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Overall grade boundaries

Higher level

Grade: 1 2 3 4 5 6 7

Mark range: 0-16 17-31 32-43 44 - 54 55 - 66 67-77 78 - 100

Standard level
Grade: 1 2 3 4 5 6 7

Mark range: 0-16 17 -30 31-42 43 - 52 53-62 63-72 73 - 100

Time zone variants of examination papers

To protect the integrity of the examinations, increasing use is being made of time zone variants of
examination papers. By using variants of the same examination paper candidates in part of the world
will not always be taking the same examination paper as candidates in other parts of the world. A
rigorous process is applied to ensure that the papers are comparable in terms of difficulty and
syllabus coverage, and measures are taken to guarantee that the same grading standards are applied
to candidates’ scripts for the different versions of the examination papers. For the May 2013 session
the IB has produced time zone variants for Chemistry.

Higher level internal assessment

Component grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-8 9-16 17 - 22 23-27 28-33 34 -38 39 -48
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Standard level internal assessment

Component grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-8 9-16 17 - 22 23-27 28-33 34 -38 39 - 48

The range and suitability of the work submitted

The moderators reported that the range and suitability of the work submitted was at least similar to
the previous couple of sessions and possibly showed a slight improvement in terms of appropriate
task setting and application of the assessment criteria by the teachers. Within this general picture
there was of course great diversity but this current assessment model has now been in place for five
May sessions and it is clear that a significant proportion of teachers have reached a level of
competence and confidence in designing an appropriate practical scheme of work and satisfactorily
applying the criteria that is pleasing. There is still a learning curve to be followed though for teachers
new to the IB Diploma who are still finding the internal assessment requirements unexpectedly
exacting and demanding. Support through IBO authorised face-to-face and online workshops, plus of
course the Forum and Teacher Support Material on the Online Curriculum Centre, cannot be
recommend highly enough for teachers inexperienced in the internal assessment component.

Generally the samples were well presented and the procedures were followed. Most teachers gave
feedback using c, p, n or 2,1,0 notation with a good proportion giving at least a few written comments
to explain where the candidate can make improvements. This providing of feedback on the marking
awards is not only valuable for the students but is of great support in allowing the moderator to
understand and hopefully support the teacher’s decision making. There are still a number of schools
who send in work with no marking evidenced on the report at all, simply with the grades entered on
the 4PSOW. This is extremely unwise and presumably is a result of confusing internal assessment
regulations with those of the Extended Essay.

In the May 2012 Subject Report a concern was voiced that increasingly schools were submitting
Design assessments which were purely theoretical exercises and there had been no follow up
experimental phase. Although this is permissible by the regulations it is seen later in this report that
this trend has led to a lowering of quality of Design achievement. Happily the impression this year was
that this trend has been reversed and students were being given the opportunity for experimental
follow up. Two common concerns regarding the Design assessments were related by moderators
though. Firstly, often teachers set a whole class a single narrow brief such as to investigate a factor
affecting the rate of reaction of a specified reaction system. This often saw all students choosing the
same independent variable, typically the concentration of one of the reactants, and design essentially
identical procedures. The temptation for collusion in such cases is of course great and teachers
should attempt to frame the assessment in a manner that allows individual students to produce an
individual design. The second concern was that some school’s carried out two Design assessments in
the same narrow area of the syllabus most typically kinetics or energetics. Students essentially
produced the same design twice with just the change of identity of the independent variable. This then
fed through to CE where students in some cases reproduced word for word the same evaluation and
suggestions for modification. Although it is not strictly plagiarism since it is the student's own work
originally it is most certainly very poor assessment practise and teachers should eliminate it at source.
The advice here is to ensure that students two assessed Designs relate different syllabus areas.

The tasks being assessed for Data Collection and Processing have significantly improved during the
cycle of the current internal assessment model. No longer do we see a large number of inappropriate
non-quantitative tasks nor teachers supplying students with pre-prepared data tables and step wise
guides to calculations. The remaining issue though is that many of the data processing tasks are quite
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simplistic such as simple averaging. Certainly last year's comment that there are still too few
assessments that challenge students to determine a quantity from a graph rather than make a simple
qualitative comparison still applies.

Some moderators reported a significant number of cases where students are responding in very
similar manners to even open ended prompts implying that they are not working independently which
of course raises the issue of malpractice. Most frequently this is manifested through very similar
designed procedures or extremely similar evaluations. Strategies should be developed in how
assessments are administered to ensure students complete the assessed components of the tasks
for themselves.

The length of the students’ reports is also increasing but rarely to good effect in terms of clarity of
communication. All too often students reproduce pages of datalogger data when the graphical output
is a clearer record. Also students use the cut and paste function to reproduce pages of procedure
when they change the value of just one variable.

A continuing concern is that there are a number of schools who do not act on the same feedback
comments from moderators in the 4IAF form on IBIS year after year. Through the OCC Forum and
workshops some teachers are relating that their DP Coordinator is not forwarding the feedback
supplied via IBIS to them which is such a pity for all concerned, especially the students.

Candidate performance against each criterion
Design

Where the candidates had been set appropriate tasks the achievement level in the criterion was good.
Many students were able to secure “complete” in the first aspect for phrasing a research question and
identifying relevant variables. Instances of confusing the different kinds of variable were generally few.
The one common failing was that students incorrectly identified the dependent variable as the derived
quantity (e.g. ‘rate of reaction’ or ‘enthalpy of reaction’) rather than the actual measured variable such
as time for a given volume of gas to be produced or the temperature increase of the reaction mixture.
Also “complete” was correctly awarded in many cases for the third aspect regarding designing an
experiment that will generate sufficient data, with most students planning to include repeats or to
generate at least five data points in order to analyse graphically.

Aspect 2 is consistently the most challenging of the Design aspects and partial was the most frequent
award. There were two common weaknesses.

One is that students failed to identify any procedural methods to control or at least monitor the control
variables that they had earlier identified as needing controlling. For example if in a kinetics
investigation temperature is identified as a control variable then the reaction mixture temperature (and
not the surrounding room temperature as was frequently stated) should be controlled through use of a
water bath or at least monitored with a thermometer or probe. Unfortunately air conditioners continue
to be a popular suggestion for controlling temperature when this is not appropriate.

The second common failing for this aspect is that students simply did not include enough detail in
their designed method. Not including details on how standard solutions were to be made up, what
volumetric glassware is to be used, not stating how to make up a salt bridge in an electrochemical cell
or forgetting to think about drying an electrode in an electroplating investigation were among the
common failings. The guiding principle to relate to students is that their design should be
communicated in sufficient detail to allow the reader to reproduce their experiment if desired.

Data Collection and Processing

Achievement against this criterion was in line with last year and generally high. Where achievement
was low it was often linked to the set or designed task not lending itself to full assessment of DCP.
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Often students had been over-rewarded for simply determining a simple mean, plotting the raw data
on axes with no further quantitative processing or even presenting an inappropriate bar chart.

When recording raw data most candidates included uncertainties and relevant qualitative data so
Aspect 1 was well fulfilled in many cases. The correct processing of data for Aspect 2 assessment
was achieved to at least a partial extent by most students usually through the satisfactory working
through of numerical calculations. Relatively few candidates had presented work where they had
determined a quantitative result by graphically processing the data to find a gradient or intercept
through extrapolation.

The propagation through a calculation of the uncertainties in the raw data was carried out by most
candidates and although flawed, most attempts were worthy of credit. Please note that the reward for
the successful propagation of uncertainties is confined to DCP Aspect 3 as a discriminator between
the partial and complete descriptors. Some teachers were also assessing the success of the
uncertainty propagation in Aspect 2 and students were getting penalised twice. As usual a significant
number of students were quoting final calculated quantities to an unreasonably large number of
significant figures. Also the construction of best fit lines was of variable quality with a lot of students
using the polynomial trend-line function of Excel inappropriately. For the first time this year it was
seen that a number of schools were encouraging more sophisticated statistical analyses such as
standard deviation calculations and chi-square tests. This is acceptable but really it is beyond the
realm of Chemistry IA where we rarely generate sufficient data for such treatments. Overall it is a
concern that so much effort (often with no reward) is going into treating uncertainties with sometimes
pages of calculations which end up obscuring the true outcomes of the investigation.

Conclusion and Evaluation

Conclusion and Evaluation continues to be the most challenging of the criteria and few candidates
achieved the top level across all three aspects.

With respect to Aspect 1, most candidates compared their results to literature values where available.
However only a minority of candidates were then able to state whether the deviation of their
experimental result from the literature value was explainable solely by the calculated random error or
whether it indicated the presence of systematic errors as well. Hence Partial was by far the most
common award.

An issue for teachers is how to assess this aspect when the investigation does not involve the
determination of a quantity that can be compared to literature and a percentage error calculated but
instead involves the determination of a trend such as is commonly seen for example in many kinetics
investigations. In such cases the student should try and describe the nature of trend. For example
even a SL student can conclude whether the rate of a reaction increases in direct proportion with
concentration of one of the reactants or not. This can then be compared to the literature expectation
and the likely impact of systematic or random errors discussed.

For Aspect 2 many candidates identified a good number of relevant procedural limitations or
weaknesses although few were able to make comment on the direction and relative significance of
the source of error which limited the achievement to Partial in many cases. In the final Aspect 3
assessment many candidates offered some clear and relevant suggestions as to how to improve the
investigation and did relate to the weakness identified although a sizeable minority were only able to
propose superficial or simplistic modifications such as simply suggesting more repetitions to be
carried out or more precise apparatus be used.

Manipulative Skills and Personal Skills

All schools entered marks for these criteria.

Application of ICT

Most schools had checked the five ICT requirements at least once on the 4PSOW.
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Recommendations for the teaching of future candidates

Teachers should set open-ended questions to facilitate the assessment of Design and should strive to
ensure that as an outcome there is a diversity of Designs produced.

Teachers should endeavour to give their students the opportunity to carry out the practical phase
associated with their Design investigations.

The two highest marks per criterion for each student should come from two different types of task.
Students should not receive double reward for two very similar designs or data processing tasks or
evaluations.

All investigations for the assessment of DCP must include the recording and processing of
guantitative data. Solely qualitative investigations do not give the students opportunity to fulfil this
criterion completely.

All candidates need to record, consider during processing (by propagating through calculations or
most simply constructing a best fit line in graphical analysis) and evaluate the significance of errors
and uncertainties.

Teachers are encouraged to set some DCP tasks, especially to HL students that will generate a graph
that will require further processing of the data such as finding a gradient or intercept through
extrapolation.

Instruction of appropriate use of graphing software especially the construction of best-fit lines would
benefit many candidates.

Candidates should compare their results to literature values when relevant and include the
appropriate referencing of the literature source.

Students should evaluate sources of error as random or systematic and should be able to show an
awareness of the direction and significance of the error.

Suggested modifications should realistically address the identified sources of error.

Teachers should ensure that they act on specific feedback given by the moderator in the 4IAF
feedback that is released through IBIS shortly after the results release.

Teachers should provide feedback to candidates in terms of the separate aspect awards and any
further brief comments on the reports explaining the mark awarded is equally useful to the moderator
and student.

Higher level paper one

Component grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-10 11-15 16-21 22-26 27-30 31-34 35-40
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General comments

This paper consisted of 40 questions on the Subject Specific Core (SSC) and Additional Higher Level
(AHL) material and was to be completed without a calculator or Data Booklet. Each question had four
possible responses with credit awarded for correct answers and no credit deducted for incorrect
answers. Teachers’ impressions of this paper were conveyed by 49 G2 forms that were submitted.
87.8% reported the level of difficulty to be appropriate, 10.2% thought it was too difficult and 2.0%
thought it was too easy. In comparison with last year’'s paper, 60.4% considered it to be of similar
standard or a little easier, 31.3% considered it to be a little more difficult and 4.2% much more difficult.
Clarity of wording was considered good or satisfactory by 95.9% and the presentation of the paper
was considered good or satisfactory by 100%. These statistics were mirrored in the general
comments, where it was generally felt that the paper was well rounded and good with solid coverage
of the syllabus and a good mix of easier and more difficult questions.

One respondent stated that there was a too high percentage of multiple completion questions (7 out
of 40). 4 multiple completion questions out of 40 is indeed the norm. 7 does seem a little high but the
paper was authored before the change in rules.

The strengths and weaknesses of the candidates in the treatment of
individual questions

The numbers in the columns A-D and Blank are the numbers of candidates choosing the labelled
option or leaving the answer blank. The correct option is indicated by a grey cell. The difficulty index
(perhaps better called facility index) is the percentage of candidates that gave the correct response. A
high index thus indicates an easy question. The discrimination index is a measure of how well the
guestion discriminated between the candidates of different abilities. In general, a higher discrimination
index indicates that a greater proportion of the more able candidates correctly identified the key
compared with the weaker candidates. This may not, however, be the case where the difficulty index
is either high or low.

The difficulty index ranged from 93.53% to 24.31%, and the discrimination index ranged from 0.65 to
0.11.

The following comments were made on selected individual questions:
Question 4

One respondent stated that the question was tricky as the emission spectrum of hydrogen is normally
shown the other way round. The emission spectrum of hydrogen may be given the other way round in
books, but in Table 3 of the Data Booklet the electromagnetic spectrum shows increasing wavelength
towards the right, so candidates should be familiar with this and the inverse relationship of wavelength
and energy or frequency. 46.07% of the candidates chose the correct answer B and another 46.07%
opted for answer D.

Question 5

One respondent stated that the question should not have been asked, as students are not supposed
to know the Cu exception. In the teacher’s notes of assessment statement 12.1.6 in the syllabus
details it is clearly stated “exceptions to the principle for copper and chromium should be known”.
56.49% of the candidates chose the correct answer C, with 30.78% choosing A which means that
about one-third of the schools do not teach these two exceptions.

Question 21

One respondent stated that graphs A and B look too similar so students might not be able to clearly
see that the answer is B. The initial gradient of curve B is clearly greater so candidates should have
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recognized the faster decrease in initial concentration for a second order reaction. Curve A clearly
shows a constant half-life so candidates should have recognized that it refers to a first order reaction.
60.65% of the candidates chose the correct answer B.

Question 31

Four respondents stated in their G2 forms that they teach that time, current and charge will affect the
mass of metal deposited during electrolysis, but nothing about size of the metal ion or the relative
atomic mass of the metal. Although charge is important when considering the deposition of Na, Mg
and Al when the same amount of current for the same amount of time is used, the relative atomic
mass becomes important when considering the deposition of metal with ions of the same charge, Na
and K for example.

This proved to be one of the fifth most difficult question in the paper with 37.54% choosing the correct
answer A and 36.8% opting for answer B. The discrimination factor in this question was 0.41.

Question 33

Two respondents stated in their G2 forms that the question was tricky and may have confused the
candidates as they should apply the difference between lodine and lodide. If at Higher level
candidates are not able to recognize that the symbol of lodine is |, and that of the lodide ion is I there
is a severe problem in the candidates’ basic preparation in Chemistry. Indeed, 33.08% of the
candidates chose A as the correct answer thinking lodine is I, with only 32.05% choosing the correct
answer D. This proved to be the third most difficult question in the paper with a discrimination index of
0.38.

Question 40

One respondent stated in the G2 form that the answer could be A. In the teacher's notes of
assessment statement 11.1.3 it is stated that “random uncertainties are reduced by repeating
readings”. 77.34% of the candidates chose the correct answer D with only 15.79% opting for A. This
proved to be the eighth easiest question of the paper with a discrimination index of 0.15.

Standard level paper one

Component grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-7 8-11 12-15 16 - 18 19-20 21-23 24 - 30

General comments

This paper consisted of 30 questions on the Subject Specific Core (SSC) and was to be completed
without a calculator or Data Booklet. Each question had four possible responses with credit awarded
for correct answers and no credit deducted for incorrect answers. Teachers’ impressions of this paper
were conveyed by 91 G2 forms that were submitted. 93.3% reported the level of difficulty to be
appropriate, 1.1% thought it to be too easy and 5.6% too difficult. In comparison with last year’s
paper, 57.3% considered it to be of similar standard or a little easier, 30.3% considered it to be a little
more difficult and 2.3% much more difficult. Clarity of wording was considered good or satisfactory by
100% of the respondents and the presentation of the paper was considered good or satisfactory by
98.9%. These statistics were mirrored in the general comments, where it was generally felt that the
paper was well rounded and good with solid coverage of the syllabus and a good mix of easier and
more difficult questions.
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One respondent stated that there was a too high percentage of multiple completion questions (6 out
of 30). 3 multiple completion questions out of 30 is indeed the norm. 6 does seem a little high but the
paper was authored before the change in rules.

One respondent stated that some questions were a little tricky considering SL students in general are
not strong. Well, good candidates also take SL Chemistry and there need to be questions that will
recognize the 6 and 7 candidates.

The strengths and weaknesses of the candidates in the treatment of
individual questions

The numbers in the columns A-D and Blank are the numbers of candidates choosing the labelled
option or leaving the answer blank. The correct option is indicated by a grey cell. The difficulty index
(perhaps better called facility index) is the percentage of candidates that gave the correct response. A
high index thus indicates an easy question. The discrimination index is a measure of how well the
guestion discriminated between the candidates of different abilities. In general, a higher discrimination
index indicates that a greater proportion of the more able candidates correctly identified the key
compared with the weaker candidates. This may not, however, be the case where the difficulty index
is either high or low.

The difficulty index ranged from 89.86% to 9.95%, and the discrimination index ranged from 0.61 to
0.10.

The following comments were made on selected individual questions:
Question 1
One respondent stated in the G2 form that technically 1 atm is not standard pressure.

In Table 2 of the Data Booklet the conversion “1 atm = 1.01 x 10° Pa” is given, so students should be
familiar that 1 atm or 1.01 x 10° Pa can be used for standard pressure.

This question proved to be the most difficult in the paper with only 9.95% of the candidates opting for
the correct response D, the vast majority, 75.79%, chose response C thinking that choice | is
incorrect. Candidates should know that the sodium ion is Na* (assessment statement 4.1.3) so they
should be able to deduce the oxidation number of hydrogen to be -1 (assessment statement 9.1.2)
and that H is the negative ion in sodium hydride, NaH. Although hydrogen is usually assigned the
oxidation number of +1, in metallic hydrides the oxidation number of hydrogen is -1.

Question 5

Several responses in the G2 forms stated that there were too many conversions to do which is a fair
comment, but options A and B should have immediately been ruled out as the temperature is given in
°C not in Kelvin. It was surprising to see that 38.82% of the candidates opted for answer A.

One respondent stated that the value 8.314 kPa L K™* mol™ should have been used for the ideal gas
constant, R. The value for R is given as 8.31 J K™ mol™ in Table 2 of the Data Booklet, so these were
the value and units used.

One respondent stated that the value 0.0821 should have been used instead 8.31 for the ideal gas
constant, R, with the data provided. 0.0821 could have been used if the pressure was asked to be
calculated in atm and not in Pa.

47.58% of the candidates chose the correct answer C. The question had a reasonably good
discrimination index of 0.49.
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Question 17

Some respondents mentioned in their G2 forms that the question was not appropriate as they could
not find in the syllabus details where the specific relationship between temperature in K and average
kinetic energy of molecules of gas is mentioned. In assessment statement 6.2.1 in the syllabus details
it is clearly stated that “average kinetic energy is proportional to temperature in kelvins”. 48.33% of the
candidates chose the correct answer D. The discrimination index for this question was 0.42 which is
reasonably good.

Question 30

One respondent stated in the G2 form that the answer could be A. In the teacher’'s notes of
assessment statement 11.1.3 it is stated that “random uncertainties are reduced by repeating

readings”. 75.05% of the candidates chose the correct answer D with only 16.05% opting for A. This
proved to be the sixth easiest question of the paper with a discrimination index of 0.20.

Higher level paper two

Component grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-12 13-25 26 - 38 39 - 48 49 - 59 60 - 69 70 - 90

General comments
The following are some statistical data based on 49 respondents (from 371 schools).

Comparison with last year’s paper

Much easier A little easier Similar standard A little more Much more
difficult difficult
1% 10% 27% 9% 0%

Level of Difficulty

Too easy Appropriate Too difficult

1% 47% 1%

Suitability of question paper in terms of

Poor Satisfactory Good
Clarity of wording 1% 26% 22%
Presentation of paper 0% 18% 31%

Candidates, in general, coped well with this examination and they seemed well-prepared to answer
the standard questions. The paper was still able to challenge the strongest candidates who could
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interpret results and arrive at logical conclusions. There were, however, too many candidates leaving
guestions unanswered, the surest way to score zero marks!

The format of the papers is now familiar; candidates used the extra pages when appropriate although
most found the space provided in the examination paper sufficient for their answers.

One respondent commented that students missed the beginning of section B. This might account for
the number of candidates who seemed to attempt three questions in section B. Although the
examiners have some sympathy with this comment, candidates are given reading time at the
beginning of the examination and one of their tasks at this time should be to identify the break in the
paper.

Another respondent commented on the number of “1 mark” questions; there were 14 in section A (40
marks). There is a difficult balance to strike between making the examination more accessible and
examining in depth.

The areas of the programme and examination which appeared difficult for
the candidates

There was considerable variation in performance but some of the repeated weaknesses were:
e Uncertainties.
e Calculations (which were poorly set out).
¢ Definitions (which generally showed the right idea but missed crucial pieces of information).
e Hypothesis questions (which require logical thought and careful explanation).
e Electrolytic cells (often confused with voltaic cells) and the products of electrolysis.
e Finding E, by a graphical method.
e Clear, logical explanations.
e Explanation of delocalization.

e Description of metallic bonding.

The areas of the programme and examination in which candidates
appeared well prepared

The areas which seemed well understood were:
e Equilibrium expression and the effect of external constraints on the position of equilibrium.
e Oxidation numbers (generally using correct conventions).
e Calculating empirical formulas.
e Atomic structure.

e Organic chemistry.

The strengths and weaknesses of the candidates in the treatment of
individual questions

Question 1

Marks were frequently lost in (a) because neither uncertainty was given and many did not realize that
the absolute value was obtained by adding the two individual errors. If (b) was attempted, the most
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frequent error was to omit the factor of 4 and arrive at a molar mass of 556 g mol™. In (c), many
candidates found the molecular formula from the % composition and the answer to (b). Errors were
carried forward in the marking of (d). Candidates were generally able to answer (e), the definition of
strong/weak acids. The common error in defining a buffer solution in (f) (i) was to omit “small” in the
addition of acid or alkali whilst in (ii) candidates needed to be more specific about the volume of acid
added for full credit.

Question 2

The trend in atomic radius was generally correctly identified (although some seemed to use ionic
radius data) but many tried to explain in terms of electronegativity. Part (b) was felt to be challenging
and it required calm and logical thought with a clear explanation; many realized that the hypothesis
was wrong but very few could explain why.

Question 3

The idea of activation energy being a minimum was seldom communicated. Few were able to follow
through all the mathematics to find E, by a graphical method and those that did had often omitted 107
in their calculations. The answers were often poorly set out so it was difficult to assess the award of
part marks; indeed, many candidates seemed to hope that a correct answer would somehow emerge
from a mass of incomprehensible figures. The gradient of the graph for (c) was generously marked; all
candidates had to do was to realize that the catalyst would lower the activation energy and thus the
gradient would be less negative. As long as a line with less negative gradient was drawn, the mark
was awarded.

Question 4

Part (a) was usually correct. The notational convention in (b) was generally correct, if a little patchy
and this was an improvement on previous sessions. Many identified the oxidizing and reducing agents
as Mn and C — or reversed the correct answers. Even when candidates appeared to be getting (d)
correct, electrons were omitted or the equation was unbalanced (usually electrons).

The standard electrode potential in () was given in standard form and 1.51 V was usually found in
the Data Booklet but a significant minority gave the wrong manganese potential and many gave the
answer as +1.02 V. Candidates should note that the sign of E° should be given in any answer. The
spontaneity and signs in parts (e)(ii) and (f) caused little difficulty.

Question 5

Most were able to answer (a) correctly although there were some careless variations. There was a
tendency in (b) to redraw butan-2-ol in different layouts — or the bonds were connected carelessly. In
(c) (i) the name was rarely correct and in (ii) a number of otherwise correct equations didn’t balance
the H, molecules. In (iii), about 50% of candidates gave the correct answer, “condensation”, although
few understood the need for each molecule to have two (reactive) functional groups. Most were able
to give a use of a condensation polymer such as nylon although there were some other interesting
examples given: fertilizers, perfumes and food flavouring for instance! One respondent questioned the
relevance of asking about economic importance in (v); this was an examination of assessment
statement 20.4.5.

Section B

Question 6

In (a), the general idea of an isotope was known, but so many omitted the word atoms from otherwise
correct answers. The calculation of the relative abundance of °B and ''B was usually successful

although candidates should note that the command term “calculate” requires them to “show the
relevant stages in the working”.
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The Mass Spectrometer was, in general, well understood but some confused R with ionization, B*
was often produced and only about half knew about **C as the scale.

The electron configuration of phosphorus was successfully answered (even by apparently weaker
candidates) and there were many good answers for the Lewis structures. Candidates would do well to
draw the “dots” clearly remembering that their answer will be scanned. They should group the
electron dots neatly in pairs (much easier for the examiner to count, for one thing) or use a line to
represent an electron pair. The usual errors occurred namely missing lone pairs on P and/or Cl
atoms. The shapes and angles in (iii) were patchy but there were also some impressive answers.
About half knew that sp3 was the answer to (iv) and in (v) about half based their explanation on the
dipole moment in PCl;. (One mark was allowed for those who recognized that PCl; would be polar
whilst PCls would not — thus suggesting that PCl; had the higher melting point.) Candidates were
expected to know the order of melting points as this had been studied in 13.1.1. Very few were able to
write a balanced equation for the reaction of PCls with water.

Many failed to note that a Lewis acid is an electron pair acceptor and the definition was often muddled
with that of Brgnsted-Lowry. Some, in (d) (ii), treated the P and Cl atoms separately.

In (e) there was little discussion of overlap of p orbitals, some of resonance but hardly any evidence in
terms of equal bond length and equal bond strength. The bonding in an ozone molecule was not well-
understood.

Question 7

This was the least popular of the Section B questions. In (a) (i) the trend was generally correctly
identified but the reasons were not clear, many confusing electronegativity with electron affinity. Most
knew about the reactions (or lack thereof) of bromine but the equations were sometimes unbalanced
or included halogen atoms rather than molecules.

There was a tendency to describe the bonding of metals in terms of nuclei rather than cations and
malleability was not well understood. The properties in (b) (ii) were surprisingly poor. Many suggested
that the metals themselves are coloured rather than the compounds, for instance. The bonding in (iii)
was not well known but the oxidation number was generally answered correctly. In (v), some
candidates gave the full orbital diagram, some omitted [Ar] — and some just got it wrong!

The diagrams in (c) were poorly presented and often inaccurate (much confusion with a voltaic cell)
and there was little understanding of how current was transmitted. In (iii), few candidates correctly
predicted the products of electrolysis of dilute iron bromide, with many seeming to ignore the
presence of hydrogen ions/hydroxide ions/water; correct explanations in terms of electrode potentials
or preferential discharge were rare. Despite this, bromine was often correctly identified in (iv). In (v),
few understood the impact of concentrating the electrolyte.

Question 8

(a) There were some good answers to (i) although some did not realize that they were expected to
use the experimental data even though this was signalled in the first line of the stem. Few candidates
properly compared the experimental result to the data booklet value (less heat liberated than
theoretically) and there were many vague answers about “insulation”. (What, precisely, is going to be
insulated?)

In (b) (i), the most common error was +129 kJ mol™ but in (ii) the answer was often correct. Units
tended to get muddled in (iii)) and many marks were awarded as “error carried forward”. Few were
able to explain the AH and TAS relationship in detail in (iv).

Equilibrium was well understood in general with many candidates gaining one of the two available
marks. “Equal rates” was more often given than the constancy of macroscopic properties for the
second mark. The K, expression was given correctly by the vast majority of candidates (including the
correct brackets and indices) but many had difficulty with the equilibrium concentrations in (iii).
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The changes in equilibrium position were well understood for the most part although if a mark were to
be lost it was for not mentioning the number of moles of gas.

Question 9

Features of an homologous series need to be learnt; this was answered relatively poorly. The most
common reagent was bromine (some indeed used liquid bromine!) and the common errors were using
HBr and describing “colourless” as “clear”. In (iii), some gave the equation backwards, a
consequence, perhaps, of misreading the question. In (iv) many referred to “same molecular formula”
rather than “same structural formula” and the lack of rotation about the double bond in (v) was not well
described.

Answers to (b) (i) and (ii) were generally sound although candidates should note that the question
asks about pH so that answers saying “it becomes less basic” do not score.

In (c) (i) the explanations were a little vague, some candidates perhaps being fooled by the data of
time rather than rate. Many expected to be given marks for a series of numbers and calculations
without explanations. Answers to (ii) and (iii) were usually consistent with (i). Part (iv) however, had
poor correlation with (ii), the reason usually being omitted. Part (v) was marked as a follow through to
part (iv).

Mechanisms such as that requested in (d) (i) must be learnt and curly arrows need to be accurate in
origin and destination. (d) (ii) was rarely answered correctly while the answer to (iii) was patchy.

Recommendations and guidance for the teaching of future
candidates

Students should:

e ensure they know where Section B begins and choose the best questions for which they have
been prepared; only do two questions in Section B and declare what they are on the front
cover sheet. If they attempt others, they must be crossed out before submitting the paper.

e use the number of lines and the marks as a guide to the expe