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Introduction
Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates. The reports will include a general
commentary on candidates’ performance, identify technical aspects examined in the questions and
highlight good performance and where performance could be improved. The reports will also explain
aspects which caused difficulty and why the difficulties arose, whether through a lack of knowledge, poor
examination technique, or any other identifiable and explainable reason.
Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report. A full copy of the question paper can be
downloaded from OCR.
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Paper H033/02 series overview
H033/02 (Chemistry in Depth) is one of the two examination components for the new revised AS Level
examination for GCE Chemistry B (Salters’), comprising 50% of the total AS Level. This component
assesses content from across all teaching modules. Question styles include short answer (structured
questions, problem solving, calculations, practical) and extended response questions including Level of
Response type. To do well on this paper, candidates need to be both familiar with the detail of the AS
material and comfortable applying their knowledge and understanding to unfamiliar contexts. They also
needed to be familiar with a range of practical techniques.
Candidate performance
Candidates who did well on this paper generally did the following:
•

•
•
•
•

Performed standard calculations following the required rubric (e.g. clear working, units,
significant figures) (2(d)); use of q = mcΔT to calculate ΔH in kJ mol-1 (2(f)); use of bond
enthalpies and ΔH of reaction to calculate a missing bond enthalpy (3(f)); use of E = hν to
calculate a bond enthalpy (4(e)); use of titration results to calculate an amount, hence mass
and thereby a % purity (3c(ii)); analysis of titration results (4a(ii)).
Produced clear and concise responses for Level of Response questions: 1(d) and 2(g).
Drew clear diagrams for organic structures: 2(a) (skeletal).
Constructed and balanced both full and ionic equations for both familiar and unfamiliar
reactions: 1(b), 1(d), 2(c), 3(a)(ii), 3(g)(ii), 4(d)(iii).
Applied knowledge and understanding to questions set in both familiar and unfamiliar
contexts: 2(b), 2(e), 3(b), 3(d)(i), 3(d)(iii), 4(c)(ii), 4(d)(ii), 4(d)(iv).

Candidates who did less well on this paper generally did the following:
•
•
•
•
•

Found it difficult to apply what they had learnt in familiar but particularly in unfamiliar
situations: 2(e), 3(b), 3(d)(iii), 4(c)(ii), 4(d)(ii), 4(d)(iv).
Produced responses that lacked depth, and were often rambling and peripheral to what had
been asked, sometimes simply repeating information provided: 2(b), 3(b), 3(d)(ii), 3(d)(iv).
Showed poor setting out of unstructured calculations: 2(d), 2(f), 3(f), 4(e).
Showed poor presentation of observations: 3(d)(i), 4(d)(ii).
Lacked precision in balancing equations: 1(b), 2(c).
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Question 1 (a) (i)

Many candidates were familiar with the equation but less so with the gaseous state symbols required for
both the sodium atom and cation.

Question 1 (a) (ii)

Whilst there were complete answers to this question it was also common for candidates to score only
one of the two marks. Some candidates did not recognise the importance of the fact that the electrons
being removed are all from the same shell or that they experience the same/similar shielding. Other
candidates, whilst recognising that the nuclear charge increases across the Period, did not link that to
the fact the electrons are attracted more strongly to the nucleus.
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Question 1 (b)

A significant number of candidates struggled with this question because they did not utilise the
information in the question. Assuming that candidates recognised that Group 2 elements are solids and
water is a liquid, the state symbols of the products are given in the question. The state symbol for
calcium hydroxide most frequently caused problems. The formula for calcium hydroxide also caused
problems for many with CaOH being a common mistake. This was probably caused by a failure to
recognise the reference to Group 2 elements in the question. Further practice at writing and balancing
chemical equations would not go amiss.

Question 1 (c)

Most candidates predicted the correct formula. However, the reason proved to be more problematic with
a significant number of candidates referring to the loss of the four outer-shell electrons to give a 4+ ion
rather than resulting in a +4 oxidation state.
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Question 1 (d)

This Level of Response question assessed both AO2 and AO3.
This question generated a full range of marks amongst candidates.
At Level 1, whilst many candidates could not handle the quantitative data, they were able to secure at
least one mark for recognising that the pH11 meant that A was an oxide or hydroxide.
At Level 2, many candidates were able to make some progress with the calculation of the Mr. However,
the main barrier here to successfully completing the calculation was in recognising the importance of the
2 to 1 mole ratio of HCl to X(OH)2. This problem often led to an Mr of the compound of 37.1, which
seemed to lead many to conclude that since this was closest to the Ar of calcium, then compound A was
indeed the element calcium. Candidates should be encouraged to evaluate their answers more critically
because many of those candidates had at least shown A to be a hydroxide in the equation. A few here
also confused Atomic Number with Relative Atomic Mass and so concluded that compound A was the
element strontium!
Also at Level 2 there were a number of candidates that produced perfectly structured calculations of Mr
but did not mention any of the evidence from the qualitative information. This was a real pity as for those
candidates some reference to that qualitative data given in the question would probably have moved the
answer to Level 3. Pleasingly, there were candidates that did make use of all of the information given in
the question.
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It may be interesting to note that some of the best answers were given by candidates that ‘sketched out’
a response amongst the lines of information within the question, almost like a plan for the answer. This
tended to result in a response that showed greater clarity.

Exemplar 1

This response is at L1 (2/6). It makes some use of the qualitative evidence and suggests that the
compound is a hydroxide. An equation is given, though this is not correct. Some use has been made of
the volumetric data but the response is limited by the incorrect equation. The candidate hasn’t seemed to
appreciate that it is the hydroxide of A that should appear in the equation.
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Exemplar 2

This response is at L2 (4/6). It begins with a correct reaction equation which enables a correct use of the
volumetric data in order to work out the correct value for Mr, and hence the correct identification of
compound A. However, there is no support given from the qualitative tests.
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Exemplar 3

This response is at L3 (6/6). It begins with a helpful use of the qualitative evidence. A correct reaction
equation is then provided that enables a clear and logical determination of Mr and hence the correct
identification of calcium as the Group 2 metal.
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Question 1 (e)

Many candidates were very successful in this question. For those that were not, a common error was
failing to use the Mr of BaCO3 given in the question. Some other candidates attempted, inappropriately,
to make use of the ideal gas equation.

Question 2 (a)

This question identified the need to ensure that candidates are familiar with the principles of
drawing skeletal formulae.
In terms of naming, a common mistake was to use ‘methylbutan-’ as the basis of the name, irrespective
of the use of numbers.
Another comment worthy of note here is that if candidates do, quite reasonably, draw in pencil initially
and then write over in ink, the pencil must be thoroughly erased as failure to do so can result in answers
that lack the clarity required for marking.
AfL

Guidance to offer for future teaching and learning practice.
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Question 2 (b)

Some well-worded answers were seen here which often scored both marks. However, there were also a
significant number of candidates that lost marks through careless use of language. It was not uncommon
to encounter phrases like, ‘more energy is required for bond-making than bond-breaking’. This would not
score any marks. However, a slight adjustment such as, ‘more energy is released in bond-making than is
required for bond-breaking’ would have scored both marks. It was also not uncommon to see answers
that suggested, incorrectly, that ‘more bonds are formed than broken’.

Question 2 (c)

Although this was a low demand question a significant number of candidates seemed to overlook the
oxygen atom in the alcohol and so incorrectly balanced the equations.
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Question 2 (d)

Given that the use of significant figures was not tested in this question, many full-scoring answers were
seen. That said, a common loss of the answer mark was in the omission of the negative sign – the
question makes it clear that it is a combustion reaction. Where the correct answer was not achieved,
marks could be obtained for correct evaluations of q, n and ΔH using q and n, with ECF being allowed.
Perhaps the most common error was calculating q using mcΔT where T was, incorrectly, converted to
Kelvin.
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Question 2 (e)

In order to score the mark here both the simple modification and the explanation were required, with the
explanation being consistent with the modification. There were many good answers but too many
candidates overlooked the word ‘simple’ and suggested the use of a bomb calorimeter. Others, in
suggesting replacing the glass beaker with a polystyrene cup, were not recognising that the calorimeter
is being heated with a flame!
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Question 2 (f)

Many full-scoring answers were seen. That said, a common loss of the answer mark was in the omission
of the positive sign. Many candidates seemed not to be aware that bond enthalpies are positive, even
though this was clear from the data provided in the question.
Where the correct answer was not achieved marks could be obtained for correct evaluations of the
number of bonds broken and the positive value of that sum (to include the bond to be determined), the
number of bonds formed and the negative value of that sum, and the application of Hess’s Law.
A common mistake in calculating the enthalpy of the bonds broken was the omission of the O=O, and in
calculating the enthalpy of bonds formed was to think that the CO2 contained two C-O single bonds.
Notwithstanding these comments it is certainly also worth noting that many candidates simply did not set
out the calculation in a well-structured manner and this did not aid the calculation of the correct answer.
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Question 2 (g) part 1

Item removed due to third party copyright restrictions

Item removed due to third party copyright restrictions
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Question 2 (g) part 2

This Level of Response question assessed both AO2 and AO3.
As with the other Level of Response question, Q1d, this question generated a full range of marks
amongst candidates.
It appeared that there were several problems encountered by the candidates.
In terms of the infrared spectrum, many candidates did not identify the broad absorption at 2980 cm-1 as
an O-H bond. Most of these candidates did correctly identify the absorption at 1710 cm-1 as a C=O, and
so incorrectly concluded that compound C was an aldehyde or a ketone. This prevented such candidates
from progressing beyond Level 1.
For some of those candidates that did identify C as a carboxylic acid and hence A as a primary alcohol,
the reference to compound A being an ‘isomer of butanol’ seemed to be interpreted, incorrectly, as
meaning that butan-1-ol could not be one possibility. This prevented progression beyond Level 2.
Even when some candidates had recognised that there are two primary alcohol possibilities, Level 3 was
still not reached by because appropriate formulae were not given in order to distinguish the four
compounds in the question. The only formulae that would achieve this end are structural, displayed or
skeletal. Molecular formulae were not sufficient.
Having focussed thus far on compounds A and C, it should be noted that candidates’ use of the mass
spectrum tended to be better than their interpretation of the infrared data. Many correctly identified the Mr
value of 116 for compound E and most that did so were able to use other information to identify
compound E as an ester. Some were able to make the next steps by using the idea that a four-carbon
alcohol would require compound D to be a carboxylic acid containing two carbon atoms.
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Exemplar 4

This response is at L1 (1/6). The candidate does not make a commitment to A being a primary alcohol.
Instead the candidate correctly states that if C is an aldehyde, A is primary, whereas if C is a ketone, A is
secondary. IR absorptions at roughly the correct values are noted but not correctly assigned to
appropriate bonds. Nothing is offered for D or E. Whilst this is a weak response it could not be judged as
not worthy of any credit, hence the award.
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Exemplar 5

This response is at L2 (4/6). This response begins promisingly with a clear identification of A as a
primary alcohol and with two correct skeletal isomeric formulae. C is also correctly identified with skeletal
formulae for the appropriate carboxylic acids. The appropriate evidence is quoted from the IR spectrum.
E is correctly identified as an ester but D is incorrectly identified. The candidate has identified the Mr of E
as 116 but has got somewhat confused as to how to correctly identify D. The consequence of this is an
incorrect structure for E that would have an Mr greater than 116.
Whilst things have gone awry for D and E, a full analysis of A and C has been carried out, and this
matches the second descriptor at L2. If either of D or E had been correctly identified this would have
pushed this response to L3.
19
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Exemplar 6

This response is at L3 (6/6). This is a good example of a response that, whilst not perfect, still scores full
marks. It is worth remembering that full marks are not reserved for perfection.
A correct analysis of the IR data suggests a carboxylic acid for C, hence a primary alcohol for A. The two
possible alcohol isomers are then correctly given as structural formulae (and again at the end of the
answer using displayed formulae, along with the correct displayed formulae for both C derived from
butan-1-ol and for E). The mass spectrum data is used to give the Mr of E and to deduce the identity of C
(although a little mistake is introduced using a fragment at 43).
Overall, the description is well-developed, clear and logically structured, and well worth 6/6.
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Question 3 (a) (i)

Very few candidates had a problem with this low demand question.
However, a word of caution is appropriate. Not all candidates made a clear enough distinction between a
dot (for the unpaired electron) and a negative sign (incorrect).

Question 3 (a) (ii)

This was a high-demand question and it proved to be quite problematic for most candidates. Many
candidates reacted (incorrectly) the products of the first propagation step given in the question. Where
candidates did correctly react the methyl radical with a bromine molecule, very few were able to correctly
show the three half curly arrows required to illustrate the mechanism.
Further work would appear to be required in the teaching and learning of the use of mechanistic half
curly arrows.
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Question 3 (a) (iii)

This was a high-demand question and very few candidates realised that the methanol/hydrogen bromide
method is better because it only makes the desired organic product (and water). Alternatively, the
methane/bromine method leads to a mixture of organic products owing to further substitution. This fact
seemed to be largely unknown.

Question 3 (b)

This question offered something at low-, medium- and high-demand levels.
Many candidates were able to recognise that the first part of the students’ prediction was correct,
whether in terms of the bond polarity referred to in the question or expressed in terms of the greater
electronegativity of chlorine than bromine. Unfortunately, a minority of candidates then proceeded to
refer to bond enthalpy as the reason for the different boiling points and therefore did not usually score
further.
Others then focussed primarily on the permanent dipole-permanent dipole (pd-pd) intermolecular bonds
and so were also usually unable to access further marks. Some did recognise that bromine, hence
bromomethane, is bigger, or has more electrons than chlorine (chloromethane). Many candidates that
did make this statement did go on to link that to the greater instantaneous dipole-induced dipole (id-id)
intermolecular bonds. However, some candidates referred rather more vaguely to ‘intermolecular forces’
which was not specific enough for credit in this answer.
Some candidates did seem confused about the different types of intermolecular bonds and gave a rather
‘mixed up’ response. Some candidates that did score well also included, unnecessarily, an explanation
of how id-id intermolecular bonds arise. Very few candidates were able to state that the increase in id-id
intermolecular bonds has a greater effect on boiling point than the decrease in pd-pd intermolecular
bonds when explaining the greater boiling point of bromomethane than chloromethane. It is also worth
noting that a few candidates refer to melting point instead of boiling point.
22
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Question 3 (c) (i)

Unlike Q3(a)(ii) this required the use of a full curly arrow.
Although this question was generally better answered than the previous mechanistic question, it is clear
that the concept of the ‘curly arrow’ is not well understood.

Question 3 (c) (ii)

The correct answer of ‘nucleophilic substitution’ was generally well known.

Question 3 (c) (iii)

The correct answer of ‘amine’ was well known but the incorrect ‘amide’ was not infrequent.

Question 3 (d) (i)
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This question required the candidate to note that iodobutane reacts faster (quicker) than chlorobutane.
Candidates also had to recognise that with silver nitrate present both would produce a precipitate or
cloudiness, owing to the formation of insoluble silver iodide and silver chloride respectively. The colour of
the precipitate is not important here.)
This ought to be a familiar experiment (usually the bromoalkane would be present as well). Describing
what the student would see cannot then be answered in terms of faster (quicker) since that is stated in
the question. The candidate needed to ask ‘what would I see for the faster reaction?’ The answer is that
the cloudiness in the iodobutane tube would form before that in the chlorobutane tube.

Question 3 (d) (ii)

The answer of ‘as a solvent’ was not frequently seen. A significant number of candidates thought it was a
catalyst.

Question 3 (d) (iii)

Most candidates deduced that bond enthalpy is more important than bond polarity. Many of these
candidates seemed to understand the significance of the data in supporting that deduction and were
usually clear in their recognition of the weaker bond enthalpy for C-I (or reverse argument). However,
some candidates often ended up referring to comparisons between the differences in electronegativities
of Cl and I, thereby implying but not stating that the C-I bond is the least polar (or reverse argument).

Question 3 (e)

The idea of increasing electronic energy was not well known.
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Question 3 (f)

Obtaining full marks for this question proved to be quite challenging, even to those whose working out
showed that they knew what they were doing. The calculation requires an application of E=hν, together
with a recognition that by using the data in the question the value of E will be for one C-Br bond. Thus
the value of E must then be converted to a value for one mole of bonds, and finally this value converted
from J into kJ:
E = (6.63 x 10-34 x 7.14 x 1014) = 4.73 x 10-19 J per C-Br bond
E = (4.73 x 10-19 x 6.02 x 1023) = 284746 J mol-1
E = 284.7 kJ mol-1
This is a bond enthalpy and so it must have a positive sign, and the question asks for an appropriate
number of significant figures. To score all marks, the answer must be given as +285.

Question 3 (g) (i)

The conversion to ppm caused some problems for some candidates.
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Question 3 (g) (ii)

This was generally well answered. A common error involved leaving the bromine species in when adding
the two equations together.

Question 3 (g) (iii)

The idea of a catalyst (the bromine here) not being used up in the reaction was well known. However,
the rather careless statement ‘the bromine is not used in the reaction’ will not score, nor would ‘the
bromine speeds up the reaction’.

Question 3 (g) (iv)

This was generally well known although incorrect references to global warming were also seen.
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Question 4 (a)

This was generally well answered with the most common loss of mark caused by putting the positive
and/or negative sign after the number, thereby confusing charge and oxidation state. Others lost the
mark by omitting the sign altogether for the positive oxidation states.

Question 4 (b)

Generally well answered although care is required as a few candidates followed a correct answer to
Q4(a) with an incorrect ‘loss of electrons’ in this part.

Question 4 (c) (i)

This was generally very well known.

Question 4 (c) (ii)
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This was a high-demand question and proved particularly challenging. Very few candidates scored both
marks and some came tantalisingly close to one of the marks but still missed out. In order to achieve
both marks a candidate had various options available. One option was suggesting an ion other than
chloride could be present and stating the associated colour of precipitate. However, with the second
mark dependent upon the first, an answer of ‘contains iodine giving a yellow precipitate’ would not score.
If the alternative of ‘the chloride concentration is too low’ was stated, a recognition that ‘no precipitate
would form’ was needed for the second mark. Even a more general response of ‘other ions may be
present’ could score a mark provided that it was accompanied by ‘giving a precipitate of different colour’
and not just ‘giving a different precipitate’. Some marks were lost here owing to either imprecise wording
or missing detail, or both.

Question 4 (d) (i)

Incorrect answers here showed two main errors. Some candidates gave the configuration for the atom
and not the ion (in spite of the emphasis in the question). Others seemed to not understand the
difference between a shell and a sub-shell.

Question 4 (d) (ii)

This question proved to be difficult for many, especially the second marking point, perhaps suggesting a
lack of familiarity with this displacement reaction in a practical context. The idea that a more reactive
halogen will displace a less reactive halogen from the halide of the less reactive halogen seemed not as
well known as might be expected.
The candidate only needed to refer to ‘chlorine being added to an iodide’ to score the first mark. Those
candidates that did score this mark often failed to score the second mark because the expected result
was given in terms of what had happened (‘iodine is formed’) rather than the expected result (‘(the
mixture) turns brown’). There were also a number of (incorrect) references to the use of silver nitrate.
Finally, although not required, if addition of cyclohexane was included the correct pink/purple colour in
the organic layer was required if the reference to the mixture turning brown had not been included.
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Question 4 (d) (iii)

The writing of an ionic equation proved difficult for many. However, it was pleasing to see that even
when Q4(d)(ii) had not been answered correctly from the practical perspective, some candidates did
understand the underlying chemistry and so wrote a correct ionic equation.

Question 4 (d) (iv)

This question resulted in confused answers. Many candidates recognised that a chlorine atom is smaller
than an iodine atom. However, for some the confusion that followed was caused by believing that a
halogen atom loses an electron when it reacts. Where this error was not made, some candidates, having
realised that the halogen atom gains an electron when reacting, simply said of the smaller size of
chlorine that ‘the electron is gained more easily’ without referring to the fact that this is because of the
greater attraction (and retention) of the electron that is gained.

29

© OCR 2018

AS Level Chemistry B (Salters) - H033/02 - Summer 2018

Examiners’ report

Question 4 (e)

This calculation met with varying degrees of success but the use of error carried forward meant that
many scored on this question.
A common error was to assume that the amount (in moles) of iodine that could be calculated from the
titration data referred to iodine atoms and not molecules. This error resulted in the Ar of I (126.9) being
used instead of the Mr of I2 (253.8) to calculate the mass of iodine present in the solution. This gave a
percentage purity that was half of the correct answer.
It was also possible to answer this question in terms of moles rather than mass.

Copyright acknowledgements
Q2g, Graph 1
National Institute of Standards and Technology (NIST), Gaithersburg, Maryland, US. Reproduced by
kind permission of NIST.
Q2g, Graph 2
National Institute of Standards and Technology (NIST), Gaithersburg, Maryland, US. Reproduced by
kind permission of NIST.
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to ensure the accuracy of the content, OCR cannot be held
responsible for any errors or omissions within these resources.
We update our resources on a regular basis, so please check the
OCR website to ensure you have the most up to date version.
This resource may be freely copied and distributed, as long as
the OCR logo and this small print remain intact and OCR is
acknowledged as the originator of this work.
Our documents are updated over time. Whilst every effort is made
to check all documents, there may be contradictions between
published support and the specification, therefore please use the
information on the latest specification at all times. Where changes
are made to specifications these will be indicated within the
document, there will be a new version number indicated, and a
summary of the changes. If you do notice a discrepancy between
the specification and a resource please contact us at:
resources.feedback@ocr.org.uk.
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