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Introduction

This paper proved accessible to most candidates and provided them the opportunity to
demonstrate their knowledge and understanding of the practical skills they have developed during
the IAS course. There was very little evidence of candidates having insufficient time to complete the

paper.
Successful candidates:
* read the questions carefully and answered the questions as they were set

* were familiar with standard practical techniques used in a laboratory and understood the
reasons for using those techniques

* were able to use observations from tests to identify inorganic and organic substances
* were able to draw apparatus

¢ were able to describe experiments

* were able to interpret results of experiments and evaluate them.

Some answers were of a lower standard. Less successful candidates:

¢ did not read the questions carefully and did not use the information they were given
* repeated information from the questions unnecessarily

* were not familiar with school laboratory apparatus and standard practical techniques.
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Question 1 (a)

The majority of candidates made a good attempt at this question and many responses with full
marks were seen. Common errors included: identifying magnesium as one of the cations as they
did not appreciate that magnesium sulfate is soluble in water, giving incorrect charges on one or
more of the ions (usually giving a 2 minus charge on the nitrate ion) and identifying the anion as an
oxide. The majority of candidates could identify gas D as oxygen but fewer recognised the brown
gas as nitrogen dioxide. The question asked candidates to name a test to distinguish between the
cations so just 'flame test' was sufficient. Many candidates ignored this instruction and spent time
describing how to carry out a flame test. The majority of candidates knew the flame test colours for
the Group 2 cations but a few who included magnesium wrote that it gave a white flame. A few
candidates did not read the question and suggested one or two Group 1 cations. Only a very small
minority of candidates confused the terms anion and cation.

4 AL Chemistry WCHO3 01



1 The inorganic compounds A and B contain the same Group 2 cation but different anions.

(a) Two tests were carried out on A. The observations made for each test are
recorded in the table.

(i) Complete the statements in the inference column in the table by writing the
names or formulae of the ions.

Dilute sulfuric acid was A white precipitate formed | Two possible cationsinA |~
added to an aqueous are e
solution of A - 1o
..... Mg
2+ o
.................. BA
A sample of A was heated in | A brown gas was evolved The anion in A is .
a test tube 2 -
.................. I

A glowing splint was held in | The splint relit
the mouth of the test tube

(i) There were two gases evolved when A was heated; a brown gas C, and a
gas D which relit the glowing splint.
Identify the gases € and D by giving their name or formula.
(2}

Gas C Ntit@gmomde
GasD .. .. Dx'ﬂm

(iii) Name a test that could be used to distinguish between the two cations
identified in (a)(i).
Include the expected result of the test for both cations.
(3)

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

....................................... \m+h¢ahom

'ho,me. ...............
T POXANNG, . RO fjm appla fjr:m
-F lowme..... e B
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N/ (ResultsPlus
ﬁ/\e Examiner Comments

(i) This scored 1 mark for barium. Mg?" is incorrect as magnesium sulfate is
soluble in water so would not give a white precipitate. The oxide ion is
incorrect as a metal oxide would not give a brown gas when heated.

(ii) 1 mark was awarded for oxygen. The brown gas is nitrogen dioxide so
no mark is awarded for nitrogen oxide.

(iiif) This scored 3 marks. The magnesium ion was penalised in (i) so a mark
was given here for the idea that magnesium does not give a coloured
flame in a flame test.

< ResultsPlus
) Examiner Tip

Learn the trend in solubility of Group 2 sulfates.
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1 The inorganic compounds A and B contain the same Group 2 cation but different anions.

(a) Two tests were carried out on A. The observations made for each test are

recorded in the table.

(i) Complete the statements in the inference column in the table by writing the
names or formulae of the ions.

(3)

R
_
.

Dilute sulfuric acid was
added to an aqueous
solution of A

A white precipitate formed

Two possible cationsin A |
are

Nl

o
]

a test tube

A glowing splint was held in
the mouth of the test tube

A sample of A was heated in

A brown gas was evolved

The splint relit

(i) There were two gases evolved when A was heated; a brown gas C, and a
gas D which relit the glowing splint.
Identify the gases C and D by giving their name or formula.

GasD O}fygt’n

(2)

(iii) Name a test that could be used to distinguish between the two cations
identified in (a)(i).
Include the expected result of the test for both cations.

(3)
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(i) This scored 1 mark for the correct formula of a nitrate ion. Sodium and
potassium are not in Group 2 so no marks are awarded for the cations.

(ii) Both gases are correct so 2 marks were awarded.

(iii) 1 mark was awarded for the flame test. No marks can be awarded for
cations from the wrong group in the Periodic Table.

4

&34\ ResultsPlus
\

) Examiner Tip

Read the question carefully. The first line states clearly that the cations are
in Group 2 so you will not receive any credit if you give cations from any
other group.
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Question 1 (b)

Many candidates were familiar with the reaction between a metal bromide and concentrated
sulfuric acid and many answers with full marks were seen. A few candidates gave the name instead
of the formula for bromide ions. Some candidates thought that the orange-brown gas was nitrogen
dioxide. A few candidates confused the halides and even if they identified a bromide in (i), they

wrote hydrogen chloride as one of the other gases. Hydrogen sulfide was sometimes given as the
other acidic gas in (iv) but candidates should know that this is only produced when an iodide reacts
with concentrated sulfuric acid.

(b) A test was carried out on B. The observations made for the test are recorded in
the table.

(i) Complete the statement in the inference column in the table by writing the
formula of the anion.

(1)
Concentrated An orange-brown gas E was | The formula of the anion
sulfuric acid was added to evolved inBis
a sample of solid B in a test
tube p.r "dg.
(i) Identify the orange-brown gas E by giving its name or formula.
(1)
GasEis ...
(iii) Two colourless acidic gases were also evolved in the test in (b)(i).
These gases were dissolved in water.
Aqueous silver nitrate and dilute nitric acid were added to the solution and a
cream precipitate formed.
Give the name or formula of the gas identified by this method.
(1)
(iv) Suggest the idéntity of the other acidic gas by giving its name or formula.
(m

80,
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(i) A bromide is present in B but the question asks for the formula of the
anion so no mark was awarded.

(ii) Bromine is correct for 1 mark.
(iii) Silver bromide is the cream precipitate that formed so this scored 0.

(iv) Sulfur dioxide is correct for 1 mark.

<A\ ResultsPlus
\ Examiner Tip

Read the question carefully when you are identifying species. Sometimes
you are asked for a name, sometimes a formula and sometimes you can
give either name or formula.
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(b) A test was carried out on B. The observations made for the test are recorded in
the table.

() Complete the statement in the inference column in the table by writing the
formula of the anion.

(1)

Concentrated An orange-brown gas E was | The formula of the anion
sulfuric acid was added to evolved inBis

a sample of solid B in a test _

tube Br

(i) Identify the orange-brown gas E by giving its name or formula.
(1)

(iii) Two colourless acidic gases were also evolved in the test in (b)(i).

These gases were dissolved in water.
Aqueous silver nitrate and dilute nitric acid were added to the solution and a
cream precipitate formed.

Give the name or formula of the gas identified by this method.
(1)

(1)
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"u/\i Examiner Comments

(i), (ii) and (iii) are all correct and scored 1 mark each.

(iv) Hydrogen sulfide is formed when concentrated sulfuric acid is added
to an iodide so this scored 0. Sulfur dioxide is the other acidic gas formed
when concentrated sulfuric acid is added to a bromide.

/////

/ '//
.‘//

- \ ResultsPlus
\ Examiner Tip

Revise the reactions between concentrated sulfuric acid and metal halides.
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Question 2 (a) (i)

The majority of candidates were able to identify the functional group as an alcohol using one of the
acceptable answers in the mark scheme. A small minority lost the mark as they thought it was an
ion. Some students incorrectly identified the functional group as a carboxylic acid as they missed
the information in the question that showed there was only one oxygen atom in a molecule.

2 This question is about an organic compound X.

Information about compound X
Molecular formula: C,H,,0
Test1

Phosphorus(V) chloride was added to X.
Steamy fumes were formed.

(a) (i) Use all the information about X to identify the type of functional group
present in X.

ResultsPlus

Examiner Comments

This response scored 0 as the candidate has given the formula of a
hydroxide ion.

ResultsPlus

Examiner Tip

Be careful how you identify functional groups. It may be safer to write the
name alcohol here as showing a charge on OH.

IAL Chemistry WCH03 01 13
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Question 2 (a) (ii) - (d) (i)

Many candidates made a good attempt at these questions. Some candidates lost a mark in (a)(ii)
because they wrote the same alcohol down more than once as they forgot that the single C-C bond
can be rotated. A small number used incorrect numbers of carbon atoms. It was acceptable to give
structural, displayed or skeletal formulae but candidates using displayed formulae made fewer
errors. Some candidates were showing that they did not understand the bonding in the alcohols by
writing OH-C, with the hydrogen linked to the carbon instead of oxygen linked to carbon. The
majority of candidates realised that X was a tertiary alcohol, although a few ketones and carboxylic
acids were seen. A few candidates thought that 2-methylpropan-1-ol was a tertiary alcohol.
Candidates found writing the equation for the reaction between X and phosphorus (V) chloride to
be challenging and many incorrect products and unbalanced equations were seen. C4H,,Cl was a
common incorrect formula of the organic product.

(i) Draw the four possible structural isomers of X.
Use your answer to (a)(i) and the molecular formula of X.
(4)

IAL Chemistry WCHO03 01



(b) Another test was carried out on X.

Test2

A few drops of acidified potassium dichromate(Vl) solution were added to X
and the mixture was heated.

The mixture stayed orange.

Use the result of Test 2 to further classify the functional group present in X.
(1)

Tahqu Alcohe!
(©) Use your answer to (b) to identify which of the four isomers of CyH,,O you have
drawn in (a)(ii) is X,
*ﬁ ol «';+ (1)
' /
H=CoCocoy  Quolhyhokadel
Hol 4 |
0O

/
H

(d) () Write the equation for the reaction between X and
phosphorus(V) chloride. State symbols are not required.

IAL Chemistry WCHO3 01 15



16

,@««"g/\(*ﬁ -
N / ResultsPlus

‘v| < Examiner Comments

(a)(ii) Correct for 4 marks.
(b) Correct for 1 mark.

(c) The displayed formula of the tertiary alcohol is correct but the
candidate has given an incorrect name, so no mark awarded.

(d)(i) Correct equation for 1 mark.

=
/ “
/

<O\ ResultsPlus
\ Examiner Tip

If you give a name and formula, both must be correct to score the mark.
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(i) Draw the four possible structural isomers of X.
Use your answer to (a)(i) and the molecular formula of X.

(a)
LF.- . 5 Iy | | '. r’ 4(1
F l [ | CH.C - I  THRL
11 -~'?“a@"ﬁ<?”z .QHZYCH’g “sc“é‘"*‘?@*ﬁl@g
! .; 5. : ' | - o '
| |
x ' I
Lo .
C'Hjac (C:H)@Hp e, g
B C Hi(m-h CH (cn,) CH,
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(b) Another test was carried out on X.

Test 2

A few drops of acidified potassium dichromate(VI) solution were added to X
and the mixture was heated.

The mixture stayed orange.

Use the result of Test 2 to further classify the functional group present in X.

fl'lﬂgab_-rgaxda\-’%,’m'

(¢) Use your answer to (b) to identify which of the four isomers of CiHiO _wu-have
drawn in (a)(ii) is X.

N H—C—H H
A
M — ?'_ C—C—H
L
H  ow H
(d) (i) Write the equation for the reaction between X and
phosphorus(V) chloride, State symbols are not required.

CL‘IHJOO + 'PG/IS —»-—-%QH

IAL Chemistry WCHO03 01

(1)

m

(1)



AN

N ( ResultsPlus
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F,
\/

(a)(ii) This candidate has chosen to give structural formulae for the four
alcohols. This is acceptable, however, the structure in the top right box is
incorrect so no mark is awarded for that alcohol and 3 marks awarded
overall.

(b) Correct for 1 mark.

(c) Correct for 1 mark.

(d)(i) Incomplete equation so no mark awarded.

ResultsPlus
\

) Examiner Tip

It is very easy to make a mistake by writing too many or too few hydrogen
atoms in structural formulae. You are less likely to make a mistake if you
use displayed formulae. However, be careful, if you give displayed and
structural formulae, both must be correct.

IAL Chemistry WCHO03 01
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Question 2 (d) (ii)

The majority of candidates were able to circle the absorbance corresponding to the O-H bond. A

few candidates circled other absorbances instead of, or as well as, the correct answer and received
no credit. A small minority of candidates seemed unfamiliar with infrared spectra and thought that
the absorbances went up instead of down.

(i) The infrared spectrum of X is shown.

Transmittance (%)
95
s /\’\/\ {/\’ //F;(\l
6
T U | R
55 "
VL \ \
45 ]1 I
NERNYE |
Y/ N
25
15 |
4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm™!
Some data about infrared spectra are given in the table.
alkane C—H stretch 2962-2853
alkane C—H bend 1485-1365
alcohol O—-H stretch 3750-3200

Circle the peak on the spectrum that will not be present in the infrared spectrum
of the organic product of the reaction between X and phosphorus(V) chloride.

IAL Chemistry WCHO03 01
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‘v| < Examiner Comments

This candidate has circled the correct absorbance for an O-H bond,
however, this response scored 0. The candidate has also circled another
group of absorbances which is incorrect and this negated the mark.

N

<A\ ResultsPlus
\ Examiner Tip

If you give additional incorrect answers you will not receive the mark for
the correct answer.

IAL Chemistry WCHO03 01
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Question 3 (a) (i)

Nearly all candidates were familiar with carrying out a titration. This question produced answers
with the full range of marks but some gave a limited amount of detail in their answers. Common
errors included: an incorrect colour change for the indicator; adding the indicator after the end
point has been reached; not using a pipette to measure the sodium hydroxide; placing the sodium
hydroxide in a volumetric flask instead of a conical flask or beaker; rinsing the flask with sodium
hydroxide; not swirling the flask as the acid was added, and not adding the acid dropwise near the
end point. There were four other technique points that could have scored a mark, such as using a
white tile to make it easier to see the colour change of the indicator, but many candidates did not
include any of these. Some candidates spent time describing how to rinse and fill the burette, even
though the question told them that it was set up ready to use. Some candidates described how to
make up a standard solution of sodium hydroxide, which was not necessary in this question. A
small number of candidates used the wrong indicator and a few placed sodium hydroxide in the
burette. Candidates should be encouraged to read all of the information in the question and to use
it in their answer. They should be discouraged from repeating information given in the question. A
few candidates described a thermometric titration, although they received credit for the points that
overlapped with this question.

22 |AL Chemistry WCHO03 01



3 This question is about the preparation of crystals of hydrated sodium sulfate.

(a) You are provided with the following apparatus and materials to prepare a solution
of sodium sulfate from sulfuric acid and aqueous sodium hydroxide:

* aburette, ready to use, filled with dilute sulfuric acid to the 0.00cm? line
¢ an aqueous solution of sodium hydroxide

* methyl orange indicator

* access to other laboratory volumetric apparatus.

The equation for the reaction is
H,50,(aq) + 2NaOH(aq) — Na,SOaq) + 2H,0(l)

(i) A preliminary (rough) titration shows that about 18 cm? of sulfuric acid is
required to react with 25.0cm® of the aqueous sodium hydroxide.

Describe how you would carry out a second titration to find the accurate
volume of sulfuric acid that reacts with 25.0cm’® of the aqueous
sodium hydroxide.

In your answer, you should include the colour cha-nge of the indicator at the end-point.
(5)

- YOUL WO ei\\ e buverke with

A QY\Q\ ....................... C .\Qm.p.. ............. (LA T o W C_\Q OR... SYXOWNA........
o HNe  conCOd L RIOSIT
444444 9\ %-00"“3 oF  soduuem hydroxiole Laq,)
OO ol OYOPpS. ... og-m@m\u ......................
LxO0N Q,e ................... O COAR QY e
..... CRAQC MR SuJpnanc QA (.M’Qp\:)\,z
AP xR SO
....... ARCOVOUMALSES...... WK
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/\ Examiner Comments

This candidate has the right idea about a titration experiment but only 1
mark was awarded for adding the acid drop by drop.

<A\ ResultsPlus
\ Examiner Tip

There is no need to repeat information given in the question.

The question stated that the burette was ready to use so the first three
lines of the answer were not needed.
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3 This question is about the preparation of crystals of hydrated sodium sulfate.

(a) You are provided with the following apparatus and materials to prepare a solution
of sodium sulfate from sulfuric acid and aqueous sodium hydroxide:

* aburette, ready to use, filled with dilute sulfuric acid to the 0.00cm?® line
* an aqueous solution of sodium hydroxide
¢ methyl orange indicator
* access to other laboratory volumetric apparatus.
The equation for the reaction is
H,SO4(aq) + 2NaOH(aq) — Na,SO.(aq) + 2H,0(l)

(i) A preliminary (rough) titration shows that about 18 cm® of sulfuric acid is
required to react with 25.0cm? of the aqueous sodium hydroxide.

Describe how you would carry out a second titration to find the accurate
volume of sulfuric acid that reacts with 25.0cm? of the aqueous
sodium hydroxide.

In your answer, you should include the colour change of the indicator at the end-point.
(5)

“““““ jé(mj& buretle.. appund 17 cm’ ol 845G .
MM .......... anl. dup.. ﬁv ..... (T j’z&% ........ JE—

Evom Be [ﬁa%ng ..... . e durehe Lo ;()‘
................ ﬂc %CQM{J}!‘“ adiném.
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\ / ResultsPlus
/\ Examiner Comments

This response has some correct techniques and scored 3 marks.

The candidate has scored marks for adding the sulfuric acid to the sodium
hydroxide until about 17 cm? has been added, then adding the acid drop
by drop and the correct colour change of the indicator.

/////

\\i ResultsPlus
Examiner Tip

Try to include all the practical details when you are describing an
experiment.
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3 This question is about the preparation of crystals of hydrated sodium sulfate.

(a) You are provided with the following apparatus and materials to prepare a solution
of sodium sulfate from sulfuric acid and aqueous sodium hydroxide:
* aburette, ready to use, filled with dilute sulfuric acid to the 0.00cm? line
* an aqueous solution of sodium hydroxide

methyl orange indicator wcd - yelier”

* access to other laboratory volumetric apparatus.

The equation for the reaction is
H,504(aq) + 2NaOH(aq) — Na,SO.aq) + 2H,0(l)

(i) A preliminary (rough) titration shows that about 18 cm? of sulfuric acid is
required to react with 25.0cm?® of the aqueous sodium hydroxide,

Describe how you would carry out a second titration-to find the accurate
volume of sulfuric acid that reacts with 25.0cm?® of the aqueous
sodium hydroxide.

In your answer, you should include the colour change of the indicator at the end-point.
(5)

- Qbnin o burette , diled mith dilite sulfc acid te e 000 et Mipa .

~=Phar- - AL SJups-rfm. !ﬂ’mdgz‘oﬂt-ﬁfﬁmgyu’fmdg
. Place_h....comical.. fmk an.p vhte ble  aod Bun place W koette  mttacked

m"“ﬁw(‘ 14#1‘- o mix (13 condenks andl abserve m‘z)( MMC"W\&{,
oden U Koo Bf Sulfuic.. aid [J’ ﬁ’ﬁm] bt tr Ald e sulfne pedl

o a burette . cgprie: Tho peay. 0.0 aceccake. voteme of slfene
“ﬁ”m&am/m“ vt changes m cotr o Mf”’]

«amfwb*v#mrfﬁ?‘ﬂ*mﬂ*fﬂ»”kﬁm

P“:"“C"fy‘
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N / ResultsPlus

‘v| < Examiner Comments

This is an example of a very good description of the titration experiment
that scored 4 marks. The only error is the colour change of the indicator at
the end point.

N

<A\ ResultsPlus
\ Examiner Tip

Learn the colour changes for methyl orange and phenolphthalein and
always check whether the acid or the alkali is in the flask as this will affect
the starting colour.
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Question 3 (a) (ii) - (iii)

The majority of candidates were able to calculate the correct mean titre using the concordant
results, however a significant minority included the result for Titration 1, even though it was more
than 0.2 cm?® from the results for Titrations 2 and 3. Many candidates could show the level of acid in
the burette at the end of Titration 3 but a significant number showed that they did not know how to
read a burette scale as they drew the level at 16.35 or 17.55 cm?. Some did not read the question
and drew the level at the mean titre value. Many candidates did not draw a curve to represent the
meniscus of the acid solution and some, incorrectly, drew two curves or drew the meniscus upside
down. A few candidates thought that the measurement is taken from the top of the curves either
side of the meniscus.

IAL Chemistry WCHO03 01
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(i) The results of three further titrations are shown in the table,

Final burette reading/cm? 18.2 17.90 35.55 17.65

Initial burette reading/cm? 0.00 0.00 18.00 0.00

Titre/cm? 18.2 17.90 17.55 17.65

Used in mean (v) v v L -
Calculate the mean titre.

Show which titres you have used in your calculation by putting a tick (v') in
the appropriate boxes in the table.

mean = |71+Q0 VTS + by (1)
3

meantitre ..\ 110 em?

(iii) On the diagram of part of a burette, show the level of dilute sulfuric acid when
the final burette reading is recorded in Titration 3.
- (2)

b8

17

18

30 IAL Chemistry WCHO03 01
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(a)(ii) This candidate has used three titres to calculate the mean but the
value of 17.90 cm? in Titration 1 is a lot higher than the values in Titrations
2 and 3 so should not be included. This answer scored 0.

(a)(iii) The candidate has realised that they need to show 17.65 cm? on the
burette but they have read the burette the wrong way. 17.65 should be
between 17 and 18 on the scale. They have also not shown the curved
shape of the meniscus so this response scored 0.

&6\ ResuitsPlus

\ Examiner Tip

Only use concordant results when working out the mean titre. Concordant
results are within 0.2 cm? of each other.

Learn how to read a burette and draw a meniscus.

IAL Chemistry WCHO03 01
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(i) The results of three further titrations are shown in the table.

Final burette reading/cm? 18.2 17.90 35.55 17.65

Initial burette reading/cm? 0.00 0.00 18.00 0.00

Titre/cm? 18.2 17.90 17.55 17.65

Used in mean (v') v \-/
Calculate the mean titre.

Show which titres you have used in your calculation by putting a tick (v) in
the appropriate boxes in the table.

126 + 17165
ol

(1)

meantitre. \3- 60 cme

(iii) On the diagram of part of a burette, show the level of dilute sulfuric acid when
the final burette reading is recorded in Titration 3.
(2)

17

I

IIIIQ

-
oo

|
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(a)(ii) Correct answer for 1 mark.

(a)(iii) The shape of the meniscus is correct but the candidate has shown
the bottom of the meniscus at 17.55 cm? instead of 17.65 cm®so 1 mark
was awarded.

M\
4R\

¢ \ Results#

\\ Examiner Tip

Make sure you understand the scale on a burette.

IAL Chemistry WCHO03 01
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Question 3 (b)

Many candidates found it difficult to describe how to obtain a sample of pure crystals of hydrated
sodium sulfate. The majority missed the important point about 'pure' and forgot that there would
be an indicator in the solution obtained from the titration, although some thought that it could be
removed by filtration. Some did realise that they needed to repeat the titration without the
indicator but did not specify using the mean titre of acid and the volume of sodium hydroxide
needed. Some candidates also missed the point about hydrated crystals and they evaporated all of
the water. A few candidates tried to remove the water by adding a drying agent and some thought
sodium sulfate was insoluble and formed as a precipitate so they separated it using filtration.

(b) Using results from the table, briefly describe how to obtain a sample of pure crystals

of hydrated sodium sulfate. N
“““”Hea.}: Hne ) so|uﬁm _Of . Se.cl{wn si)lfa}e {'o remove  excess t.ua}er__
Hen dip a gax d in it and remee. If gpbaly form
Con {:Wz g rod then remove Hhe Sc.luhm from heating. Allows
it to eool. Then cecant wn  hich leavies tf«u?, crgstals

l:ldmnr_\ [,Uaaln 'H'Ul crgslzdsmwﬂn Cold UJZd'E'r Emd d’l\ﬁ betueen

Rl pager.

ResultsPlus

Examiner Comments

This is a good description of how to obtain crystals of sodium sulfate from
a solution and it scored 1 mark. However, the candidate did not read the
question carefully as it asks for a sample of pure crystals and there is an
indicator in the solution from the titration.

ResultsPlus
Examiner Tip

Read the question carefully and try to answer it fully.
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(b) Using results from the table, briefly describe how to obtain a sample of pure crystals
(2)

of hydrated sodium sulfate.

%Z ResultsPlus
Examiner Comments

This is an example of an excellent answer that scored 2 marks.

ResultsPlus
Examiner Tip

Try to describe experiments in this amount of detail.
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Question 4 (a) - (c)

Some candidates found it difficult to draw a labelled diagram of the apparatus set up for heating.
Some crucibles looked more like beakers, evaporating basins or flasks. Some candidates did not
show any crystals in the crucible and the experiment would not work without them. The best way to
support a crucible over a Bunsen burner is to use a pipeclay triangle on top of a tripod. Only a very
small minority of candidates showed this method of supporting the crucible, however examiners
allowed the use of a gauze on this occasion. Many candidates did not even use a gauze and did not
realise the crucible would fall down the hole at the top of the tripod. It is best to heat the crucible
using a Bunsen burner, however in this experiment an electric heater was allowed. Many other
experiments using a crucible need strong heating so an electric heater would not be suitable. Some
candidates seemed confused about the meaning of 'hydrated' and thought that meant the crystals
were dissolved in water to form a solution. A few candidates did not read the question and drew
reflux or distillation apparatus. Candidates would benefit from much more practice in drawing
diagrams of common laboratory apparatus. Two-dimensional diagrams showing a cross-section
through the apparatus should be drawn, rather than attempts at three-dimensional pictures.

The majority of candidates could calculate the masses and complete the calculation correctly,
although some were penalised for rounding the numbers in (c)(i) and/or (c)(ii) to 1 significant figure.
Some candidates confused the masses of water lost and the contents after heating but they
received credit for using these incorrect values in the calculation in (c).
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4 An experiment is carried out to determine the value of n in the formula of hydrated
zinc sulfate, ZnSQO,.nH,0.

The following procedure is used.
Step1  Weigh an empty crucible.

Step2 Add two spatula measures of hydrated zinc sulfate to the crucible.
Reweigh the crucible with the hydrated zinc sulfate.

Step3  Heat the crucible and hydrated zinc sulfate to remove the water of crystallisation.

Step4  Allow the crucible to cool. Reweigh the crucible and the
anhydrous zinc sulfate.

The equation for the reaction is
ZnS0,.nH,0(s) = ZnS04(s) + nH,0(q)

Results
Mass of empty crucible 13.26
Mass of crucible + contents before heating 16.71
Mass of crucible + contents after heating 15.30
Mass of contents before heating 345
Mass of contents after heating 1)
Mass of water lost Q_o&.}

(a) Draw a labelled diagram of the apparatus set up for heating in Step 3.
(2)

Crocilare

gg\'-ﬂ
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(b) Complete the table of results.

(1)

(c) (i) Calculate the amount, in moles, of anhydrous zinc sulfate, ZnSQ,, left after heating.
(1)

\-\)
W8Sk + 321 \gom) =\6VS

W= g7 0O ¢

wy  \e\-S

amount of anhydrous zinc sulfate left = .

(ii) Calculate the amount, in moles, of water lost during heating. ¥y
.\..LL|3_ (1)
—He e s T 3T T T {1 = T5TO
2 .o4

o = oo

\8

amount of water lost = ... *\\ ................... mol

(ili) Calculate the value of n, using your answers to (c)(i) and (ii).
l = n
._'3, _ _,533
BT3%G T Q.13

ns= V?_’ﬁ la_q% =\5

ResultsPlus

Examiner Comments

(a) This diagram scored 1 mark for the Bunsen burner, tripod and gauze.
The first mark was not awarded as no crystals were shown in the crucible.

(b) The masses are the wrong way around.

(c)(i) to (iii) These are correct answers from the masses in (b) so 1 mark
was awarded for each part.

ResultsPlus
Examiner Tip

Make sure you include all details when drawing diagrams of apparatus.
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4 An experiment is carried out to determine the value of n in the formula of hydrated
zinc sulfate, ZnSO,.nH,0.

The following procedure is used.
Step1  Weigh an empty crucible.

Step2  Add two spatula measures of hydrated zinc sulfate to the crucible.
Reweigh the crucible with the hydrated zinc sulfate.

Step3  Heat the crucible and hydrated zinc sulfate to remove the water of crystallisation.

Step4  Allow the crucible to cool. Reweigh the crucible and the
anhydrous zinc sulfate.

The equation for the reaction is
ZnS0,.nH,0(s) = ZnSO,(s) + nH,0(g)

Results
B BT T
Mass of empty crucible 13.26
Mass of crucible + contents before heating 16.71
Mass of crucible + contents after heating 15.30
Mass of contents before heating 3.45
Mass of contents after heating 204
Mass of water lost J*ﬂd’ 1- 4l

(a) Draw a labelled diagram of the apparatus set up for heating in Step 3.
(2)

—= Ua Qujd:j o
= cuable

— ga.u.z.ﬂ-

bungen busne¥
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(b) Complete the table of results.
(1)

(c) (i) Calculate the amount, in moles, of anhydrous zinc sulfate, ZnSO,, left after heating.
(1)

mols = __w.-- — 00126
16l-S
amount of anhydrous zinc sulfate left = 0’0"3 _______________ mol

(i) Calculate the amount, in moles, of water lost during heating.

mols = /4]
b+ 2 “"’[é——‘

amount of water lost =

(iii) Calculate the value of n, using your answers to (c){i) and (ii).

0.0
001 3
e
00+ 3 - G
D0l %
ResultsPlus

Examiner Comments

(a) This diagram scored 1 mark for the Bunsen burner, tripod and gauze.
No crystals are shown in the crucible.

(b) The masses are correct for 1 mark.
(c)(i) Correct answer for 1 mark.

(c)(ii) Correct working but the candidate has rounded the answer to 1
significant figure so no mark awarded.

(c)(iii) Correct answer for 1 mark.
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This candidate has attempted to draw a three-dimensional picture and has
omitted the crystals from the crucible. In scientific work, it is better to
draw a two-dimensional diagram showing a cross-section through the
apparatus.

In calculations, do not round numbers to 1 significant figure, unless it is
appropriate to do so. In this calculation, (c)(i) and (c)(ii) should be recorded
to 2 or 3 significant figures as that is the accuracy of the masses or molar
masses. It is appropriate to give the answer to (c)(iii) to 1 significant figure
as that is the number of molecules of water of crystallisation, which is a
whole number.

IAL Chemistry WCHO03 01 41



Question 4 (d) (i)

Many candidates worked out the correct effects of the two errors on the mass of water lost and the
value of n. However, all combinations of increase and decrease were seen and many candidates
would benefit from more practice at evaluating the effects of errors on their experiments.

(d) A data book gives the formula of hydrated zinc sulfate as ZnS0,.7H,0.
Two possible errors that might occur during the experiment are:
Error 1
Some of the hydrated zinc sulfate was lost from the crucible during heating in Step 3.
Error 2

The crucible was not heated for long enough for all of the water of crystallisation
to be lost.

(i) Predict the effect, if any, each error will have on the measured mass of water lost
and hence the calculated value of n.

(2)
Error 1
Effect on measured mass of water !ost(.»—'@ukCD .................. e S G
Effect on calculated value of n..........\/ o SO
Error 2
Effect on measured mass of water lost ... w.ea,.z.l ................ oLc/t";.Se .....................................................................................
Effect on calculated value of n........ (A Od\j ________________ BT Ao . <N

ResultsPlus

~= Examiner Comments

This response scored 1 mark for the correct effects on the measured
masses of water lost.

ResultsPlus

Examiner Tip

It is acceptable to write short answers, such as this one, for this type of
question.

Practise evaluating the results of your experiments to work out the effects
of any errors.
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Question 4 (d) (ii)

The majority of candidates suggested putting a lid on the crucible or heating more gently would
prevent the crystals from 'jJumping out' of the crucible. The most common incorrect answers were
sealing the crucible, using a stopper or adding anti bumping granules, presumably because they
thought the zinc sulfate was a solution. Some candidates suggested covering the crucible with
cotton wool but did not think about the effect of heating this with a Bunsen burner.

(i) Suggest how you could improve the experiment to stop the hydrated zinc sulfate
from ‘jumping out’ of the crucible during heating.
(1)

(; ResultsPlus

Examiner Comments

This candidate has correctly stated that heating the crystals gradually and
slowly would prevent the crystals from 'jJumping out' of the crucible.
However, the use of anti bumping granules is incorrect when heating a
solid and this negates the mark so no mark was awarded for this answer.

\ _,
\ ResuitsP

Examiner Tip

If you give more than one answer, make sure they are all correct. Any
incorrect answer in a list of answers will lose the mark.
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Question 4 (d) (iii)

It was pleasing to see that the majority of candidates were familiar with the technique of heating to
constant mass, although some did not fully understand this technique and just mentioned constant
mass without heating or confused it with crystallisation. A few candidates thought that they could
add a drying agent, however, did not consider the effect this would have on the mass of crucible
and contents after heating. Some candidates suggested testing for water vapour with cobalt
chloride paper or anhydrous copper sulfate but that would not be very efficient.

(iii) Suggest how you could make sure that all the water of crystallisation is lost

during heating.
i i EH }1{4}1}:3 r")l (1)
______________________ K epea}‘Hm 4 pzmmem ‘]LU 'ﬂw Qm'}mp

________ SsUF mmhaniﬁ%emass 0’{ 7‘)‘% Cﬂw%fﬂ%ﬂfmam;fame

_________ ﬂ\ gﬂ'!l b.cﬂa?lecf#a'/ma{en LT (/I '/aff 1. mlmn
s lost -

ResultsPlus

Examiner Comments

This candidate has the idea about heating to constant mass but seems to
have confused it with heating to the point of saturation, which is used
when obtaining crystals from a solution. This response scored 0.

ResultsPlus

Examiner Tip

Make sure you understand the meaning of 'heating to constant mass' and
when it is used.
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Question 5 (a)

Many candidates were able to score a mark for this item as there were many different acceptable
answers. Some candidates just gave vague, general reasons, such as preventing the liquid splashing
out, which was not enough to score the mark. Many candidates would benefit from thinking about
the reasons for why each step is carried out when preparing and purifying an organic liquid.
Candidates should understand that anti bumping granules do not prevent boiling but they promote
the formation of small bubbles. A few candidates wrote about the reaction rather than the effect on

the heating or boiling process.

5 Ethyl ethanoate is a colourless liquid with a boiling temperature of 77 °C.
It can be prepared by reacting ethanol with ethanoic acid.

C,HsOH(l) + CH,COOH(l) = CH,COOC,Hs(l) + H,Ofl)
An outline procedure is given.

Step1  Mix 20cm® of ethanol and 20cm? of ethanoic acid in a pear-shaped flask
and add anti-bumping granules.

Step2 Add 8cm?’ of concentrated sulfuric acid slowly, and with cooling.

Step3  Set up the apparatus for reflux, with the flask partially immersed in a water bath.
Heat under reflux for 15 minutes.

Step4  Allow the apparatus to cool, and then rearrange the apparatus for distillation.
Collect all the distillate up to 80°C.

(a) Give a reason why anti-bumping granules are used in Step 1.
(1)

Ll aveio. tee o ebnane). and . edenms. aad... Frona. Ly SRNING.. MIQOrONE:...

ResultsPlus

Examiner Comments

This is an example of a weak answer that scored 0. The ethanol and
ethanoic acid need to react to form the product and just adding
'vigorously' to the answer is not enough.

ﬂ ResultsP
Examiner Tip

Try to give specific reasons for each technique.
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5 Ethyl ethanoate is a colourless liquid with a boiling temperature of 77 °C.
It can be prepared by reacting ethanol with ethanoic acid.

C;H;OH(l) + CH,COOH(l) = CH;COOC,Hs(l) + H,0()
An outline procedure is given.

Step1  Mix 20cm’ of ethanol and 20cm? of ethanoic acid in a pear-shaped flask
and add anti-bumping granules.

Step2  Add 8cm?® of concentrated sulfuric acid slowly, and with cooling.

Step3  Set up the apparatus for reflux, with the flask partially immersed in a water bath.
Heat under reflux for 15 minutes.

Step4  Allow the apparatus to cool, and then rearrange the apparatus for distillation.
Collect all the distillate up to 80°C.

(a) Give a reason why anti-bumping granules are used in Step 1.
(1)

Thag are weed to p W‘H&m ..... matire.from_suporhabng by prowding
ooy swﬁua. ........ ond_promoding 5m.quluu.L|ﬂl15~m'hm

ResultsPlus

Examiner Comments

This is an example of an excellent answer that scored 1 mark.

ResultsPlus
Examiner Tip

Make sure that you understand the reasons for all the techniques used in
preparing and purifying an organic liquid.
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Question 5 (b)

The majority of candidates knew that the mixture is cooled because the reaction with concentrated
sulfuric acid is exothermic. Some candidates wrote generally about vigorous or violent reactions
but these terms are too vague to be awarded a mark. Some candidates also mentioned the risk of
an explosion, which is incorrect and lost them the mark, even if they also mentioned exothermic.

(b) Suggest a reason why the mixture is cooled as the concentrated sulfuric acid is
added in Step 2.

,J/\ -
~ ResultsPlus

Examiner Comments

Concentrated sulfuric acid is corrosive but this does not explain why the
mixture is cooled so this response scored O.

A\

& \ ResuitsPlus
\3 Examiner Tip

Remember that all reactions involving concentrated sulfuric acid are
exothermic.
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(b) Suggest a reason why the mixture is cooled as the concentrated sulfuric acid is
added in Step 2.

(1)

e REOET O NS R ORI A B IARIALL. - 8

............... Q- MR rieg ... QUMK SAEPARSLONN

ResultsPlus

Examiner Comments

The reaction is exothermic but this response scored 0 as the candidate
has also stated that an explosion would occur and this negates the mark.

ResultsPlus

Examiner Tip

Take care not to write additional answers that lose the mark.
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Question 5 (c)

Many candidates realised that this question was about flammability and could specify one or more

of the organic compounds that are flammable. Some candidates referred generally to the mixture,

the reactants or the products being flammable and forgot that water and concentrated sulfuric acid
are present in the mixture and these are not flammable.

(c) Give a reason why the flask is heated in a water bath, rather than directly with a
Bunsen flame, in Step 3.

ResultsPlus

Examiner Comments

This candidate has realised that the answer to this question is related to
flammability but has not specified exactly what is flammable so this
response scored 0.

ResultsPlus

Examiner Tip

Specify which substance or substances are flammable. Concentrated
sulfuric acid is in the flask at the start of the reaction and that is not
flammable.
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Question 5 (d)

Many candidates could give an acceptable reason for why the mixture is heated under reflux. Some
answers were vague and did not refer to preventing the loss of volatile components or the vapour
being condensed. Common incorrect answers included: to prevent the mixture from evaporating or
boiling, to reduce the rate of reaction, and to ensure complete oxidation.

(d) Give a reason why the mixture is heated under reflux in Step 3.

ResultsPlus

Examiner Comments

Ethyl ethanoate is volatile but this is not enough to score a mark. The
consequence of this property should be stated, for example, so it will not
escape from the apparatus.

\
//\

/ \ o i
esults
\\\}Examir}:rﬁ?'us

Give detailed reasons for your answers.
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(d) Give a reason why the mixture is heated under reflux in Step 3.

: ' ompll

ResultsPlus

Examiner Comments

This is an example of a common incorrect answer that scored 0. In this
experiment, ethanol and ethanoic acid are reacting to form ethyl
ethanoate and water. Complete oxidation would refer to an experiment to
produce ethanoic acid from ethanol.

ResultsP

Examiner Tip

Read the question carefully and make sure you understand which reaction
is being asked about.
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(d) Give a reason why the mixture is heated under reflux in Step 3.
(1)

mel:,i:&;.l& ‘ﬂqmﬁamjucmam M.‘Hu_uwnnrﬂ,cnq;w;guﬂoaqdwia
fedorn back o 'H«-uk "rc("' u..-r&:éc (emetiom €& OCcar-

ResultsPlus

Examiner Comments

This is an example of an excellent answer that scored 1 mark.

ResultsPlus
Examiner Tip

Try to give detailed answers, such as the one in this example.
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Question 5 (e) (i)

The majority of candidates knew that carbon dioxide is produced in this reaction, although a
significant minority thought hydrogen would be formed.

Question 5 (e) (ii)

Some candidates were familiar with the use of a separating funnel and could describe a suitable
technique for releasing the gas pressure. Some candidates were less familiar with this technique
and suggested opening the tap (without inverting the funnel) or inverting the funnel and then
opening the stopper. In both of these cases the liquid would run out of the funnel. Some
candidates referred to removing their finger or thumb from the top of the funnel. This did not score
a mark as it would not be safe to shake a separating funnel by just sealing it with a finger or thumb.

(i) Describe how to release the pressure in the separating funnel in Step 5.

N
/

b —
N / ResultsPlus
(r'/\ Examiner Comments

This was a common incorrect answer that scored 0.

\ ResuitsPlus
) Examiner Tip

Think about your answer. If the tap of a separating funnel is opened all of
the liquid would pour out.
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(i) Describe how to release the pressure in the separating funnel in Step 5.
(1)

______________________________________ Torning 14 vpront cgadin
ResultsPlus

Examiner Comments

This candidate displayed right idea about turning the separating funnel
upside down and opening it but they have not specified which end they
will open - the stopper or the tap. This response scored 0.

ResultsP
Examiner Tip

Be precise about how to perform an experimental technique. Imagine that
you are describing the technique to someone who has never carried out

this technique before.

us
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(i) Describe how to release the pressure in the separating funnel in Step 5.

(1)

................... P 6@%F-e-eg‘rnver-}‘inﬂ% nneld and
______________ spemr\% > abfacautarﬁrﬁe/waix

ResultsPlus

Examiner Comments

This is a very good answer that scored 1 mark.

ResultsPlus
Examiner Tip

Inverting the funnel and opening the tap is the most effective technique
for releasing the gas pressure.
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Question 5 (f) (i)

The majority of candidates realised that anhydrous calcium chloride is a drying agent. Some
candidates confused a drying agent with a dehydrating agent. A few students wrote an observation,
for example, so the solution becomes clear, but did not receive credit for this as it does not explain
what the calcium chloride is doing.

(f) (i) Give areason why anhydrous calcium chloride is added to the ethyl ethanoate

in Step 6.
(1)

f""
lo...enswre . Theve 1s. mo. coaden. preansnd..on Ca/dmoéém(,

ResultsPlus

Examiner Comments

This is an example of a common answer that scored 0.

ResultsPlus

Examiner Tip

Make sure you understand the difference between a drying agent and a
dehydrating agent as they have different, specific meanings in chemistry.
A drying agent just removes water from something that is damp. A
dehydrating agent chemically removes two hydrogen atoms and one
oxygen atom from a molecule of a compound and produces water.
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Question 5 (f) (ii)

Many candidates were able to suggest an alternative drying agent, yet all the incorrect answers
shown in the mark scheme were also seen. Candidates should learn the few suitable drying agents
used in purifying an organic liquid.

(i) Suggest a reagent that could be used as an alternative to
anhydrous calcium chloride in Step 6.

........................ e N D Eitee N\, Coboy

\J\;Z ResultsPlus
Examiner Comments

This candidate has written the correct formula for calcium sulfate, which
would be an acceptable drying agent. However, they have also included
sulfuric acid and sodium chloride, which are incorrect, so this response
scored 0.

/\\ .
Q ResultsPlus
Examiner Tip

Learn the common drying agents used in purifying organic liquids and do
not add additional incorrect substances.

IAL Chemistry WCHO03 01 57



58

Question 5 (g)

Many candidates were able to suggest a suitable range of temperatures to collect a sample of pure
ethyl ethanoate. The boiling temperature is 77°C so it is best to use a range within three degrees
either side of that temperature. Some candidates suggested too narrow of a range, for example
just 0.1 or 0.2°C either side of the boiling temperature and it would not be possible to collect the
liquid over such a narrow range. Other candidates suggested a much wider range of temperatures,
which were not acceptable as the liquid could contain impurities. Some even suggested a range
that did not include the boiling temperature of the liquid. A number of candidates included 77 as
their upper or lower temperature and this is also not acceptable. A few candidates ignored the
instruction to give a temperature range and only stated one temperature.

(g) Give a suitable temperature range over which to collect the pure ethyl ethanoate
during the final distillation in Step 7.

,«”Jf\

< (/ ResultsPlus
'vi/\ﬂ} Examiner Comments

This answer scored 0 as the lower temperature in the range is the boiling
temperature of ethyl ethanoate.

y

<O\ ResultsPlus
\ Examiner Tip

When you collect an organic liquid, you should suggest a temperature
range 2 or 3 degrees below its boiling temperature to 2 or 3 degrees
above its boiling temperature.
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(g) Give a suitable temperature range over which to collect the pure ethyl ethanoate
during the final distillation in Step 7.

ResultsPlus

Examiner Comments

This candidate has the right idea and has suggested a range, with the
actual boiling temperature in the middle of the range. However, this range
is too small and it would not be possible to control the temperature with
this degree of accuracy.

‘ ResultsP
Examiner Tip

Select a range that is 1, 2 or 3 degrees above and below the boiling
temperature of the organic liquid.

(g) Give a suitable temperature range over which to collect the pure ethyl ethanoate

during the final distillation in Step 7.
T4 L o (1)
BE 40 16°C AND  T9°C 4O BTC

(=]

[*]

e

ResultsPlus

Examiner Comments

This candidate has given two temperature ranges, neither of which is
correct, so no mark was awarded.

ResultsPlus

Examiner Tip

Remember that the temperature range must include the boiling
temperature of the liquid and only give one range.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

read all of the information in the questions and use it to help them to answer the questions

practise drawing scientific diagrams of apparatus used in laboratory experiments

revise how to interpret infrared spectra

* practise writing detailed descriptions of how to carry out experiments

learn how to read a burette scale

learn the meaning of the term 'hydrated'

* make sure that you understand the reasons for carrying out the steps involved in preparing and
purifying an organic liquid.
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Grade Boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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