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Introduction
The paper was accessible to all candidates, with section C providing the most challenge.
Only a small number of candidates did not complete the paper. The standard of answers on
kinetics and thermodynamics was good, but answers on organic chemistry, including nmr
spectroscopy, and acids and bases had more errors. A very large proportion of candidates
seem unsure about the choice of an appropriate number of significant figures in numerical
answers. There were no questions asking for a specific number of significant figures, and
as long as there were at least two significant figures this was not penalised. However
candidates at this level should realise that giving a full calculator read-out for a pH is
inappropriate. Many rounding errors were seen. Candidates often gave the first two figures
in their calculations even if the third figure indicated that they should have rounded up.
This also produced errors in the final answers of calculations with more than one stage and
marks were lost.

Question 15 (a) (i)
Many candidates knew that the reaction was nucleophilic addition, but a significant number
described it as “nucleophilic addition, SN1”, indicating a lack of understanding of the letter S
in the abbreviation.

Examiner Comments

Credit cannot be given if there are two alternative
answers which contradict, in this case addition and
substitution. The nucleophilic mark was given.

Examiner Tip

If you are not sure of an answer, don't give two
alternatives which cannot both be possible.
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Question 15 (a) (ii)
The most popular choice of answer was hydrogen cyanide plus potassium cyanide. Use of
hydrogen cyanide with an alkali or potassium cyanide with a strong acid were also allowed,
but in a question asking for “the substances” which need to be added, it was not enough to
simply write CN- or H+. Some answers gave long lists of suggestions, and these could not
be accepted.

Examiner Comments

When using hydrogen cyanide, a source of cyanide ions is also needed.
This could be potassium cyanide. Alternatively sodium hydroxide could
be added, which would react with the hydrogen cyanide to produce
cyanide ions. This answer scored 1 mark for the HCN.

Examiner Tip

If a question asks for substances which are needed, the names or formulae of
the substances must be given, not just a general term like "acid". Acids can
be strong or weak so all acids might not be suitable. In this case the name or
formula of a strong base was needed.

Examiner Comments

This answer shows the source of the cyanide
ions and scores 2 marks.
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Examiner Comments

Adding a strong acid to potassium cyanide would liberate
HCN. However, the question asked for the substances
needed, so this scored 1 as a suitable acid was not named.

Question 15 (a) (iii)
The mechanism for addition of cyanide to an aldehyde was generally well known. Common
errors were to forget the charge on the cyanide ion, or to draw a curly arrow coming from a
H+ ion. Since the last mark was allowed either for reaction with H+ or with HCN, there was
no penalty for candidates who used HCN and forgot to show that CN- was also produced.
However, this error suggests that candidates are not checking that equations are balanced
which is disappointing.

Examiner Comments

This answer showed the intermediate correctly and included a correct
curly arrow from the negatively charged oxygen to the hydrogen
ion. However, the first mark for attack by the cyanide ion was not
scored. The hydrogen atoms on the ends of the bonds should be shown.

Examiner Tip

The first stage in this mechanism is attack by a cyanide ion. Another error is that the curly
arrow leading to the oxygen in the C=O bond comes from the carbon, not the bond. Curly
arrows show movement of electron pairs and their position is very important. The hydrogen
atoms on the ends of bonds should be shown.
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Examiner Comments

This scored 1 mark for a correct intermediate, but
lost the first and third marks in the mark scheme.

Examiner Tip

A hydrogen ion has no electrons. Since curly arrows show movement of
electron pairs there can never be an arrow coming from a hydrogen ion.
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Question 15 (a) (iv)
There was considerable confusion between addition to a planar site in an aldehyde, and
attack by OH- on a planar intermediate in hydrolysis of tertiary halogenoalkanes. There
were many answers saying that the intermediate, which in this case was CH3CH(CN)O- and
not a carbocation, could be attacked from either side.
However, the second mark was gained more often for recognition that a racemic mixture
forms. Some answers stated that two enantiomers form without making it clear that they
form in equal proportions.
his answer is confusing, as cyanide ions are nucleophiles. The final product is not a
carbocation and unless 50% of each enantiomer forms, the rotation of the plane of polarised
light will not be cancelled.

Examiner Comments

A carbocation intermediate may be produced
during hydrolysis of halogenoalkanes, but this is
not the reaction occurring here.

Examiner Tip

The optical activity of enantiomers is only cancelled out
if there are equal amounts of each enantiomer, which is
not stated in this answer.
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Examiner Comments

This scored both marks.

Question 15 (b)
Many candidates clearly knew that this was a hydrolysis reaction, and gave answers such
as water plus sulfuric acid, which gained the marks. As in 15(a)(ii) some candidates
optimistically gave long lists of reactants and these were not given any credit.

Examiner Comments

This did not score the mark as a suitable acid was not given.

Examiner Tip

A strong acid is needed here, so just saying that an
acid is needed is not enough.
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Question 15 (c) (i-iii)
Naming the lactic acid caused quite a lot of difficulty, perhaps because the three carbon
atoms were not shown in a straight line. However, this representation made deducing the
structure of the polymer slightly easier and many showed a polyester, though common
mistakes were to include too many or too few oxygen atoms at the ends, or to miss out
some hydrogen atoms. Answers to 15(a)(iii) had to be based on the chemistry of the
molecule and vague comments such as “enzymes can break it down” were not allowed.

Examiner Tip

This sort of error in naming the acid was common.
If a section of a polymer is required, the bonds at
the ends of the section which can join on to other
units should be shown.
The bond which can be hydrolysed is the ester link.
There are other bonds in the molecule which, if
broken,would not break it into monomers.
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Question 15 (c) (iv)
There was a wide variety of acceptable answers here, including comments about ethene
coming from a non-renewable source, the likely energy requirements of producing ethene,
and the costs of chemicals and losses in yield in a multi-step synthesis.
However, there were many vague comments about milk being natural, or the process from
ethene being cheaper, without any justification, and these did not gain a mark. There was
a widely held view that because milk comes from cows there are no costs in producing it.
The way the answers were expressed was often careless, for example saying that crude oil
is burnt to produce ethene; the process is cracking and this requires considerable energy
which is the point of the question.

Examiner Comments

This scored the mark for saying that ethene comes from a non-renewable
resource, but candidates should be aware that just saying that something
is environmentally friendly is never likely to gain a mark.
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Examiner Comments

This did not score as there is nothing about sustainability
or requirement of energy or other resources.
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Question 16 (a)
This was a high scoring question. Candidates knew how to analyse the data given
and answers were often well expressed, including references to the experiments being
considered and the fact that the concentration of one reactant was staying constant while
the other one changed. A few candidates forgot to include the rate constant in the rate
equation and errors in the units of the rate constant were relatively common.

Examiner Comments

This is an example of a good answer which scores full marks.
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Question 16 (b)
Writing the overall equation for the reaction was a simple task and only a few candidates
failed to cancel the NO3 which appeared on both sides. Most candidates deduced the rate
equation correctly and realised that only species in the rate determining step appear in the
rate equation.

Examiner Comments

This is an example of a good answer.

Examiner Comments

The overall equation is incorrect and the rate
constant is missing from the rate equation. A
mark was given for the idea that NO22 alone is
in the rate equation as it is in the slow step.
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Question 17 (a)

The calculation of the entropy change of the system caused some difficulty. Candidates who
were familiar with the Data booklet would know that data on elements is given separately
from data on compounds, but others tried to calculate a value for ammonia. Despite the
information that data is given for half a mole of molecules, many candidates did not apply a
factor of 2 when using the data for hydrogen. The correct answer was a negative value.
However, candidates who got a positive value could score the marks in (a)(ii) as long as
they explained that this was unexpected.

Examiner Comments

This candidate has found the correct data and
used the correct multiples, but has confused
joules and kilojoules in the calculation so scores
1 mark in (i)
The second part is correct.
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Examiner Comments

This candidate has subtracted values for the entropy of
products from the entropy of reactants and has missed the
multiple on the value for nitrogen, even though it was given
in the question, so scores no marks in (i).
The explanation in (ii) did not refer to the decrease in
number of molecules as the reaction goes forward. Saying
that there is one gaseous product, when it is of different
complexity to the reactants, was not enough.
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Examiner Comments

Though the sign in (i) is wrong the candidate
scores full marks in (ii) as the answer says that
the sign is unexpected.
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Question 17 (b)
Most candidates knew how to calculate the entropy change of the surroundings from the
enthalpy change, but errors occurred by using a temperature of 298K instead of 700K, and
confusing the sign and units. In (ii) some candidates added a value stated to be in
kJ mol-1 K-1 to the total entropy change in J mol-1 K-1 . The negative value of the total
entropy change shows that the reaction is in equilibrium and favours the reactants, but it
was often interpreted as indicating that no ammonia would be produced.

Examiner Comments

There is a calculation error in (ii).
The equilibrium position has to be considered when predicting the ratios present at equilibrium.

Examiner Tip

The calculation in (i) is correct, but the entropy change of the system is
not going to change to a positive value at this temperature.
The negative value of the toal entropy change is not low enough to mean
that there is no ammonia at equilibrium.
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Examiner Comments

Both marks would have been given in (i) if units had been included,
and this might have helped the candidate to do (ii) correctly.
In (iii) the candidate is aware that there will be much more nitrogen
and hydrogen than ammonia at equilibrium.
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Question 17 (c) (i)
Many candidates thought that they had to calculate mole fractions in order to find the partial
pressure of hydrogen. They found the mole fractions of nitrogen and ammonia, then the
mole fraction of hydrogen and then the partial pressure. All the extra calculations involved
inevitably led to errors. Another common error was to use the partial pressure of nitrogen
as the value for ammonia when substituting into the expression for Kp. Some candidates
answered the question by using the relationship ∆Stotal = RlnK and this alternative was
accepted.

Examiner Comments

This is an example of a candidate producing a number without saying what it
is and then using it incorrectly. The partial pressure of hydrogen is 93 atm,
but this is not stated and this value has then been used as the partial pressure
of ammonia. The expression for the equilibrium constant and the units are
correct for two marks.

Examiner Tip

When you do a calculation, state what the number you have
calculated refers to. If you just give a number it could be the value
at an intermediate stage or it could be your final answer.
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Question 17 (c) (ii)
Many answers stated that the yield of ammonia would increase at higher pressure without
giving an explanation in terms of the change in the number of moles as the reaction
proceeded. Some candidates answered that since the equilibrium constant does not
change, the partial pressures of ammonia must increase more than the partial pressures of
nitrogen and hydrogen. This is only true because there are more molecules on the bottom
of the equilibrium constant expression than on the top. However, many candidates who
attempted an answer based on the expression for Kp
did not seem to know the difference between a numerator and a denominator or what
exactly a quotient is in fractions. This led to candidates losing the mark due to poor
mathematical vocabulary.

Examiner Comments

This is an example of an answer which scored the mark.
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Question 17 (c) (iii)
Some answers to this question were impressively logical and succinct. Other answers
showed that though candidates can manipulate numbers in straightforward calculations of
entropy changes, they do not really understand the significance of the values and the signs.
Answers could be completely contradictory for the effect of a change in ∆ Ssurroundings
on ∆Stotal ,and the effect of a change in ∆Stotal on the equilibrium constant. These answers
usually reverted to Le Chatelier’s principle when considering the effect of a temperature
rise on the yield of ammonia. Le Chatelier’s principle allows predictions to be made, but
does not provide explanations and one aim of teaching about entropy is to provide the
explanation.

Examiner Comments

The comments on entropy change are correct but this candidate
does not understand the link between the magnitude of the
total entropy change and equilubrium constant or between the
magnitude of the equilibrium constant and the yield of product.
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Examiner Comments

This is clear and correct.
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Question 17 (c) (iv)
Many candidates said that a temperature rise allowed more successful collisions, but
interpreted this as meaning that more ammonia would be made. It is true that more
ammonia would be made per second, but this is a rate increase, not a yield increase. Some
candidates said that the rates of both forward and reverse reactions would be increased.
This means that equilibrium would be reached faster and was allowed. Other answers
said that it was an advantage if the rate of the reverse reaction increased and this was not
allowed as the aim of the process is to produce ammonia.

Examiner Comments

It is not clear that the higher proportion of molecules
with the activation energy leads to a higher rate.

Examiner Tip

Raising temperature always makes a reaction go faster.
If the reaction goes to equilibrium, then equilibrium will
be reached faster but the yield may not be as good.
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Question 18 (a)
This was left blank in some scripts, suggesting that candidates had not read the question
carefully enough. A few candidates looked at the patterns in the numbers and gave the
incorrect answer of 1.8x 10-6.

Question 18 (b)
Only a few candidates gave the approximation for Ka in (i) instead of the full expression and
there were many correct answers for the pH, though as stated in the introduction, some
answers were rounded incorrectly.

Examiner Comments

This is an example of a good answer. The reason
given in (iii) shows more understanding than
simply saying that the concentrations of hydrogen
ions and methanoate ions are equal.
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Examiner Comments

The expression in (b)(i) is an approximation and
not the full expression for the constant. The
calculation in (ii) is correct, even though the
assumption given in (iii) is incorrect and not the
one which has been used.
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Question 18 (c)
Many errors were made here. In (i) it was common to see the acids given as HCOOH
and CH3COOH. Sometimes equations were written for the acid/base conversions without
stating which species were acids.
In (ii) the most common answer was CH3COOH2+ , presumably because this appeared in (i),
and IO-. Only a minority of candidates used the data in (a) and deduced that the weaker
acid, HIO, would accept a proton.

Examiner Comments

The answer to (i) does not actually state which
species are acids.

Examiner Tip

Make sure that you read the question and give the
information required to answer it.
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Examiner Comments

After identifying the correct acids in (i) it was
common to see CH3COOH2+ again in (ii).

Examiner Tip

Here you have to decide which acid is stronger and
therefore the proton donor. The pKa values are in the
Data booklet and in (a).

GCE Chemistry 6CH04 01

27

Question 18 (d)
The impression given in this question was that candidates did not know what was meant
by a ratio. The first mark was for calculating the hydrogen ion concentration and this was
usually correct though it is not good practice simply to put an unlabelled number in the
middle of the space without saying what it is. However, using the Ka expression directly
to find the ratio or taking logs first, was beyond many candidates. Either the ratio of
methanoate to methanoic acid or acid to methanoate was acceptable but to gain marks it
had to be clear which was being given.

Examiner Comments

In (b) many candidates showed that they knew that
in a weak acid the hydrogen ion concentration equals
the concentration of base, in this case methanoate.
However, a buffer is a mixture of a weak acid and its salt,
so the hydrogen ion concentration does not equal the
concentration of the conjugate base.

Examiner Tip

When you do calculations on buffers, you cannot
use the approximation for Ka which you use when
calculating the pH of a weak acid. This is because a
buffer is not just a weak acid. A salt is also present.
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Examiner Comments

This candidate has made an error at the final
stage and stated that this is the ratio of acid:
salt, not the reverse.

Question 19 (a)
There were many incorrect names for the alcohol, though the catalyst was often correct.

Examiner Comments

This was a common error in the alcohol name.

Examiner Tip

To help work out a name, find a space where you can draw out the structure of
the compound. Then count the number of carbon atoms in the longest chain and
base the name on this.
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Question 19 (b)

The practical knowledge of candidates on procedures in organic synthesis was very poor.
Even though the ester was collected by distillation, the majority of candidates assumed it
was a solid and suggested washing it in a Buchner funnel. The purpose of washing it in
sodium carbonate was often said to be to remove impurities. This is much too vague. Few
candidates knew suitable drying agents.
Requirements of the diagram were, a suitable ﬂask with heat source and with a
thermometer in the still head and the thermometer bulb opposite the opening to a
downward sloping condenser. There were many examples of open ﬂasks where all
the organic material would have escaped, and also of completely sealed and therefore
potentially explosive apparatus. When a thermometer was present the bulb was often in
the liquid being heated or above or below the level of the condenser. Condensers were
shown in a horizontal position as well as sloping upwards or downwards. Reﬂux apparatus
was sometimes shown, sometimes completely sealed.

Examiner Comments

There were many answers like this for sections (i) - (iii).
There is no thermometer in the apparatus and very little
of the distillate would end up in the collecting ﬂask.

30

GCE Chemistry 6CH04 01

Examiner Comments

Parts (i) -(iii) suggest little practical knowledge,
but the diagram is correct in principle.
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Question 19 (c)
The requirements of this question were specified clearly. There were two peaks and the first
mark was for explaining that these were caused by two hydrogen environments, but not by
two environments of methyl groups which was often given as the answer. One peak was
three times the height of the other, showing that there were three times as many hydrogen
atoms in one environment than the other. The easiest way to explain which atoms produced
the peaks was to draw the formula of the molecule and mark the atoms on this. Candidates
who used the data booklet often did not understand that reference to the H-C-C=O or H-C-C
peak is to the hydrogen atoms in these groups, and thought that the C=O or some other
bond was causing the signal. There was confusion in the language where singlets were
concerned. Some candidates said that since all the hydrogen atoms in the (CH3)3- group
were in the same environment they would produce a singlet.

Examiner Comments

This is a good answer. The only missing point is that one peak is three times the
height of the other because, there are three times as many hydrogen atoms in it.

Examiner Tip

In a question like this, work through each requirement in
order, possibly ticking them off as you work through.
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Examiner Comments

This answer does not refer to hydrogen environments and gives
the impression that the Data booklet has been used without
much thought being given to the structure of the ester.
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Examiner Comments

This candidate seems confused about the total number
of peaks and the fact that each peak is a singlet.

Examiner Tip

When discussing an nmr spectrum, draw a displayed formula of the molecule
so that you can see the hydrogen environments clearly. Each hydrogen
environment produces a peak on the spectrum. Each peak may be split into
doublets, triplets etc depending on whether there are adjacent hydrogen atoms.
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Question 19 (d)
Though many candidates drew the structure of the ester correctly, a significant proportion
thought that the C=O or some other part of the molecule caused the singlet peak.

Question 19 (e)
Many candidates assumed the isomer was another ester without studying the data carefully.
The broad peak in the infrared would not be due to an alkyl group as this peak is a narrow
one. Despite the molecular formula, some candidates stated that it was an alkane,
misunderstanding the wording in the Data booklet which refers to C-H stretch in an alkane
at 2962-2853 cm-1 , which is quite a narrow range. Many structures were drawn which were
impossible in bonding terms, but structures where bonding was correct included molecules
containing –OH and C=C groups. Credit was given for drawing a structure containing a
chiral carbon if the molecule was theoretically possible. Marks could also be gained for
recognising that the molecule was not an aldehyde or a ketone as long as these structures
were not drawn. There was also a mark for linking the structure with the increased boiling
point by showing a molecule which could take part in hydrogen bonding.
In the final section there was confusion about different types of spectroscopy. Some
candidates said that different isomers would have different fragmentation patterns, thinking
of mass spectra and other answers said that there would be different numbers of hydrogen
environments or different splitting patterns, thinking of nmr.
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Examiner Comments

The infra red data was not interpreted correctly, and the negative test result
with 2,4 dinitrophenylhydrazine also eliminates a ketone. The surface are of
the ester is not significantly greater than for isomer X as it is still branched,
so the mark about boiling temperature was not given. The abbreviation
for instantaneous dipole/ induced dipole attraction, used at the end of the
answer to (i) is not standard and should not be used without explanation.
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Examiner Comments

The molecule is identified as an acid though the use
of infrared data is not fully correct. The branching in
the molecule is less important than the ability to form
hydrogen bonds or dimers. The mark for the results
of the 2,4-dinitrophenylhydrazine test is correct.
The answer to (ii) is based on nmr, not infrared.
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Paper Summary
Questions such as 17(c)(iii) and 19(c) asked for several pieces of information in the
answer. The questions outlined what was needed, but candidates often did not do what was
required. Reading the question carefully is vital. There was often poor understanding of the
way information is given in the Data booklet. It will help if candidates spend sometime to
understand how to use the Data booklet.
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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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