 | 2240 Ll‘\Oj 5
X 22 \@ vi|V/
4 .00 2209 al7
(71 G

(b) From your accurate titration results, obtain a suitable value for the volume of FA 3 to be used
in your calculations. Show clearly how you obtained this value.

22 .x0x 2220 |, 02\O o8

s

25.0cm? of FA 1 required =~ cm?® of FA 3. [1]

9 Any pair or all of the
titres shown can be
used in this part, as aII
were within 0.20 cm®.

Mark for (b) = 1/1

Total marks awarded =
7 out of 8

Cambridge International AS & A Level Chemistry 9701



Paper 3 — Advanced Practical Skills
How the candidate could have improved their answer
(a) The word ‘added’ or ‘used’ was needed with ‘volume of FA 3’.

Mark awarded = (a) 6/7
Mark awarded = (b) 1/1

Total marks awarded = 7 out of 8

Cambridge International AS & A Level Chemistry 9701



Paper 3 — Advanced Practical Skills

Example candidate response — middle Examiner comments

1 You will determine the concentration of a solution of hydrochloric acid by diluting it and then titrating
the diluted solution against an alkali.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,O(l)

FA 1 was made by dissolving 1.06 g of sodium hydroxide, NaOH, in distilled water to make 250 cm?
of solution.

FA 2 is hydrochloric acid, HCL.

bromophenol blue indicator

(a) Method

e  Pipette 25.0cm?® of FA 2 into the 250cm® volumetric flask. Keep remaining FA 2 for use
in Question 2.

e Add distilled water to make 250 cm?® of solution and shake the flask thoroughly. Label this

solution FA 3.

Fill the burette with FA 3.

Use the second pipette to transfer 25.0cm? of FA 1 into a conical flask.

Add about 10 drops of bromophenol blue.

Perform a rough titration and record your burette readings in the space below. The end

point is reached when the solution becomes a permanent yellow colour.

e o o o

o The titre for the rough
155 Ll titration does not have

o The rough titre is ..... @ ....... cm@, to be precise.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make certain any recorded results show the precision of your practical work. . . . .
e Record, in a suitable form below, all of your burette readings and the volume of FA 3 9 The thll’(g titre is within
added in each accurate titration. 0.10cm” of the first

and the mean shows
good agreement with
the supervisor’s value.

9 @?Iﬁ 16.65 i

X
X
X% Mark for (a) = 4/7
— |/
[b.bo. @ VI, @ The answer given is
/
£

not an arithmetic mean

EMM’ »
\
)2
Y

~ 160 Vi . _
[b. 55 of any combination of
§20°08 vl the three accurate
(7 p/ titres, and no working
is shown.
(b) From your accurate titration results, obtain a suitable value for the volume of FA 3 to be used
in your calculations. Show clearly how you obtained this value. Mark for (b) =0/1
(3 § e
25.0cm? of FA 1 required ........|b:2.0... cm® of FA 3. [110 Total marks awarded =
4 out of 8

How the candidate could have improved their answer
(a) Burette readings should have been shown for the rough titration.

(a) With no accurate burette readings, tabulated with suitable headings and units, two marks are unavailable.
The examiner was also unable to check the working for calculating the value to use for the accuracy marks.

(b) The titres used for calculating the mean should have been indicated, either by showing the working in the
space or by ticks next to the values selected.

Mark awarded = (a) 4/7
Mark awarded = (b) 0/1

Total marks awarded = 4 out of 8

Cambridge International AS & A Level Chemistry 9701 9



Paper 3 — Advanced Practical Skills

Example candidate response — low

Examiner comments

1 You will determine the concentration of a solution of hydrochloric acid by diluting it and then titrating
the diluted solution against an alkali.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,0(l)

FA 1 was made by dissolving 1.06 g of sodium hydroxide, NaOH, in distilled water to make 250 cm?®
of solution.

FA 2 is hydrochloric acid, HCL

bromophenol blue indicator

(a) Method

e Pipette 25.0cm? of FA 2 into the 250 cm?® volumetric flask. Keep remaining FA 2 for use
in Question 2.

e Add distilled water to make 250cm? of solution and shake the flask thoroughly. Label this

solution FA 3.

Fill the burette with FA 3.

Use the second pipette to transfer 25.0cm?® of FA 1 into a conical flask.

Add about 10 drops of bromophenol blue.

Perform a rough titration and record your burette readings in the space below. The end

point is reached when the solution becomes a permanent yellow colour.

_‘I@‘C\O&\ W [om® 240
Noal ydame [ond | 2940
o FAb M& /C/ﬂ\5 2].% The rough titre is ..... 21,99 cme.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make certain any recorded results show the precision of your practical work.

e Record, in a suitable form below, all of your burette readings and the volume of FA 3
added in each accurate titration.

Repy  Time. l 2 -

Imt‘\a‘ wlumﬂ m’ | 0.49 0.%0 |20

Fihm\ \/O\W"Q/OW\5 2b- o 1740 27.bo i

‘E 27-00 . v

2¢-30 VI

25:45) ) - 0-85 viI

[7]

(b) From your accurate titration regults, obtain a suitable value for the volume of FA 3 to be used
in your calculations. Show cl how you obtained this value.

b.
220425 L042b40 ST

25.0cm? of FA 1 required ....... lbLﬂ cm®of FA3. [11 0O

3 0 Su!//a‘(//,‘(_,\

A2 wsed [om? | 2b29 | G By [2hbhe | [v]»
)Q
1

o The subtraction error is
not penalised here.

Mark for (a) = 3/7

9 Working is shown but
the subtraction error in
(a) negates the mark.

Mark for (b) = 0/1

Total marks awarded =
3 out of 8

How the candidate could have improved their answer

(a) The candidate did not achieve concordant titres so was not awarded the fourth mark here. The last titre
must be within 0.10cm® of any other accurate value. The mean of the closest pair (calculated by the
examiner) gave a value too far from that of the supervisor to gain any marks for accuracy of titration (quality

marks). A greater number of titrations were needed to achieve consistent titres.

(b) The total spread of titres used here was 0.60 cm® which is greater than the 0.20 cm® allowed.

Mark awarded = (a) 3/7
Mark awarded = (b) 0/1

Total marks awarded = 3 out of 8

10 Cambridge International AS & A Level Chemistry 9701




Paper 3 — Advanced Practical Skills
Common mistakes candidates made in this question
(a) A substantial minority of candidates did not record burette readings for the rough titration.
Some headings were incorrect, for example, ‘IBR’ for ‘initial burette reading’ and ‘amount’ instead of

‘volume’, or the units were omitted.

Many candidates did not record all their accurate burette readings to #.#0 or #.#5, especially when starting at
the zero mark.

Some candidates did not perform an additional titration when their final titre was not within 0.10 cm® of any
previous value.

(b) The most common errors were not indicating which titres were to be used in the calculation and not
giving the answer correct to two decimal places.

Cambridge International AS & A Level Chemistry 9701 11



Paper 3 — Advanced Practical Skills

12

Question 1(c)

Example candidate response — high

Examiner comments

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the concentration, in moldm==, of sodium hydroxide in FA 1.

Use the data in the Periodic Table on page 12.
b0 XS
KMol ) e o e O oy
Jurd ST W ® Sees -
= D-DX65 o = 0106 hol dn
concentration of NaOH in FA1 = ...... O,% moldm-

(ii) Calculate the number of moles of sodium hydroxide present in 25.0cm?® of FA 1.
1990

= O~b®>6§wl

moles of NaOH = ..*7... ................. mol

(iii) Deduce the number of moles of hydrochloric acid present in the volume of FA 3 you have
calculated in (b).

h(Ho) =n (Neow)

= D-O065Emol F
O oo moles of HCI = 060%'3 mol
(iv) Calculate the concentration, in moldm=, of hydrochloric acid in FA 2.
0-BR 6
[1nf} Vol
0]
AN
concentration of HClin FA2 = ...... O ’QJ{ ...... moldm-=
(5]
S[ T é/

Mark for (c) (i) = 1/1

Mark for (c) (ii) & (iii) = 1/1

@ The factor of x10 for
the dilution carried out
in (a) has been
omitted.

Mark for (c) (iv) = 2/3

Total marks awarded =
4 out of 5

How the candidate could have improved their answer

(c) (iv) More careful reading of the questions was needed, as part (iii) is about FA 3 but part (iv) requires the

concentration of FA 2.

Mark awarded = (c) (i) 1/1, (ii) & (iii) 1/1, (iv) 2/3

Total marks awarded = 4 out of 5

Cambridge International AS & A Level Chemistry 9701




Paper 3 — Advanced Practical Skills

Example candidate response — middle Examiner comments

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the concentration, in moldm=, of sodium hydroxide in FA 1.

Use the data in the Periodic Table on page 12. o It is simpler to keep the

106 -3 <3 oy 07 2 ) mass terms and
e e 4o = 1Ok x 107 o) o2 volume terms together:
s 334 16 44 1.06/40 followed by
e (1) %1000/250.
=4S -4
concentration of NaOH in FA1 = ):08 X9 * moldm-® Mark for (c) (i) = 0/1

(ii) Calculate the number of moles of sodium hydroxide present in 25.0cm?® of FA 1.
| dm] X I«o\ox\o"‘* ol
Yo T g X Lobxio
2 2-bsx 107 mols

Ym® T 3AS ¥io™Y wol

. “
moles of NaOH = ....2:%3.X19....... mol Mark for (c) (ii) & (iii) = 1/1

(iii) Deduce the number of moles of hydrochloric acid present in the volume of FA 3 you have
calculated in (b).

ML) Naod
bl ~e<f
26510 dbsx it moles of HCI=..3:6S ﬂ.‘.’:? ..... mol
(iv) Calculate the concentration, in moldm-2, of hydrochloric acid in FA 2. 9 All working is cIearIy
4o U’ = 3.6 x10"Cmo) shown and the final
AbSx 107* answers are displayed
(untrohon = e R to the expected three
i‘lm /\9 or four significant
: LoFno) figures.

Mark for (c) (iv) = 2/3

-y
concentration of HCZin FA 2 = [.03. %10 moldm-3

5
& v 5 3
Total marks awarded =
3 outof 5

How the candidate could have improved their answer
(c) (i) The unit in the first stage of the calculation should have been gcm-3 as the factor of x 1000 is missing.

The dilution factor of x 10 was also missing in (¢) (iv).

Mark awarded = (c) (i) 0/1, (ii) & (iii) 1/1, (iv) 2/3

Total marks awarded = 3 out of 5

Cambridge International AS & A Level Chemistry 9701 13



Paper 3 — Advanced Practical Skills

14

Example candidate response — low Examiner comments

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the concentration, in moldm-2, of sodium hydroxide in FA 1.
Use the data in the Periodic Table on page 12.

\- ol RTINS . 34
Y - 200>« v l0b i
n Na0b - =2 e A
[o2V
~ 00 ¢ rvv" =
0- 014 L LA Mark for (c) (i) = 1/1
concentration of NaOH in FA 1 = D‘ ........ é ... - moldm-

(ii) Calculate the number of moles of sodium hydroxide present in 25.0cm? of FA 1.

. 2|0
:&Oewr;"ﬁ" o‘u&"’ b = o ¢ ol o A check on the units
T D e for the answer in (c) (i)
Ce W Wi 0-0)05 might have helped.
2 §-0lob

moles of NaOH = Wj‘ mol

Mark for (c) (ii) & (iii) = 0/1

(iii) Deduce the number of moles of hydrochloric acid present in the volume of FA 3 you have
calculated in (b).

Mole vox}io = M L)< Nwo Y

2a). . % | .5‘0,“’4
Npy - a:::‘l;i)‘ rvw) moles ofHCl=,........‘.......—t.é.:.!.'... mol

(iv) Calculate the concentration, in moldm=, of hydrochloric acid in FA 2.

Wm\"é iy -3
o Lod mdl olvm @ Careful reading of the

W ;
(2 OO X ailldy question helps avoid
this type of error.

A
Mark for (c) (iv) = 1/3
concentration of HClin FA 2 = R 24 moldm-2
3 i( 51 2 | Total marks awarded =
" 2o0utof5

How the candidate could have improved their answer

(c) (ii) More careful reading of the question was needed here, as there appeared to be confusion between
the 250 cm® of solution FA 1 given in the information in (a) with the 1dm® from the answer in (c) (i).

(c) (iv) The volume of FA 1 pipetted was used rather than the volume of FA 3 calculated in (b). The dilution
factor was also omitted.
Mark awarded = (c) (i) 1/1, (ii) and (iii) 0/1, (iv) 1/3

Total marks awarded = 2 out of 5

Common mistakes candidates made in this question

The most common mistake was to ignore the dilution factor of x 10 used in making FA 3 from FA 2. This was
needed in (c) (iv).

Other errors included giving answers to two significant figures and incorrect rounding of answers: figures of 5
and above are always rounded up.

Cambridge International AS & A Level Chemistry 9701




Paper 3 — Advanced Practical Skills

Question 2(a) & (b)

Example candidate response - high Examiner comments

2 Metal carbonates react with dilute acids to produce carbon dioxide. You will identify the metal, M,
in a metal carbonate, M,CO,, by measuring the volume of carbon dioxide produced during the
reaction of M,CO, with excess hydrochloric acid.

M,CO,(s) + 2HCI(aq) — 2MCl(aq) + CO,(g) + H,0())

FA 2 is hydrochloric acid, HC, as used in Question 1.
FA 4is M,CO,.

(a) Method

Read all instructions before starting your practical work.
The diagrams below may help you in setting up your apparatus.

clamp clamp

" water OR water

e Fill the tub with water to a depth of about 5¢cm.,

e  Fill the 250cm?® measuring cylinder completely with water. Hold a piece of paper towel
firmly over the top, invert the measuring cylinder and place it in the water in the tub.

e Remove the paper towel and clamp the inverted measuring cylinder so the open end is in
the water just above the base of the tub. ot

e  Use the 50cm?® measuring cylinder to place ho cm? of FA 2jinto the reaction flask, labelled X.

e Check that the bung fits tightly in the neck of flask X, clamp flask X, and place the end of
the delivery tube into the inverted 250 cm® measuring cylinder.

o Weigh the container with FA 4 and record the mass in the space below.

¢ Remove the bung from the neck of the flask. Tip all the FA 4 into the acid in the flask and
replace the bung immediately. Remove the flask from the clamp and swirl it to mix the
contents.

e  Swirl the flask occasionally until no more gas is evolved. Replace the flask in the clamp.

e Reweigh the container and record the mass, and the mass of FA 4 used, in the space
below.

e When no more gas is collected, measure and record the final volume of gas in the
measuring cylinder in the space below.

[ob g Vobe. ~ g Tl vols @l usls [ Volh ‘
s | PR qom | Ao 4o
(d® | ®) () | cwﬁ); Cerd) |y
32.97 |22.96 2381 "O.o \No.0 [W0.0
| |

_22.96

| | | @u—\ﬂ} Y

‘ ‘ ‘ 2 Mark for (a) = 2/2
[2]

Cambridge International AS & A Level Chemistry 9701 15



Paper 3 — Advanced Practical Skills

Example candidate response — high, continued

Examiner comments

(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use the volume of gas you collected to calculate the number of moles of gas produced.
[Assume that 1 mole of gas occupies 24.0dm?® under these conditions.]

\ e —> z - 3 -4, =2.eOr\O
e —>N0.0r\O S = .
2T LIM .;l_\(_eggn\o mo.les of gas ="\‘®K@ﬁbmol X
PANNG)

(ii) Use your answer to (i) to deduce the number of moles of M,CO, used in the reaction.

Wf%@*—ﬁﬁm\u a0, > t

vO\es fam z MOk A0 42

2z B eOx\o~ S
moles of M,CO, = U 6OR\Q. mol

(iii) Use your answer to (ii) and the mass of FA 4 used to calculate the relative formula mass,

2, 0.9 s 20r 60 =07, 2260-\4%,

GaxtO) 9, \27.926

Swe 69.A2 Y ofrMmCO,=
= D\ L 6a; O\\

(iv) Use your answer to (iii) and the Periodic Table on page 12 to identify metal M. Explain
your answer. ¢z \ Q7 Q\&q_{ 22
> a0 VAT 0 anes /
e NELEE ™ B |

2
mis Rlo. CORRommY o

L. 6ON\O

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

M, of M,CO,. 2.0 W0 2) = Zuar @O
Mz 2/ ) 8&\/

o The second decimal
place indicates this
answer is shown to
three significant
figures.

Mark for (b) (i) & (ii) = 0/1

Mark for (b) (iii) = 1/1

Mark for (b) (iv) = 2/2

Total marks awarded =
5 out of 6

How the candidate could have improved their answer

(b) (i) The answer should have been rounded correctly: 4.58 x 10-% was correct to three significant figures but
the answer given would only have been correct if quoted to two significant figures: 4.6 x 10-°.

Mark awarded = (a) 2/2
Mark awarded = (b) (i) & (ii) 0/1, (iii) 1/1, (iv) 2/2

Total marks awarded = 5 out of 6
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Paper 3 — Advanced Practical Skills

Example candidate response — middle

Examiner comments

2 Metal carbonates react with dilute acids to produce carbon dioxide. You will identify the metal, M,
in a metal carbonate, M,CO,, by measuring the volume of carbon dioxide produced during the
reaction of M,CO, with excess hydrochloric acid.

M,CO,(s) + 2HCI(aq) —> 2MCl(aq) + CO,(g) + H,0()

£ SNV e
¢ e (D
N D) ¥

FA 2 is hydrochloric acid, HC/, as used in Question 1.
FA 4is M,CO,.

(a) Method

Read all instructions before starting your practical work.
The diagrams below may help you in setting up your apparatus.

clamp clamp
water OR water
X
o7 Fill the tub with water to a depth of about 5ecm. |
¢ Fill the 250cm?® measuring cylinder completely with water. Hold a piece of paper towel
4 firmly over the top, invert the measuring cylinder and place it in the water in the tub.
. Remove the paper towel and clamp the inverted measuring cylinder so the open end is in
the water just above the base of the tub.
s~ Use the 50 cm?® measuring cylinder to place 50 cm?® of FA 2 into the reaction flask, labelled X.
»~~ Check that the bung fits tightly in the neck of flask X, clamp flask X, and place the end of
the delivery tube into the inverted 250 cm® measuring cylinder.
@ Weigh the container with FA 4 and record the mass in the space below.
e Remove the bung from the neck of the flask. Tip all the FA 4 into the acid in the flask and

[2F

@)/" FA 4 Used /8 a7

replace the bung immediately. Remove the flask from the clamp and swirl it to mix the
contents.

Swirl the flask occasionally until no more gas is evolved. Replace the flask in the clamp.
Reweigh the container and record the mass, and the mass of FA 4 used, in the space
below.

When no more gas is collected, measure and record the final volume of gas in the
measuring cylinder in the space below.

Fa4 and its cottainer /gl 33 9

“AContainer 0 FA4 /3| 3.3

L

26.90

Final Peading in cylinder /em
UnS

2/

o The ratio of volume of
gas/mass FA 4 is lower
than the range of
acceptable values
(157 — 235), using the
supervisor’s results.

Mark for (a) = 1/2

Cambridge International AS & A Level Chemistry 9701
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Paper 3 — Advanced Practical Skills

18

Example candidate response — middle, continued

Examiner comments

(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use the volume of gas you collected to calculate the number of moles of gas produced.
[Assume that 1 mole of gas occupies 24.0dm? under these conditions.]

V= 126.00cm3
= 0.2bcdm>

0.1260dm> ol
i3 n= W*-q_, = §.29%(0 °mo

4 =3
moles of gas = &2 280X(0.” mol

(ii) Use your answer to (i) to deduce the number of moles of M,CO, used in the reaction.

v

moles of M,CO, = 3)1\(”(/0 mol

(iii) Use your answer to (ii) and the mass of FA 4 used to calculate the relative formula mass,
M, of M,CO,.

m _ 019 = (18,2 g mol™
Mp— = et 28

(iv) Use your answer to (iii) and the Periodic Table on page 12 to identify metal M. Explain
your answer.

= T2 = 127 (x> _ i"{i—bi me%ﬁ‘mor(
3

MS o Cobodt.. Mickel. = 12

/U: Q\e aTOMIC MASS... obl“au’L?C[ 5. ClDSG‘ST..AIQ ..............

Mark for (b) (i) & (ii) = 1/1

Mark for (b) (iii) = 1/1

9 The metal M is
potassium for the value
of A, calculated.

Mark for (b) (iv) = 1/2

Total marks awarded =
4 out of 6

How the candidate could have improved their answer

(a) The gas collection technique needed to be practised as an individual task so that less gas was lost to the

surroundings.

(b) (iv) The white colour of FA 4 and its formula should have suggested M is a group 1 metal.

Mark awarded = (a) 1/2
Mark awarded = (b) (i) & (ii) 1/1, (iii) 1/1, (iv) 1/2

Total marks awarded = 4 out of 6
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Paper 3 — Advanced Practical Skills

Example candidate response — low

Examiner comments

2 Metal carbonates react with dilute acids to produce carbon dioxide. You will identify the metal, M,
in a metal carbonate, M,CO,, by measuring the volume of carbon dioxide produced during the
reaction of M,CO, with excess hydrochloric acid.

M,CO,(s) + 2HCl(aq) —» 2MCl(aq) + CO,(g) + H,0O(l)

FA 2 is hydrochloric acid, HC/, as used in Question 1.
FA 4is M,CO,.

(a) Method

Read all instructions before starting your practical work.
The diagrams below may help you in setting up your apparatus.

clamp clamp

water OR water
X

e Fill the tub with water to a depth of about 5cm.

e  Fill the 250cm® measuring cylinder completely with water. Hold a piece of paper towel
firmly over the top, invert the measuring cylinder and place it in the water in the tub.

o Remove the paper towel and clamp the inverted measuring cylinder so the open end is in
the water just above the base of the tub.

e Use the 50cm?® measuring cylinder to place 50 cm?® of FA 2 into the reaction flask, labelled X.

e Check that the bung fits tightly in the neck of flask X, clamp flask X, and place the end of
the delivery tube into the inverted 250 cm® measuring cylinder.

o  Weigh the container with FA 4 and record the mass in the space below.

e Remove the bung from the neck of the flask. Tip all the FA 4 into the acid in the flask and
replace the bung immediately. Remove the flask from the clamp and swirl it to mix the
contents.

e  Swirl the flask occasionally until no more gas is evolved. Replace the flask in the clamp.

o Reweigh the container and record the mass, and the mass of FA 4 used, in the space
below.

e When no more gas is collected, measure and record the final volume of gas in the
measuring cylinder in the space below.

olne
Mig 2.3%@ ) @a{ ges collcted fopnt,
N "7j Dol com?

06y ©
ér\utce& Bokq 0O
" /

[210

m

o It is important to use
the same balance
throughout an
experiment to avoid
any difference in zero
error.

9 It's important to
practise calculations.

Mark for (a) = 0/2
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Paper 3 — Advanced Practical Skills

Example candidate response — low, continued

Examiner comments

(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use the volume of gas you collected to calculate the number of moles of gas produced.
[Assume that 1 mole of gas occupies 24.0dm? under these conditions.]

r@% = WMOL

5.k ¥lo”
0 T
moles of gas = ..... B3 X/o mol

(i) Use your answer to (i) to deduce the number of moles of M,CO, used in the reaction.

/
ol

-3
moles of M,CO, = .. 82X(0..” mol

(iii) Use your answer to (ii) and the mass of FA 4 used to calculate the relative formula mass,

M, of M,CO,. :
0k & (hx7) - B 1125

3.5
M, of M,CO, = .. =2

(iv) Use your answer to (iii) and the Periodic Table on page 12 to identify metal M. Explain

your answer.

A

|| 87— F@ ..................................... X
.....Hne...,....atomj‘.c....,.mass....af ....... M@stéﬂ ...... Nlh'ct\‘..;'.s ........ Cos...o....

Mark for (b) (i) & (ii) = 1/1

Mark for (b) (iii) = 1/1

e Working must be
shown in calculations.

Mark for (b) (iv) = 0/2

Total marks awarded =
2 out of 6

How the candidate could have improved their answer

(a) The headings for the weighings were incomplete and the two weighings were not to the same number of
decimal places. The volume of gas collected was lower than the range from the supervisor’s value.

(b) (iv) All the relevant information given in the question needed to be considered when coming to a
conclusion: iron has oxidation states Il and Il in compounds and forms coloured compounds.

Mark awarded = (a) 0/2
Mark awarded = (b) (i) & (ii) 1/1, (iii) 1/1, (iv) 0/2

Total marks awarded = 2 out of 6
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Paper 3 — Advanced Practical Skills
Common mistakes candidates made in this question

(a) The most common error in this part was the collection of a gas volume which was smaller than expected.
Candidates need to check their apparatus before beginning to make sure the bung fits securely. If there is air
in the measuring cylinder before the start, it should only be a small volume but should be at a level where the
scale has started.

(b) The most common error was in identifying the metal ion, M, in FA 4. A common response was to look for
the element with the nearest A, regardless of group, normal oxidation state(s) or colour. The information
given should have led candidates to consider Group 1 or silver, and the latter could be discounted as
hydrochloric acid would have precipitated the silver ions, so preventing the carbonate from reacting fully.
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Paper 3 — Advanced Practical Skills

22

Question 2(c)

Example candidate response — high

Examiner comments

(c) (i) A250cm® measuring cylinder can be read to +1cm?.

Calculate the maximum percentage error ir:;?Jr reading of the \/élum§ o'f gas.
" 2 2 - O x2/\Q\Q\ /. 2 \%-\&7.
wox W0)x2 , 2-Ow?/\R\R\/ 0.

Y AL
w0 : \\O - O (x
W 000 maximum percentage error = \Q\Q ...... %

(ii) Itis likely that the volume of carbon dioxide that you collected was less than the theoretical
volume.

Give two reasons why this volume is likely to be less than the theoretical volume.

In each case, suggest and explain a modification to the practical procedure that could help
to reduce the difference in volume.

o Doubling the error is
correct here, as both
initial and final
measuring cylinder
readings are
considered.

Mark for (c) (i) = 1/1

9 Greater detail about
the practical procedure
is needed here.

Mark for (c) (ii) = 3/4

Total marks awarded =
4 out of 5

How the candidate could have improved their answer

(c) (i) The final answer was incorrect by a power of 10. However, enough correct working was shown for this

mark to be awarded.

(c) (ii) In the first modification, a method of keeping the two reactants separate until the bung is inserted

needed to be clearly stated.

Mark awarded = (c) (i) 1/1, (ii) 3/4

Total marks awarded = 4 out of 5
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Paper 3 — Advanced Practical Skills

Example candidate response — middle Examiner comments

(c) (i) A250cm?® measuring cylinder can be read to +1cm?.

Calculate the maximum percentage error in your reading of the volume of gas. o Thed.erro_r na Slcl:ale
O . i reading Is usually
0 ,,_g—l(% 100 0-3u] taken to beihalfa3
\MS- maximum percentage error = 03“ ......... % dIVISlon_and 250 cm
measuring cylinders
(ii) ltis likely that the volume of carbon dioxide that you collected was less than the theoretical are not calibrated at
volume. 1 Cms_

Give two reasons why this volume is likely to be less than the theoretical volume.

Mark for (c) (i) = 0/1

In each case, suggest and explain a modification to the practical procedure that could help
to reduce the difference in volume.

bevre hepnig dhe expenment -
eason . 8. Covloon dlioxgle oy hore bew lost 1o dhe @ Human error or
_Quarondings. ey dhe hung vos PloedA 0N 4he onien Hask, saoking help g;;:s
modification Ge’rhe\\)mase(ondPPISO/’)QDPh@%P ............. markg in this type of
burg Quicky. o oDt 3he xpenimen Seerml timel queston
1o.ouléinon. e AN o Aot 4 graph - x| Markfor (@) (i) = 9/4

5] 3

Total marks awarded =
3outof 5

How the candidate could have improved their answer

(c) (i) As only the volume of gas collected was given in (a) no doubling of the error was needed. However,
halving the error was not correct.

(c) (ii) In the second modification, a method detailing how the two reactants can be kept separate until the

bung is inserted was needed. Repeating the experiment several times does not help reduce the gas lost
while using the method given in (a).

Mark awarded = (c) (i) 0/1, (ii) 3/4

Total marks awarded = 3 out of 5
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Paper 3 — Advanced Practical Skills

Example candidate response — low

Examiner comments

(c) (i) A250cm?® measuring cylinder can be read to +1cm?.
Calculate the maximum percentage error in your reading of the volume of gas.
O o = sk X109 ) |
e 50 y _ O 4
D ) 4@” 4 maximum percentage error = ..M. %

(ii) Itis likely that the volume of carbon dioxide that you collected was less than the theoretical
volume.

Give two reasons why this volume is likely to be less than the theoretical volume.

In each case, suggest and explain a modification to the practical procedure that could help
to reduce the difference in volume.

reason PaH ..... bfmj Cbe“ MM rb O"&GWQ_O(M IA()W‘

reason ...! W] l ......... l M It~ Sl RN o
g : s P

modification

PN N~ |

o The use of ‘1" as the
error is correct as only
the ‘volume of gas’ was
given in (a), so the
examiner assumes the
measuring cylinder
was full of water before
starting the
experiment.

Mark for (c) (i) = 0/1

9 Poor technique is a
human error so is not
credited.

Mark for (c) (i) = 2/4

Total marks awarded =
2 out of 5

How the candidate could have improved their answer

(c) (i) Careful reading of the question was needed here: 250 cm?®is the highest calibration mark on the

measuring cylinder and not ‘your reading of the volume of gas’.

(c) (ii) The second reason given here was not valid, as any solid sticking to the side of the flask would

indicate poor handling of the chemicals.

Mark awarded = (c) (i) 0/1, (ii) 2/4

Total marks awarded = 2 out of 5

Common mistakes candidates made in this question

(c) (i) The use of 250 cm?® instead of the volume of gas collected was a fairly frequent error. A significant
minority of candidates used an incorrect numerator in the calculation for the data given in (a).

(c) (ii) ‘Solid sticks to the sides of the flask’ and ‘gas remains in the delivery tube’ were two reasons that
were not given credit here. Although stating that ‘the bung does not fit properly’ was not creditworthy on its
own (as the fit of the bung should be checked prior to starting the procedure), candidates who wrote this
gained one mark out of the two if they also suggested a sensible way of stopping the gas leaking out.
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Paper 3 — Advanced Practical Skills

Question 3(a)

Example candidate response - high Examiner comments

3 Qualitative Analysis
At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

(a) FAS5,FA6, FA7 and FA 8 are aqueous solutions of organic compounds. All of FA5, FA 6, FA7
and FA 8 contain carbon, hydrogen and oxygen only.

Half fill the 250 cm?® beaker with water and heat it to about 80°C. Turn off the Bunsen burner.
This will be used as a water bath.

To a 2cm depth of aqueous silver nitrate in a boiling tube add 2 drops of aqueous sodium
hydroxide and then add ammonia dropwise until the brown solid just disappears. This solution
is Tollens’ reagent and is needed in a test in (i).
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Paper 3 — Advanced Practical Skills

Example candidate response — high, continued

Examiner comments

in the table.

(i) Carry out the following tests on FA 5, FA 6, FA 7 and FA 8 and record your observations

observations

test
FA S FA 6 FA7

FA 8

Toa1cmdepthina
test-tube, add a small

spatula measure of EWerve scence
sodium carbonate.

Effervescence No observable

eccux . k‘n(\n(}e

occuy

No
obseyrvable
Chan 9&

To a few drops in a
test-tube, add a 1cm e

depth of Tollens’ A Gre Y No observable :
reagent. A Gice

Place the tube inthe | Precigi¥ate chaneye Lo

water bath and leave Nbwmed solwdio form
to stand. -‘,_mﬁntgeL
When you have
completed this test
rinse all tubes used.

Silvex

mirrov @

Fof m@:l

Toa1cm depthin a
test-tube, add a few
drops of acidified
potassium . h ange
manganate(VII). decolouri sf 3 s 9
Place the tube in the
water bath and leave
to stand.

i le
Vurv\e No obsevvable urp
decolour $2

]

P\(fpl e

d(’(olCu\"\ SQ

e

FA 67

(f’\\’\\ox.\\.s\i' ¢ add

FA 8?7
allkerre aldeh \Ade

FA 7. Include the result you would expect the test to give.

Do not carry out this test.

(iv) What type of reaction is occurring in the potassium manganate(VII) test?

(v) Using your observations from the table, what functional group is present in FA 7?

Add  bromine solulion | Brown coleur will decslovrige |

(ii) Using your observations from the table, what functional group is present in both FA 5 and

(iii) Using your observations from the table, what functional group is present in both FA 6 and

(vi) Suggest a test that would confirm the presence of the functional group in a pure sample of

o Use of sodium
carbonate suggests
limewater should be
ready for use in testing
any gas evolved.

Mark for (a) (i) = 2/4

9 If the tube is not very
clean in a positive
Tollens’ test, then a
black or dark grey
precipitate is likely to
form, rather than the
silver mirror expected.

Mark for (a) (ii) = 1/1

Mark for (a) (iii) = 1/1

Mark for (a) (iv) = 1/1

€ Alkenes will
decolourise acidified
potassium
manganate(VII), as
well as primary and
secondary alcohols.
Relevant correct
chemistry is always
awarded marks.

Mark for (a) (v) = 1/1
Mark for (a) (vi) = 1/1

Total marks awarded =
7 out of 9
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Paper 3 — Advanced Practical Skills

How the candidate could have improved their answer
(a) (i) The description of the precipitate formed with FA 5 needed greater precision.

(a) (v) This answer did not take into account that the compound contains C, H and O.

Mark awarded = (a) (i) 2/4, (ii) 1/1, (iii) 1/1, (iv) 1/1, (v) 1/1, (vi) 111

Total marks awarded = 7 out of 9
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Paper 3 — Advanced Practical Skills

28

Example candidate response — middle

Examiner comments

3 Qualitative Analysis
At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.

No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

(a) FAS5, FA6, FA7 and FA 8 are aqueous solutions of organic compounds. All of FA 5, FA 6, FA7
and FA 8 contain carbon, hydrogen and oxygen only.

Half fill the 250cm?® beaker with water and heat it to about 80°C. Turn off the Bunsen burner.
This will be used as a water bath.

To a 2cm depth of aqueous silver nitrate in a boiling tube add 2 drops of aqueous sodium
hydroxide and then add ammonia dropwise until the brown solid just disappears. This solution
is Tollens’ reagent and is needed in a test in (i).
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Paper 3 — Advanced Practical Skills

Example candidate response — middle, continued Examiner comments
(i) Carry out the following tests on FA 5, FA 6, FA 7 and FA 8 and record your observations
in the table.
observations
i FA 5 FA 6 FA7 FA8
Toa 1cm depth i \
t:sta-tug: agg a lsr:nzll Nawb OL‘%’W@ /\W)b 0{'99l°" ¢ /Vo repction No. (s, o ‘Bubbles’ is an
spatula measure of AN celov 0 . [
sodium carbonate. Some b(l-i’i‘e SQW:( 30 50 N n Dob not. diss g?j;l:\ézg??s: agas
given ow preduce disslove deduction. The
reocl] VOtha;lr {-}‘e fube become inco_rrect formula f(_)r
ved lmus i e sodium carbonate is
tarn bine 3 | gve white ppt w.tqu(OH), ignored here as it is not
e |tk bene g bome | figuid, <611 | sqregpder | | POl Ihe oboeriaton
depth of Tollens’ ’“"k"/ “,Mm milkly @lour 655 by the candidate.
:;:gc;:r;;.e tube in the after aﬂﬂr‘ Wil after et Aﬂ:‘s’ /"7""‘01
water bath and leave |4 fpm it tra it ’5"‘7,” turn ﬂeg";"m @ The change of state is
to stand. hrow 0"0( k. dezr-\de ow after w ;
When you have f% o) P - . 4 Just like a not recorded with FA 5
completed this test ¢ and Tollens’ reagent.
rinse all tubes used. 9 " . ; ::{;‘NOAYA 9
Toa 1cm depth in a wfol,t/yt,,a' H@,‘ odd fMn0y then o Mn0, then KMnGy ther Mark for (a) (i) = 2/4
testiube, adda | il pupple /.7«.01 s ol | 5 b e i< g @0
potassium }Mwle_ imus ’8 n‘ﬂwé /,lillld bhecome /.A}MI/ st /]
manganate(V1I). Lrﬂ tuarn r‘ olouY ,695
Place the tube in the ?U\?er L ater (,OIO\AY ' 74
water bath and leave | ye oolow uﬂd’ﬂ"ﬂ? (mff,ef w
{o stand. '“1““" bame bonth ) Mark for (a) (ii) = 1/1
‘ouY\ESS v

Mark for (a) (iii) = 1/1

(ii) Using your observations from the table, what functional group is present in both FA 5 and

FA 62 e ‘Endothermic’ shows

000\4\ e some logical thinking
.............................................................................................. as the instruction was
(iii) Using your observations from the table, what functional group is present in both FA 5 and to heat the reactants.
FA 87
CHO N Mark for (a) (iv) = 0/1
(iv) What type of reaction is occurring in the potassium manganate(VII) test? Mark for (a) (V) =1/

Q\dﬁﬂlem&/@ ....................................................................................................

(v) Using your (bservations from the table, what functional group is present in FA 7?7

..... alooho

0 It is possible that this is
an attempt to describe
the Fehling’s test,
which is not valid for an

(vi) Suggest a test that would confirm the presence of the functional group in a pure sample of alcohol. If it were valid,
FA 7. Include the result you would expect the test to give. then greater detail of

Do not carry out this test. method (heating)
R B Gal 5 T ok sk hen it oo noodd, a
well as a correc
?W ....... a e’ ...... H\'\.L ..... }7?{ ....... o ...................................................................... observation to gain the
................ e T A e i A mark.
)Y

Mark for (a) (vi) = 0/1

Total marks awarded =
5out of 9

Cambridge International AS & A Level Chemistry 9701 29



Paper 3 — Advanced Practical Skills
How the candidate could have improved their answer
(a) (i) The observation of ‘bubbles’ was not given in the first test with FA 6. In the tests using Tollens’ reagent
with FA 6 and FA 7, some unexpected and incorrect colour changes were given. Several spellings were

incorrect but the meaning was clear so there was no penalty.

(a) (iv) FA 8 reacted fully before the stage of being heated so ‘endothermic’ did not follow from the
observations.

(a) (vi) A test suitable for confirming the presence of an alcohol (in part (v)) was needed here. The method
(conditions for the reaction) and result should also have been given.

Mark awarded = (a) (i) 2/4, (i) 1/1, (iii) 1/1, (iv) 0/1, (v) 1/1, (vi) 0/1

Total marks awarded = 5 out of 9
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Paper 3 — Advanced Practical Skills

Example candidate response — low Examiner comments

3 Qualitative Analysis
At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate
e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.

No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

(a) FA5, FA6, FA7 and FA 8 are aqueous solutions of organic compounds. All of FA 5, FA 6, FA 7
and FA 8 contain carbon, hydrogen and oxygen only.

Half fill the 250cm?® beaker with water and heat it to about 80°C. Turn off the Bunsen burner.
This will be used as a water bath.

To a 2cm depth of aqueous silver nitrate in a boiling tube add 2 drops of aqueous sodium
hydroxide and then add ammonia dropwise until the brown solid just disappears. This solution
is Tollens’ reagent and is needed in a test in (i).
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32

Example candidate response — low, continued

Examiner comments

(i) Carry out the following tests on FA 5, FA 6, FA 7 and FA 8 and record your observations

spatula measure of occur. SO
sodium carbonate. " tolou rlege (c
it M colourlggs

in the table.
- observations
es
FA 5 FA 6 FA7 FA 8
Toa1cmdepthina
test-tube, add a small ehhove Q\//G P(}QVW%WC( No ppt No ppt

St gas procu@d

\\“"’“ ¢ W‘Zgw’ 3‘%& urn
o . @

czmy\i i \ime Wiy

thoucy -

To a few

reagent.

to stand.

rinse all

test-tube, add a 1cm Gilver i mor Silver - iy elock Solwkion.
depth of Tollens’

Place the tube in the
water bath and leave % Proed.

When you have
completed this test

drops in a

6 fooed | fred- | oy Clvir winar

X

tubes used.

to stand.

Toa1cmdepthina

test-tube, add a few bed—b , fwple QO‘J/Q;OY) Pwrp\g %l“{q’m
drops of acidified fucple solukion Puvple Soll}ion
potassium iy
manganate(V1I). Turn gk - ramoing  purple

Place the tube in the O\Pf o W o 9 e 22

water bath and leave brown— FF
M\,’W\uﬁt

rovo pusple, urm coloulos

.

T he g

(ii) Using your observations from the table, what functional group is present in both FA 5 and
FA 67

(iii) Using your observations from the table, what functional group is present in both FA 5 and
FA 8?7

(iv) What type of reaction is occurring in the potassium manganate(VII) test?

(v) Using your observations from the table, what functional group is present in FA 7?

(vi) Suggest a test that would confirm the presence of the functional group in a pure sample of
FA 7. Include the result you would expect the test to give.

Do not carry out this test.

PNEH . PN Suw

o The result of the gas
test for FA 6 and
sodium carbonate
contradicts that for FA
5. The use of sodium
carbonate should
suggest the possibility
of CO, being evolved.

9 The observations with
FA5and FA 8 are
correct. It is important
to avoid contamination
of samples.

e It is easy to add too
much acidified
potassium
manganate(VII) in one
go, so the colour
change can be missed.

Mark for (a) (i) = 1/4

e ‘Aldehyde’ appears
logical from the
reported reactions with
Tollens’ reagent.

Mark for (a) (ii) = 0/1
Mark for (a) (iii) = 1/1

6 A simpler correct
response is ‘redox’.

Mark for (a) (iv) = 0/1

6 Although ‘ketone’ has
not come from any
positive test, it is still
possible to gain the
mark for a correct
confirmatory test and
result.

Mark for (a) (v) = 0/1
Mark for (a) (iv) = 1/1

Total marks awarded =
3outof9
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Paper 3 — Advanced Practical Skills
How the candidate could have improved their answer

(a) (i) When testing with sodium carbonate, if both gas tests are carried out, they both need to be correct.
The observations for Tollens’ reagent and FA 6 and FA 7 were unexpected and incorrect, although those
with FA 5 and FA 8 were fully correct.

When adding acidified potassium manganate(VIl) it is important to add the few drops one at a time with
shaking so that any colour change is easy to see.

(a) (ii) It is important to consider all the observations when making conclusions: aldehydes do not effervesce
with sodium carbonate.

(a) (iv) Only half the answer was given here, as both oxidation and reduction were occurring; it is the organic
compound that is being oxidised.

(a) (v) The lack of reaction with any of the given reagents with FA 7 rule out carboxylic acid, aldehyde,
primary and secondary alcohol and alkene, so ketone seems a logical choice. However, the deductions have
to come from some positive observation.

Mark awarded = (a) (i) 1/4, (ii) 0/1, (iii) 11, (iv) 0/1, (v) 0/1, (vi) 1/1

Total marks awarded = 3 out of 9

Common mistakes candidates made in this question

(a) (i) Many candidates omitted the gas test in the reactions with sodium carbonate. They need more
practice making Tollens’ reagent, as it was clear that this was an unfamiliar exercise.

It is important for candidates to follow very carefully the instruction to add only a few drops when using
acidified potassium manganate(Vll), as a significant number of candidates reported the solution remaining
purple when it should have turned colourless.

(a) (iii) A significant minority of candidates concluded ‘aldehyde’ here, when only one of FA 5 and FA 8 gave
positive results with Tollens’ reagent. The mark could not be awarded as the conclusion contradicted the
observations.

(a) (iv) The most common error was to write ‘oxidation’. This was an incomplete response; ‘oxidation of
organic compound’ or ‘redox’ was needed.

(a) (vi) A significant minority of candidates did not say how the test chosen would be carried out. Some left
out any observation that would be made, gave an incorrect colour or omitted a change of state.
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Paper 3 — Advanced Practical Skills

Question 3(b)

Example candidate response — high

Examiner comments

(b) FA 9 and FA 10 are solids that each contain one anion from those listed in the Qualitative
Analysis Notes on page 11.

(i) Carry out the following tests on FA 9 and FA 10 and record your observations in the table.

observations
FA9 FA 10

To a spatula measure of solid in | \WWY@ PPY WHS WNo ¢ Y\(/\T\?g
a boiling tube, add a 1cm depth OV - Wos  Obseed
of aqueous sodium hydroxide.

test

Warm, then,
add a small piece of aluminium Etforvescense - Effervescense - P
foil. Daffm') Yo WS | Domp Ve LS
e e bneA e - |
V|
Place a spatula measure of solid CoNiA ‘\'\)Yﬂé’?’.\ WO VRSP i
in a hard-glass test-tube. Heat o EHQNPS(EWQ z‘g} W/\lfgi o
gently at first and then more Yoon Pv\gfel%@d W{ned into o
- DA Dhoe ¥ @) | orspoven oo
(ii) Using your observations from the table, which two anions could be present in FA 9 and
FA 107
anion N\WO\‘Q ...... (NO.S’) ................ or N\’YY\\QLNO;:) .................. ‘/

(iii) Suggest a test that would allow you to decide which of the anions is present. State what
observations you would expect.

(iv) Carry out this test on FA 9 and FA 10 to decide which anion is present in each.

observation for FA 9 N0 CYWW)Q anionin FA9is N\\'{O\\e ..... (NO$—> /

o Stronger heating
should have led to
observations of a
brown gas or the solid
turning yellow.

Mark for (b) (i) = 3/4
Mark for (b) (i) = 1/1

9 There may be
confusion between the
test to distinguish
between nitrate and
nitrite using acid and
the test to show the
presence of either
anion using aqueous
sodium hydroxide and
aluminium.

Mark for (b) (iii) = 0/1
Mark for (b) (iv) = 1/1

Total marks awarded =
5out of 7

How the candidate could have improved their answer

(b) (i) As this section is about the identity of anions, red litmus turning blue (incorrect observation) indicated

an ammonium cation, so further heating should have been carried out.

(b) (iii) The name of the acid must be given to identify the reagent to be used. While only nitrite will give a

gas with a dilute acid, ammonia was incorrect.

Mark awarded = (b) (i) 3/4, (ii) 1/1, (iii) 0/1, (iv) 1/1

Total marks awarded = 5 out of 7
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Paper 3 — Advanced Practical Skills

Example candidate response — middle Examiner comments
(b) FA 9 and FA 10 are solids that each contain one anion from those listed in the Qualitative
Analysis Notes on page 11.
(i) Carry out the following tests on FA 9 and FA 10 and record your observations in the table.
observations
test
FA 9 FA 10
To a spatula measure of solid in coloyrless
a boiling tube, add a 1cm depth The 86 no—ok o The presence of
of aqueous sodium hydroxide. solution turn wr CO [OT‘[E";S hydrogen formed by
Warm, then, t hﬁ@@ ! v
'm'”ty aliction formel the reaction between
add a small piece of aluminium \ dﬁﬁt‘ aqueous sodium
foil. ;[O:)/‘ maorot/sS \?m‘tg " hydroxide and
o 1 n:\c) W | M Si2dr\q; 1o red aluminium is shown.
pop SeM, M it pungert's
Place a spatula measure of solid i i i
in a hard-glass test-tube. Heat SOU({ turn MTD Sd‘d '('WV}TO 9 Both solids meltmg 1S
gently at first and then more zoly colorlees cdorless (i (Z(UC’ correct, but the 9ﬁef3t
strongly. b % of stronger heating is
(u(g(ud A not shown.
(ii) Using your observations from the table, which two anions could be present in FA 9 and Mark for (b) (|) =1/4
FA 10?
arfion (1ias MOTC |, e g gpiluiass o MORET Vs Mark for (b) (ii) = 1/1
(iii) Suggest a test that would allow you to decide which of the anions is present. State what
observations you would e, pect ,)‘ HzXOt} Mark f b (ii 11
ark ror 1) =
................ Add....z}\z/\so (mcms JFA S ox FAL. to. dilute. 4} (b) ()
...... J ‘?.f['.".\ﬁm...Al,S.".,}DYD.WY]4..gQ.S...fOXﬂl@(Z{..OZYTﬁk..TE(.’ZZI.‘ﬁ Zblef‘ T}le /'VOW € Bubbles should not
10 ‘e 2
(iv) Carry out this test on FA 9 and FA 10 to decide which anion is present in each. Nt have formed.
observation for FA9 J\Q.. Ob&é\”\/&‘(’.ﬁoy\ anionin FA9is ......... A/O.?)“ ................... Mark for (b) (IV) =0/1
observation for FA 10 bub};lesformed anionin FA10is ........, A
9 Total marks awarded =
3outof7

How the candidate could have improved their answer

(b) (i) The combination of agueous sodium hydroxide and aluminium is a test for nitrate and nitrite so the gas
evolved with both FA 9 and FA 10 needed to be tested with (damp) red litmus paper.

There was no clear distinction between the effect of heating gently and strongly and only one observation for
each solid (change of state) was given.

(b) (iv) Assumptions should not be made about the identities of the ions and the ‘observations’ fitting these
identities should not be recorded.

Mark awarded = (b) (i) 1/4, (ii) 1/1, (iii) 1/1, (iv) 0/1

Total marks awarded = 3 out of 7
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Paper 3 — Advanced Practical Skills

36

Example candidate response — low

Examiner comments

(b) FA 9 and FA 10 are solids that each contain one anion from those listed in the Qualitative
Analysis Notes on page 11.

(i) Carry out the following tests on FA 9 and FA 10 and record your observations in the table.

observations
test
FA9 FA 10
To a spatula measure of solid in
a boiling tube, add a 1cm depth 0}‘0
of aqueous sodium hydroxide. o "YC ho &Wj@
Warm, then,

add a small piece of aluminium

foil. thmp red ltemus A el inus
pper s bhe ';':)Z turns bl

Place a spatula measure of solid

in a hard-glass test-tube. Heat COYIJ(V'Q}WO"\ ot -H,e @Mﬁbﬂ o Al

gently at first and then more

strongly. op o{ ﬂq tfop of the 'tuk({
o M w1

(ii) Using your observations from the table, which two anions could be present in FA 9 and

(iii) Suggest a test that would allow you to decide which of the anions is present. State what

observations you woul ect. :
""""" M&(ﬂ““yﬂﬁ’l '+L - & Mcg"[ fes

~

hrewn...... aolows.y ... st shdd ... omto h.’\..:.:.....(VQ)::..,...Q?/QMS'E.....l’f‘ sholol

(iv) Carry out this test on FA 9 and FA 10 to decide which anion i$ pjesent in each. Contadn A/Of

65 X 1 =
observation for FA9 .............. @brown nionin FA9is ONOL ......................

observation for FA10 ......... )@no@ Cbé%ﬁ% inFA10is ... NO; .....................
71\

o The candidate
observes that damp
red litmus paper has
turned blue but needed
to add ‘gas’ or
‘ammonia’.

9 The observation of
‘condensation’ shows
careful heating, but
there is no observation
made on stronger
heating.

Mark for (b) (i) = 0/4
Mark for (b) (i) = 1/1

e Reagents selected to
be used in tests must
be given their full
names or the correct
formula.

Mark for (b) (iii) = 0/1

e An incorrect
observation shows
possible guesswork in
the final part.

Mark for (b) (iv) = 0/1

Total marks awarded =
1outof 7

How the candidate could have improved their answer

(b) (i) While red litmus turning blue is correct, it must be clear that it is the gas reacting with the litmus paper
and not splashes of the alkaline solution. The observation of ‘effervescence’, ‘bubbles’, or fizzing’ was

missing here.

There were several possible observations to be made on heating the two solids and a greater number of

observations needed to be recorded.

(b) (iii) This part was answered well, apart from not naming the acid reagent, as instructed at the start of

Question 3.

(b) (iv) As both FA 9 and FA 10 were nitrates, no brown gas should have been detected.

Mark awarded = (b) (i) 0/4, (ii) 1/1, (iii) 0/1, (iv) 0/1

Total marks awarded = 1 out of 7
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Paper 3 — Advanced Practical Skills
Common mistakes candidates made in this question

(b) (i) Some candidates noted red litmus turning blue on warming with aqueous sodium hydroxide. As there
was no ammonium ion present, this could only have resulted from poor technique: candidates may have
allowed the solution to touch the litmus paper.

There were many candidates who wrote ‘gas evolved’ or similar when asked for an observation. ‘Gas
evolved’ is a deduction and the observation should have been ‘effervescence/bubbling/bubbles/fizzing/fizz'.
The mark for red litmus turning blue when testing for ammonia will only be awarded if it is clear that the ‘gas’
or ‘ammonia’ is reacting with the litmus paper.

Many candidates gave only one observation on heating each of FA 9 and FA 10. It was apparent from many
of the answers that the solids were not heated sufficiently strongly or for long enough.

(b) (ii) Only a small number of candidates suggested cations instead of anions (such as ammonium) or gave
an anion other than nitrate/nitrite.

(b) (iii) Many candidates omitted the name of the acid to be used in the test. This was contrary to the
instruction given on page 7: ‘where reagents are selected for use in a test, the name or correct formula of the
element or compound must be given’.

A significant number of candidates also omitted to state which of nitrate or nitrite reacted to produce the
brown gas.

(b) (iv) ‘Observing’ a brown gas with either FA 9 or FA 10 was a common error. It is possible that some of

these candidates were short of time so tested one of the unknowns with acid and found no brown gas and
decided that the other unknown would contain the other anion.
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