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Introduction

This paper was a reasonable balance of standard and higher demand questions,
the latter often requiring candidates to apply their knowledge and understanding
in unfamiliar situations. It was similar in style and standard to previous Unit 3
papers on this specification, and a range of skills and knowledge was assessed.
The levels of difficulty allowed good discrimination between the different grades,
while allowing well-prepared candidates at all levels to demonstrate their abilities.
In the multi-step calculation many candidates rounded intermediate values for use
in the subsequent stages of the problem; while this practice is not itself penalised,
it leads to inaccurate final values and is a frequent source of transcription error.

It was evident that, even at this level, candidates do not take sufficient care in
reading questions and context material before framing their responses.

Question 1 (a) (i)

Most candidates were very familiar with the procedure for conducting a flame

test and the most common errors were failure to mention a suitable material for
the flame test wire and neglecting to state that the wire needed to be placed in
the flame. Occasionally, the wrong acid was used or a yellow flame was specified.
Candidates should be aware that they can assume that the flame test wire is clean.

(a) Compound A gives a lilac colour in a flame test,

() Describe how to carry out a flame test.

. D\{J (=N ﬂ.i.c\m;_.me (PERT, 3 Y. . ['.f_,-"?tsl'..’l"f{'i-\cA.... ..}.\\.l.c:‘uodr:.\um. ........ (=T :t\l ......
e Moen M H“VC t\k el . sV Maek Yo, wc.'nlllr Yo kesh m‘&'r

e '?\acf n s S QWL ... L2l VBheerrrsoine e noliesh ?nf\ tE e l'l-nfﬂ*

E(cw oite . Hue % Pc'-—"f.'.... S

{ ResultsP
/\ Examiner Comments

An excellent answer that gets straight to the point.

ResultsP

Examiner Tip

us

There is no need to describe how the wire is cleaned.

IAL Chemistry WCHO03 01

3



4

(a) Compound A gives a lilac colour in a flame test.

(i) Describe how to carry out a flame test.

bring pkwire then addl Hel onlhe wire thep -
adiphe wire inko Solukon we want toleshs Bandly.

puMhe wite ovel bunsen bomer.

ResultsPlus

Examiner Comments

This is a very typical error omitting to mention the flame.

Question 1 (a) (ii) - (c) (ii)

The potassium ion was correctly identified by almost all candidates, with the lithium ion
being the only significant alternative suggestion. The mark was occasionally forfeited by use
of the element symbol without a charge. Similarly, carbon dioxide was usually recognised.
There were many accurately described tests for water, with only a few candidates ignoring
the word 'presence' and opting to measure the boiling point. There was some confusion
between the reagent required to test for water and a dehydrating agent, such as calcium
chloride. Despite the need for an anhydrous compound that decomposed to form carbon
dioxide and water and the subsequent difficulties with the equation, most candidates opted
for a carbonate in part (c)(i). Better candidates appreciated that a hydrogencarbonate must
be present but few of these realised that the solid product of thermal decomposition would
be the carbonate and were able to write the correct equation.

Question 2 (a)

The name of the alcohol was very well known although omission of the locant was
surprisingly common.

IAL Chemistry WCHO03 01



Question 2 (b)

Most candidates gave phosphorus (v) chloride as the reagent, when the observation mark
was almost invariably awarded. A minority suggested the use of sodium, again generally
gaining the second mark although irrelevant observations, such as 'dissolving’ or 'forming
a precipitate' were more frequent in this case. Candidates who suggested using potassium
dichromate (VI) often forgot to acidify it.

(b) Give a chemical test and its result that could be used to show the presence of the
OH group in E.
(2)

potassivm. Adichuromate V0.
Result.... -ft*-?. cetewr  Chay

ResultsPlus

Examiner Comments

This test is unsuitable as compounds such as aldehydes will also give a positive result
and carboxylic acids which do have an OH group will show no reaction. The rescue mark
was dependent on the need for acid conditions to be stated.

(b) Give a chemical test and its result that could be used to show the presence of the
OH group in E.

ResultsPlus

Examiner Comments

This candidate included a further test on the hydrogen chloride produced.
Candidates should be aware that such additional information must be correct.
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Question 2 (c)

Many candidates scored full marks on this item but those attempting a comprehensive
answer, describing alkaline hydrolysis followed by a test for the iodide ion, often failed to
realise the necessity for acidification with nitric acid before the addition of silver nitrate. The
most common error was to suggest a test for the presence of elemental iodine, usually using
starch or a non-polar organic solvent.

(c) Give a chemical test and its result that could be used to show the presence of the
iodine atom in F.
(2)

Test. Add NdOH g . .and. warm. for.severdl minures. Afrer . .. .
co0ling..add.. HNO3 (). un4il just acidic to limys p_ap.er____{_QU(&__We_d_._bf_

gilver nitrate sol™. |
Resulte yeMew ..predpitake forms .

Examiner Comments

An excellent answer concisely expressed and demonstrating
good chemical knowledge.

(c) Give a chemical test and its result that could be used to show the presence of the
iodine atom in F.

Examiner Comments

An all too common error.

A

Plus

Examiner Tip

Do read the question carefully before framing your answer.
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(c) Give a chemical test and its result that could be used to show the presence of the
iodine atom in F.

ResultsPlus

Examiner Comments

The test won't work in alkaline conditions so the test mark is not awarded.
There is only one error so the correct observation scores a mark.

IAL Chemistry WCHO03 01 7



Question 2 (d) (i)

The colour change when alkenes react with potassium manganate(VII) proved a
straightforward mark; a few candidates reversed the colour change.

Question 2 (d) (ii)

The skeletal formula of the diol product proved highly discriminating. The most common
errors were giving seven carbon atoms in the chain, one hydroxyl group and non-adjacent
hydroxyl groups. There were also responses showing manganese atoms or sulfate groups
attached to the carbon chain.

(i) Draw the skeletal formula of the organic product of this reaction,
(1)

ResultsPlus

Examiner Comments

One of many incorrect variants of the diol structure.
Note that the left-hand OH group clearly shows the
hydrogen bonded to the carbon - a further error.

(ii) Draw the skeletal formula of the organic product of this reaction,
(1)

ﬁ ResultsPlus

Examiner Comments

Here the carbon-carbon double bond has not been involved in the reaction at all.
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Question 2 (e)

Many different reagents were suggested here but most candidates appreciated that a strong
alkali was required. However, far fewer correct conditions were given.

|
(e) §hate the reagent and give the essential conditions for the conversion of F to G.
(2)

Reagent.. e\hﬂnofc ............... NQOH .....................................................................................
consmons_ebhano] as_ solvent ondto be acdified

Tk and hedhe

ResultsPlus

Examiner Comments

Most of this is correct but the addition of acid negates the reagent mark.

(e) State the reagent and give the essential conditions for the conversion of F to G.
(2)

Reagent............ S B, et B

Conditions................ Eenel.. o

ResultsPlus

Examiner Comments

A near miss. The more usual omission was the ethanol solvent rather than the need to heat.
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Question 2 (f) (i)

Candidates generally opted for a displayed formula in answering this question so the length
of the carbon chain was rarely an issue. The most common error was to give the major
product as 1-iodohexane.

Question 2 (f) (ii)

Despite the phrasing of the question, many candidates referred to Markovnikov's rule, only
sometimes going on to explain this in terms of the relative stability of the carbocations.
Answers also referred to the primary and secondary molecules.

Question 2 (g) (i)

The water direction was usually labelled correctly but the anti-bumping granules were
frequently identified as one of the reactants.

Question 2 (g) (ii)

Reflux was very well known although some candidates negated the mark by adding
'distillation’ to their answer.

Question 2 (g) (iii)

The significance of the water passing through the condenser was poorly understood and
many candidates discussed liquids being returned to the flask without mentioning the
condensation of gases or vapours. The second mark was often awarded for the alternative
idea of allowing the reaction to go to completion.

(iii) Explain how the Liebig condenser works and its purpose in the apparatus
shown.
(2)

ResultsPlus

Examiner Comments

A very comprehensive response, clearly expressed.
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Question 2 (h) (i)

Once again the majority of responses used displayed formula. The aldehyde group caused
more difficulty than the carboxylic acid group, and in the latter the carbonyl oxygen and the
hydroxyl group were sometimes placed on different carbon atoms.

Question 2 (h) (ii)

Most candidates realised that a peak or absorption would be observed for the OH group in
the carboxylic acid but not the aldehyde although a significant number stated the reverse.
Common errors were to refer just to the bonds or wavenumbers. Some discussed the mass
spectra rather than the infrared.

Question 2 (i) - (i)

Very few candidates scored the still-head mark and a significant number seemed unaware
that the condenser would be used for the distillation as well as the reflux.

Question 2 (i) - (ii)

For the most part the choice of a temperature range was sensible. While few candidates
suggested a single temperature, some ranges were so far removed from the boiling
temperature that it was difficult to understand how they had been arrived at.

Question 2 (i) - (iii)

Suitable drying agents were well known and it was encouraging to see many candidates
specifying that the suggested compound should be anhydrous.

IAL Chemistry WCHO03 01

11



Question 3 (a)

By far the most common error in the first stage of the calculation was failure to include the
copper can term in the temperature multiplication by ignoring the square brackets given in
the equation. Occasionally, the mass of fuel was used rather than the mass of water.

The conversion of energy transferred into an enthalpy change was generally well
understood, with arithmetical errors the most common source of error. Too many answers
were obtained using rounded intermediate values; while this is not penalised it does
increase the chance of error. A small but significant number of candidates incorrectly gave
the final units as kJ mol- (rather than kJ mol?).

3 The apparatus below was used in a series of experiments by a group of students to
determine the enthalpy change of combustion of some alcohols.

thermometer
copper can clamp
water
draught shield
burner
alcohol

EON

(@) In the experiment to determine the enthalpy change of combustion of CH;OH,
one student obtained the following results.

Measurement Value
Mass of copper can/g 300.00
Mass of copper can + water / g 700.00
Mass of burner + CH;OH (start) / g 151.65
Mass of burner + CH;OH (finish) / g 150.00
Temperature of water (start) / °C 215
Temperature of water (finish) / °C 335

Data

Specific heat capacity of copper =0.39J g™ °C"'
Specific heat capacity of water = 4.2 J g °C"’
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(i) Calculate the heat energy transferred. Use the expression

heat energy transferred / J = [(0.39 x mass of copper can) + (4.2 x mass of water)] x temperature rise

| _ @
-0 X 300 + H.axlboo X (33.5-a1¢)

\2
- UF 41680 -
e i
. 13aw X\
= \§eh 3§
(ii) Use your answer from (a)(i) to calculate the enthalpy change of combustion
of CH,0H.

Give your answer in kJ mol~' and include the appropriate sign.
- (3)
\$héey - \EBoo z "651 of CH 5 o

moleg = mass - \'G§
My 52

=  0.051562¢ welus oF
Chg o4

« \oo0
AR = -
K _
| g
' (@]
= -9156y 7'

0. .oS\S62e

= “HIR k:)'\moJ -

ResultsPlus

Examiner Comments

The top line of the working is algebraically incorrect but the candidate completes the
first part of the calculation correctly to score both marks.
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3 The apparatus below was used in a series of experiments by a group of students to

determine the enthalpy change of combustion of some alcohols.

thermometer

copper can clamp

t
draught shield water

burner

alcohol

(a) In the experiment to determine the enthalpy change of combustion of CH;OH,
one student obtained the following results.

Measurement Value
Mass of coppercan/g 300.00
Mass of copper can + water /g 700.00
Mass of burner + CH,OH (start) / g 151.65
Mass of burner + CH,OH (finish) / g 150.00
Temperature of water (start) / °C 215
Temperature of water (finish) / °C 335

Data

Specific heat capacity of copper =0.39J g™' °C"'
Specific heat capacity of water=4.2 J g™ °C"'
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(i) Calculate the heat energy transferred. Use the expression

heat energy transferred / J = [(0.39 x mass of copper can) + (4.2 x mass of water)] x temperature rise

(2)

neat ereffy 0452 Q.WYM)-{-G},;,{%-MJJJ x (3s-19s)

o
heat atery f’l’%w’-(ﬂ—’ * [{8 O)X "
~ ks 2 G ]

(iiy Use your answer from (a)(i) to calculate the enthalpy change of combustion
of CH;OH. [ 51_5 2

Give your answer in kJ mol-' and include the appropriate sign.

m (3)
215647 =22\

CHOH

?;Hlﬁﬂ ~%) QSl-éi-is‘o)-;;z:oxﬂsmo[

_1_7%3_3_ 2.2 £005 z42.67 k%lo{,
(st ¢

Examiner Comments

ﬂ ResultsPlus

Although this candidate understands the principle of the calculation in (a)(ii),
several errors are apparent: the rounded value for the heat transferred is a
factor of 10 too low; the amount of methanol has been rounded to 1 significant
figure; the final sign has been omitted.

Examiner Tip

Do not round intermediate numbers; only the final value should be rounded.
Retain and use the numbers in your calculator.

IAL Chemistry WCHO3 01 15



Question 3 (b) (iii)

Full marks were rarely awarded on this item. Even good candidates struggled to articulate
the core arguments while many committed elementary errors, notably that bond breaking
was exothermic and the trend depended on intermolecular forces.

(i) By considering the combustion equations for the alcohols, explain the trend
shown by the graph in terms of the bond changes,

The equation for the combustion of CH;OH is given below; you are not
expected to write any other equations.

(2)
|
H—(|:—0—H + 3/20=0 — 0=(=0+ 2H—0—H
H
_______________ AS nemer o F costan sdoms incranse / the eulhaley

chone of Combustion increuse . \oetavge.
brem&m%metmboﬁb@ndg ...... MU@._._._meé’aﬂ _______

__________ Mre. CNRraU S No:of (uroan edemg 1§
Feera ptommnw' ...... Lm’rhﬁnﬂhu.lp&ch&ﬂ%ﬁ _____ QF. .

C@ Hovl. AS oonds vofe Yo \oreaky

ResultsPlus

Examiner Comments

This candidate is actually working along the right lines but there is no mention
of bond formation or of the incremental increase in carbon chain length.
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(iii) By considering the combustion equations for the alcohols, explain the trend
shown by the graph in terms of the bond changes.

The equation for the combustion of CH;OH is given below; you are not
expected to write any other equations.

(2)
H

H,—(|:+ol—H + 350=0 —> 0—=C=0+ 2H—O—H
“H

Wil reference f thw  gpaph thom the ue: of croon dmu

Iherease h the aleoho), e cu']’[;q{f)-,g’pbgn OF Com s e ncveases,
v 7

o Qdoe e OGS becavse, khape there qre Wore adome o The

alohw) , move bacly aye \yetken dnd woe  pomds are .Pnrmgd,

Ny yeachin - douw Bl dhe ne ereas n e ne. of bonde

R”“”"J M*'Wd:]h'f‘ e inereasge in oo 1o, a.P boricls o cbew,
whon 4w oaloam chaim I-eﬁt:d"\ {nercages. Sov cach Hme a cartoom

ved)
alo s added bty aleotis], 4o difforence Letwem  encrsy ivom
M afen and the ij} absevbed lovan ’orcqbﬂ'la loonold.
ineveaser: Thys inoreases fo overal entialpty ofempe - compucon

—

ResultsPlus

Examiner Comments

A rare full marks. The explanation is rather wordy but the main points are clearly there

(iii) By considering the combustion equations for the alcohols, explain the trend
shown by the graph in terms of the bond changes.

The equation for the combustion of CH,OH is given below; you are not
expected to write any other equations.

(2)
H

H—C|—O—H + 350=0 —> 0=C=0 + 2H—O0—H

H

hﬁ the Nl he D‘( Caxbon aXoms

A Preree k@A~ | LY @Al
Yoe  asmpex oc oot alse. increase . Move  loandh
pett—¥r——me oot Ew T 2T broler.... %0 encray
JdJ
........... ‘a.\‘-‘m ov& ‘lﬂl“({OLLM .

ResultsPlus

Examiner Comments

Stating that bond breaking is exothermic was a surprisingly common error.
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Question 3 (b) (i) - (ii)

There were many technical errors in drawing this graph: failure to properly utilise the
available space; omission of the axis label, incorrect or omitted units; drawing a 'point to
point' line rather than a best fit line. In addition non-linear scales and bar charts were far
from unusual. Candidates should also ensure that their plotted points are marked by circles
or crosses.Most candidates gained the mark for (b)(ii).

(b) The mean values obtained by the students were collected in a table.

Alcohol | 7) Enthalpy change of combustion
/ kJ mol™!

CH,OH 450

CJHsOH 800

GH,0H No value obtained

CiH;OH 1600

CsHyOH 2000

() Label the axes below and plot a graph of (the magnitude of) the enthalpy
change of combustion (on the vertical axis) against the number of carbon
atoms in the alcohol (on the horizontal axis).

(2)
anMFg L4 L1 L] { I
R N
(o OUSkioN e
i .:.._.“::___1 B B 1L _: HHHA T —T ] ;.
I(ICD —_I __4;’_.. INNE E__ | ¥/ ,‘____L_ :_HT"I
HHHH : BREF dAHENRRGESHEAS mu N ERRE
e e
Vo024 }
I T
@0 - L . . --— |- - -+
bt al
bod +H - .
is%at 4 :
Woo SRRRSESAAE S '[ 2 i I
Avenpec ©F
(oo n
odo ons
VO Mae
alcoho |
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(i) Use your graph to estimate the enthalpy change of combustion of C;H,0H.
\

............... VA0 WY ™ol ™

us

Examiner Comments

This response has no value for 1200 kJ mol resulting in a non-linear scale.
Note also that the y axis label omits units.

Plotting a graph is a basic skill required for experimental work.

A correct graph has fully labelled axes (including units where appropriate)
and a sensible scale which allows easy plotting as well as filling as much
of the paper as possible.
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(b) The mean values obtained by the students were collected in a table.

Alcohol | ) Enthalpy jhén'?‘z I(',‘f combustion
CH,OH 450

C;H;0H 800

C4H,0H No value obtained
CiH,OH 1600

C:H,,OH 2000

(i) Label the axes below and plot a graph of (the magnitude of) the enthalpy
change of combustion (on the vertical axis) against the number of carbon

atoms in the alcohol (on the horizontal axis).

(2)

Hok,

260

-1

| 00

\xoov

b oo

Magnived
M

oo
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(i) Use your graph to estimate the enthalpy change of combustion of C;H,0H.

______________________________________________________________________ \ 200 WImal o

ResultsPlus

Examiner Comments

This graph does not use enough of the graph paper and omits the units on the y axis.
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Question 3 (c)

The most usual response to 3(c)(i) was obtained by calculating the value given in the table
as a percentage of the Data Booklet value (i.e. 100 x 800/1367.3). Many who used the
correct method rounded their answer to 42%, often explicitly via 41.49 and then 41.5.

There were some excellent answers to 3(c)(ii) but these were a definite minority. Some
candidates struggled to grasp the idea of 'evaluating validity' and defaulted to responses
based on the more familiar 'sources of error' type of question. The core of the question was
an understanding of the relative magnitude of the experimental errors and uncertainties and
relating these to the percentage error calculated in 3(c)(i).

(c) The students then compared their results to the values in the Data Booklet. They
found that the magnitudes were consistently much smaller; for example, the
Data Booklet value for C;HsOH is -1367.3 kJ mol-'.

The students suggested a number of possible explanations for the discrepancy:

I uncertainties in the measurement of mass and temperature

Il the values used for the specific heat capacities of copper (0.39J g*' K') and
water (4.2 J g' K') are rounded (from 0,385 and 4.18 J g K™")

lll  heat losses to the surroundings
IV incomplete combustion of the alcohols
(i) Calculate the percentage error in the students’ mean value for the enthalpy

change for combustion of C;H;OH compared with the Data Booklet value.
Give your answer to two significant figures.

WWW“
- 1367

P——

(v — 13613 = - 567 .3

—Set 3 e - vl-Yq-/

(2}
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(i) By considering your answer to (c)(i), evaluate the validity of each of the four
reasons that the students put forward to explain the discrepancies between
their values and those in the Data Booklet.
' (4)

VRCAWI of YLK WY TI( wwenld weve (anged  fhe e suis.

Ao W UMWY QoW poave. puw \Wiges by ShaidlUe, nor mwjmglwm
"

Suggestion IImV&\lmK—M\NU\U\M\Q{(WUU\\O WAL AL Ot
ASYAY W94 KA AL AIWAY . YOW - WAL g2 YR OW \ f
g Wk FIVARLG WwapArS Wiyt vied (phn Bas K dion e gy

YOMAGLA W WAWASS) |
Suggestion IIi VOO BRAY (el fo W S\f\\‘VWV\O'H’V‘SSW.\\\ VA VU

YA ANMWYY  Oanse o (emyw Dy Ry, fxohavin e, Dtk

Bkl WM YWy ek Wo e IWar (W) INvolved

Suggestion IV VAN W WYW cgvmywg e 1) W) Gy mie

ﬁ ResultsPlus

Examiner Comments

The error calculation is fully correct but the final answer has been
given to two decimal places rather than two significant figures.

The suggestion I mark was awarded for the final sentence.

The suggestion II mark and a mark for realising that suggestions
III and IV would produce a value that was less exothermic than
the Data Booklet value were awarded.

OO ResultsPlus

Examiner Tip

In dealing with thermodynamic quantities, like enthalpy and entropy, use
phrases like 'greater in magnitude' and 'more exothermic' rather than 'larger'.
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(c) The students then compared their resuits to the values in the Data Booklet. They
found that the magnitudes were consistently much smaller; for example, the
Data Booklet value for C,H;OH is -1367.3 kJ mol-'.

The students suggested a number of possible explanations for the discrepancy:

| uncertainties in the measurement of mass and temperature

Il the values used for the specific heat capacities of copper (0.39 J g~' K-') and
water (4.2 ) g7 K') are rounded (from 0.385 and 4.18 J g' K')

Il heat losses to the surroundings

IV incomplete combustion of the alcohols

(i) Calculate the percentage error in the students’ mean value for the enthalpy
change for combustion of C,H;OH compared with the Data Booklet value.
Give your answer to two significant figures.
(2)

— OO o
.._’3673 S (o :4!' é’»
(367.3
(i) By considering your answer to (c)(i), evaluate the validity of each of the four

reasons that the students put forward to explain the discrepancies between
their values and those in the Data Booklet.

(4)

Suggestion | (P Wl N A—cd t‘r-c«,s

Suggestion IV T—L‘S Z ﬂt— »-c.q-:/?' /é‘é c%# /‘o_ [M

F"C-fm./!LS }A-/‘ ﬂ e/ e \D“ L AL / "
QY-'_&JM £ W/ﬁ/fu lg-w// ........ fc—fawr/ém.:. 5/‘

ResultsPlus

Examiner Comments

A good answer for 3(c)(ii) which was awarded marking points 1, 2 and 3.
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Paper Summary

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

e Read the questions carefully

e Check that your answers match the requirements of the questions

e Practise retaining intermediate values in your calculator when carrying out calculations.

e Try to ensure that you understand the meaning of the terms error and uncertainty.
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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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