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Introduction

This is the first examination in the Pearson Edexcel Level 3 Advanced Subsidiary GCE in
Chemistry (8CHO) qualification. This is an AS qualification and the marks awarded do not
contribute to the Advanced GCE in Chemistry (9CHO) qualification. The marks for paper
8CHO0O/01 and paper 8CHO0/02 will be added together to give a total mark on which the grade
is awarded.

The paper is 1 hour 30 minutes with 80 marks. The paper consists of a mixture of multiple-
choice, short open, open-response, calculations and extended writing questions. There

has to be a minimum of 20% of the marks for mathematics at Level 2 or above and

some questions have to assess conceptual and theoretical understanding of experimental
methods.

The main differences between this paper and those from the previous specification are:
o fewer multiple-choice questions
e more calculations and the calculations do not have any scaffolding

e more questions based on practical techniques as these are now not assessed as part of
practical coursework

e a6 mark extended writing question.

The overall impression of the examiners was that many candidates coped very well with this
first examination and gave excellent answers. However, there were a significant number
who did not seem prepared for this new style of paper and they did not perform well on the
calculations and/or the questions based on practical work.

More able candidates:
e used correct scientific terminology in their answers

e used a wide-range of practical techniques when carrying out experiments or
investigations and could describe these accurately

e could carry out unstructured calculations.
Some answers were of a lower standard. Less able candidates:

e did not read the questions carefully and gave answers that were related to the topic
being tested, but did not answer the question

e did not use correct scientific terminology, for example, they interchanged atoms,
molecules, ions, radicals, elements and compounds without understanding what the
correct word should be

e could not carry out unstructured calculations
e were careless in the way they drew structures of organic molecules

e were unfamiliar with some pieces of apparatus used in a chemistry laboratory, such as a
separating funnel or a volumetric flask.

In future, candidates need more practice in answering these new styles of questions,
particularly those based on calculations and practicals.
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Question 1 (c)

Many candidates found this a challenging item to answer. Although the majority of
candidates could draw the skeletal formula for heptane, they found drawing a heptagon
for cycloheptane more difficult. However, examiners allowed any cyclic shape with 7 sides.
Many candidates did not complete the balanced equation by adding H,. A few candidates
incorrectly showed a double bond in the cyclic product.

(c) Write the equation for reforming heptane into cycloheptane, showing the skeletal

formulae of the organic molecules.
(2)

+lus
Examiner Comments
This candidate has not scored any

marks as they have shown hexane
and cyclohexane in their equation.

Examiner Tip

Use the correct reactants and products
in any balanced equation.

(c) Write the equation for reforming heptane into cycloheptane, showing the skeletal

formulae of the organic molecules.
(2)

PA
ﬁ Resultslus

Examiner Comments

Examiner Tip

=This candidate has the correct skeletal formula
for heptane but has drawn methyl cyclohexane
instead of cycloheptane. However, the candidate
scores 1 mark for balancing the equation with H..

Read the question carefully and
use the correct reactants and
products in all equations.
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(c) Write the equation for reforming heptane into cycloheptane, showing the skeletal

formulae of the organic molecules.

/\/\/\—-——>

(3 H'IE

(2)

+H1

=)
Results¥lus
Examiner Comments
This candidate has drawn the correct

skeletal formulae and balanced the
equation so scores 2 marks.

Examiner Tip

Remember that all equations must be
balanced. You may not be given all of the
products in the question so you need to
work out any that are missing.

GCE Chemistry 8CHO 02
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Question 1 (d)(ii)
The majority of candidates could write the two propagation steps for the formation of

chloroethane. Common errors included omitting the dots to show the radicals and writing
termination steps instead of propagation steps.

(i) Write the propagation steps to show the formation of C,HCl.
(2)
GHe + ey = CHeCl + HcCL®

-7 C'}_Hs C»L + Hz_

A
Q ResultsPlus
Examiner Comments Examiner Tip

These equations are incorrect and score Remember that a radical is a highly
0 marks. HCI does not exist as a radical reactive species with an unpaired
and H, is not formed as a product in electron.

this reaction.

Learn the propagation steps for the
chlorination of methane so that you can
apply this to similar reactions.

(i) Write the propagation steps to show the formation of C;H.Cl.

(2)

C‘L‘\‘\S*.a, C‘a -— P CIHSC‘

ﬁ ResultsPlus

Examiner Comments

ResultsPlus

Examiner Tip

The first equation is a correct propagation
step but the second equation is a
termination step, which is not required
here. This answer scores 1 mark.

Remember that in a propagation step
there is no loss of radicals so there
should be one radical as a reactant
and another radical as a product.
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(ii) Write the propagation steps to show the formation of C;H,CL

CLe ¢ C-;_“@ -» C)_Hs' + RCL

(2)

GRg  + U, —» CLH. A + e

ResultsPlus
Examiner Comments

This candidate has given two correct equations
for the propagation steps and scores 2 marks.

2//\
Q Examiner Tip

Remember to include the dots to show
the free radicals.

It doesn't matter which order you write
the propagation steps as they are both
taking place at the same time.

GCE Chemistry 8CHO 02 7



Question 1 (d)(iii)

The majority of candidates realised that two ethyl radicals react together to form butane.
Common incorrect answers included: the use of ethyl molecules, ethane radicals and the
production of hydrogen radicals. Candidates should use the correct terminology for different
types of particles. Some candidates attempted to show the mechanism of the reaction using
half arrows but that is not needed in this specification. Some candidates did not read the
question and they gave one propagation step and one termination step.

(iii) State how some butane, C,H,,, is formed in the reaction.

otaken two | CosCL

(o

A
Q ResultsPlus

J Examiner Tip
Examiner Comments

This answer is incorrect and does not Learr_\ th? termination steps for the
score a mark. C.H.Cl are molecules chlorination of methane so that you
not radicals 25 can apply them to similar reactions.

(iii) State how some butane, C,H,,, is formed in the reaction.

(1)
........ e . CHe vaclicals neact 4o Lo
................. e C u H “j

Results¥lus
Examiner Comments
This is a correct answer, scoring 1 mark.

Q Examiner Tip

This candidate has correctly referred to the particles
as radicals. Always remember to use the correct
terminology for types of particles. The use of atoms,
ions or molecules here would have negated the mark.
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Question 2 (c)(i)

The majority of candidates worked out that the yield of ethanol decreases as the
temperature increases. Some candidates just stated that the equilibrium position shifts
to the left without stating the effect on the yield so they did not score the mark. A few
candidates contradicted themselves and stated that the yield of ethanol decreases as the
equilibrium position shifts to the right so they did not score a mark.

(c) Ethene reacts with steam to form ethanol in a reversible reaction.
C,Hi(g) + H,0(g) = C,H:OH(g) AH =-45 kJ mol'

At 300°C and a pressure of 65 atm, the equilibrium yield of ethanol is 5%.

(i) State the effect, if any, on the yield of ethanol when the temperature is
increased.

ﬁ ResultsP

Examiner Comments

This candidate has written two contradictory
statements. The equilibrium position does
shift to the left but the yield of ethanol
decreases. This response scores 0.

A

Examiner Tip

Check that you do not write
contradictory statements otherwise
you will lose the marks.

GCE Chemistry 8CHO 02
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(c) Ethene reacts with steam to form ethanol in a reversible reaction.
CHa(g) + H,0(g) = C,H;OH(g) AH =-45 kJ mol’
At 300°C and a pressure of 65 atm, the equilibrium yield of ethanol is 5%.

(i) State the effect, if any, on the yield of ethanol when the temperature is
increased.

_________ The lalt.lol_ﬁ'[f_ﬂ\ﬂ’\hl olsshlase  whe o the
.............. 'l'z.w\pe,m‘l'urﬂ.

ResultsPlus

Examiner Comments

This is an example of a correct answer.

OO ResultsPlus

Examiner Tip

The question just uses the command word 'State’ so
no explanation is necessary. Some candidates lost the
mark by including a contradictory explanation.
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Question 2 (c)(ii)

Surprisingly, slightly fewer candidates gave the correct answer to this question than
2(c)(i). Possibly some candidates did not read the question carefully and they assumed that
it referred to an increase in pressure. There were fewer contradictory statements here.

(ii) State the effect, if any, on the yield of ethanol when the pressure is decreased.
(1)

ﬁ ResultsPlus

Examiner Comments

This answer is incorrect and scores 0. There are

fewer moles on the right side of the equilibrium but a
decrease in pressure causes the equilibrium position to
move to the side with the greater number of moles.

A
Q ResultsPlus
Examiner Tip

Read the question carefully. This is the correct
answer to the effect on the yield of ethanol
caused by an increase in pressure. Important
words are shown in bold in the question.

GCE Chemistry 8CHO 02
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Question 3 (a)(i)

Many candidates found it difficult to write the ionic equation for the hydrolysis of
2-bromobutane and they would benefit from more practice at this skill.

3 This question is about halogenoalkanes and kinetics. LA -
L =8

(a) Some halogenoalkanes are hydrolysed by aqueous potassium hydroxicie. =

(i) Write the ionic equation for the hydrolysis of 2-bromobutane showing the
structural formulae for the organic molecules.

CiHgRr + ot —> Calqon Kgr

(1)

5 orrockal fomidan s CU(H, CH QB Xk

<d\ ResultsP

Examiner Comments

This candidate has written an equation

using the molecular formulae for the organic
reactant and product. They have then tried to
draw the structural formula for the reactant
but have shown an incorrect structure of
1-bromobutane instead of 2-bromobutane so
scored 0. They have also left in the potassium.

A

Examiner Tip

Check that you are starting with the
correct reactant stated in the question.
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3 This question is about halogenoalkanes and kinetics.
(a) Some halogenoalkanes are hydrolysed by aqueous potassium hydroxide.

(i) Write the ionic equation for the hydrolysis of 2-bromobutane showing the
structural formulae for the organic molecules.
(1)

cHs CHBr CcHy e,  + op” ——> (H;CHOHCRch,
+ B

ResultsPlus

Examiner Comments

This candidate has written a correct ionic equation.

Examiner Tip

If you find ionic equations difficult, start by
writing the full equation and then re-write
it omitting the potassium ions.

GCE Chemistry 8CHO 02 13
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Question 3 (a)(ii)

There was a fairly even spread of marks from 0 to 6 for this item. Those candidates who
had carried out a similar Core Practical and revised it carefully scored high marks. Some
candidates seemed to be unfamiliar with this experiment and many different reagents

were suggested, such as the addition of acidified potassium dichromate(VI) or carrying out
a titration with sodium hydroxide. Many candidates omitted to use ethanol as a solvent

and some did not mention any controls to make it a fair test. A common error was to add
potassium hydroxide as well as silver nitrate solution and candidates did not realise that the
water in the silver nitrate solution would hydrolyse the halogenoalkanes and that potassium
hydroxide would also react with silver nitrate to form a precipitate. Some candidates did not
explain the trend in the rates of reaction clearly enough. Some just discussed the carbon-
iodine bond and did not compare it with the carbon-chlorine bond. A few candidates just
wrote about bond length and polarity and did not mention the strengths of the bonds.

*(ii) Devise an experiment to compare the rates-of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.
-—-.__--—-"'-_-_h -—

State the trend in the rates of reaction. Justify your answer.

N\ ) canx \odivie Nas a e
______ oo ra&@maa.m@\mssf move. Qidldine
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ﬁ ResultsPlus Q ResultsPlus

Examiner Comments Examiner Tip

This candidate scores 1 mark for the Read the question carefully.
trend in the rates of reaction. The
explanation is incorrect as there is
a covalent bond between iodine and
carbon, not London forces.

The first part of the question asks for
an experiment to compare the rates of
hydrolysis of the halogenoalkanes and
there is no experimental detail included
in this answer.

This question is based on one of the
Core Practicals in the specification so
you should be familiar with it.

*(ii) Devise an experiment to compare the rates of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.

State the trend in the rates of reaction. Justify your answer.

GCE Chemistry 8CHO 02



Examiner Comments O R&SUltSp'US

& : 3
%

ResultsPlus ()
Examiner Tip
This response scores 2 marks for the ] )
trend in the rates of reaction and the Revise the Core Practicals so you
are familiar with the experimental

techniques in them.

explanation. There is limited experimental
detail as the addition of potassium
hydroxide is incorrect and there is no
mention of adding silver nitrate solution.

*(ii) Devise an experiment to compare the rates of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.

State the trend in the rates of reaction. Justify your answer.
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ﬁ ResultsPlus

Examiner Comments

This is quite a good answer that is awarded 4 marks. The candidate has some of the
experimental detail correct - use of ethanol, silver nitrate and time for a precipitate
to form. However, they have added potassium hydroxide solution, which is incorrect,
and there is no indication of trying to make this a fair test. The explanation is good.

There are 5 indicative marking points which gives 3 marks. Only 1 mark was added
for structure of answer and sustained lines of reasoning due to the error in adding
the potassium hydroxide.

A total of 4 marks is awarded.

A
Y ResultsPlus

Examiner Tip

Potassium hydroxide would react with silver nitrate to form
a precipitate so it would not be possible to find the time
taken to form precipitates of the silver halides. The water in
the silver nitrate solution hydrolyses the halogenoalkanes.

GCE Chemistry 8CHO 02 17



*(ii) Devise an experiment to compare the rates of hydrolysis of 2-chlorobutane,
2-bromobutane and 2-iodobutane.

State the trend in the rates of reaction. Justify your answer.
(6)

jo kb, adt ot pae 5 kit b in o ek bom, ow Geve

______ Plat_an egual amort = @b o fe oo 3bin®) i etAS? deprele

% ResultsPlus >

Examiner Comments O .

Examiner Tip

=This is an excellent answer that includes all the
essential practical information to carry out this
experiment. The trend in the rates of reaction

is clearly stated as is the reason for this trend.
This answer scores 4 marks for the indicative
marking points and 2 marks for the structure of
the answer and sustained lines of reasoning.

Try to write detailed answers to the
6 mark questions.

18 GCE Chemistry 8CHO 02



Question 3 (b)

The majority of candidates added an acceptable curve to the graph in (i) to show the
Maxwell-Boltzmann distribution at a higher temperature. Some candidates lost the mark as
the peak of their curve was too high or the end of the curve crossed the x axis or curled up
at the end. Lines should be drawn approaching the x axis but not meeting it or levelling out
far above it. Candidates should draw their curves as accurately as possible to avoid these
careless errors.

Many candidates gave a clear explanation about the increase in rate or reaction when the
temperature increases although they did not all include all three points from the mark
scheme. Although the question asked candidates to use the graph, very few of them showed
the activation energy on it. This was not essential to score the mark but may have helped
some candidates who found it difficult to express their ideas clearly in words.

(b) The graph shows the Maxwell-Boltzmann distribution of molecular energies of a
gaseous system.

fraction of
molecules
with energy, E

\

—

energy

(i) On the graph, draw the Maxwell-Boltzmann distribution for the same system
at a higher temperature,

(i) Use the graph to explain why a small increase in temperature results in a large

increase in the rate of a gaseous reaction.
3)

.............. PO e K\mht_au\,grhx\ O B0 AR MAOVR

_______ gc\s\'?f BTN\ PEY AV fesul *-“'.s e mole ‘Frml’uﬁu.{;
........... Collisions.. Do MO CR . COAUSIONS. . Mok Flage..

GCE Chemistry 8CHO 02

19



20

ﬁ ResultsPlus

A
Examiner Comments O _
This candidate is not awarded the mark for (i). The Q ReSUKSWUS

peak of the curve that the candidate has drawn Examiner Tip
has moved to the right, but it should be at a lower

height than the original curve. Revise the reasons why the rate
i, . of a reaction changes when the
In (ii) the candidate was awarded a mark for the temperature changes.

idea of particles gaining kinetic energy. There is no

mention of activation energy or successful collisions
so the other marks could not be awarded.

(b) The graph shows the Maxwell-Boltzmann distribution of molecular energies of a
gaseous system.

fraction of
molecules
with energy, E

energy

(i} On the graph, draw the Maxwell-Boltzmann distribution for the same system

at a higher temperature.
(1)

(i) Use the graph to explain why a small increase in temperature results in a large
increase in the rate of a gaseous reaction.

(3)

GCE Chemistry 8CHO 02



ResultsPlus

Examiner Comments

This candidate scores 1 mark for (i) and 2 marks for
(ii). They omit the fact that at a higher temperature
the molecules will have more kinetic energy.

A

Examiner Tip

Include as much detail as possible for
questions that require an explanation.
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Question 4 (a)

The majority of candidates scored 2 marks for this question. Some candidates did not
convert the 55.2 kg into g before calculating the number of moles of ethanol while others
divided it by 1000 instead of multiplying it by 1000. A small number of candidates worked
out an incorrect molar mass for ethanol, even though the formula was given.

4 Ethanol, C;H;OH, is a member of the homologous series of alcohols.
(a) Calculate the number of molecules in 55.2kg of ethanol.

[Avogadro Constant = 6.02 x 10 mol-']
(2)

2
GEOQXJ‘O”?‘&‘? > §Yigxm

§oawe® x§S 2y = 2. M1 x0T

ﬁ ResultsPlus

Examiner Comments

This candidate has multiplied the Avogadro Constant by 9

as there are 9 atoms in a molecule of ethanol and then they
have multiplied this by the mass in kg. Both of these steps are
incorrect so this answer scores 0.

A
Q ResultsF
Examiner Tip

Convert masses into moles by dividing the mass in
grams by the molar mass of the substance. If you are
given a mass in any other unit, convert it to grams first.

us
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4 Ethanol, C;H;OH, is a member of the homologous series of alcohols.

(a) Calculate the number of molecules in 55.2kg of ethanol.

[Avogadro Constant = 6.02 x 10** mol™']

N0 & MOETILLR s moley x bOlx

(2)

142 xbO2x 1023 = P:224yiDt?

MoleA Oy CaHeOH= me: ub 9552

——

A

ub
ﬁ ResultsPlus

Examiner Comments

This candidate did not convert 55.2 kg
into moles before calculating the number
of moles of ethanol. However, they
scored 1 mark for correctly multiplying
the number of moles they calculated by
the Avogadro Constant.

2/ ResultsPlus

Examiner Tip

Always show your working for all
calculations as you may be able to
receive some credit for correct working
even if the final answer is incorrect.

Remember to convert a mass in kg into g
before dividing by the molar mass to find
the number of moles.

GCE Chemistry 8CHO 02
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4 Ethanol, C;H;OH, is a member of the homologous series of alcohols.
(a) Calculate the number of molecules in 55.2kg of ethanol.
[Avogadro Constant = 6.02 x 10* mol™']
55.2%1000 = 552009

55200 : 55200 - 1200 Mmoles of ethana |
k¥ 6+ 10 “e

(2)

alftiClLEeS
Imol = 6.02x 10 Molecuss

LOOMOl = 7 .72Yx 102@ posticled

Where a2 3 atoms ¢n ethanol

392U %1049 = g.03 x1*° (2.40)
mMmoletuil s

Examiner Comments

This candidate calculated the correct answer but
then continued to divide it by 9 as there are 9 atoms
in ethanol. This is incorrect so only 1 mark could

be awarded. The question asked for the number of
molecules of ethanol not atoms. If the humber of
atoms had been required, the candidate would need
to multiply the answer by 9.

OO ResultsPlus

Examiner Tip

Make sure you understand the difference
between atoms and molecules.
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Question 4 (b)

It was surprising that only about one third of candidates scored both marks for writing

the balanced equation for the standard enthalpy change of formation of ethanol. Some
candidates didn't understand what is meant by the standard enthalpy change of formation
so they wrote other equations involving ethanol, such as the hydration of ethene or
combustion of ethanol. Those that did realise that they need to start with the elements
gave incorrect formulae, for example 6H instead of 3H,, doubled the balancing numbers to
produce 2 moles of ethanol instead of one mole or gave an incorrect state symbol. (aq) was
a common incorrect state symbol for ethanol. A minority of candidates attempted to draw a
Hess cycle.

(b) Write the equation to represent the standard enthalpy change of formation of
ethanol. Include state symbols.

C Ky + O CHsOW gy
(s-gepmfiey ¥ T2 (a) L (a)

A
ﬁ ResultsPlus Q ResultsPlus

Examiner Tip
Examiner Comments

This equation has all the correct All'equations must be balanced.

species but it is not balanced. The Make sure you understand the
state symbol for ethanol is incorrect meaning of the four different state
so no marks are awarded. symbols (s), (g), (1) and (aq).

GCE Chemistry 8CHO 02
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( rite the equation to represent the standard enthalpy change of formation of
ethanol. Include state symbols.

(2)

This candidate has all of the correct species in the equation

but the equation is not balanced, probably because they have
forgotten to include the two H from the OH groups. Even if the
equation had been correctly balanced with 6H,, it would still not
score a mark as 2 moles of ethanol are formed. However, the
state symbols are correct, so 1 mark is awarded.

A
Q ResultsPlus

Examiner Tip

Make sure that you understand the meaning of
standard enthalpy change of formation and can
apply it when writing equations. It must involve
the formation of 1 mole of a compound.

GCE Chemistry 8CHO 02



Question 4 (c)(iii)

This question was very poorly answered by the majority of candidates. It asked for the

main reason for the difference between the enthalpy change of combustion of ethanol
calculated from mean bond enthalpies and the value in a data book. Many candidates wrote
irrelevant information about heat loss to the surroundings, incomplete combustion etc. Most
candidates just stated it was due to using mean bond enthalpies instead of values specific to

ethanol. This will cause some difference between the values but it is not the main difference.

A small minority thought about the calculation they had done and realised that mean bond
enthalpies relate to gases but ethanol and water will be in the liquid state for the standard
enthalpy change of combustion in the data booklet.

(iii) A data book value for the standard enthalpy change of combustion of ethanol
is =1367.3 ki mol™'.

Give the main reason why the value you calculated in (b)(i) is different from
this data book value.

ﬁ ResultsP

Examiner Comments

This is an example of many answers seen where
the use of mean bond enthalpy data is mentioned.
However, this cannot score a mark as it is not the
main reason for the difference between the values.

A
Q ResultsPlus
Examiner Tip

Think carefully about any answers where
you are asked to give a difference between
experimental and calculated values.

GCE Chemistry 8CHO 02
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(iii) A data book value for the standard enthalpy change of combustion of ethanol
is =1367.3 kJ mol'".

Give the main reason why the value you calculated in (b)(i) is different from
this data book value.

(M

proaued. 10yl 110000015, 0L k...
0.Qo.:. A € nurgy.in veguuined. . Chonge. Hb. SHS. oy UICHRY. 100/ n, 0. g6

ﬁ ResultsPlus

Examiner Comments

This is an example of an excellent answer where the candidate
has thought carefully about the question and gives the main
reason for the difference between the values. They could also
have mentioned the difference in state for ethanol but only
water or ethanol was required for the mark.

Examiner Tip

Remember that mean bond enthalpy
data relates to gases.

GCE Chemistry 8CHO 02



Question 4 (c)(i-ii)

Many candidates were able to calculate the enthalpy change for the complete combustion of
ethanol using the mean bond enthalpy data given in (i). Some candidates missed out bonds
and others used incorrect values. Candidates would find it helpful to rewrite the equation
using displayed formulae first so they can see how many bonds of each type are broken and
formed. A few candidates thought that energy is needed to make bonds and released when
bonds are broken.

Although many candidates drew clearly labelled, correct reaction profile diagrams, many
omitted labels for the arrows, drew arrows pointing in the wrong directions or omitted the
activation energy curve. Some candidates who calculated a correct exothermic enthalpy
change in (i) drew a reaction profile diagram for an endothermic reaction, showing that they
did not understand the meaning of the negative sign.

- C-C-0-t
(c) Ethanol burnscompletelyir@sm f'-‘ C-o H,"\

C,HsOH(l) + 30,(g) — 2CO.(g) + 3H,0(l)

(i) The table shows some mean bond enthalpy data.

c—C C—H c—0 O—H 0=0 =0

347 413 358 464 498 805

Calculate the enthalpy change, in kJ mol*', for the complete combustion of
1 mol of ethan

(3)

D~ A4+ + 5('-HZ> F 3S% 4+ 4bY% ) we + 3('—#"1‘&9

- 3% 4 4%
= 432%

AR = 4LS —@ A goF) + Z(M%‘*))
-y - W%

= - 334 «J ma”
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(i) Complete the reaction profile diagram for the combustion of ethanol and fully

label the diagram.

enthalpy

(2)

C,H;OH(l) + 30,(g)

D"Hl 200¢a) + IH, o)

W

reaction pathway

ﬁ ResultsP

us

Examiner Comments

This candidate has calculated the energy needed to break bonds
but the energy released in forming bonds is incorrect as they do
not realise that there are 2 C=0 bonds in each carbon dioxide
molecule so should have multiplied 805 by 4 instead of 2. They
have shown a subtraction of 4728 - 4394, which is correct, but
the answer to that should be +334 not -334. Only 1 mark is
awarded for (i).

(ii) This is a good example of a reaction profile diagram based
on the exothermic value the candidate thinks they have
calculated and is awarded 2 marks.

A
/ ResultsPlus

Examiner Tip

Draw the equation again using displayed formulae as
this will help you to see which bonds are present in the
reactants and products.

Check your numerical answers carefully and make sure
you include the correct sign for any thermochemical
calculations.
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(c) Ethanol burns completely in excess oxygen.

CHOH(l) + 30,(g) — 2C0O,(g) + 3H,0()

(i) The table shows some mean bond enthalpy data.

—C C—H c—0 O—H 0=0 =0
347 413 358 464 498 805
Calculate the enthalpy change, in k) mol-', for the complete combustion of
1 mol of ethanol.
(3)

((5:\1»!3)* 24 + BB f-tGC-&}i-('s = 4948Y))

™ ((vx505) , (3, “64))

(wGEi + 3 heg +

- ( 3220 + l%f-??_)

J—

l4Gq ¢ )

4728
- 4l 2

AH'—'- ”G umgl-l
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(i) Complete the reaction profile diagram for the combustion of ethanol and fully
label the diagram.

(2)
A

2C0scqy + BYLOCW)

enthalpy WGERLA A
C,HsOH(l) + 30.(g)

v

reaction pathway

ﬁ ResultsPlus

Examiner Comments

This candidate has calculated the energy needed to break bonds
but the energy released in forming bonds is incorrect. However,
the difference between the values is correct so 2 marks are
awarded for (i).

This candidate has drawn an enthalpy level diagram instead of
a reaction profile diagram for an endothermic reaction and it is
labelled so 1 mark is awarded in (ii).

A
Q ResultsPlus
Examiner Tip

Show your working to calculations clearly so that you
can receive some credit, even if your final answer is
incorrect.

Remember to show activation energy on a reaction
profile diagram but not on an enthalpy level diagram.
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Question 5 (a)

Many candidates drew clear diagrams of the separating funnel and showed the labelled
layers in the correct order. Some diagrams were of a poor quality and looked as if the
candidates had not seen this piece of apparatus before. Many diagrams had the tap missing
or placed it half-way up the sides of the funnel. A few candidates drew a separating funnel
that looked like a burette and this did not receive any credit. Candidates should practise
drawing pieces of laboratory equipment.

(a) Draw a diagram of a separating funnel, labelling the aqueous layer and the layer
of 2-chloro-2-methylpropane that would be observed at the end of Step 2.
(2)

Aquecus 'laukn.f
1 Jdere- 2- W\nﬂ\a‘n?mﬁ'm

ResultsPlus

Examiner Comments

This candidate has not attempted to draw a funnel and the
layers are the wrong way around so this response scores 0.

Q ResultsPlus

Examiner Tip

You should know that the density of wateris 1 g
cm3 and you are given the density of 2-chloro-
2-methylpropane as 0.84 g cm= so you should
be able to work out that the liquid with the lower
density will be on the top.

GCE Chemistry 8CHO 02
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(a) Draw a diagram of a separating funnel, labelling the aqueous layer and the layer
of 2-chloro-2-methylpropane that would be observed at the end of Step 2.

I (2)
) - &5\0.-391

\U\Q OQ\Q‘G
9 L‘:;Qmw \ |

& Troa

A
US 2@ ResultsPlus

Examiner Comments Examiner Tip
This diagram shows a filter funnel as it is Mfal;e sure thatfyou know the names
wider at the top than the bottom and there of the pieces of apparatus used in a
is no tap. However, the layers are in the chemistry laboratory and why they are
correct order so this answer scores 1 mark. used. A filter funnel would not be able to

separate two liquids.

(a) Draw a diagram of a separating funnel, labelling the aqueous layer and the layer
of 2-chloro-2-methylpropane that would be observed at the end of Step 2.
(2)

This was the minimum quality of diagram to Examiner Tip
score a mark. The funnel has got a tap at the

Plus ) ,-
Examiner Comments @ ReSUBp'US

bottom and it does not get wider at the top. Look carefully at the apparatus
However, a better quality of diagram would show you use in experiments and
the funnel narrowing at the top so that a stopper make sure that you can draw it
can be inserted. The layers are in the correct accurately.

order so this response scores 2 marks.
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Question 5 (b)

Candidates who had used a separating funnel and used sodium hydrogen carbonate solution
to remove any unreacted acid from a mixture were at an advantage when answering this
question. A significant number of candidates did not realise that carbon dioxide is produced
and the tap must be opened to relieve the build-up of pressure. A few candidates thought
that hydrogen would be produced and they were not awarded the mark. Candidates who
were not familiar with this technique just thought that sodium hydrogen carbonate removes
impurities and the tap is opened to remove the aqueous layer. Candidates would benefit
from using pieces of apparatus, such as separating funnels, so that they understand how
they work and why they are used.

(b) Give the reason why sodium hydrogencarbonate solution is added to the organic
layer in Step 4 and why it is important to open the tap after adding this solution.

Examiner Comments

This candidate has not understood
the reason for adding sodium
hydrogen carbonate so scores 0.

A

Examiner Tip

Sodium hydrogen carbonate solution
is alkaline, like sodium carbonate
solution, so it reacts with acids.

GCE Chemistry 8CHO 02
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(b) Give the reason why sodium hydrogencarbonate solution is added to the organic
layer in Step 4 and why it is important to open the tap after adding this solution.

- / .ﬁ..e ........... S’ao//:im AC/ cacaréumﬁ ______ < dﬁé{éﬂ frma;/fs ﬂLCJcQa’,
ach waoler. se (u.él& A /Dunﬂi’ ...... A ...... ﬂg .....................................

r MiC.‘_ ..... r../ke
né: ______ epew... a.':’fgx ______ aau yfug ___________ e NaHs ‘E ol.ec:qu.f e e,
%a,eaup ..... /gyerf%/m T

ﬁ ResultsPlus @

Examiner Comments o Resultsp‘lus

Examiner Tip

This answer scores 1 mark. The
candidate has given a reason why the
sodium hydrogen carbonate solution
is added but does not realise that this
reaction produces a gas.

Revise the steps involved in
purifying an organic liquid.

(b) Give the reason why sodium hydrogencarbonate solution is added to the organic
layer in Step 4 and why it is important to open the tap after adding this solution.

_____ \‘H..Ir*a.pmust 2.5 F-zr\-ld\"ur-z.,l_.\m e prt) dnt. cowsed. 'p«j
e SO0 Q.Mckuhn% ________ as.. e N o H(Q, ana b LEL reack.

ﬁ ResultsPlus /0\

Examiner Comments

This is an excellent answer, scoring 2
marks. This candidate has clearly explained
why the sodium hydrogen carbonate
solution is used and why the tap is opened

Examiner Tip

Try to give clear answers as in
this example.
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Question 5 (d)(i)

This question discriminated well between candidates. Although there were candidates who
noticed all three errors in the apparatus and clearly explained how to modify the apparatus,
there were many others who only noticed one or two of these errors and a significant
minority who did not notice any. Common incorrect answers included: it would be safer to
heat the organic mixture with a Bunsen burner instead of an electric heater, concern over
the water in the condenser and the electricity supply and the realisation that the apparatus
is sealed and needs an opening somewhere, but suggesting removing the stopper that holds
the thermometer. Some candidates gave naive suggestions such as wear safety glasses and
make sure that the water goes into a sink.

(d) A student set up this apparatus for distillation in Step 7 as shown.

anti-bumping
granules

electric
heater

(i) Describe three ways in which this apparatus must be modified for safe and

efficient use. Assume the apparatus is suitably clamped.
(3)

Moaktr st be gumpect v ok e bottonm, oo, b Peeg

A
ﬁ ResultsP -

Examiner Comments

Examiner Tip

When an answer asks for three

This answer is just sufficient for modifications you need to write about
1 mark as the candidate has the three changes to achieve 3 marks.
correct idea of water entering the

bottom of the condenser. Revise how to set up the apparatus

for distillation.

GCE Chemistry 8CHO 02

37



(d) A student set up this apparatus for distillation in Step 7 as shown.

anti-bumping
granules

(i) Describe three ways in which this apparatus must be modified for safe and
efficient use. Assume the apparatus is suitably clamped.

ﬁ ResultsPlus

Examiner Cofnments /O\
This response scores 2 marks. The ideas Q Results

us
about the water in the condenser and the Examiner Tip
thermometer are correct. The candidate
has realised that there is a problem with The opening should be between the
pressure build-up as the apparatus is sealed condenser and the conical flask. A vent
is correct but just stating 'the top of the could be inserted or just leave a gap
apparatus should have an opening' is not between them as the organic product will
sufficient. This implies removing the stopper now be a liquid and will drip into the flask.

that holds the thermometer and that would
allow the organic product to escape.
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(d) A student set up this apparatus for distillation in Step 7 as shown.

i water
in

water

anti-bumping out

granules

electric
heater

(i) Describe three ways in which this apparatus must be modified for safe and
efficient use. Assume the apparatus is suitably clamped.

WAOT 08, A hole, AAlpove, Ane.. .
me.co&fl.z ...... ALK to ekse.. goned

thes lowuld p g PrEd ___,,...'fﬁfiiﬁﬁff,.iﬁiﬁii""j"fﬁ:,fffffffﬁf

(3)

0k S rciant (ool he 1y
Sy \ves oud c@;.—.. ..... me, qu wal £so
CA

ResultsPlus Q ResultsP

Examiner Comments Examiner Tip

This is a good answer that scores 3 marks. Imagine yourself carrying out this
The errors have been noticed and appropriate experiment and how you should set up
modifications have been suggested. the apparatus.
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Question 5 (d)(ii)

It was disappointing that a very small number of candidates could suggest a suitable
temperature range for collecting the 2-chloro-2-methylpropane. They were given the boiling
temperature and just expected to suggest a range 1 or 2 C either side of that value. The
ranges given were frequently 20°C or more apart and often did not include the boiling
temperature of the product.
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Question 5 (e)

Some candidates gave clear working to the calculation on the percentage yield, with a
correct answer. Many candidates did not know how to convert the volumes of liquids

into masses using the densities given so they just treated the volumes as masses and
converted them into moles. Candidates would benefit from much more practice at this style
of calculation. A few candidates attempted to calculate the atom economy of the reaction
instead of the percentage yield.

(e) Inthe preparation, 15cm? of 2-methylpropan-2-ol produced
6.9 cm? of 2-chloro-2-methylpropane.

The equation for the reaction is
(CH;);COH + HCl — (CH,),CCL + H,0

Calculate the percentage yield of 2-chloro-2-methylpropane, using data from the

table.
molar mass / g mol™’ 74.0 92.5
boiling temperature / °C 82 51
density / g cm™? 0.79 0.84
8.9 XI5 T (185 ot (CH3)3C0H 3)

O DPEex6S5= 5,79 53::1. (CH_?,)ECC('

o u __5 '“6- O:q-%ng%
Ya M*,ﬁ%wlc B

Lo

A
ﬁ ResultsPlus £ ResultsPlus

Examiner Comments Examiner Tip

This candidate has converted the volumes
into masses so scores 1 mark. However, the
masses must be converted into moles before
the percentage yield can be calculated.

Make sure you know how to convert
between the mass and volume of a
substance using the density.

GCE Chemistry 8CHO 02

41



42

(e) In the preparation, 15c¢m? of 2-methylpropan-2-ol produced
6.9 cm? of 2-chloro-2-methylpropane.

The equation for the reaction is
(CH;3);COH + HCl — (CHy),CCL + HO
Calculate the percentage yield of 2-chloro-2-methylpropane, using data from the

table.
molar mass / g mol’ 74.0 925
boiling temperature / °C 82 51
density /g cm™ 0.79 0.84

_ (3)
G BNy
M 2 @8 b4 (0-84 ~ 5,%

%MM V:‘ﬁ? o _?._f—— = 0,02 FOmle s

q2-5
: : : jﬁf

\.SK 0-?"&\: ”;gs

I[EF ’-.I.'__g.f- = U.lb retiom o
Y [

W o t H_"o;t).lfv
0.097"

—_—  XlpO
0 062F V-6

= 287,
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ﬁ ResuitsP

~Ius

Examiner Comments

This candidate has correctly calculated the
number of moles of each substance so scores 2
marks. They have just gone wrong at the last
stage by adding the two numbers together.

Revise how to calculate
percentage yields.
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(e) In the preparation, 15¢cm? of 2-methylpropan-2-ol produced
6.9 cm? of 2-chloro-2-methylpropane.

The equation for the reaction is
(CH3);COH + HCl — (CH4),CCL + H,0

Calculate the percentage yield of 2-chloro-2-methylpropane, using data from the

table.
molar mass / g mol 74.0 925
boiling temperature / °C 82 51
density /g cm™3 0.79 0.84

(S Xo. 71 = HSSj Z‘nzlb\pfw-zan\ M= 2, @

6.9y 08= 5T O A P PR

185 _ . (fowe! 577 _ 0.0617 ma
7% s
(.

shedd malle OG0 mdes of @l,)s(d

0'0627 MMMO: 3?-‘ ,/'

P

o160

A

7

| Resultst

\Examiner Tip

Set out your calculations like this one,

This is an example of an excellent explaining each step in your working. If you
answer that scores 3 marks. were to make a slip you would still receive
some credit for the working if the examiner
can understand what you have done.

Examiner Comments

44 GCE Chemistry 8CHO 02




Question 5 (f)

This question involved a mechanism that is not in the specification but the candidates were
expected to apply their knowledge of other mechanisms to this new situation. It tested
whether they knew that a curly arrow must start from a covalent bond or a lone pair of
electrons and where it ends. A far greater proportion of candidates could draw the curly
arrow starting at the lone pair of electrons on the chloride ion. The accuracy of the starting
and finishing points of the curly arrow from the C-O bond was much poorer, with it starting

from an atom, a space or even the wrong atom.

(f) The mechanism for the reaction is in three stages.

CH,
| Stage 1
H3C_C_CH:’ - L
|
o e
H
CH,
§ Stage 2
HC—C—CH; ——>
ol
/0\
H H
T
Stage 3
ch—f:*--fcoH; e
Cl

CH,

H,C—C*—CH; +H,0

CH;

| s

Hﬂ:--C-CH;

| .
ct?

Add curly arrows to the reactants in Stages 2 and 3 to complete the mechanism.

(2)

ﬁ ResultsPlus

Examiner Comments

This response has two acceptable curly arrows but the candidate has drawn an
additional incorrect curly arrow in Stage 3 from the C-C bond to the CH, group.
If the pair of electrons moved in this way, the CH, group would be lost from
the molecule and the product is shown with the methyl group still in place. This
additional incorrect curly arrow negates a mark so only 1 mark is awarded.

A
Q ResultsPlus
Examiner Tip

Additional incorrect answers will negate a mark.

Try to think about what the curly arrows mean. If a pair of
electrons move from a bond to an atom, that bond will break.

GCE Chemistry 8CHO 02
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(f) The mechanism for the reaction is in three stages.

CH, CH,

| Stage 1 |

H;C—(ll—CH y —  H;(—C—CH;
M L

?. /D\

H H H
CH, CH,

| Stage 2 |

CH3 CH3

Stage 3 |
H3Cf+_cH3 I H;C—C—CH;

«Cl Cl

Add curly arrows to the reactants in Stages 2 and 3 to complete the mechanism.
(2)

ResultsPlus

Examiner Comments

=The curly arrow in Stage 2 is pointing in the wrong
direction and in Stage 3 it is not starting from the
lone pair of electrons. This response scores 0.

A
@ ResultsP!

Examiner Tip

us

Make sure you understand that a curly

arrow represents the movement of a pair of
electrons so that it must start from a covalent
bond or a lone pair of electrons.
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Question 6 (a)(b)

It was encouraging to see many candidates who could calculate the enthalpy change of
anhydrous sodium carbonate in this unstructured calculation in part (a). Common errors
included: using 5.09 g or 55.09 g as the mass of solution, omitting the negative sign to
show that it is an exothermic reaction and not giving the final answer to an appropriate
number of significant figures. The data in the question was given to three significant figures
so the final answer should be given to two or three significant figures. A few candidates
added 273 to the temperature change to convert it to Kelvin and a few candidates gave
incorrect units.

Candidates found it more difficult to complete the Hess cycle in (b). There were relatively
few who realised that Na,CO,(aq) should be in the box at the bottom and both arrows
should be pointing down towards this box. It was disappointing to see some candidates give
an incorrect formula for sodium carbonate, even though this was given in the stem of the
question.

GCE Chemistry 8CHO 02
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6 A student carries out two experiments to determine the enthalpy change that occurs

when anhydrous sodium carbonate reacts to form hydrated sodium carbonate.

Na;COs(s) + 10H,0() — Na,C0;.10H,0(s)

(@) In the first experiment, the student determines the enthalpy change of solution
for anhydrous sodium carbonate.

50.09 of distilled water is placed in a polystyrene cup and the temperature is
recorded.

A sample of anhydrous sodium carbonate is added to the water, the mixture is
stirred and the final temperature recorded.

The results for this experiment are shown in the table.

5.09

27.0

324

Calculate the enthalpy change of solution, in kJ mol-', for
anhydrous sodium carbonate.
Give your answer to an appropriate number of significant figures and include a sign.

[Use 4.18 J g' °C"' as the specific heat capacity of water]

Na,CO4(s) + ag — Na,COs(aq)
GEH 2 O] € ‘r.lﬂ:l's"&" TL.4° = 05.5r (4)
~L 1336
21" —= 300.1%

AT (Temperabne change) = 32-4-21= 5.4%
AT= .2e5ss =~ 30015 S G4 | Q= MmCAT
fagle £.004
DH = mxexAT Na, 0, + 08,0 — NA.C%'lMO

—
m

Q> medr R= §5,09x 4.18x5 %=

£
\e

114.8 2W4€ 5
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(b) In the second experiment, the student determines the enthalpy change of
solution for hydrated sodium carbonate.

Na,;CO;.10H,0(s) + ag — Na,COs(aq) AH =+ 53.7kJ mol”

Complete the Hess cycle and, together with your answer to (a) calculate the
enthalpy change when anhydrous sodium carbonate reacts to form hydrated
sodium carbonate. Include a sign in your answer.
(2)

L

Na,COs(s) + 10H,0(1) Na,C0,.10H,0(s)

ﬁ ResultsPlus

Examiner Comments

This candidate uses 5.09 g as the mass in the calculation in (a)
so does not score a mark. If they continued the calculation they
could have scored transferred error marks.

The formulae of the carbonate ion is incorrect and there are no
state symbols so (b) scores 0.

A
Q ResultsPlus
Examiner Tip

Remember to use the mass of the solution when
calculating enthalpy changes from experimental data.
The density of solutions is assumed to be 1 g cm=3 so
the mass has the same numerical value as the volume.

Carbonate ions have two negative charges. This could
have been worked out from the formula of sodium
carbonate, which was given in the question, since
sodium ions have one positive charge.
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6 A student carries out two experiments to determine the enthalpy change that occurs
when anhydrous sodium carbonate reacts to form hydrated sodium carbonate.

Na,CO,(s) + 10H;0(l) — Na,CO;.10H,0(s)

(a) In the first experiment, the student determines the enthalpy change of solution
for anhydrous sodium carbonate.

50.0g of distilled water is placed in a polystyrene cup and the temperature is
recorded.

A sample of anhydrous sodium carbonate is added to the water, the mixture is
stirred and the final temperature recorded.

The results for this experiment are shown in the table.

5.09

27.0

324

Calculate the enthalpy change of solution, in kJ mol™', for
anhydrous sodium carbonate.
Give your answer to an appropriate number of significant figures and include a sign.

[Use 4.18 J g7 °C" as the specific heat capacity of water]

Na,CO4(s) + aq — Na,CO,(aq)

(4)
l = mMmc A‘;
1 so s.4 M- N"'coj = fo6
- :Eu Ly xS v :.’:1 . 0.04%

-1
% g = [ 128 /O

©.04%  _ 42 51k’
" =

- #__-
(1256 +(6" —
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(b) In the second experiment, the student determines the enthalpy change of
solution for hydrated sodium carbonate.

Na,CO;.10H,0(s) + ag — Na,COs(aq) AH =+ 53.7kJ mol!

Complete the Hess cycle and, together with your answer to (a) calculate the
enthalpy change when anhydrous sodium carbonate reacts to form hydrated
sodium carbonate. Include a sign in your answer,
(2)

Na,COs(s) + 10H,0(1) Na,CO,.10H,0(s)

+( )

No-. 2 C-O‘!. (m;)

ﬁ ResultsPlus

Examiner Comments

In (@), the candidate has tried to calculate the energy change

but has divided the answer by 1003 instead of by 1000 to convert
it to kJ so loses the first mark. The number of moles of sodium
carbonate is correct so the second mark is awarded. The candidate
has then divided the moles by the energy, which is incorrect so the
third mark is not awarded.

In (b), the cycle is completed correcty but there is no calculation
so 1 mark is awarded.

A

2/ ResuitsP

Examiner Tip

us

Divide by 1000 to convert an answer in joules to kilojoules.

The final enthalpy change is measured in kJ mol-*. Use the
information given in this unit - it means kJ divided by moles.
This will help you to do the calculation the correct way.
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6 A student carries out two experiments to determine the enthalpy change that occurs
when anhydrous sodium carbonate reacts to form hydrated sodium carbonate.

Na;CO(s) + 10H,0(l) — Na,CO;.10H,0(s)

(a) In the first experiment, the student determines the enthalpy change of solution
for anhydrous sodium carbonate.

50.09 of distilled water is placed in a polystyrene cup and the temperature is
recorded.

A sample of anhydrous sodium carbonate is added to the water, the mixture Is
stirred and the final temperature recorded.

The results for this experiment are shown in the table.

5.09

27.0

324

Calculate the enthalpy change of solution, in kJ mol™', for
anhydrous sodium carbonate.
Give your answer to an appropriate number of significant figures and include a sign.

[Use 4.18 J g °C"' as the specific heat capacity of water)

Na,CO;(s) + aq — Na,CO;(aq)

Q= ™MCAT MALGE M= S0 ‘4)
A = 50% &% 5. A AT=64
= W 6T Nz 509
A%,
AW = = nwa¢ = 0 06
0106

=z -\064% 2Tt

= =-\0 6 RAma™
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(b) In the second experiment, the student determines the enthalpy change of
solution for hydrated sodium carbonate.

Na,C0..10H,0(s) + ag — Na,CO.(aq) AH =+ 53.7kJ mol’

Complete the Hess cycle and, together with your answer to (a) calculate the
enthalpy change when anhydrous sodium carbonate reacts to form hydrated
sodium carbonate. Include a sign in your answer.
(2)

¥

Na,CO,(s) + 10H,0(1) Na,CO;.10H,0(s)

Y53 %

No.2C0s (o)

AW = =10 6 -5% 1
- L%
- - 64 2RI

ﬁ ResultsPlus

Examiner Comments

In (@), the candidate has calculated the correct amount
of energy given out but has worked out an incorrect
molar mass for sodium carbonate. However, they

have then used this correctly to calculate the enthalpy
change and given the negative sign and an appropriate
number of significant figures, so scores 3 marks.

The Hess cycle in (b) is correct and the calculation is
correct, using the candidate answer from (a), so both
marks are awarded.

A
@ ResultsP!

us

Examiner Tip

Use the formulae given in the questions to
calculate molar masses.

Show your working clearly so that you can
be awarded transferred error marks if you
make a mistake early on in a calculation.
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Question 6 (c)

This question discriminated well between candidates. Candidates had to think carefully
about the consequence of using crystals that had lost some water of crystallisation. Many
did realise that as there is less water, the enthalpy change will be less endothermic,
however, very few were able to explain the reason for this. Some candidates had the idea
that there would be fewer bonds to break, but they did not state which bonds need to be
broken. Only a very small number of candidates used their answer to (a) to explain that
anhydrous sodium carbonate releases energy when it dissolves in water and as there is less
water, there will be more sodium carbonate in the sample.

I - _i‘ f;g g%b
(c) Hydrated sodium carbonate slowly loses som er of crystallisation when left in air.

Explain how the enthalpy change in the second experiment would compare with
the data book value if an old sample of hydrated sodium carbonate had been
used.
(2)

Examiner Comments

This candidate states that there will be less water present
but this is given in the question so does not score a mark.
The dissolving of hydrated sodium carbonate is endothermic
so the statement about less exothermic cannot receive any
credit. This answer does not score a mark.

¢ ResultsPlus

Examiner Tip
Relate your answers to the information given in the question.

Remember that exothermic reactions have a negative sign
for AH and endothermic reactions have a positive sign.
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(c) Hydrated sodium carbonate slowly loses some water of crystallisation when left in air.

Explain how the enthalpy change in the second experiment would compare with

the data book value if an old sample of hydrated sodium carbonate had been
used.

(2)

______________ wovld. be less  endorhanmic
V. D{L _______ e R ‘u {

e

ﬁ ResultsPlus

Examiner Comments

This candidate scores 1 mark for less endothermic. The answer
is almost worth a second mark as it mentions less bonds to
break. Unfortunately the candidates states the bonds broken
are in the water molecules whereas the bonds broken are
between the water and sodium carbonate.

us

A
2@ ResultsP

Examiner Tip

When writing about changes to enthalpy changes
it is best to write more or less exothermic or
endothermic. If you state that it is smaller for a
reaction that is exothermic, it is not clear what this
actually means and you will not receive any credit.
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Question 7 (a)

Most candidates are familiar with one of the methods of calculating a formula so the
majority scored the first mark. Some candidates who calculated the empirical formula did
not mention the molecular ion peak at 88 gives the relative formula mass so shows that the
molecular formula is the same as the empirical formula so they lost the second mark.

7 This question is about the identification of an alcohol, X.

(a) Alcohol X has the following percentage composition by mass:

carbon, C = 68.2%
hydrogen,H =13.6%
oxygen, O =18.2%

The molecular ion peak in the mass spectrum for alcohol X occurs at m/z = 88.

Use all of these data to show that the molecular formula for alcohol X is C;H,0.
Include your working.

C h {‘:) |2}

G- 2 36 18 -2
¥ { €
- §.68% =136 = 3.03
= [-§7 = ik =

ﬁ ResultsPlus

Examiner Comments

This candidate has used 6 for the relative atomic
mass of oxygen instead of 16 so has calculated
an incorrect empirical formula and scores 0.

A
Q ResultsPlus
Examiner Tip

Use the periodic table on the back of the question
paper to look up relative atomic masses.

If you are asked to show the molecular formula of
a substance given in the question and you get a
different answer, check your working as you will
have made a mistake somewhere.
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7 This question is about the identification of an alcohol, X.
(a) Alcohol X has the following percentage composition by mass:

carbon, C = 68.2%
hydrogen,H =13.6%
oxygen, O =18.2%

The molecular ion peak in the mass spectrum for alcohol X occurs at m/z = 88.

Use all of these data to show that the molecular formula for alcohol X is C;H,,0.
Include your working.

2
C:r W:o .

ey 26 | (8:2 T co +0
- ‘b - . L.

e 6 l.l&?i ’HQ’W[QCMI

A P 9>+L®"‘F‘W“J"

= the enpicr] formna & CsHnO
s Qs 0O

ﬁ ResultsPlus

Examiner Comments

This response scores 2 marks. The candidate has calculated
the empirical formula then shows that the M, of the formula
is the same as the m/z value of the molecular ion peak.

Examiner Tip

When you are asked to use all of the data given,
you will lose a mark if you ignore some of it!
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Question 7 (b)

Candidates had to use different pieces of information to identify an alcohol. Many rose to
the challenge and worked out that alcohol X was 3-methylbutan-1-ol and explained how
they deduced this. Other candidates found this more challenging and floundered before
they reached the end. It was surprising that some candidates did not know that primary
alcohols are oxidised to carboxylic acids. A few candidates even thought that alcohol X was
an aldehyde. Candidates who did state that X was a secondary or even tertiary alcohol could
receive consequential marks for the rest of the question but they rarely got much further.
Some candidates struggled to draw the displayed formulae of four different primary alcohols
and they sometimes drew two that were the same or included a secondary or even a tertiary
alcohol. Candidates should take more care when drawing the displayed formulae of alcohols
as some showing the H of the OH bond joined to a carbon atom instead of joining through
the O and they lost a mark. A significant number of candidates omitted the positive charge
from the species giving the peak in the mass spectrum. Quite a few candidates who did
deduce the correct structure of the alcohol gave an incorrect name, although they were not
penalised on this occasion. Some did not give a full explanation for their choice of alcohol
and just stated that it is branched.

#%/b) () When alcohol X is oxidised, a carboxylic acid is formed.

State what information this gives about alcohol X.
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(ii) Draw the displayed formulae of the four possible structural isomers that
could be alcohol X.

-x
-
T
T
—X
— L

7o
)
~C-C-C-C-C-HH-C-C-C-CC
]
I f-f

(ili) The mass spectrum of alcohol X has a major peak at m/z = 45.

Draw the structure of the species that could give this peak.
(1)

tHa

H—C-0-H CHaCHa0H"
!
H
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(iv) Alcohol X has a branched chain.

Identify alcohol X, explaining your reasoning.
(2)

ﬁ ResuitsP

us

Examiner Comments
(i) This is correct and scores 1 mark.
(ii) The Alcohol 1 is a correct primary alcohol but the other three

alcohols are secondary and Alcohol 2 and Alcohol 3 are the same.
There is no mark awarded for just one correct alcohol.

(iii) The semi-displayed formula of the species doesn't have a positive
charge but the structural formula is correct so 1 mark is awarded.

(iv) No mark is awarded as an incorrect alcohol was identified. The
question states that the alcohol is branched and pentan-1-ol is a
straight chain alcohol.

2@ ResultsPlus

Examiner Tip

Make sure that you know the difference between
primary, secondary and tertiary alcohols.

Make sure that you know the difference between
straight chain and branched chain molecules.
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(b) (i) When alcohol X is oxidised, a carboxylic acid is formed.

State what information this gives about alcohol X.

(1)
.

Ihe alcohol if.  S€CondalS

(i) Draw the displayed formulae of the four possible structural isomers that

could be alcohol X.
/\‘/\l 3)

RIRIRAR)
Q-C~C—c—c~Cy N~

[ T
WM ouou oy

H A H -
Topt R
p-C—c—¢—Cd HW=C— c—c — <—H
\ W L { Vo l
A ! OH w ©

(iii) The mass spectrum of alcohol X has a major peak at m/z = 45.

Draw the structure of the species that could give this peak.
(1)

Tos
H~C~$
VR

GCE Chemistry 8CHO 02

61



62

N N N W RN R N S W W T

T,

(iv) Alcohol X has a branched chain.

Identify alcohol X, explaining your reasoning.

Examiner Comments

(i) This scores 0 as secondary alcohol is incorrect.

(ii) There are 3 correct secondary alcohols so this
scores 2 marks. Alcohols 3 and 4 are the same.

(iii) This is incorrect and scores 0.

(iv) The correct secondary alcohol is identified but the
explanation is incorrect so 1 mark is awarded.

A

ResultsPlus

Examiner Tip

Learn that primary alcohols are oxidised to
carboxylic acids, secondary alcohols to ketones
and tertiary alcohols are not easily oxidised.
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(b) (i) When alcohol X is oxidised, a carboxylic acid is formed.

State what information this gives about alcohol X.
(1)

Al&fh{, ......... x ol be an Mhﬁiﬂof ..... On fMagYy alaold....

i

C—— &
|
: LY A
—”F"'C C—— “'--h
[ l
0
Yoo [
Gt Eogt
T( ( \ /.
*\.C’“C-é*C*E."'GﬁW'
| | ‘ 1 !
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(i) Draw the displayed formulae of the four possible structural isomers that
could be alcohol X.

=Ce
Ml

—C—O—H | _
' o ook l-roﬂu'
e C- H—CH

L 2

(iii) The mass spectrum of alcohol X has a major peak at m/z = 45,

Draw the structure of the species that could give this peak.

ft ? "1_
- Cr'_D-H
.o
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(iv) Alcohol X has a branched chain.

Identify alcohol X, explaining your reasoning.

Py or

LI
&
Al

ﬁ Results#lus

Examiner Comments

(i) A mark cannot be awarded for stating that
alcohol X is an aldehyde or a primary alcohol.

(ii) The four correct formulae of four different
alcohols scores 3 marks.

(iii) The ion is correct and has a positive charge so
scores 1 mark.

(iv) The correct alcohol is identified but there is
not enough detail in the reason so scores 1 mark.
The candidate has not mentioned that it is the
only alcohol that is branched to give a peak at 45.

A
Q ResultsPlus
Examiner Tip

Read the question carefully and don't
write contradictory statements.

When you explain your reasoning,
include as much detail as possible.

GCE Chemistry 8CHO 02

65



66

Question 8 (a)

Some candidates were able to apply their knowledge of oxidation of ethanol to that of
ethane-1,2-diol but many were unable to do this. Candidates should learn the reagents

and conditions for the reactions in the specification and be able to apply these to similar
reactions. Some candidates gave the name and formula of potassium dichromate or just
the formula and they sometimes lost a mark as the formula was incorrect. A few candidates
quoted the acid as hydrochloric acid and lost the first mark, although they could still score
the second mark for the condition from a nearly correct reagent.

8 Ethanedioic acid has two carboxylic acid groups.

(a) Ethanedioic acid, H,C,0,, can be prepared from ethane-1,2-diol.

H H

| Oh. AP
H—0—C—C—0—H - <

R SN

H H HO OH

Give the reagents and condition required for this reaction.

MNeawno |

Examiner Comments

This response scores 0. The alcohol is shown as
the organic starting material in the question. The
condition is only awarded a mark if the reagent
is correct or nearly correct. No additional reagent
has been suggested here so no mark is awarded
for heated under reflux.

A

ResultsP

Examiner Tip

Learn the reagents and conditions for
all the reactions in the specification.
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8 Ethanedioic acid has two carboxylic acid groups.

{(a) Ethanedioic acid, H,C,0,, can be prepared from ethane-1,2-diol.

H H
| % A
H—0—C—C—0—H . C—C
| / ~
- HO OH

Give the reagents and condition required for this reaction.

(2)

Reagents

Condition ... _

ﬁ ResultsPlus

Examiner Comments

This response scores 2 marks. The reagent is
completely correct with potassium dichromate
and sulfuric acid so the condition of heat under
reflux can also be awarded a mark.

A
@ ResultsP!

Examiner Tip

us

Some candidates tried to give the formula of
potassium dichromate and made a slip as it is one
of the more difficult formulae to remember. This
question does not state that you must give the
formula so it is safer to give the correct name.
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Question 8 (b)(i)

It was disappointing that a significant number of candidates could not describe how to
prepare a standard solution. Many of them did not mention to use of a volumetric flask

and just added 250cm? of water to the crystals in a beaker. Candidates should be given the
opportunity to carry out practical techniques such as this as this will help them to answer
questions based on these in the examination. There were a lot of excellent answers from
candidates who were familiar with this technique but some dropped a mark by not weighing
the crystals or forgetting the importance of shaking the volumetric flask at the end.

(i} Describe how the student should prepare the 250.0 cm? of ethanedioic acid
solution.

(4)

................. ‘. (Mw_oaﬁuvmadé MSQthMS@UaMEﬂ- 20 QA4
SOULL 30

Examiner Comments
This response scores 0. The candidate has

attempted to describe a titration experiment
instead of how to prepare a solution.

A

Examiner Tip

Read the question carefully and make
sure that you are familiar with all the
practical techniques in the specification.
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(i) Describe how the student should prepare the 250.0 cm?® of ethanedioic acid
solution.

The Yeedogr Shoetd

Examiner Comments

This response scores 2 marks. The candidate has
explained how to weigh the crystals and dissolved
them in water in a beaker then transferred the
solution washings to a flask. However, they have
not specified the type of flask to use and they
have not mentioned shaking the flask at the end
to produce a uniform solution.

OO ResultsP

Examiner Tip

Learn the names of all the apparatus
you use in a chemistry laboratory.
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(i) Describe how the student should prepare the 250.0 cm?® of ethanedioic acid
solution.

a-leRaner (~ “

L O%eaiie. AL 2ANSEQLY o Sous. ameLint o

N SRR AU SO
5. Q. LA W ludRe

This response scores 3 marks. The candidate
has just omitted to mention that the crystals
must be weighed to find their exact mass.

OO ResultsPlus

Examiner Tip

It is important to know the exact mass of a solid
used when preparing an accurate solution.
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Question 8 (b)(ii)

It was surprising how few candidates were familiar with the colours of phenolphthalein and
were then able to work out the correct colour change for this titration. The specification does
state that candidates should be familiar with the use of phenolphthalein and methyl orange.

Question 8 (b)(iii)

This was the most difficult calculation on the paper and many candidates failed to get
started as there was no scaffolding, as in past papers on the previous specification.
Candidates would benefit from much more practice at this style of unstructured titration
calculation. Some candidates at least made a start by calculating the amount of sodium
hydroxide used then the amount of ethanedioic acid from the mole ratio in the equation.
There was a significant minority of candidates who set out their working clearly and
achieved full marks.

\
(iii) Calculate a value of n in the formula H,C,0,.nH,0 from these data.

moles T lelv 00103 o gk

[
< {ResuiltsPlus
/\ Examiner Comments

This response scores 0 but with a little more care, it could have
been awarded 1 mark. The candidate has shown the correct
working for the number of moles of sodium hydroxide used but
they have forgotten to divide by 1000 in their answer.

ResultsP

Examiner Tip

us

Check your answers to calculations carefully.
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(iii) Calculate a value of n in the formula H,C,0..nH,0 from these data.

S~y HZCQOQIZ Jo

! ( O-OO(Z//V‘JT/
W

0.103x g, 0162 =1.67K(07 5 2 = g 3X(6?

(5)

0.0d2) - p¢F
2 3x0? 7

) po ~ 2.2 =0-¢

O-4 _ O 02 =
T§L002 m%zfg

h=1»%
% ResultsPlus

Examiner Comments

This response is awarded 2 marks, but only just. There is a
jumble of numbers here and no words to explain the working.
However, marks are awarded for the number of moles of
sodium hydroxide used and the use of the 1:2 mole ratio.

OO ResultsP

Examiner Tip

Use a few words to explain your working as
that will help the examiners to give you some
credit when your final answer is incorrect.
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(i) Calculate a value of n in the formula H,C,0,.nH,0 from these data.
1§.20 - Q.cl6

—_— .
{000

-3
0. 0L XO0.103 = 1.{69x107° mel NaOH

(12 §o §.303x10°Y ol acd in 25 cm?d
§.3G> x (10”° mel acel in 250¢cm?>
(- 09 - 136-65;::'%-
§.3USx0®
U, C 04 = 0 g™
130.6 - q0 = 4069 A0
40.6 = .15
¢ n= 2.15

ResultsPlus

Examiner Comments

This is an example of a response that scores 5 marks.

Examiner Tip

Aim to set out your calculations clearly like this
one, giving a few words to explain your working.
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Question 8 (b)(iv)

This is another question where candidates have to think about the effect a change will make
on the results. Some candidates realised that if the crystals were damp they would contain
more water so less ethanedoic acid leading to a lower titre and a higher value for n. Others
were really not sure how to approach this style of question. Candidates would benefit from
evaluating the results they get for the practicals they carry out in the laboratory.

(iv) The student thought that the ethanedioic acid crystals used may have been
slightly damp.

Explain the effect of using damp crystals on on the value of n.
(2)

(Total for Question 8 = 14 marks)

TOTAL FOR PAPER = 80 MARKS

O s
0.6l

ﬁ ResultsPlus A

Examiner Comments

This response scores 1 mark as the candidate
has stated the effect of using damp crystals
on the titre and the value of n but they have
not fully explained why they will change in
this way. They have explained the change in n
but not on the titre.

Examiner Tip

The command word 'explain' means
that you have to give reasons for
any statements that you make.
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Paper Summary

In order to improve their performance, candidates are advised to:

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

use correct scientific terminology in their answers

revise all the experiments that they have carried out so they can describe them using
the correct names of the apparatus used

practise evaluating the results of the experiments they carry out

learn the reagents and conditions for all the reactions in the specification
practise drawing displayed and skeletal formulae of organic molecules
practise the different types of calculations in the specification

learn the meaning of standard enthalpy change of formation

practise drawing Hess cycles and carrying out calculations related to them

practise writing full and ionic equations, including state symbols.
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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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