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Introduction

Students appeared to have been quite well prepared for this paper; few blank answer spaces were
seen, except in the latter parts of the paper where it seemed that some students may have been
running out of time and were justifiably being more selective in the questions that they attempted.
Just a few students also appeared to avoid the longer written questions, e.g. 6b, perhaps conscious
that these questions may take longer, or possibly because they were less confident of their ability
to score good marks where the quality of writing was also being assessed.

The paper had been deliberately ramped so that the more testing questions were placed towards
the end of the paper.

One consistent feature was the poor layout of calculations. An appreciable number were so poorly
laid out that it was sometimes difficult to award transferred error marks.

Some students failed to ensure that they had answered all parts of a question. For example, as part
of Question 2 (b)(i), students were asked to calculate two mole quantities and then use their
answers to decide which reactant was in excess. There are many routes to the final answer (the
volume of gas produced), but marks were available for the intermediate stages. Those who chose
to ignore the early part of the question and then used an unusual route to the final answer
sometimes created difficulties in awarding transferred errors.
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Question 2 (a) (i)

This was a relatively simple gas volume calculation, designed to give the students confidence with
calculations at an early stage of the paper.

2 This question is about the molar volume of gases.

(@) (i) Calculate the volume of one mole of an ideal gas, A, at 60°C and 500 kPa pressure.
Give your answer to two significant figures and include units.

[The ideal gas equation is pV = nRT. Gas constant (R) =8.31JK " 'mol™"]

fore ¥ 13 = 333
n=\
fe 500K P
500000«

(3)

SC("-[swyg,\/ - [xrg’.ﬁl X %73

N=%5-5%

ResultsPlus

Examiner Comments

Final answers in cm?, dm? or m? are acceptable but the number and
units must correlate. Students were instructed to show all working
so the conversion of °C to K and kPa to Pa were expected in the
answers. If the pressure was not converted to Pa, the answer is in
dm?: this was acceptable. Those who left the conversion of °C to K
as (60 +273) with no evaluation could score full marks for a correct
answer but risked the loss of M1 if mistakes were made.

/

\ ResultsPlus

Examiner Tip

The question specifically asks for 2 SF and units, there will be at
least one mark for compliance with these instructions. The answer
shown here is presented to 3 SF and has no units. M3 is lost for
both reasons.
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Question 2 (a) (ii)

This was another relatively simple calculation which should have required minimal time for a
confident student.

Some students completed the more challenging section of the question; the determination of M,,
but then made no attempt to identify element X.

This response was awarded M1 but there was no attempt to deduce the identity of the element X,
M2 was therefore not awarded.

(i) At room temperature and pressure (r.t.p) another gas B, with formula XH,,
has a density of 1.42gdm™.

Calculate the molar mass of the gas XH; and deduce the identity of the

element X. 8 s \
[The molar volume of gas B = 24000cm® mol™' at r.t.p.]
2
(o LAy e N 2
é =V et ~ - .9 J
Lt
\ Hz = _&-
24

v vu.08 ‘9""""*“""
- 3o g

ResultsPlus

Examiner Comments

There are several mistakes in this response (as far as it goes). The
final figure is presented as g/mol™” which is incorrect (it should be
g/mol or g mol™). There is also a units error in a previous line where
24 dm should be 24 dm?. These mistakes did not incur a penalty in
this question because it was the number that was relevant.
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Q ResultsPlus
Examiner Tip

Ensure that you answer all parts of the question.

Take care with units, even when they are used at intermediate
stages through a calculation.

Where a question specifies particular units, the final answer MUST
be in those units. In such instances the units need not be given, it
will be assumed that they will be as specified in the question.
However, if units are given, they must be correct. If not, the mark for
the final answer may not be awarded.

Question 2 (b) (i)

This question was very specific in its requirements. Students were instructed to calculate the moles
of acid and sodium carbonate and use this information to decide which regent was in excess. A
significant number of students did not calculate the moles of sodium carbonate. This created a
problem for the student in deciding which reactant was in excess; it often followed that the
evidence for the excess sodium carbonate was omitted.

Units were expected for the final answer. Where units are not specified by the question, it is
expected that units will be given in the answer. In this question, some gave an answer in cm’ (a
familiar unit for many), but others in dm?(a logical consequence of the calculation), both were
acceptable.

(i) Calculate the moles of hydrochloric acid and the moles of sodium carbonate
used in this experiment.

Use your answers to decide which reactant is in excess.
Calculate the maximum volume of carbon dioxide which could be produced.

[Molar mass of Na,CO, = 106.0g mol-' ] 5
5

Molar volume of gas = 24 000cm® mol-' at r.t.p.

\O:10% = 0.9l fpe MWM

. w :
ez Cone X A& .
M;} < 07 100" WQ/KS: 0"%2 4
— { - - - Q_‘
moltye @ . 004 = 0223

/md ss)o}/um Cﬂrl;@qa}{; s in excess.
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In this example, the first part of the question has been answered
successfully. The moles of acid and the moles of sodium carbonate
have been calculated and a decision made about the reactant in
excess.

Neither moles calculation has been linked to a reactant and it has
been left to the examiner to decide which reactant is linked to each
calculation. There is no evidence to support the decision of the
reactant in excess.

The second part of the question, the calculation of the volume of
gas produced, has not been attempted.

~ ResultsPlus
\ Examiner Tip

Use a few words to identify the steps in any calculation. In this
example, only the numbers on the left indicate that this is the
hydrochloric acid calculation. Similarly, the numbers to the right
presumably indicate the sodium carbonate calculation.

In some calculations, the numbers may not give such clear-cut
guidance. It is always advisable to identify any number processing
so that transferred errors can be applied by the examiner.

Retain an adequate number of significant figures during the
intermediate stages of a calculation. In this question, it is important
to show more than 1 SF for the moles of sodium carbonate,
(because comparison with the moles of sodium carbonate required
by the acid were also expected).

GCE Chemistry 8CH0 02 7



Question 2 (b) (ii)

This question is based on practical work that the student is likely to have experienced.

Even if the student has not carried out the practical, it should still be possible to answer the
question from the procedure described in the question.

(ii) The actual volume of carbon dioxide collected was less than calculated.
Give two reasons for this.

{ ResultsPlus

Examiner Comments

One mark was awarded for recognition that this is a rapid reaction
and that gas will be lost before the delivery tube can be replaced.

Marks were not awarded for answers based on faulty equipment,
i.e. leaks or syringe sticking etc.

The second mark requires the student to recall that carbon dioxide
is sufficiently soluble in water to impact on the volume of gas
collected.

ResultsPlus

Examiner Tip

Even if the procedure described is unfamiliar to you, read it through
carefully and try to understand each of the stages.

You should assume that all the equipment is in good working order
unless the procedure indicates otherwise.
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Question 3 (a)

M1: Problems included inverted expressions and the use of a + sign instead of a product.
M2: The units should be consistent with the expression as written.

k) mol" was a relatively common error for the units.

3 This question is about the oxidation of ammonia.

One equation for the oxidation of ammonia is
4NHy(g) + 304(g) = 2Na(g) + 6H;0(g)

(a) Write the expression, including units, for the equilibrium constant K. for this reaction.
(2)

) [0 A

oA (0T, e

b -
units ... dpp?ﬂ'ﬁ}(‘] md

ResultsPlus

Examiner Comments

No marks were awarded for this answer.
The K. expression has all the correct powers but it is inverted.

In this example, the units do not accord with the K. expression as
written. They would have been correct if the expression had not
been inverted. However, they should still have been written in
standard form, as mol dm,
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ResultsPlus

Examiner Tip

Ensure that you write the K. expression with the correct numerator
and denominator. A + sign will never appear in a K. expression. If it
did, it would make it impossible to deduce the units.

The units are easily derived from the K. expression by cancelling the
powers.

Question 3 (b) (i)

This style of question is often best answered using an energy triangle. This makes it easy for the
examiner to follow and allows transferred errors to be recognised easily.

(b) Nitric acid is made from ammonia. One of the stages in nitric acid production
involves the oxidation of ammonia to produce nitrogen(ll) oxide, NO. In this
process, a mixture of ammonia and oxygen is passed over a platinum-rhodium
catalyst. One manufacturer uses a pressure of 5atm and a temperature of 850°C,
The equation for this reaction is different from that in 3(a).

4NH;(g) + 50,(g) — 4NO(g) + 6H,0(g) AH = -904.8 k) mol!

(i) Use this equation, and the enthalpy changes of formation of nitrogen(ll) oxide
and water, to calculate the enthalpy change of formation of ammonia in kJ mol-'.
You may find it helpful to draw a Hess cycle first. You must show your working.

AH (NO(g)) = +90.4 kJ mol~!
AH (H,0(g)) = -241.8kJmol™’

(3)
- qo4-8
LiNH3 4 ":‘)o — uNo + 6“&% AHe OF NH3
= NAG - 498 US

x_ /aou/(“ - 8)

Wy +0 =-1a43.8

4X +0-qo4g: —\089.2
~ = 9438y = -q4gus
[

HX +0 = =108d.2 +=-Qol.g
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/\ Examlner Comments

This answer has utilised an energy triangle but the student seems
unsure of the direction of the arrows and this has created problems
in the calculation.

In this example M1 is awarded for the correct summation of the
enthalpy changes of formation for the products.

Unfortunately M2 is then lost, probably as a result of the confusion
with arrow directions in the cycle.

M3 is awarded for a TE from the incorrect M2. The student has
divided by 4 for the 4 moles of ammonia.

ResultsPlus
\ Examiner Tip

Sketch an energy cycle to help you apply Hess's Law. Ensure that
your arrow directions are consistent with the sign of the data
written next to them.

In this example, the student has written 'Elements' as the third part
of the cycle. It takes only seconds to write the correct species and
you are less likely to make mistakes.

M3 is awarded for a TE. The calculation is laid out sufficiently clearly
that the error with the signs is easily identified.

GCE Chemistry 8CHO 02
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Question 3 (b) (ii)
In general, students either knew how to answer this question, or they had little idea.

Atom economy is expressed as a percentage. Some omitted the conversion to a percentage.

@Calculate the atom economy by mass for the formation of NQ in this reaction,

- Give your answer to an appropriate number:of significant figures.
b (1a +\e) -
('LEIK_ Uu‘ﬂ,&j) + (& x ((xV)+ 1@)
1.0 = 0.5 2623\ 313835
120+ 103

20O <26 (3 %8)

(2)

ResultsPlus

Examiner Comments

In this example, the student clearly knows what is meant by atom
economy and has completed the more difficult part of the answer.
However, one mark is then lost because the decimal should be
converted to a percentage.

ResultsPlus
Examiner Tip

Ensure that you know exactly what is meant by the term 'atom
economy'.

The question specifies 'an appropriate number of significant
figures'. Look at the number of significant figures in the data to
judge the number expected in the answer. Two or three SF were
expected here.

12 GCE Chemistry 8CHO 02



Question 3 (c) (i)

(¢) In fact, this oxidation to form nitrogen(ll) oxide is an equilibrium reaction.

(i) Explain the effect, if any, of increasing pressure on the equilibrium yield of NO
in this reaction.

4NH,(g) + 50,(g) = 4NO(g) + 6H,0(g)
a o (2)

.................. N9 Tha  prel8sNE wen'd CauiR. an. e deQyanse.
'(r'\;} ...... G YREIVRE

ResultsPlus

Examiner Comments

This question produced some answers that were contradictory and
were therefore awarded no marks. e.g. a correct answer in terms of
number of moles and the effect on the position of equilibrium but
then saying that this would increase the yield. Or answers that
correctly identified a decrease in yield but also said that the
equilibrium position would move to the right

M2 is not awarded because there is no reference to the equilibrium.
The argument in terms of number of moles of reactant and
products is correct but not applied to the equilibrium.

There are no contradictory statements in this answer; if there were,
no marks could have been awarded.

The reference to the increased frequency of collisions is correct, but
not the answer to this question.

GCE Chemistry 8CHO 02
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<A\ ResultsPlus
\\}; Examiner Tip

Read your finished answer through carefully to ensure that there
are no contradictory statements. It is a common error to confuse
left and right when under pressure in an exam.
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Question 3 (c) (ii)

(i) Explain the effect, if any, of an increase in pressure on the rate of this reaction.

(2)
0 1 N 7. SO SO 2 ¥ =3 W DLE Y SRRVYY 70T S TN { S < 1 2% S 20
s Al gqus  pabiles  matdles o e prok. liklg oo
CoWRAR.......... M B9 BN AN CARTEN VAN O D PRNEES .
M .a::ﬁ;_ e ML ... n(smqrtmpaxbpfcs’zma
Ao AR it ercogh..... ahub O gy TUL. Teet .
etk O e mMLESTEG o INGERGEG .t e
ResultsPlus

Examiner Comments

M1 required a recognition of the increased number of particles in a
given volume when pressure is increased.

M2: Rate depends on the frequency of collisions, not just the

number of collisions. 'More likely to collide' is not quite the same as
collision frequency.

ResultsPlus
Examiner Tip

Note that higher pressure results in more particles (molecules) in a
given volume (3 dimensional), not area (which is 2 dimensional).

Rate depends on the frequency of collisions, not the number of
collisions (which will increase with time).

GCE Chemistry 8CH0 02 15



Question 3 (c) (iii)

A heterogeneous catalyst is in a different state to the reactants. References to the products were
ignored here.

The rates of the forward and reverse reaction are increased to the same extent, but this qualification
was not required in order to award M2.

(iii) The platinum-rhodium catalyst used in this reaction is a heterogeneous catalyst.
State what is meant by the term ‘heterogeneous’ and why a catalyst has no effect
on the yield of the products in the reaction.

(2)

ResultsPlus

Examiner Comments

For M1, this answer is not correct. The catalyst is in a different state
to the reactants. The use of 'elements' is not correct because one of
the reactants here is a compound. The candidate may have been
thinking of the Haber process in which the reactants are indeed

elements.

M2 - A good answer that recognises that the rates of both the
forward and reverse reactions will increase to the same extent

(equally).

16 GCE Chemistry 8CHO 02
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&\ ResultsPlus
\ Examiner Tip

A heterogeneous catalyst is in a different state to the reactants. Do
not include the products.

To appreciate the effect of the catalyst on both the forward and
reverse reactions, think of a reaction profile diagram.

GCE Chemistry 8CH0 02 17



Question 4 (a) (i)

M1 was awarded for the correct reagent. M2 for the correct conditions (heating and ethanolic).

M1 was dependent on M2 except for a 'near miss' with the reagent, e.g. use of just OH".

4 This question concerns halogenoalkanes.

(@) 1-chloropropane can react to form organic products as shown in the reaction scheme:

Hy—CH=CH, CH;—CH,—CH,—C==N
Reaction '\ / Reaction 2
CH3_CH2_CH}_C|. N“
l“'s P Reaction 3 .\ \
\ L - \
W concentrated ammonia solution
W heated in a sealed tube

CHy—CH,—CH,—NH, W%

(i) State the reagent and conditions used in Reaction 1.

Q e WOW o

ResultsPlus

Examiner Comments

In this example, the M1 mark for the (correct) reagent, KOH, has
been negated by the use of an acid, which would neutralise the
KOH.

M2 cannot be awarded for a 'near miss' with the KOH because there
is no mention of heating.

ResultsPlus

Examiner Tip

Ensure that your answer does not contain any unintended
contradictions. If in doubt, leave it out.

18 GCE Chemistry 8CHO 02



Question 4 (a) (ii)

M1 was awarded for the correct reagent. Conditions, if given, were ignored. Just 'cyanide' or the
formula of the cyanide ion were not sufficient.

(i) Identify a suitable reagent for Reaction 2 and include a reason why this is a
particularly useful type of reaction in organic chemistry.

ResultsPlus

Examiner Comments

'Cyanide’ alone is too generalised for M1. Not every cyanide is
suitable.

A reassuring number of students recalled the importance of this
reaction as a means of extending the carbon chain.

‘ ResuitsPlus
Examiner Tip

A question that asks for a reagent will generally require the name of
a compound.

GCE Chemistry 8CHO 02 19



Question 4 (a) (iii)

The question carried the word 'heated' and 'sealed' in bold to emphasise the need to address both
of these two matters.

The mark allocation is also a good indication that two ideas will be required for a complete answer.

xplain why, in Reaction 3, the reactants are heated in a sealed container.
(2)

henked) i asealed  contawnes 1o snereu Kmpeadur andl.. |
pressus...an. He machan ._._._._._h.an.___.a__.htg_h_._._._.qgh;xim‘ian_._.cmrgﬂ ........................... |

N

_

\ {] ResultsPlus
'”/N Examiner Comments

Students were not expected to be familiar with the chemical
reactions described in this question. It was therefore expected that
the application of basic principles of chemistry would provide
adequate answers.

Heating would indeed raise the pressure in a sealed container of
fixed volume but this does not directly answer the question of why
reactions are heated.

The products are not central to the answer. It was expected that
students would recall that one of the reactants, ammonia, is a gas at
r.t.p and it would therefore be lost from an unsealed container.

ez \

4 \ .
&BH\ ResultsPlus
N Examiner Tip

Heating certainly does raise the temperature, so ask yourself, 'why
are reactions heated?'.

Why would a container be sealed? Usually to prevent the contents
escaping. So the next question is, 'what is contained that might
escape?' Ammonia is the obvious answer.

20 GCE Chemistry 8CHO 02



Question 4 (a) (iv)
Additional inorganic products were ignored.

The formula C3H,OH was not accepted because this would include the branched chain isomer.

(iv) Write the structural formula of the product that will be formed if
1-chloropropane is refluxed with aqueous potassium hydroxide solution.,

o v
H—(-¢-C~-0M + hr

v

HooRn

Cgl—\-,DH + KRy

{ ResultsPlus

Examiner Comments

This answer is rescued by the inclusion of a displayed formula. The
C5H,0OH on its own would not have been sufficient.

The inclusion of the inorganic product (KBr) is ignored. The question
is clearly focused on the organic product since it asks for a
structural formula.

ResultsPlus

Examiner Tip

The question asks for the structural formula so it is obvious that the
organic molecule is required. The KBr would not be present in this
form anyway because it is an aqueous solution.

If a structural formula is required, it is clear that a (partial) molecular
formula (such as the C3H,OH shown in this example) would (on its
own) be inadequate.

GCE Chemistry 8CHO 02 21



Question 5 (a) (iii)

There were frequent casual errors in the response to this question. Missing H atoms and 5-bonded
carbon atoms were all too frequent.

Occasionally, HBr was used in place of HCl and, in some instances, the halogen changed part-way
through the mechanism.

The mechanism requested is for the production of 2-chloropropane. There is no credit for including
the mechanism for 1-chloropropane as well.

(ili) Draw the mechanism for the reaction of propene with hydrogen chloride to
produce 2-chloropropane. Include curly arrows, and any relevant dipoles and

lone Ei:irs. v NN ~ “
ezc-¢—H ——>H-H)c-— —CT
) - N
MM (‘ l
N

v

| -
"

p—

ResultsPlus

Examiner Comments

M1 is not awarded. There are two mistakes: an H atom missing from
the starting alkene, and a 5-bonded C.

M2 is awarded. The relevant curly arrow is shown and starts from
the H-Cl bond. The dipole is shown, however, the depiction of the
'delta’ on the chlorine is not well drawn and could easily be
mistaken for a negative sign (which would lose the mark).

M3 is awarded for a correct carbocation intermediate.

M4 is not awarded. The lone pair of electrons is not shown.

22 GCE Chemistry 8CHO 02



ResultsPlus

Examiner Tip

Carefully check your starting molecule, any intermediate and the
product for any missing H atoms or pentavalent carbons.

Take care with these mechanism drawings, a stray horizontal line
might be mistaken for a negative charge.

For M4, the curly arrow must start from the lone pair.
Always include the organic product in your drawing, together with

any other inorganic product (ions etc). There are no additional
products to be included in this reaction.

(iii) Draw the mechanism for the reaction of propene with hydrogen chloride to
produce 2-chloropropane. Include curly arrows, and any relevant dipoles and
lone pairs.

(4)

(A = 5o t1oN
- — C==(-N )z/ otogrlh > W= (N
A i_ﬁ _ ;" R v

ResultsPlus

Examiner Comments

The curly arrow from the double bond to the delta+ H is unclear. Is
it crossed out? What is its direction?

The student has used HBr instead of HCI. This will be penalised only
once.

There is an H atom missing from the intermediate

ResultsPlus

Examiner Tip

If you make so many alterations to your answer that any part of it
becomes unclear, draw it out again.
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Question 5 (b) (i)

The diagram must show two repeat units and be fully displayed.

The question asked for two repeat units. It is therefore important to show how the two units are
connected, and how they would connect to more units.

(b) The halogenoalkane chloroethene is used to make the important polymer
poly(chloroethene), PVC.

(i) Draw a displayed formula of two repeat units of poly(chloroethene).
(1)

¥

=

R
C-C-C-C
L
Wk HH

ResultsPlus

Examiner Comments

In this example, both end carbon atoms have only three bonds. The
bonds to the next units must be shown.

ResultsPlus
Examiner Tip

Ensure that every carbon atom has 4 bonds.

24 GCE Chemistry 8CHO 02



(b) The halogenoalkane chloroethene is used to make the important polymer
poly(chloroethene), PVC.

(i) Draw rmula of two repeat units of poly(chloroethene).
(1)

1l

i
Cl 1) <l T C =
! / 1
Cs ¢ =— C=¢C
| l | |

h
e K LA
ResultsPlus

Examiner Comments

The brackets can be ignored but the inclusion of the double bonds
is incorrect.

ResultsPlus
Examiner Tip

There are 5 bonded carbons here. Clearly wrong.
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(b) The halogenoalkane chloroethene is used to make the important polymer
poly(chloroethene), PVC.

(i) Draw a displayed formula of two repeat units of poly(chloroethene).

el a (1)
=C
fc N “
14

<l R )
1
C

)
|
H g

ResultsPlus

Examiner Comments

The diagram of the original alkene can be ignored; it will be
assumed that it is there as part of the preparation for the correct
answer.

The response does not show two repeat units so the mark was not
awarded.

ResultsPlus
Examiner Tip

Even if a '2' had been included as a subscript behind the brackets,
the mark would still not have been awarded. Two units must be
shown (as required by the question).

26 GCE Chemistry 8CHO 02



Question 5 (b) (ii)

The question was specifically related to PVC. It was not sufficient to give answers that related to the
incineration of polymers in general.

M2 was dependent on M1. Thus broad generalisations about acid rain or the effect on the ozone
layer did not gain a mark unless connected to chlorinated products.

(i) Some polymers are disposed of by incineration. Ignoring any economic
considerations, explain why incineration is not a suitable method for the
disposal of poly(chloroethene).

oM o whues  hanufod
chomias "vud/\ ..... 03 (orko »rfvgjﬂonﬁi@ ...... gu(;md:@mﬁdw ...........

j ________ V- fogpen | D ?Ad@ _____ C“E}Oﬂf"@”ﬁ)qdé’ _______ Q. % _____ fe NIC.. OAC'J ______ Sdienmr
a5 welh  ag NGy

ResultsPlus

Examiner Comments

This response typifies generalisations that would apply to the
incineration of most polymer materials.

The question is about PVC and it was expected that students would
focus on the presence of chlorine and predict the presence of
chlorinated products.

Appreciable quantities of chlorine gas are unlikely to be presentin
the incineration products but were allowed because chlorine may
be present in small quantities.

ResultsPlus
Examiner Tip

Read the question carefully. The question asks about PVC and your
answer should focus on the particular problems associated with the
incineration of this polymer. HCl would be a likely product. Avoid
chlorine radicals as a product, their lifetime would be very short.

GCE Chemistry 8CH0 02 27



(i) Some polymers are disposed of by incineration. Ignoring any economic
considerations, explain why incineration is not a suitable method for the
disposal of poly(chloroethene).

(2)

ResultsPlus

Examiner Comments

This response has identified HCl as a possible product and correctly
recognised that it is toxic. The final part of the answer is more

generalised and would not, on its own, have scored M2. However, it
is not incorrect.
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Question 5 (b) (iii)

This question required students to recognise that chloroethane will be a carcinogenic gas at room
temperature, and to suggest an appropriate precaution.

Keeping below 260 K is not a reasonable suggestion because many of its reactions would be carried
out at higher temperatures. The compound would still be carcinogenic as a liquid.

A'mask’ on its own was an inadequate answer. Many simple face masks are designed to filter out
solids; they allow gases to pass through freely.

(iii) Chloroethene has a boiling temperature of 260K and is known to be
carcinogenic. Use these facts to state one precaution that chemists should
take when using this compound.

ResultsPlus

Examiner Comments

It would be difficult to do anything with the chemical if no-one was
allowed near it! This is not a reasonable precaution.

‘ ResultsPlus
Examiner Tip

Think carefully about precautions. Chemists will usually use a lab
coat, gloves and eye protection, so it is unlikely that a question will
ask specifically about these three items.
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(iii) Chloroethene has a boiling temperature of 260K and is known to be '

carcinogenic. Use these facts to state one precaution that chemists should
take when using this compound.

ResultsPlus

Examiner Comments

These precautions are too generalised and indicate that the student
has not thought about the particular requirements of this chemical.

ResultsPlus
Examiner Tip

It is likely that you will need the information given in the question, in
this case the information about the boiling point and the
carcinogenic nature.
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Question 5 (c) (i)
M1: This question required the candidate to discuss why a temperature below 50°C is not used.
Simply, the rate of reaction will be (too) low. Discussions concerning the increased yield at lower

temperatures would favour the use of low temperatures.

M2: Temperatures above 80°C are not used because the yield would be lower for this exothermic
reaction. The exothermic nature of the forward reaction is essential to the answer.

Reverse arguments in terms of the endothermic nature of the reverse reaction were also accepted.
Answers relating to the possibility of other products at higher temperatures were rarely seen.

(c) Chloroethene can be manufactured by a two-stage process.

(i) Instage 1, chlorine is reacted with ethene at a temperature between 50°C and 80°C

C|.1 + CH2='CH2 = CH2Cl_CH1Cl AH = -1 .T"Bk.ll'l'lil:)ln1

Give one reason why a temperature below 50°C and another reason, apart
from costs, why a temperature above 80 °C would not be used for this process.
(2)
n’kﬂf“‘- .......... SQC- ................. C\L-r ............. M QM"-. .......... ONY S lx.. ............ L\ kﬂrtf‘-\:} ........... { LT T
.......... \{{r %*q“dmyhdﬁ’{%ksﬂb&uﬁ@b*m

o M emb Cophen oodh AEY LW L o ade b

ResultsPlus

Examiner Comments

M1 The response correctly identifies the rate as (too) slow below
50°C.

The discussion of temperatures above 80°C is correct as far as it
goes, but it does not link the lower yield to the exothermic nature of
the forward reaction. M2 was not awarded.
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Any response to a question about a reaction in equilibrium should
include the word 'equilibrium' in the answer.

Be careful with the quality of your writing. You may be able to read
it but can the examiner? Many people experience a deterioration in
the quality of their writing when under exam pressure. Can yours
still be read easily?

The quality of the writing in this response is not helpful. The 50°C is
reasonably clear but the figure that is assumed to be 80°C looks
more like 60°C.
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Question 6 (a) (i)

The two marks for this response were awarded independently.

Simple inspection of the organic reactant and the product showed that hydrogen had been added,
so M1 should have been easily obtainable.

6 This question is about the synthesis and reactions of butane-1,4-diol.

(a) Butane-1,4-diol can be synthesised from but-2-ene-1,4-diol, by reaction with a

reagent, B.
?—H C|)—H (|)~—H C|)—H
C{iz /CH; + B — CI\_|2 /CH2
CH=CH CH,—CH,
but-2-ene-1,4-diol butane-1,4-diol

(i) Identify reagent B and state suitable conditions for this reaction.
(2)

................................................................ Vst Ge...nickd . Cumly st M;L;..L\‘jl-

ResultsPlus

Examiner Comments

The reagent has not been identified.

Since M2 is not dependent on M1, the identification of a nickel
catalyst gets M2.

ResultsPlus

Examiner Tip

Although the molecules involved are unfamiliar to the student,
simple inspection shows that two hydrogen atoms have been added
across the double bond of the starting molecule. It follows that the
reagent is probably hydrogen gas, H,.

Do not be put off by the introduction of unfamiliar molecules. Just
look for the functional groups and apply your knowledge as if it
were a simple molecule.
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Question 6 (a) (iii)

(iii) Name one other commercially important product that can be manufactured

¢ by this type of reaction with the alkene group.

......................... EXeqte.

ResultsPlus

Examiner Comments

Ethene could be reduced to ethane using this reaction. The question
asks for the product so ethene is incorrect.

Additionally, ethane is not manufactured commercially by this
reaction. As a precursor to other reactions ethene is much too
useful to be reduced back to ethane.

Ethane is more economically manufactured during the processing of
crude oil.

ResultsPlus

Examiner Tip

Read the question carefully, in this question it is the product that
must be identified.

Margarine and (butter substitute) spreads are manufactured
commercially using this reaction. Butter itself is not reduced
commercially.
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Question 6 (b)

This is a longer answer question where marks are awarded for key points and for 'reasoning' which
involves the continuity of the answer. Bad chemistry may be penalised in the reasoning.

Some candidates included extensive details of the oxidation of the diol to the dioic acid. This was
not required and the question does not ask for this procedure.

*(b) Butane-1,4-diol can be oxidised to form butanedioic acid. The molecular formula
of butanedioic acid is C,H:O, and it is a solid at room temperature.

Describe how you would make 250 cm? of a solution of butanedioic acid with an
accurately known concentration of approximately 0.0500 moldm~.
Butanedioic acid is sufficiently soluble in water to achieve this concentration.

[Molar mass of butanedioic acid = 118 g mol™'] eontun broddan = polu
hua  (6)
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..... o veed '-1,15....%.... E 2 H; Ot B Pouraduly. . ...
dotih 1425 dF C¢b}¢ﬂ4nﬁum¢mn% .
........... soadk.r. PW" ‘L( S % P o PO Yo\ P Lcomced.....

f‘[nﬂdm ...... m-}&g_hﬁll. wr}‘h HJ-M-

"ﬂxt ........ o ma%%{l%:m’ M&"'"\- Ml'uh;
........... Sand..... o et colebon

................................
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Only IP1 is awarded here for specifying, correctly, the mass of acid

to be weighed out.

The weighing itself is not awarded a mark (IP2) because there is
insufficient weighing procedure detail.

IP3 is not awarded because the water used is not distilled.

There is nothing that could be awarded for IP4, IP5 or IP6.

ResultsPlus
\ Examiner Tip

Read the question carefully. Do not use your valuable time writing
details of something that is not required. This question asks how a
standard solution of the acid would be made, not about the
oxidation of the diol.

Minor details like the use of distilled water are important in this
style of question. It is better to include too much detail rather than
too little.

Although two pages were provided for the answer, full marks can be
scored using relatively few lines.
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*(b) Butane-1,4-diol can be oxidised to form butanedioic acid. The molecular formula
of butanedioic acid is C,HsO, and it is a solid at room temperature.

Describe how you would make 250cm? of a solution of butanedioic acid with an
accurately known concentration of approximately 0.0500 moldm=2.
Butanedioic acid is sufficiently soluble in water to achieve this concentration.

[Molar mass of butanedioic acid = 118 g mol™']

(6)
(calculanon . 250 5605200125, mas s 0OWXNS )
e _r1asq )
..... 2\6‘1\ hs e bhe WOS @ | tﬂsg ® Wrnedie agd powter
Ond.mONY.. . (0. 0. ek ﬁmﬁ beakec. Add STem3 of..
MM ...... wakr . andshe untid aﬂsouﬂwckmmd

rosnas. o

cemtm voiumemc !Em:;\é '7?1p ap... !n B0 oﬁmd_ Uf.ﬁmge
duohitied. water . Put custopper... Thuea o mee.

ResultsPlus

Examiner Comments

IP1 is awarded for the correctly calculated mass.
IP2 is not awarded. 'Weigh by difference' lacks sufficient detail.

IP3 is awarded. The key words are beaker, distilled water and
dissolve.

IP4 is awarded. Volumetric flask is mentioned. Here it is also used
correctly but for this mark scheme, it would be awarded the mark
even if used inappropriately.

IP5 is awarded for the addition of washings to the volumetric flask.
IP6 is not awarded. There is no mention of a 'mark’ for the topping

up procedure. The correct inversion procedure is used to mix the
contents of the volumetric flask.
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&BH)\ ResultsPlus
\, Examiner Tip

The omission of minor details, e.g. a description of the weighing
procedure and 'topping up to the mark' have cost this response two
marks. In other respects, this is a clear, concise account illustrating
that extensive writing is not always necessary to score the indicative
points.
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It was the omission of sufficient detail in the weighing procedure that was the most frequent error.

*(b) Butane-1,4-diol can be oxidised to form butanedioic acid. The molecular formula
of butanedioic acid is C,Hs0, and it is a solid at room temperature.

Describe how you would make 250cm? of a solution of butanedioic acid with an
accurately known concentration of approximately 0.0500 moldm™2,
Butanedioic acid is sufficiently soluble in water to achieve this concentration.

[Molar mass of butanedloic acid = 118 g mol-']

(6)
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/\ Exaﬁuner Comments

IP1 is awarded. An appropriate mass of the dioic acid has been
calculated. Here the mass is expressed to 2 dp but this is
acceptable.

IP2 is not awarded. The weighing procedure lacks detail.

IP3 is not awarded. There is no mention of dissolving.

IP4 is awarded for the mention of the volumetric flask.

IP5 is awarded because washings have been added to the
volumetric flask.

IP6 is awarded because the procedure includes topping up to the
mark and shaking the flask to mix. (In practice, inverting is more
effective than shaking.)

A | Plus
\ Examiner Tip

Include as much minor detail as you have time for. Some detail may
be extraneous but it is better to include too much rather than too
little.
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Question 7 (a) (i)

7 This question is about the titration of a weak acid with a strong base.

{a) A standard solution of ethanedioic acid, which is a weak, diprotic acid, can be
used to determine the concentration of a sodium hydroxide solution. 25.0cm?® of
the ethanedioic acid solution, with concentration 3.80gdm™3, was pipetted into a
conical flask. A few drops of indicator solution were added. The ethanedioic acid
was titrated with the sodium hydroxide solution which was in the burette. The
titration was repeated and the following results were obtained.

[Molar mass of ethanedioic acid = 90.0gmol-"]

N e

Mean titre / cm? V7. 855

(i) In the appropriate row, tick (v") those titre values that should be used to find
the mean, and use these titres to calculate it.
Write the value of the mean titre in the box provided in the table of results.
(2)

ResultsPlus

Examiner Comments

Only 2 of the 3 appropriate titres have been ticked, so M1 was not
awarded.

M2 was still available for the mean of 17.70 and 17.65. In this
example, 17.55 is not a correct calculation of the mean for the
ticked titres, so M2 was not awarded.

ResultsPlus

Examiner Tip

Titres that are given to 2 d.p. should have a mean to the same
number of d.p. In this example, the correct mean would have been
17.68, not 17.675
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Question 7 (a) (ii)

More advanced studies would demand a specific indicator for a weak acid/strong base titration. But
at this stage, students have probably encountered only phenolphthalein and methyl orange.

Any indicator was allowed but not universal indicator or litmus.
Minor errors in spelling were allowed, (particularly for phenolphthalein).

(ii) Ethanedioic acid is a weak acid. Name a suitable indicator for this titration
and state the colour change at the end-point.

ResultsPlus

Examiner Comments

M2 depends on M1. No indicator was suggested therefore no mark
can be awarded for a colour change (which, in this example, would
be correct for phenolphthalein).

In this example, the titration procedure appears to have been
understood sufficiently to give the correct colours of
phenolphthalein in acid and at the end point of the titration.

ResultsPlus

Examiner Tip

It is meaningless to give a colour change without naming the
indicator.
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(ii) Ethanedioic acid is a weak acid, Name a suitable indicator for this titration
and state the colour change at the end-point.

Name of indicator

Colour change at the end-point from ... C«W ................... 10 ?W\JLQ .....................................

ResultsPlus

Examiner Comments

This spelling of phenolphthalein is sufficiently incorrect that the
mark was not awarded. Phenyl and phenol are different.

However, M2 (for the colour change) was awarded as a near miss
with M1.

‘ ResuitsPlus
Examiner Tip

Learn how to spell phenolphthalein.

Note that the colour change is to the colour at the end point,
not the colour in alkaline solution.
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Question 7 (a) (iii)

(iii) The equation for the reaction of ethanedioic acid with sodium hydroxide is
CszOq + 2NaCOH —» C204Naz + 2H30

Calculate the concentration of the sodium hydroxide solution, in mol dm-3,
Give your answer to three significant figures.

(4)
== (o0 O
= (.05 =«to T moles
.50 g dm 7 = O 0«2 moldm %
mores of NaOH = 2./« ro "~

2,00 107
(7. 65 1009

foncentrarion

0. 120 moldm ¥

ResultsPlus

Examiner Comments

Some stages of the calculation have been omitted in this answer.

The figure 0.042 is written to only 2 SF but more figures must have
been held on the calculator to get a final answer that is correct to 3
SF (as required).

The answer is presented to 3 SF, as stipulated in the question.
The question states that the concentration should be given in mol

dm™. So units are not essential in the final answer (although many
students will give them). However, if given, they must be correct.

ResultsPlus

Examiner Tip

It is useful to retain more SF in the intermediate stages of a
calculation than you need for the final answer. If more SF are not
written down but retained on a calculator, and you get the correct
final answer, you may still get full marks. But if the final answer is
incorrect, you could lose a mark for rounding early or truncating a
figure.
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(iil) The equation for the reaction of ethanedioic acid with sodium hydroxide is
2s com®

C2H204 + 2NaOH — C204Naz + 2H10
3-Wacwn>
Calculate the concentration of the sodium hydroxide solution, in mol dm™,
Give your answer to three significant figures.
(4)

380 - A0 =0 . o222

=0V

W20 . Oou22x 28,
(L= wTIN

Wz ©O-SQ2\ & vvaren Cang O,

O - SA2\ x 2 = \\U% & sno\er O 200w

ResultsPlus

Examiner Comments

M1 was awarded for the division by 90 (conversion to moles).
M2 is incorrect, the answer is 1.0556 not 0.5921

M3 can be awarded for the x2. There is sufficient to make it clear
that this is a conversion from moles of acid to moles of NaOH.

M4 is not awarded. No attempt to convert moles to concentration

4 ResultsPlus
Examiner Tip

The calculation shows sufficient SF to retain accuracy.

There is an error in calculation of n, (possibly a wrong button on the
calculator).

However, the calculation is laid out sufficiently clearly for a TE to be
awarded in the last line.
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Question 7 (b) (i)

(b) The uncertainty in each burette reading is £ 0.05cm?, The uncertainty in the
pipette volume is £0.06 cm”,

(i) Calculate the percentage uncertainties for titre 4, and the pipette volume.
(2)

1 008 3% v (00
~ 6. SE ?&

ResultsPlus

Examiner Comments

This calculation is not identified as the burette uncertainty or the
pipette uncertainty. It has been left to the examiner to deduce from
the figures that this is probably the burette calculation.

The second figure in the answer is probably a 7, so this was given
BoD.

There is no calculation of pipette uncertainty.

ResultsPlus

Examiner Tip

It takes only a second or two to label this as the burette
(calculation).

Similarly, the 7 in the final answer appears to have been changed
from another figure. It takes only a second or so to write is again,
clearly.

The +/- in the numerator might be taken for a 1 at first glance. Why
not write it more clearly?
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(b) The uncertainty in each burette reading is £0.05cm?. The uncertainty in the
pipette volume is £0.06 cm?’.

(i) Calculate the percentage uncertainties for titre 4, and the pipette volume.

1L X B0 (2)
s A 0D

Pipetbe = O-ce 2

LX -0

’—_-h_'_'_——
(.65 = 9567~

ResultsPlus

Examiner Comments

The burette calculation is not identified. The examiner is left to
deduce that, since the first calculation is labelled 'pipette’, the
second is probably the burette calculation.

M1 is awarded for the burette uncertainty.

M2: The pipette uncertainty is incorrect. A pipette is read only once
so the uncertainty is not doubled.

4 ResultsPlus
Examiner Tip

|dentify your calculations.
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(b) The uncertainty in each burette reading is £0.05cm’. The uncertainty in the
pipette volume is +0.06 cm?®.

() Calculate the percentage uncertainties for titre 4, and the pipette volume,
._.______.——
(2)

Bve Y

Q-0% X |Oo x 2 = O- "56"%
V165 e

plpetke

006 X QO = 0 24%%6
15 —

ResultsPlus

Examiner Comments

Both calculations are clearly identified. The pipette calculation is
correct and is awarded 1 mark.

However, the answer for the Titre 4 calculation has been incorrectly
rounded. 0.567% rounds to 0.57%, not 0.56%

4 ResultsPlus
Examiner Tip

Take care with rounding. In this question an answer to 1, 2 or 3 SF
was acceptable, but when rounding, the rounding must be correct.

For the titre 4 uncertainty, an answer to 1 SFis 0.6%
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Question 8 (a)

This question tested the ability to draw a fully displayed formula.

8 This question is about 2-methylpropan-2-ol.
(a) Draw the fully displayed formula of 2-methylpropan-2-ol.

H (1)

ResultsPlus

Examiner Comments

All three methyl groups are fully displayed.

The alcohol group is not displayed but this was allowed for this
paper.

The bond from the central C atom to the alcohol group is poorly
positioned. It should be clearly shown as a C-O bond. However, this
was not penalised in this paper.

In general, where the OH group is positioned vertically above or
below the central carbon, a certain amount of leniency is allowed
for the positioning of the C-O bond. If the OH group is written in a
horizontal position, more care must be taken. If the bonding to the
OH group is drawn as C-H-O or C-HO, the mark will not be awarded.
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 ResultsPlus
\ Examiner Tip

If a displayed formula is required, it must be displayed. A structural
or partially structural formula will not score the mark.

If the formula is an alcohol, it is better to show the bond to the
alcohol group as a clear C-O bond and also to show the O-H bond.

For a displayed formula, ensure that alkyl groups, e.g. the methyl
groups in this example, are also fully displayed.
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8 This question is about 2-methylpropan-2-ol.

(a) Draw the fully displayed formula of 2-methylpropan-2-ol.

ff o 4

H— C_I?rc-cr:-!r
{ ,-'{ A

(H 4 OH

ResultsPlus

Examiner Comments

In this example, one of the methyl groups is not displayed. The mark
was not awarded.

The bond between the central C atom and the OH group is also
poorly positioned (it should go to the O atom, not somewhere
between the O and the H). However this was not penalised in this

paper.

The non-displayed formula at the bottom left would have been
ignored (assumed to be working towards the final answer).
However, it should have been crossed out (with a single line
through) to avoid any confusion.

Q ResultsPlus
Examiner Tip

For a fully displayed formula, all atoms and bonds should be shown.
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Question 8 (b) (i)

This question required application of the basic principles of fragmentation in a mass spectrometer,
in an unfamiliar situation.

Fragmentation of either the molecule or the molecular ion were acceptable answers.
A good answer would conclude that all of the molecules/molecule ions must have fragmented.

Students were informed that there is no molecular ion peak, so arguments based on a very small
number of molecular ions were not allowed.

Another response suggested that all molecular ions were 2+, hence halving the m/z ratio. This
would be unlikely but showed a better understanding of the workings of the mass spectrometer.

(b) The mass spectrum of 2-methylpropan-2-ol is shown.

100
80 -
e
e
.E 60 -
2
8 40+
[:7]
e
20+
0 ”"=1'!'|"1'|'!:l'l""r"'!|':l'1""l""='ll—' :III

0 15 20 25 30 35 40 45 50 55 60 65 70 75

m/lz

(i) The relative molecular mass of 2-methylpropan-2-ol is.74. Give a possible reason
why there is no molecular ion peak in the mass spectrum of 2-methylpropan-2-ol.
' : (1)

B T ST PO P 8 L SRR Y B e

B e N .
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< / ResultsPlus

] o \ .
’;{y < Examiner Comments

This response appears to confuse isotope analysis with the
fragmentation of an organic molecule.

The absence of any peaks around 74 eliminates the possibility of a
C13 answer, even if this was what the candidate had in mind.

y

&6\ ResultsPlus
\ Examiner Tip

The context of a question often gives a clue to the nature of the
expected answer. This question is about an organic molecule so it is
unlikely that it would include isotopic analysis.
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‘(b) The mass spectrum of 2-methylpropan-2-ol is shown.

100+
80
F
g
T 60+
£
2
3 40
&
20+
0 R I'!:Il T ]l | 1 j -+ - T T T

mpiz

(i) The relative molecular mass of 2-methylpropan-2-ol is 74. Give a possible reason
why there is no molecular ion peak in the mass spectrum of 2-methylpropan-2-ol.

(1}

ResultsPlus

Examiner Comments

This answer assumes that the peak is there but small. It ignores the
information given by the question, that there is no molecular ion
peak.

The response also seems to assume that it is the molecule (not the
ion) that is responsible for the molecular ion peak, and that the
molecule is formed in the mass spectrometer.

ResultsPlus

Examiner Tip

Read the question carefully. In this example, it states that there is no

molecular ion peak. So think of reasons why there are no molecular
ions.
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(b) The mass spectrum of 2-methylpropan-2-ol is shown.

100

80_

Relative intensity

10 15 20 25 30 35 40 45 50 55 60 65 70 75

m/z

(i) The relative molecular mass of 2-methylpropan-2-ol is 74. Give a possible reason
why there is no molecular ion peak in the mass spectrum of 2-methylpropan-2-ol.

(1)

ResultsPlus

Examiner Comments

This response is almost correct but it still does not answer the
question of why there is no molecular ion peak. It tells us that
fragments only were detected.

It is not the molecule itself that is detected, it is the molecule ion.

ResultsPlus

Examiner Tip

Ensure that your response answers the question. This example
indicates that the student may have known the answer to the
question but has failed to communicate adequately.

Take care with the accuracy of your statements. The mass
spectrometer detects ions not molecules.
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Question 8 (b) (ii)

The question did not specify which particular type of formula was required so any type was
acceptable. The positive charge on the ion was an essential requirement.

The majority of students presented their answers in a structural format, indicating that the correct
answer had been deduced from fragmentation of the original molecule/ion.

(i) Write the formula for a species that could be responsible fnrrthe peakatm/z=59,
' (1)

c=\\ o SR

w=A Woﬂ =%
G=\6
@6 Cg’“ EOH
Tl

ResultsPlus

Examiner Comments

This response included a scattering of working that the examiner is
required to trawl through.

The formula presented would have been correct if a positive charge
had been included. The hard work had been done!

ResultsPlus

Examiner Tip

Mass spectrometers detect ions, so it is important to recognise that
all the fragments are detected as positive ions.
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(i) Write the formula for a species that could be responsible for the peak at m / z = 59.
C=1\2 H:\?D Hz i3 (1)
. +
H-C- W CH,)(LHﬂ(OH\C
\.
h-Cc—c"

I«ﬁ*z

\
OH

/\

< / " ResultsPlus
/\ Examiner Comments

The formula on the right is presented in an unusual and
unconventional format. However, the formula is recognisable and
the positive charge has been included so the mark is awarded.

Any doubts about the formula on the right are dispelled by the clear
(partially) displayed formula (with correct charge) on the left.

/
/

&BH\ ResultsPlus
\ Examiner Tip

Write structural formulae in a conventional format.

Question 8 (c) (i)

The responses to this question sometimes included a mass of figures followed by a final answer. It
was often difficult to assign marks to transferred errors when the final answer was incorrect.

Many answers indicated a mechanical application of the figures for bond formation and bond
breaking, and showed little appreciation that bond breaking is an endothermic process while bond
formation is exothermic.

Common errors included the use of 4 C-C bonds and 10 C-H bonds. The bond enthalpies of the C-O
and O-H bonds were also frequently omitted.

Very few answers included an energy cycle. A well-drawn energy cycle or the use of Hess's Law
equation would have helped to convince the reader that the energy changes were understood.
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(c) The equation for the complete combustion of Zmethylpmpqn-z-ol is .
CHOU + 604(9) > 404g) + SH00)

() Using the bond enthalpies shown in the table, calculate a value for the
enthalpy change, in kJ mol-', for the complete combustion of

—
= L
7

2-methylpropan-2-ol. Gﬂ-
com o>
| sond | Meabondenthapy/kmer |
347 ©=z0
413 . 0=0
0=0
358 O =0
464 o z-0
498
805
%KC:O
Seee (0 x 0-H
| X0=0 g x 905 = 6440
6% 0=0
0 x ag4 = 46490
Al13 xlo = s
347 x3 =) 041 o
409 ax) - \ | OJO
409 Xxb
9§57 r §4SFt — (1040
- = - 2423
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sultsPlus
/\ Examlner Comments

This response typifies many of those seen, but it is also clearer than
some. More could have been done to explain the various steps in
the calculation.

M1. 10 C-H bonds have been used (instead of the correct number,
9). The bond enthalpy of the C-O bond has been omitted. The bond
enthalpy for a O=0 bond has been mistakenly used instead of that
for the O-H bond.

It would have been helpful if the proposed sum of the bond-
breaking enthalpies for 2-methylpropan-2-ol had been shown as a
number.

M2. The bond enthalpies for the 6 oxygens have been correctly
calculated but it has been left for the examiner to check if this figure
has been correctly added to the incorrect M1. It has!

M3. The bond formation enthalpies have been correctly summed
and presented with a negative sign showing that this candidate
appreciates that bond formation is exothermic.

M4 The mark is awarded for a correct transferred error. The units
are not required (stated in the question).

' Plus
\ Examiner Tip

It is helpful to the examiner if the maths is completed for
intermediate stages in a calculation. If all the calculation is left to the
end and a mistake is made resulting in an incorrect final answer, the
examiner will attempt to find the mistake and award transferred
error marks if appropriate. This may only be possible if your
working is clear.
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(c) The equation for the complete combustion of 2-methylpropan-2-ol is
CaHiO(l) + 60,(g) — 4CO,(g) + 5H,0())

(i) Using the bond enthalpies shown in the table, calculate a value for the
enthalpy change, in k) mol™', for the complete combustion of

2-methylpropan-2-ol.
(4)
—C 347
C—H 413
c—0 358
O—H 464
0=0 498
=0 805
A

CLuV O L + 6o, g) “*‘:)“651@ b S W0

qu'l"ﬁ‘-g + Q\S ‘mto)\-q;_.,-* @,, (gﬂ»uns))
- \3TR a0 R N J %Sr-
— B9 U2
% QE x HLO@ T 2e9® Grwo Yy
- ™ 2132

- 2010
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sultsPlus
/\ Examlner Comments

Only M2 is awarded in this example.

M1 is not awarded. There are several mistakes; 4 C-C bonds, 10 C-H
bonds and the bond enthalpy for the C-O bond has been omitted.

M2. However, these (incorrect) bonds have been summed which
makes it easy for the examiner to check that the bond enthalpies for
the oxygen have been calculated and added correctly. ATE mark is
awarded.

M3 is not awarded. The bond enthalpies for the bond-making
process have been calculated incorrectly, although they have
correctly been given a negative sign.

M4 is not awarded. The figures used are not the sums of the bond
enthalpies calculated earlier in the calculation so there is no
possibility of a TE.

\ Examiner Tip

It is useful to complete calculations at each stage in a lengthy
calculation. This makes it easier for the examiner to identify
mistakes and award TE marks where appropriate.
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(c) The equation for the complete combustion of 2-methy|pmpan-2—ot’i's
CiH,0(l) + 60,(g) — 4CO,(g) + 5H,0())
() Using the bond enthalpies shown in the table, calculate a value for the

enthalpy change, in kJ mol™', for the complete combustion of
2-methylpropan-2-ol,

(4)

c—C 347
C—H 413
c—0 358
0=0 498
. =0 805 J(QA"
) v o
'EP{—J{—Q‘M r a-fb 0‘&& Y 5*u"d..”
o x g"&q A o T t O
H " 7'5 06 o7c$6 h(o\“'
Rond  biegk Rod Al
Ly K = BR3P gxeoTs futt o
N T 3R oxX Kb\ =4bYo
| x C—G6 = R3%8%
| X O""‘H_"" Q < _...-t\ b%ca
&x {a< ~

g< 38
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M1 is not awarded because 4 C-C bonds have been used.

M2. The bond enthalpies of the alcohol have not been summed
separately. This makes it difficult to decide where the mistake lies.
The sum of the first 4 numbers presented + 2988 does not equal
5535 so M2 cannot be awarded. If the first 4 numbers had been
summed, it might have been possible to award a TE for M2. As
written, it is impossible to know if the error is the in summation of
the first 4 numbers or in the subsequent addition of the 2988.

M3 is awarded for a correct summation of the bonds formed. This
has been correctly given a negative sign.

M4 is awarded for a transferred error. The figure 5535 is incorrect

but the correct mathematical operation has been completed. Units
were not required (specified by the question) but, if given, must be
correct. Here the -1 of mol™ is almost lost in the margin line on the
question paper.

\ Examiner Tip

Explain what you are doing in calculations.

Be careful with units. If units are specified by the question, you must
give the numerical answer in those units. It is not essential to write
the units. If you choose to include the units, they must be correct.

If units are not specified by the question, it is essential that you give
the correct units for your numerical answer.

Ensure your answer is within the designated area on the paper.
There is a danger with writing answers that extend beyond the
designated area for the response:

(i) It is possible that the examiner may not realise that there is more
work elsewhere on the paper.

(ii) If part of the answer is written in the area of the paper trimmed
off during scanning, the work may be lost irretrievably.
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Question 8 (c) (ii)
M1 and M2 were marked independently.
(i) 2-methylpropan-2-ol burns in air with a smoky flame. Explain how burning

with a smoky flame affects the value of the experimentally determined
enthalpy change of combustion.

(2)

ResultsPlus

Examiner Comments

M1 is awarded for the recognition of incomplete combustion.

M2. The 'value is less' is ambiguous.

ResultsPlus
Examiner Tip

Be clear about exothermic and endothermic enthalpy changes. To
say that a negative number is lower does not make it clear if the
number is more negative or less negative.

For an exothermic reaction, it is clearer to say that the number is
more/less exothermic, or, more/less negative. Similar
considerations apply for endothermic changes.
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(i) 2-methylpropan-2-ol burns in air with a smoky flame. Explain how burning
with a smoky flame affects the value of the experimentally determined
enthalpy change of combustion.

. He ackual valug will be s [wss gatwe)
s othar proclwdsme, ....................................................... meaon i/ ﬁ ...............

ResultsPlus

Examiner Comments

This response can be awarded both marks.

M1 is awarded because 'doesn't perform complete combustion' is
equivalent to incomplete combustion.

M2 is awarded for the 'less negative' statement. Just 'less’, on its
own, would not have been awarded the mark.

ResultsPlus
Examiner Tip

Try to use the same words that you think will be in the Mark
Scheme. In this example, 'doesn't perform complete combustion’
could have been witten more concisely as 'incomplete combustion'.
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Question 8 (c) (iii)

The discrepancy in this instance is explained by the difference in the states of water and
2-methylpropan-2-ol. Bond enthalpies refer to the gaseous state, whereas the equation shows
water and 2-methylpropan-2-ol as liquids. There is a significant enthalpy change associated with
changes of state, much larger than differences caused by the use of mean bond enthalpies.

WU be \ess exolfermic.
(iii) A Data Book value for the enthalpy change of combustion of 2-methylpropan-2-ol

is =2643.8 kJ mol~'. Give the main reason for the difference between this value
and your answer to part 8(c)(i).

(1)

ResultsPlus

Examiner Comments

This is a very clear answer, correctly stating that (Data Book) bond
enthalpies refer to the gaseous state, whereas the equation, as
written, includes water and 2-methylpropan-2-ol in the liquid state.

ResultsPlus

Examiner Tip

Sometimes the discrepancies can be explained by the fact that bond
enthalpies are usually means. But always check the states in any
situation where you have used bond enthalpies. The enthalpy
changes involved in changes of state will be much greater than can
be explained by the use of mean values.
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(iii) A Data Book value for the enthalpy change of @@mbustion of 2-methylpropan-2-ol
is —2643.8 k) mol~'. Give the main reason for the difference between this value
and your answer to part 8(c)(i).

(1)
....... N RN Mas enemn Dond . oei\oadO3RE. wRNR
.......................... wsq&,ﬂbn&q&ﬁ,@gﬁméi; O e
e :%fq“)\;‘:\{wt%mm ] Xs..

ResultsPlus

Examiner Comments

An example of a typical answer involving mean bond enthalpies.
This is true, but the main reason for the difference is associated
with the enthaply change involved in a change of state.

ResultsPlus
Examiner Tip

The difference between mean bond enthalpies and those specific to
particular compounds can cause a small difference between a data
book value and one calculated from mean bond enthalpies.

However, if changes of state are involved, the difference in the
enthalpy changes is likely to be much larger.
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Paper Summary

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

* |tis recommended that students should first attempt those questions where they feel most
confident, for example, those who are confident with numbers might attempt the calculations
first. If you can't answer a question, read it through then mark it in some way and come back to it
later. The paper is designed to take the allocated time for those who are fully conversant with the
course content. If you spend a long time struggling with a question that you can't do, you might
run out of time.

* In many longer answers, particularly calculations, it is essential to show the intermediate stages.
There will be marks available for transferred errors; if an error is made early in a calculation,
transferred error marks can be awarded provided that the rest of the calculation can be followed.
Ideally, students will include sufficient explanation for examiners to easily understand the logic. A
scattering of numbers is almost impossible to follow and may gain little credit.

* Students should read through each question carefully and identify the key points. There is no
credit for writing an extensive answer to a question that has not been asked. Furthermore, this
will eat into time that should be spent on other parts of the paper. This was typified by some of
the responses to Q6(b) in this paper; some students wrote extensively about the oxidation of the
diol to an acid, but this was not required by the question.

* The response area in the answer booklet has been designed to be adequate for the expected
answer. It is unlikely that students will need more than the designated space. However, should
the need arise to continue the answer elsewhere, it is useful to put a note to that effect in the
designated area on the answer space.

* Do not write outside the delineated box on the paper. There is a chance that any information
written here will be lost and will not therefore be credited.

* Where you decide to change an answer, write the new answer first before you cross out the old
answer. If an answer has to be crossed out, put a single line through it so that it is still legible. Do
not scribble heavily though it. If an answer is crossed out but not replaced, the examiners will
attempt to read the crossed out work
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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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