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Introduction

This paper was accessible to many candidates, and it provided them with the opportunity to 
demonstrate their knowledge and understanding of the key concepts in Unit 2. Some 
candidates were very well-prepared for the examination and lost just a few marks from slips, 
but others seemed unfamiliar with some of the topics and did not understand the basic 
chemical concepts in this Unit.

The mean mark for the multiple choice questions was 12.66. The most difficult question was 
10b, with less than half of candidates scoring the mark, and the most straightforward 
question was 12, with most of the candidates scoring the mark.

For the successful candidates they:

read the questions carefully and answered the questions as they were set
understood and used correct scientific terminology
could apply their knowledge to new situations
could carry out familiar and unfamiliar calculations.

Some answers were of a lower standard than previous years.

Those less successful candidates:

did not read the questions carefully and gave answers that were related to the topic being 
tested but did not answer the question
did not use correct scientific terminology
were not familiar with all the topics in Unit 2.
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Question 15 (a)

Some candidates had a sound understanding of the thermal decomposition of Group 2 
carbonates and scored full marks on this item. However, there were many who seemed 
unfamiliar with this concept and thought that magnesium carbonate was more stable to heat 
than calcium carbonate. A few candidates thought that the magnesium and calcium ions had 
different charges and a few thought they had just one positive charge. Some candidates had 
a little understanding but lost marks by using incorrect terminology. For example, they stated 
that magnesium has a smaller atomic radius than calcium, instead of referring to the Group 2 
cations and others thought that the ionic bond between the cation and anion was polarised.

This response shows that the candidate has some knowledge about 
thermal decomposition of carbonates. The size of the cation does 
increase down the group, and it is the carbonate ion that is polarised. 
However, the charge density decreases down the group, so the calcium 
ion causes less polarisation than the magnesium ion. This response 
scored 2 marks.

The more the carbonate ion is polarised, the weaker the carbon-
oxygen bonds are and the less thermally stable the carbonate is.
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Question 15 (b)(i)

Candidates needed to read this question carefully and think about what they were asked to 
do to achieve 3 marks. Most candidates treated this as a theoretical calculation and did not 
think about the practical aspect that the gas syringe can be used to measure a maximum 
volume of 100 cm3 of gas. It is usual to round values such as 16.667 to 16.7, however, if that 
volume of hydrochloric acid was used, the volume of carbon dioxide would be greater than 
100 cm3, so in this question the best answer was 16.6 cm3. The examiners decided to allow 
16.7 cm3 on this occasion as it would produce 100.2 cm3 of gas and as the measurements on 
a gas syringe is in 1 cm3 divisions, this would not be noticeably higher than 100 cm3, 
however, rounding to 17 cm3 was not awarded the mark. Some candidates used fractions in 
their answers and that is acceptable for the intermediate steps, but the final answer should 
always be evaluated to a decimal with an appropriate number of significant figures as 
measuring instruments do not have divisions in fractions. Candidates should also consider 
the correct units to write with their answer. In this question, the answer could be given in 
cm3 or dm3 provided the number and unit matched, however, incorrect units such as cm-3 
and dm-3 lost the last mark.
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It is acceptable to leave fractions in the intermediate steps in 
calculations, as in this response. However, the final answer should 
always be evaluated and given to an appropriate number of significant 
figures.

This candidate has rounded up their final answer to 0.017 dm3 of acid. 
This volume of acid would produce 102 cm3 of carbon dioxide and the 
gas syringe can only measure a maximum of 100 cm3 of gas, so this 
response scored 2 marks.

Always check that your final answer agrees with the information given 
in the question.
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This is an excellent answer that scored 3 marks. In most of the 
calculations, a number such as 16.667 can be rounded to 16.7 cm3. 
However, in this calculation the best answer is to round it down to 

16.6 cm3.

This candidate has read the question carefully and realised that any 
volume of hydrochloric acid greater than the calculated value will 
produce more than 100 cm3 of gas, which is more than the 
measurable volume of the gas syringe.

Read the question carefully and check to make sure that you have 
understood what you are being asked to calculate.
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Question 15 (b)(ii)

Many candidates did not realise that they needed to draw a tangent to the curve at t=0 to 
calculate the initial rate of reaction. Some candidates drew a tangent at a different time. The 
majority could calculate a value for the initial rates and almost all achieved the mark for the 
correct units.
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This is an example of a common response that scored 2 marks.

The candidate has just selected a point on the curve and divided the 
volume by time. They have also given the correct units. In order to 
improve their score, they should have drawn a tangent to the curve 
when t = 0 and calculated the gradient.

Revise how to draw tangents to curves and calculate gradients.
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Question 15 (b)(iii)

Every combination of increase, decrease and stay the same were seen as answers to this 
question. It was disappointing that candidates did not know that when the concentration of 
acid is halved, the initial rate of reaction would halve and so would the volume of carbon 
dioxide as there are half the number of hydrogen ions present.

This candidate has deduced that the initial rate of reaction would 
decrease when the concentration of hydrochloric acid decreases. 
However, the final volume of carbon dioxide cannot be the same if 
there are fewer moles of hydrochloric acid to react with the calcium 
carbonate.

No mark was awarded as both parts of the answer had to be correct 
for the mark.

In this question, the concentration of hydrochloric acid was halved, so 
the best answer would have stated that the initial rate of reaction 
halves and the volume of carbon dioxide halves.

Revise what happens to the rate of reaction and the amount of 
product formed when factors such as concentration, temperature and 
surface area of a solid are changed.
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Question 16 (a)

Many candidates showed that they did not understand the meaning of the term 
'electronegativity' and there was considerable confusion with electron affinity and ionisation 
energy. Many candidates scored the first mark for knowing that the atomic radius of the 
halogens increases down the group, although some wrote about ions. However, only a small 
minority wrote about the power of the nucleus to attract the bonding pair of electrons in a 
covalent bond, with the majority discussing the ability to attract the outer shell electrons or 
the ability to gain or lose electrons.

This response scored 1 mark for the atomic radius increases down the 
group. However, they have not related this to their understanding of 
electronegativity so cannot score the second mark.

Revise the meaning of the important terms in the specification, such as 
electronegativity.
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This is an example of a good answer that scored 2 marks. This 
candidate understands that electronegativity is the ability of an atom 
to attract the pair of electrons in a covalent bond.

Many candidates were confused between electronegativity and 
electron affinity. Make sure that you know the difference between 
these two terms.
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Question 16 (b)

The majority of candidates could work out the oxidation numbers of iodine in the three 
species, although some thought it would be – 5 for I- as they did not realise they should work 
it out for each individual ion. Many candidates struggled to explain why the reaction is not 
disproportionation as they frequently used incorrect terminology, such as compound. Some 
candidates thought that iodine was only being oxidised or only reduced and a few tried to 
explain why it was disproportionation. Candidates could have approached this question by 
stating that iodine is in two different species in the reactants or that only one species 
containing iodine is produced.

This response scored 1 mark for the oxidation numbers of iodine. No 
mark is awarded for a reason why this is not a disproportionation 
reaction because they have stated that both species are reduced. The 
iodine in the iodate(V) ion is reduced as its oxidation number 
decreases but the oxidation number of the iodide ion increases so it 
has been oxidised.

Revise how oxidation and reduction are related to changes in oxidation 
numbers.
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This is an example of a good answer that scored 2 marks. This 
candidate showed that they understand the meaning of the term 
disproportionation.

Revise disproportionation and make sure that you fully understand 
when it can and cannot occur.
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Question 16 (c)

It was disappointing to see that only a small minority of candidates were familiar with the 
reactions between hydrogen halides and concentrated sulfuric acid so knew the products 
formed. A common error was to include sulfur and that was incorrect as it is not a 
compound, and it does not have sulfur in its lowest oxidation state.

No mark was awarded for this answer. Sulfur dioxide is the compound 
with the lowest oxidation number of sulfur formed from hydrogen 
bromide. However, sulfur is not a compound and hydrogen sulfide is 
formed from hydrogen iodide and the sulfur has an oxidation number 
of – 2 in that compound.

Read the question carefully and pay particular attention to any words 
in bold. In this question, only compounds were acceptable as answers.
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Question 16 (d)

This question was answered well by many candidates, showing that they know the 
intermolecular forces that exist between the hydrogen halides and could compare their 
strengths. Some candidates did not make clear comparisons, for example, just stating that 
hydrogen bonds are strong will not be awarded a mark, whereas stating that hydrogen 
bonds are stronger than London forces will receive credit. A few candidates thought that all 
of the hydrogen halides had hydrogen bonding and a few thought that it is the hydrogen-
halogen bonds that are broken.
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This candidate started with a very good answer by identifying the 
correct intermolecular forces and comparing their strengths. However, 
they then discuss bond enthalpies and how these are related to 
breaking covalent bonds. When substances with small molecules are 
boiled, it is the intermolecular forces that are overcome and not the 
covalent bonds that are broken. This part of the answer is incorrect 
and negates the mark for identifying London forces so 3 marks were 
awarded.

Revise the types of intermolecular forces or bonds that are overcome 
when different types of substances melt or boil.
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This response scored 3 marks. The candidate has identified the 
hydrogen bonds between hydrogen fluoride molecules and that these 
are the strongest type of intermolecular force. They have identified the 
London forces between the hydrogen halides and stated that the 
number of electrons increases down the group. However, they have 
not linked the increasing number of electrons to the increasing 
strength of the London forces so could not score full marks.
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Re-read your answers to check that you have answered in detail and 
made any essential links to complete an explanation.
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Question 16 (e)

Some candidates gave clear answers to this calculation and explained their working. Others 
wrote a jumble of numbers without any words so made it difficult for examiners to award 
them any marks. Many candidates worked out the number of moles of silver chloride but 
quite a lot were unable to proceed any further. Some candidates just worked out 0.098 
divided by 0.226 as a percentage as they did not understand how to carry out this calculation.
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This response scored 2 marks. The candidate has calculated the 
number of moles of silver chloride and the mass of chloride ions in the 
solid residue. However, when attempting to calculate the percentage, 
by mass, of chloride ions, they have divided by the mass of silver 
chloride precipitate instead of the mass of solid residue from the 
seawater.

Always check to make sure that you are using the correct values from 
the data given in the question.
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Question 17 (a)

Most candidates were able to classify the two halogenoalkanes correctly. Some thought that 
bromocyclohexane was tertiary and a few classified them as secondary and primary alcohols.

24IAL Chemistry WCH12 01



Question 17 (b)

Many candidates struggled to understand how to answer this question. Many of them knew 
that the structure and the halogen would both affect the rate of hydrolysis but they did not 
realise that these were opposing factors, so it is not possible to predict the relative rates. 
Most candidates knew that 2-chloro-2-methylpropane is a tertiary compound, but they did 
not all make the comparison that it would hydrolyse faster than 1-iodobutane, which is 
primary. Similarly, many candidates knew that iodocompounds would hydrolyse faster but 
they did not link this to the lower C-I bond enthalpy. Many candidates described the practical 
details for this experiment, which was not relevant to this question.

This candidate knows the two factors that can influence the rate of 
hydrolysis of halogenoalkanes. However, they have just stated the 
factors and not how they affect the rate. The answer could be 
improved by stating that tertiary halogenoalkanes react at a faster rate 
than primary halogenoalkanes.
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This question is asking for an explanation, so it is important to include 
reasons in your answer and not just facts.
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This response shows that the candidate knows the two factors that can 
influence the rates of hydrolysis of halogenoalkanes so has scored 2 
marks. However, they have not appreciated that when the different 
structures are considered, 2-chloro-2-methylpropane will react the 
fastest but when different halogens are present, 1-iodobutane will 
react the fastest so it is not possible to predict the relative rates.

When there are two factors to consider, start by looking at them 
separately then decide if they both have the same effect or, as in this 
question, they have opposing effects.
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Question 17 (c)(i)

Most candidates realised that a gas would escape if the mixture was heated under reflux, but 
only a small number realised that ammonia is a gas at room temperature and so it would 
escape. Many candidates just wrote generally about 'the products escaping' but that was not 
sufficient. Some candidates mentioned safety issues.

This candidate has the right idea about using a sealed tube to prevent 
the escape of something during heating under reflux. However, they 
have stated that the product could escape. The products are 
butylamine and ammonium bromide and neither of these is highly 
volatile. One of the reactants, ammonia, is a gas at room temperature 
so it could escape.

Always identify a particular reactant or product that could escape 
when heating under reflux.
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Question 17 (c)(ii)

This mechanism is on the specification but tends to be less well-known than some of the 
others. Most candidates scored the first two marks, although some added a negative charge 
to ammonia or showed the lone pair on H instead of N. A much smaller number could work 
out how the molecule of ammonia was involved in removing H+ from the intermediate and 
there were many curly arrows pointing in the wrong direction. Many students would benefit 
from a review of mechanisms in organic chemistry to ensure that they understand the 
meaning of a curly arrow and where it can start and finish.
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This mechanism scored 2 marks for the curly arrows, lone pair and 
correct dipole on the structure on the left. The curly arrow should start 
from the lone pair on the NH3 attacking the intermediate, but it is 

joining to H+ to form the NH4
+ ion so it should be pointing to a 

hydrogen atom and not the nitrogen. The final curly arrow should be 
pointing from the N-H bond towards the nitrogen atom.

Think carefully about where curly arrows end. Remember that they 
represent the movement of a pair of electrons.
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This mechanism scored 3 marks. The first curly arrow is incorrect as it 
starts from a lone pair on a hydrogen atom instead of the nitrogen 
atom. This would form a C-H bond instead of the N-C bond shown in 
the intermediate. The candidate has also added a negative charge to 
the ammonia molecule which is incorrect. The dipole on the C-Br bond 
and curly arrow are both correct. The candidate has made the same 
error with the lone pair and negative charge on the NH3 attacking the 
intermediate, so they have not been penalised again and have been 
given the mark for the curly arrow pointing to the hydrogen atom. The 
final curly arrow is correct.

Think carefully about which atom in a molecule will have a lone pair of 
electrons and do not add incorrect charges to neutral molecules.
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Question 17 (d)

Many candidates seemed unfamiliar with the concept of a limiting reagent in calculations 
and would benefit from carrying out more calculations like this. Most candidates scored a 
mark for calculating the number of moles of each of the reagents but many thought that the 
mass of product would be related to the amount of sulfuric acid as that was present in the 
largest amount. Some candidates were unsure what to do next and some added all the 
moles of reactants together and others took an average. Those who chose ethanol as the 
limiting reagent usually completed the calculation correctly and scored 3 marks.
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This candidate has made a good attempt at this calculation and scored 
2 marks. They have calculated the number of moles of each reactant 
and realised that ethanol is present in the smallest amount so the 
number of moles of bromoethane formed cannot be larger than this. 
Unfortunately they have calculated the molar mass of bromoethane 
incorrectly by using 2 instead of 24 for the two carbon atoms so they 
did not score the final mark.

The relative atomic masses were given in this question so check to 
make sure that you have used them correctly. Many questions do not 
include relative atomic masses but they can always be found on the 
periodic table on the back page of the exam paper.
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This is an example of an excellent answer that scored 3 marks. This 
candidate has clearly identified which is the limiting reagent as it is 
present in the least amount.

Revise how to carry out calculations where you have to identify the 
limiting reagent.
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Question 17 (e)

This was a straightforward extended open response and the candidates who had revised the 
two reactions were able to score high marks. Unfortunately, many candidates seemed 
unfamiliar with the reactions so were unable to make much progress. A few candidates did 
not include equations in their answers, even though this was specified in the question, and 
some wrote unbalanced equations. The most common points missing from answers were 
the recognition that the hydroxide ion is acting as a base in ethanolic solution and 
identification of propan-2-ol formed from 2-bromopropane.
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This candidate has made a good start to this extended open response 
by comparing the products that are formed and writing equations for 
the two reactions. They have been awarded 3 Indicative Points, which 
equates to 2 marks and 1 mark for structure and lines of reasoning, 
giving a total of 3 marks.

The answer could be improved by giving more detail about the 
reactions, for example, the type of reagent used, the type of reactant 
and by giving a similarity.

The question asks you to compare and contrast the two reactions so 
you must include at least one similarity and one difference.
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This is a very good answer that scored 5 marks. The candidate has 
given 5 Indicative Points, which equates to 3 marks and they have been 
awarded 2 marks for structure and lines of reasoning as the answer 
clearly compares and contrasts the two reactions. The only error is that 
the first equation is unbalanced.

Remember to check that all equations are balanced, including those 
written in the extended open response.
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Question 18 (a)(i)

It was disappointing that many candidates did not know the temperature and pressure for 
standard conditions. Many gave incorrect temperatures, and the units were often incorrect 
for the pressure.

This response scored 0. The temperature is correct, but the pressure is 
incorrect. Both temperature and pressure needed to be correct to 
award the mark.

Learn the standard conditions used for enthalpy changes.
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Question 18 (a)(ii)

Although many candidates were able to write the balanced equation for the complete 
combustion of 2,2,4-trimethylpentane, some ignored the instruction to use molecular 
formulae and drew a structural or displayed formula for the alkane. The candidates who did 
not use the molecular formula were able to access the mark for balancing the equation. 
Some candidates did not read the information in the question that this alkane is an isomer of 
octane, so the molecular formula must be C8H18, and some focussed on the 'pentane' part of 
the name and used C5H12 so lost both marks.

This candidate has written a balanced equation, but they have ignored 
the question that asks them to use molecular formulae, so they 
scored 1 mark instead of 2.

Read the questions carefully, particularly any words in bold.
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Question 18 (a)(iii)

Although some excellent, clearly labelled enthalpy level diagrams were seen, there were a 
significant number of poor diagrams. Many candidates labelled the y axis as enthalpy change 
instead of just enthalpy and many drew careless arrows to represent the enthalpy change as 
the arrow did not start at the reactants level and finish at the products level. Some 
candidates just drew a line for ΔH , some labelled it as – ΔH and others drew a double-headed 
arrow.

This enthalpy level diagram has too many errors to score any marks.

The y axis should be labelled with enthalpy or energy.

If formulae are used as labels on the reactants line, they should be 
correct, and all reactants included.

There should not be an activation energy 'hump' although that was not 
penalised in this question.

There is no arrowhead on the delta H line.

Revise how to draw enthalpy level diagrams.
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This candidate has made a good attempt at drawing an enthalpy level 
diagram. However, the arrow showing delta H is too short as it should 
start at the reactants level and finish at the products level. It should 
also not have a negative sign.

The arrows drawn on enthalpy level diagrams should start and finish at 
the correct levels.

43 IAL Chemistry WCH12 01



Question 18 (a)(iv)

Candidates who looked carefully at the units of the quantities in the question and who could 
work out how to use the density to calculate mass, scored full marks on this question. Some 
candidates did not seem to understand that the unit for density shows them that density is 
equal to the mass divided by volume.

This response scored 2 marks.

The calculations to determine the mass of 2,2,4-trimethylpentane and 
the number of moles are correct. However, the heat energy released is 
the standard enthalpy change of combustion multiplied by the number 
of moles, not divided by the number of moles.

The standard enthalpy change of combustion is measured in kJ mol-1 
so 6.07 mol of fuel will release a lot more energy than 1 mol.
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Question 18 (b)(i)

Candidates were much more confident in the calculation in this question as it followed a 
familiar format for them. The common errors were just using the mass of ethanol to 
calculate the heat evolved or adding the mass of ethanol to the mass of water, converting the 
temperature rise to kelvin, omitting the minus sign to show that the reaction is exothermic 
and not giving the final answer to an appropriate number of significant figures.
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This response scored the first two marks from the mark scheme for 
calculating the heat evolved and the number of moles of ethanol.

Unfortunately the candidate has written two digits (5 and 1) the wrong 
way around in the calculation of ΔH and they have not given their final 
answer to an appropriate number of significant figures.

Check that you have copied numbers correctly.

Check whether the question asks you to give your answer to a 
particular number of significant figures or an appropriate number of 
significant figures. You will lose a mark if you do not follow the 
instructions in the question.
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This response scored 3 marks. The candidate carried out the 
calculation correctly but omitted to include the minus sign in the final 
answer.

Remember that a ΔH value for an exothermic reaction should have a 
negative sign and ΔH for an endothermic reaction should have a 
positive sign.
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Question 18 (b)(ii)

It was disappointing that many candidates were unable to calculate the percentage 
uncertainty in the temperature rise. Some forgot that there are two temperature 
measurements so they should multiply their answer by two, however, a significant number 
rounded 0.75758 to 0.75% and lost the mark.

This was a common response that scored 0. The full answer is 0.75758 
and the candidate has rounded it incorrectly to 0.75%.

Think carefully about how to round your final answer. Don't just leave 
off the final digits from your calculator.
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Question 18 (b)(iii)

Most candidates knew two reasons for the difference between the data book value and the 
experimental value, with incomplete combustion and heat loss to the surroundings being the 
most common reasons seen. Some candidates gave answers that were too general to score 
marks, such as experimental error. A few candidates referred to mean bond enthalpies, 
which were not relevant to this question and a few were confused between incomplete 
combustion and the idea that not all of the ethanol was burned.

This response scored 1 mark for the idea of heat loss to the 
surroundings.

The idea that 'some ethanol is not burned' will not make any difference 
to the calculated enthalpy change as the mass of ethanol burned will 
be lower. Many candidates think this is the same as incomplete 
combustion, where carbon and/or carbon monoxide would be formed.

Revise the meaning of incomplete combustions.
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Question 18 (c)

This style of question involving the use of bond enthalpies was less familiar to candidates but 
those who worked through the equations in a logical order to identify the bond enthalpies of 
different bonds, generally scored 3 marks. Some candidates did not know how to start this 
question and they need to review the concept of bond enthalpies to understand what they 
represent.
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This is an example of a good response that scored 3 marks. The 
candidate has set out their working clearly and logically.
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Examiners will find it easier to award you marks if they can follow your 
working, so write a few words to explain each step.

53 IAL Chemistry WCH12 01



Question 18 (d)

This was a straightforward question on the effect of increasing the pressure on an industrial 
process at equilibrium and many candidates scored both marks. However, some spent time 
writing about the effect of temperature and/or a catalyst, when these were not required. 
Some candidates omitted to state what would happen to the equilibrium yield of ethanol.

This response scored 0. The candidate has spent time writing about a 
change in temperature and the effect of a catalyst, neither of which 
was needed to answer this question. The candidate has written that 
high pressure will increase the yield, but this needed to be included 
with a comment about the position of equilibrium shifting to the right.

Read the question carefully and don't spend time writing about points 
that are irrelevant to the question.
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Paper Summary

Based of their performance on this paper, candidates are offered the following advice:

read the question carefully and use the information in it to help you to answer the 
question
after you have written your answer, re-read the question and your answer to ensure that 
you have fully answered the question
learn the meanings of as many of the key scientific words in each topic as possible and use 
them correctly e.g. atom, ion and molecule
explain your working in each step of a calculation
always evaluate the final answer in a calculation as a decimal and give it to an appropriate 
number of significant figures, with units if applicable
make sure that you understand how to work out which is the limiting reagent in a 
calculation
revise all the organic reactions in this Unit so that you can state the reagents, conditions, 
types of reaction and write equations
when you are asked to make a comparison, use adjectives such as larger, stronger and 
faster followed by than ...
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