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General

Some candidates were very well-prepared for this examination and scored high marks. Many
candidates were able to demonstrate that they had a sound knowledge of the topics in the
specification and could apply this to the questions with just a few errors or omissions. Some
candidates would benefit from much more preparation to ensure that they know the basic facts, can
express their ideas clearly and carry out calculations, showing their working.

Section A

The mean mark for the multiple choice questions was 12.37, which is slightly lower than for some
past papers. The highest scoring questions were 1 and 5, with over 80% of candidates achieving
these marks. The most challenging question was 20, with 26% of candidates achieving this mark.

Section B
Question 21

The majority of candidates are familiar with the mechanism for the nitration of benzene. Some
candidates were unable to write a balanced equation for the formation of the NO,* electrophile and
others were unsure about what the electrophile was so neutral species and negative ions were seen.
Other common errors included poorly drawn curly arrows, the horseshoe in the intermediate not
facing the tetrahedral carbon atom, the positive charge not within the horseshoe, adding an
additional charge to the NO, group or the hydrogen atom in the intermediate and drawing a curly
arrow starting from the hydrogen atom instead of the C-H bond.

Many candidates were able to identify the reagents needed in Step 2 of the reaction scheme.
However, many candidates did not realise that the temperature in Step 3 should not be higher than
10°C otherwise the benzene diazonium chloride will decompose. Some candidates thought that the
sodium nitrite or phenylamine would decompose above this temperature and a few just referred to
the compound decomposing, without stating which compound. A few candidates thought that there
would be multiple substitutions at a higher temperature.

Many candidates could draw the structure of benzene diazonium chloride but a minority included a
bond between a nitrogen atom and the chloride ion. There were many correct answers for part (v),
although some candidates were careless in showing the H of the OH group attached to the benzene
ring. The reagent and conditions for the preparation of methylbenzene from benzene were usually
well-known, although a small number referred imprecisely to ‘chloroalkane’ or ‘haloalkane’.

There were some excellent answers to part (c) that scored full marks. Some candidates lost marks
by omitting small details but a number were unable to start the synthesis. Common errors included:
just stating potassium dichromate(VI) for the oxidising agent and omitting the acid, omitting the dry
ether from lithium tetrahydridoaluminate(lll), not showing how to form phenylmethanol from
benzaldehyde, using phenol instead of phenylmethanol as the alcohol and omitting the addition of a
strong acid during the esterification when using benzoic acid and phenylmethanol. Some candidates
included an extra step in which they converted benzoic acid to benzoyl chloride and this was
acceptable.

Question 22



Many candidates scored 1 mark for one correct electronic configuration in (a)(i). A significant
number of candidates showed electrons lost from the 3d orbitals in the two ions and left one or two
electrons in the 4s orbital. Many candidates knew that transition element forms one or more stable
ions with an incomplete d sub-shell but only a small minority realised that in a d-block element, it is
the last electron to be added that enters a d orbital. There were many answers that incorrectly
stated the outer electron is in the d sub-shell.

Part (a)(iii) was poorly answered. Many candidates did not relate their answers to the stability of a
half-full d sub-shell of electrons. Some candidates wrote about partially filled d orbitals when they
clearly meant half filled. There was also confusion between orbitals and sub-shells as some
candidates wrote about the stability of a half-full d orbital. Candidates should be encouraged to
refer to the d sub-shell to avoid the problem of just mentioning one d orbital.

Many candidates did realise that the ions have different colours in aqueous solution as the ligands
will cause different splitting of the d orbitals so the electrons will absorb different frequencies of
light when they are excited from a lower energy d orbital to a higher energy d orbital. Some
candidates just mentioned absorbing energy, colour or light and a few candidates thought there
were different ligands present in the complex ions. There were some answers which showed the
candidates were confused with emission spectra.

Some candidates gave clear explanations of how they deduced the final oxidation number of
manganese. Others gave a jumble of numbers and finally wrote down the correct answer or a
different number. Candidates were only awarded a mark if they gave some correct explanation
based on the data given in the question. Some candidates did not look carefully at the formula for
arsenic(lll) oxide and they thought that there was just one arsenic atom in each formula and five of
these lost 10 electrons. A few candidates deduced the two half-equations and the overall equation
between potassium manganate(VIl) and arsenic(lll) oxide and they were awarded full marks.

The majority of candidates could give the meaning of bidentate ligand although some referred to
two ligands or implied that one ligand formed a double bond to the metal ion and others just stated
that the ligand has two lone pairs of electrons but did not mention using them to form bonds to the
metal ion. However, only a small minority were able to deduce the structures of the two bidentate
ligands. Many candidates scored 1 mark for the structure of 1,2-diaminocyclohexane but the
majority of candidates did not put the negative charges on the ethanedioate ion. The oxidation
number of platinum was often incorrect. Some candidates ignored the information in the first line
of (c) that told them that the platinum is an ion and they wrote 0 as the oxidation number.

Question 23

Many candidates could suggest suitable reagents for Steps 2 and 3. However, the majority of
candidates seemed unfamiliar with the reaction between an amine and chloroethane so they were
unable to draw a correct organic product in (a)(iii). Many incorrect structures showing a chlorine
atom or an ester group were seen.

The zwitterion of tyrosine was often correct, although some candidates omitted the OH on the
benzene ring or changed it into an ion and others omitted to protonate the NH; group. The two
optical isomers were often correct, although candidates should be advised to just draw them as
mirror images of each other and not to swap another two groups around and give the original
molecule again. Many candidates were able to draw the polyamide formed from tyrosine, although
some did not display the amide linkage, some added an extra oxygen atom in the linkage and others



drew more than two repeat units. Candidates found it much more difficult to draw the polyester
formed from serine and many drew another polyamide.

Part (c) was difficult and was intended to test candidates’ ability to apply their knowledge to a new
reaction. It was pleasing that many candidates were able to draw the structures of the correct
aldehyde and amino acid. Many candidates thought that it was not possible to distinguish between
tyrosine and serine by their infrared absorbance in the 4000 to 2000 cm™ range as they just stated
that the amino acids have the same functional groups. However, they should have considered the
absorbance from the C-H bonds in the arene group in tyrosine that is not present in serine.

Candidates found part (e) more challenging than expected. Many candidates were unable to work
out the correct splitting patterns and some quoted the chemical shift for the OH proton as that of an
alcohol instead of a carboxylic acid.

Question 24

Many candidates could draw an acceptable dot and cross diagram for a sulfate(VI) ion, although
some candidates showed three or four double bonds, some included a lone pair of electrons on the
sulfur atom and others omitted the additional two electrons from the 2—- charge. A few candidates
just drew bonds and did not include the electrons. The shape of the ion was usually correct.

Many candidates could complete the calculation in (a)(iii) correctly. Common errors included
stopping after just working out the number of moles of lead(ll) sulfate(VI) added and rounding
numbers too early in the calculation, e.g. 9.55395 x 10~3 rounded to 1 x 1072,

Candidates were unable to write the balanced equations in (b). Some candidates were unable to write
the correct formulae for sodium disulfate(VI) and sodium sulfate(VI), even though the formulae of the
ions were given in the information at the start of the question. The formula for ammonium
dichromate(VI) was often incorrect and (NHs),Cr,07; was a common error. Some candidates gave the
correct formulae but omitted to balance the equation.

Many candidates were able to select the correct value for E° to complete the table but they did not
give the correct half-equation. A common error was to omit the electrons or include an incorrect
number of electrons. Many candidates were able to deduce the correct species of the strongest
oxidising agent, although some gave the half-equation and did not state which species in the
equation is the oxidising agent. Many candidates were unable to select the two half-equations that
involved the manganate(VI) ion and only a small number were able to add them correctly so that the
electrons cancelled. The E°. value was sometimes correct but many candidates gave the wrong
sign, added the values for the half-cells instead of subtracting them or used the wrong value for the
hydrogen peroxide half-cell.

A minority of candidates drew clear diagrams of the apparatus used to determine the standard
electrode potential of the dichromate(V1)/chromium(lll) electrode. The most common omission was
not adding acid to the dichromate(VI)/chromium(lll) half-cell. Other common errors included:
adding a cell to the circuit, not having a complete circuit as there was no solution in at least one
beaker or the end(s) of the salt bridge were not in the solution(s), using a chromium electrode
instead of platinum, putting chromium(lIl) in one beaker and dichromate(VI) in a separate beaker
and not including the concentrations of solutions or the pressure of hydrogen.



Only about half of the candidates were able to deduce the mole ratio of $;0s%":Cr,0,%* from two of
the equations given. There were some excellent answers to the final unstructured redox titration
calculations, with the working clearly explained. All candidates should have been able to score two
marks for calculating the moles of thiosulfate ions and the initial moles of dichromate(VI) ions but
some did not attempt these steps. Common errors included: omission of the subtraction to
determine the number of moles of dichromate(VI) ions that reacted with ethanol, not using the
dilution factor and using an incorrect molar mass for ethanol.

In order to improve their performance, candidates should:

read the question carefully and make sure that you are answering the question that has
been asked

learn the meanings of all the key terms in the specification

show all your working for calculations

practise writing formulae of compounds

check to make sure that equations are balanced

practise combining half-equations to give an overall equation for a reaction
draw all of the atoms and bonds on displayed formulae of organic compounds
be careful how you draw curly arrows in organic mechanisms

revise the reaction between amines and halogenoalkanes

revise how to draw the structure of a polyester

practise drawing diagrams of electrochemical cells.



