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Introduction

The paper included questions that assessed candidates across the ability range and
generated some excellent responses.

Questions involving recall were generally answered well. Knowledge of organic reactions
was good and the organic mechanism was very well known. However questions involving
application showed that some concepts were poorly understood.

A few candidates seemed short of time towards the end of the paper, sometimes because
they did unnecessary time consuming work in some of the earlier questions.

The work shown in some of the numerical questions was disappointing. Despite being
asked to give an answer to three significant figures in one question, many candidates were
rounding intermediate values down to two significant figures. In a calculation to find the
percentage composition of a compound, some candidates completely ignored one of the
elements present. In some cases calculations were difficult to follow as candidates gave no
written explanation with the numbers.

Many candidates have difficulty writing ionic equations and half equations and this is a skill
they should practice.
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Question 21 (a) (i)

Most candidates answered this question correctly. They could show the 4s electrons before
or after the 3d electrons. A few candidates forgot to include the 3s and 3p electrons, but
only a very small number made more major errors.

21 (a) The table below shows the first and second lonization energles of nickel, copper

and zinc.
1st ionization energy 2nd ionization energy
Element /) mol-" / k) mol
Ni 737 1753
Cu 746 1958
Zn 906 1733

(i) Complete the electronic configurations for an atom of nickel and an atom of copper.
(2)

ﬁ ResultsPlus

Examiner Comments

This candidate did not appreciate the fact that in
copper the 3d sub-shell was full. Only 1 mark was
awarded.
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Question 21 (a) (ii)-(iii)

Most candidates scored the first mark in (a)(ii) as they realised that in both copper and
nickel the first electron removed in ionization would come from 4s. However the second
mark was often missed. Candidates thought that copper had a higher second ionization
energy because it was hard to break into a full 3d sub-shell in copper, but did not give the
reason that the 3d electrons were closer to the nucleus or less shielded than the second 4s
electron in nickel.

In (a)(iii) many candidates did not think about the trend in the third ionization values from
nickel to zinc, and simply discussed the electron configuration of zinc, or compared the
second and third ionization energies. With a little thought candidates should have realised
that the third electron in all three metals was being removed from the same shell. Some
answers referred to the charge on the ions compared to the charge of the nucleus, but in
each case an electron would have to be removed from an ion with two positive charges, and
the change which occurred across the three elements was the proton number.

w

*(ii) The values for the first ionization energies of copper and nickel are similar, but
the values of the second ionization energies are significantly different.

Explain how these data give evidence for the electronic configuration of a
copper atom,

_____________ A (‘ud 2 okt s mee  dle e o
godtally Ki“ﬂ@ .......... L. orbﬁlf _______________ Yo N - CO“‘?{ _________________ W ﬁav ____________________
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(iii) Suggest why you might expect the third ionization energies of the three
elements to increase from nickel to zinc.

__________________________________________ Be Cﬁ.*ﬂ".%/.....af;?tfz.émoufoﬂ(‘fs(”
........................ bl ond oo gull 3 okt

ﬁ ResultsPlus

Examiner Comments

In (a)(ii) the candidate used the idea that a full
orbital was hard to break into, and did not consider
the attraction of the nucleus for the 3d electrons.
This scored the first mark only.

In (a)(iii) the answer did not consider the trend
in third ionization energies from nickel to zinc, so
scored 0.

*(ii) The values for the first ionization energies of copper and nickel are similar, but
the values of the second ionization energies are significantly different.

Explain how these data give evidence for the electronic configuration of a
copper atom.

(2)

0&(3} ‘O 2w orédy o Simler as L, ‘U.a.ﬁ

8 ,b'r"‘..n ........... MBA.... n—ﬂgﬂ ______ @m&gﬂm%&w]%h
i Te les sdsld fa~ Ay betase 4 o ieesd
Pl on W olillom Geom M neckey boyese o 50
shtl & clow, Hln e los slett 4 Ao ecloes.
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(iii) Suggest why you might expect the third ionization energies of the three
elements to increase from nickel to zinc.

Examiner Comments

The answer to (a)(ii) was an example of one which scored both marks.

In (a)(iii) the charge density of the 2+ ion was not the relevant factor
affecting the third ionization energy. The charge density depended on the
radius of the ion. The increasing number of protons in the nucleus was the
point which had to be considered so this part scored 0.

GCE Chemistry 5 6CHO5 01

7



8

Question 21 (b) (i)

Some candidates wrote ion-electron half equations showing the oxidation of the copper(I)
ion but these did not show disproportionation. A common mistake was to forget to include

the state symbols.

(b) (i) Cu*(aq) ions are not stable in solution and undergo a disproportionation reaction.

Suggest an equation for this reaction, including state symbols.
(1)

+ k23 -
Cu ) — Coesy + c“(mp t <

ResultsPlus

Examiner Comments

This candidate tried to balance the charge in the
equation by adding an electron, but did not balance
the copper. This scored 0.

A
Q ResultsPlus
Examiner Tip

Equations which include electrons are called half
equations. This question required an equation for
disproportionation so electrons should not have been
included.
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(b) (i) Cut*(aq) ions are not stable in solution and'undergo a disproportionation reaction.

Suggest an equation for this reaction, including state symbols.
(1)

Al

JICS — G+ Coap

ResultsPlus

Examiner Comments

This candidate wrote the equation correctly but made
an error in the state symbols.

Examiner Tip

Check your work carefully so that you avoid mistakes
like this one.
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9



Question 21 (b) (ii)
Many answers correctly predicted that solid Cul and Znl, would be white.

Answers stating that solutions would be colourless were allowed because of the reference

to Cu* ions in solution in (b)(i). However the second mark was sometimes lost because
candidates did not take enough care when they referred to 3d orbitals. It was not enough to
say that the compounds had a full d orbital. The answer had to make clear that all the 3d
orbitals would be full, or the 3d sub-shell would be full.

(i) Suggest in what way the appearance of Cul is similar to that of Znl,.

Give a reason for this similarity.
(2)

ResultsPlus

Examiner Comments

This candidate gained 1 mark for saying that the
compounds had no colour.

‘}({ii} Suggest in what way the appearance of Cul is similar to that of Znl,.

Give a reason for this similarity.

+ 14
CM n @)
e

Examiner Comments

This response scored both marks. It stated that all
3d orbitals are full.
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Question 21 (c)

Many candidates had learnt the text book definition of a transition element. Those who lost
the mark usually forgot to refer to the element having an ion with an incomplete d orbital or

d sub-shell.

Lunc. doesn't have o packially. filled  a-orbie!.. [ d-abies
..... /5. .A//

(c) Explain why zinc is not classified as a transition element.

............ D’;om’uoalﬂ‘«*‘-wfw)’hmceu f*"f}p“‘“’

(c) Explain why zinc is not classified as a transition element.
(1)

ﬁ ResultsPlus

Examiner Comments

This answer did not refer to either atoms or ions.
Stating that in the ion the d orbital was full would
still not have got the mark, as it would have to make
clear that all the d orbitals in the ion were full or the
d sub-shell was full. It scored 0.

ResultsPlus

Examiner Comments

This was an example of a good answer.

GCE Chemistry 5 6CHO5 01
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Question 22 (a) (i)

The drawing of the cell should have shown two beakers with one of the two electrode
systems in each and with the correct electrodes. Some candidates drew a hydrogen
electrode on one side which lost the first mark. Solution levels were required with a
representation of the salt bridge dipping into the solution. However some salt bridges were
shown in mid-air above the beakers and were not given the second mark. The circuit should
have been completed with connections from the electrodes to a voltmeter and a recurring
mistake was to forget to show the voltmeter or, less frequently, to show a circuit with an
ammeter or battery. The concentration of the solutions in at least one beaker should have
been shown, but the concentration of the solution in the salt bridge was not relevant.

(i) Draw a labelled diagram showing how to set up a cell, using the two electrode
systems in the table above, in order to measure E;.
Include standard conditions in your labelling.

vouthuerar Se (3)
Cedets
[ AT N VIPRY

Rieeieode
o Com e .
Doy =2 ey
K-P’DJ W STE P
t_n o - -
S olludhnss ax
oc \‘ntf--r) N “Yeow) ok
VL*CW

&F cant Lasshapi ™2

ResultsPlus

Examiner Comments

This was an example of a good answer which scored
all 3 marks.
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() Draw a labelled diagram showing how to set up a cell,

systems in the table above, in order to measure E ;.
Include standard conditions in your labelling.

-

using the two electrode

W g V“‘*ﬂdt (3)
EU‘“O AL e .

1O\ Woe

T A

Sdandord conaleions

PRI P

ﬁ ResultsPlus

Examiner Comments

are included at the very bottom of the
scored 2 marks.

This answer lost the second marking point as the salt
bridge was not in the solution. The concentrations

clip so this

GCE Chemistry 5 6CHO5 01
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Question 22 (a) (ii)

Candidates could score 1 mark here for showing the correct direction of the cell reaction,
which had to be deduced from the values of the standard electrode potentials. Another mark
could be scored for a fully balanced equation. Many candidates found it difficult to balance
the charge in ionic equations, and the final equation should not have had electrons in it.

(ii) Write an equation for the reaction in this cell. Stake s,y\mﬁcﬂgre not required.
(2)

\[“.Vu- — \]':H ‘t\j?,-'f

t}\

ﬁ ResultsPlus

Examiner Comments

This answer did not score the mark for the
direction of the reaction as the V?* ions, which
are the product, are shown on both sides. The
rest of the equation was also incorrect so the
mark was 0.

(i) Write an equation for the reaction in this cell. State symbols are not required.

\Jﬂ—l_l“l (2)

[Q,‘J' \13* - ¥ r
VT = Vs
=\ - ﬂv?"' — N +\)13-

ﬁ ResultsPlus

Examiner Comments

This candidate correctly used the half equations
to work out the final equation and this scored 2
marks.
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Question 22 (b) (i)

Nearly all candidates succeeded in finding the correct pieces of data and quoting them with
their signs.

Question 22 (b) (ii)

In this question, candidates had to use the data on standard electrode potential to deduce
whether a reaction occurred, and if so what was produced. It produced a full range of marks
with many excellent answers, although some contained contradicting statements.

The sign and value for the electrode potential in experiment A was correct more often than
for experiment B. Some candidates deduced the vanadium product in experiment A with
apparent ease while others included many lines of equations. The observation here could
have been the colour of the vanadium product or the bubbles which would be seen from
the decomposition of hydrogen peroxide. The electrode potential for experiment B had a
negative value so no reaction would be expected. Some answers said this, but then went
on to name a vanadium product and give a colour change. Having said the reaction was
not feasible, they did not seem to understand the term. If answers were consistent in their
interpretation of the calculated electrode potentials they gained the final mark.

(ii) The colours of the different oxidation states of vanadium are shown below,

Oxidation state Colour
+5 - yellow
+4 blue
+3 wéreen
+2 L violet

For each of the following experiments, A and B, calculate the £< value for the
proposed reaction. Use your answers to predict whether or not a reaction occurs in
each case.

Give the formula of the vanadium product formed where a reaction occurs

and give one observation you would make in each experiment.
e ——

(6)

Experiment A: Hydrogen peroxide is added to an aqueous solution containing VO; ions.

GCE Chemistry 5 6CHO5 01
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Experiment B:  An aqueous solution of potassium iodide is added to an aqueous

< —0.20 YV

+lus

Examiner Comments

This candidate calculated both electrode potentials
correctly. In experiment B a reaction was described
even though the reaction was said not to be feasible
so the mark for consistent application of electrode

potential data could not be given and so 4 marks
were given.

@ ResultsPlus

Examiner Tip

In a question like this where there are several things
to do it is worth ticking them off so that you don't
leave something out.
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(ii) The colours of the different oxidation states of vanadium are shown below.

Oxidation state

Colour

+5

yellow

+4

blue

+3

green

+2

violet

For each of the following experiments, A and B, calculate the £ value for the
proposed reaction. Use your answers to predict whether or not a reaction occurs in

each case,

Give the formula of the vanadium product formed where a reaction occurs
and give one observation you would make in each experiment.

(6)

Experiment A:  Hydrogen peroxide is added to an aqueous solution containing VO; ions.

- Ep=f031-‘,aremimaocun ....... S R

) :.T..l/..f.(.[ow ............ lem-fenCvo;)

Experiment B:  An aqueous solution of potassium iodide is added to an aqueous

solution containing VO** ions.

+ 0 ...52.0 a..redchHon . occuys..
Nav e ) . blue ,soludmn .gmm»

ﬁ ResultsPlus

Examiner Comments

given.

This answer showed consistency in thinking that a positive
electrode potential means that a reaction will occur. However
the solution in experiment B starts off blue, and if a reaction did
occur it would end up green or brown. There was also an error

in the calculated electrode potential in experiment A and the
formula of the ion produced. Only the 1 mark for consistency was

GCE Chemistry 5 6CHO5 01

17



18

Question 22 (c) (i)

The reacting ratio could be shown here in several ways. The mark was awarded for a
balanced half equation in which V?* ions were oxidized to VO,* with the production of three

electrons.

Alternatively the full equation for the reaction of 5V2* ions with 3MnO, ions could be shown.

Very few candidates chose to explain that the ratio arises because the oxidation number of
vanadium increases by 3 while the oxidation number of manganese decreases by 5.

(i) The manganate(VIl) ions react as shown:
MnO; + 8H* + 56 — Mn* + 4H,0

Show, by writing the appropriate half equation or otherwise, that 5 mol V**
react with 3 mol MnO;.

¢! —
XS) V¥ 1.0 — VO ! y2e
(X3) 'MnOy +en? ¥+ —> MaT F LM, 0O
— - ) N g
SN + )pHZ0 T 2HNOy *iﬁiw rig€ 20T 206" +ys + 3N :%P

SV BMA0G™ + LHY 5 SV0,T + 2N + 21,0 -

ﬁ ResultsPlus

Examiner Comments

(1)

This candidate did what was asked and wrote the
appropriate half equation. The full equation was also
correct and it scored 1 mark.
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() The manganate(VIl) ions react as shown:
MnO; + 8H* + 5~ — Mn* + 4H,0

Show, by writing the appropriate half equation or otherwise, that 5 mol V**
react with 3 mol MnO;.

U

(M

XO bﬂlpﬂcl c!—"lc. e- be-'u:) USI’J L-D MMO; MJ "QJL

bD V ‘rkl 'Oav rhos 1— Use L= T '3 \"GJ‘-'\‘J' 3 \ff'/mv-ot.__

ResultsPlus

Examiner Comments

The half equation which was given was not the one which occurred in
the reaction with MnO,"ions so this scored 0.

GCE Chemistry 5 6CHO5 01
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Question 22 (c) (ii)-(iii)

This question was well done. Most candidates calculated (c)(ii) correctly and there were also
many correct answers in (c)(iii). Errors occurred in using the 5:3 ratio incorrectly, and in
calculating the molar mass of ammonium vanadate.

The question asked for the percentage purity to three significant figures, so candidates
should have kept answers to the intermediate stages to four or more figures, and rounded
to three in the final answer. In this particular question, earlier rounding was not penalised
as long as the principles of the method were correct, but candidates should be aware that if
data is given to four significant figures it should not be rounded to two in calculations.

(i) Calculate the number of moles of manganate(VIl) ions used in the titration.

rﬂa.k., = (Al x UCj\«

Iy

QO -0 L¥ __‘35--5:-
\ 0@ @

7 04 107 el
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(iii) Calculate the number of moles of VO; in the original solution, and hence
the percentage purity of the sample of NH,VO,. Give your answer to three

significant figures.

Molar mass of NH,VO,= 116.9 g mol-'.

MGL Vl.-t"

= ,%’.#WA- Mnc)ct-

- @
= 2> Zi021°

T 426 % 10 mA

MoV = Mol VO F = mel NH VO,
= q,zavm"‘
moss NHNVO; = Gog 07 2 U169

oépanuij

ﬁ ResultsP

A
J@ ReSultS

= O o4asg Crc ]

6 O&G#

B 150 X(C’)O/a :\332(‘0

us

Examiner Comments

This candidate used the 5:3 ratio wrongly, a common
fault, so only scored 2 in the second part. The first
part was correct.

us

Examiner Tip

The question states that 5 mol V react with 3 mol
MnO,

This means the number of vanadium ions must be
greater than the number of manganate ions which
gives you a quick way to check the answer to the
first stage.

GCE Chemistry 5 6CHO5 01
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(ii) Calculate the number of moles of manganate(VIl) ions used in the titration.
(1)

- o SR :
m‘g.) OO0 x oo~ = Tl we™ woler.
W

(iii) Calculate the number of moles of VO; in the original solution, and hence
the percentage purity of the sample of NH,VO,. Give your answer to three
significant figures.

Molar mass of NH,VO;= 116.9 g mol™".
5 "
Moles (VO,')= = Tixe

|1y 310-3 el (Q-GQHB;S)

T\g) = M¥no x L{Are M
;_.e—e%%g-
= 0 139
IW D_EE?- x|
(NHNOg) = ’ Q15

(3)

W

ResultsPlus

Examiner Comments

This was an example of a fully correct answer.
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Question 23 (a)

The structure of benzene, deduced from X-ray diffraction, showed that the carbon-carbon
bonds are all the same length.

23 Benzene is sometimes represented as Structure X, shown below, called a Kekulé
structure after the chemist who suggested it.

L

Structure X

(a) What structural feature of benzene shows that Structure X is not an accurate
representation?

In. S’fUEthc XA lodS Qe Ol in lungfin
on_ iy D R deubl G- mak .............................................
\ bagne bt ko dS e all be 4ame lumgtn.
At S than A Sirgi bad bt ody

ﬁ ResultsPlus

Examiner Comments

This candidate clearly stated how the structure of
bezene differs from X and scored the mark.
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23 Benzene Is sometimes represented as Structure X, shown below, called a Kekulé
structure after the chemist who suggested it.

Structure X

(a) What structural feature of benzene shows that Structure X is not an accurate
representation? _

ﬁ ResultsP!

Examiner Comments

The statement made was true but it did not state
what is present in benzene, only what is absent from
the structure so was not awarded the mark.

GCE Chemistry 5 6CHO5 01
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Question 23 (b) (iii)

Most candidates referred to the delocalisation of electrons in benzene but many did not
explain how the arrangement of electrons in X was different.

*(iti) Explain the difference in the arrangement of the electrons between benzene
and Structure X.

ot (2)

+IusS
Examiner Comments
This answer was given 2 marks, though the comment

on the electrons in X would have been better if it had
referred to the pi component of the double bond.

*(iii) Explain the difference in the arrangement of the electrons between benzene
and Structure X,
(2)

nhewneres be T QAU e cllocuased
.......... NnYO Q. LNt ALY On e Deinere
X.AQ C=c ﬁ-emtmb ___________

M N 2 T bnd fo. fwn% ____________________________________________________
C=C doole Sonca.

Examiner Comments

This answer referred to electrons in both X and
benzene and gave the difference in arrangement so
both marks were awarded.
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Question 23 (b) (i)-(ii)

The first part of this question was usually correct, but candidates seemed to have little idea
of the relative enthalpy levels of X, benzene and cyclohexane despite writing about the
stability of delocalised systems in other parts of the question.

X was frequently shown at the lowest enthalpy level, and the enthalpy change going from
X to benzene labelled as positive. Many diagrams omitted cyclohexane altogether, though
they could still score the second mark for the enthalpy change. Some diagrams showed
cyclohexene, and this was ignored as long as cyclohexane was there too.

(i) Use the necessary data to estimate the enthalpy change for the theoretical
conversion of Structure X to cyclohexane.
(1)

3

X X< —\88 = = Q6L LTmol

(i) On the enthalpy level diagram below, draw labelled horizontal lines to show
the relative enthalpies of the actual structure of benzene, Structure X and
cyclohexane. Add an arrow to show the enthalpy change from Structure X to
benzene and calculate the value of this enthalpy change in kJ mol-'. Write this
value next to your arrow,

(2)
Enthalpy .
O L N A P
\V
- o64
| _2%

ﬁ ResultsPlus

Examiner Comments

This answer was not awarded the first mark, but
the energy levels in (ii) were in the correct positions
relative to each other and the value in (i) was used
correctly so it scored both marks in (ii).
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() Use the necessary data to estimate the enthalpy change for the theoretical
conversion of Structure X to cyclohexane.

(ii) On the enthalpy level diagram below, draw labelled horizontal lines to show
the relative enthalpies of the actual structure of benzene, Structure X and
cyclohexane. Add an arrow to show the enthalpy change from Structure X to

benzene

value next to your arrow.

Enthalpy

(1)

- \\% Xg - ._lgt{- KS hok“

and calculate the value of this enthalpy change in kJ mol-'. Write this

(2)
4 Yeudore X
= 4 \4q KS e\
Reere
v

Examiner Comments
The first part of the question was correct.

The second part did not show the energy level of
cyclohexane. The enthalpy change of conversion of X
to benzene had an incorrect sign so it scored 0.

GCE Chemistry 5 6CHO5 01
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Question 23 (c)

Many candidates knew this mechanism well and scored all 4 marks. Most showed the
production of Br* rather than the polarised bromine attached to the catalyst. A few answers
showed Br forming and also lost the second mark as the electrons from the benzene ring
would not move to a negatively charged species. The intermediate was often well drawn;
however candidates should take care where they place the + charge, and in drawing the
"horseshoe" of delocalised electrons.

Drawings in which the Br was bonded to a carbon atom at the top of the hexagon often
showed these points more clearly than when the Br was on the side of the hexagon. There
was not always enough care in drawing the arrow from the C-H bond to the + charge. It
was not good enough to show it going from a space between the end of the bond and the H
atom.

(c) Benzene reacts with bromine in the presence of a catalyst of iron(lll) bromide.

Write a mechanism for the reaction of benzene with bromine to form
bromobenzene. Include an equation to show the involvement of the catalyst.
(4)

:FE, %f"‘s * "'5(7_ —> Fe %"H‘ + 6:‘

Q.. - @& & — O«
ﬁ ResultsPlus

Examiner Comments

This answer omitted to show the H* produced at
the end, but was otherwise correct so was given 3
marks.

GCE Chemistry 5 6CHO5 01



(c) Benzene reacts with bromine in the presence of a catalyst of iron(lll} bromide.

Write a mechanism for the reaction of benzene with bromine to form
bromobenzene. Include an equation to show the involvernent of the catalyst.

B, » heBEBe; — Vb« B

(4)

&
8¢~ %:A f'
O] = (&) —= O w
N oo benwre

Nr « FQBG_: —= MB8r« Fe@f“:)
@a’uh@kmwechemm@)

ﬁ ResultsPlus

Examiner Comments

After a slow start in which a Br ion of the wrong
charge was shown, this candidate scored the last 2
marks.

GCE Chemistry 5 6CHO5 01
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Question 23 (d) (i)

Candidates sometimes assumed that if a gas is produced in a reaction there will be fizzing.
The hydrogen bromide which forms in the reaction of phenol with bromine water is soluble
in water so it would be seen as steamy or misty fumes, not as effervescence. A white
precipitate of tribromophenol also forms but the most obvious change is the decolourisation
of the bromine water.

(d) (i) State two observations which would be made when phenol reacts with
bromine water,

fos wdd o

(2)

Resuits+lus

Examiner Comments

This response just scored the first mark.

(d) (i) State two observations which would be made when phenol reacts with
bromine water.

Examiner Comments

It was not enough to say that fumes would be given
off. They had to be described as misty or steamy but
are definitely not brown so this also scored 1 mark.
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Question 23 (d) (ii)

The structure of tribromophenol was needed in this question for one of the marks

and a correct balanced equation was needed for the other. Some candidates forgot to
include HBr in the equation; others thought hydrogen was produced. If the production of
monobromophenol was shown, 1 mark was allowed for a balanced equation with the Br in
one of the correct positions.

(i) Write the equation for this reaction showing the structure of the organic product.
(2)
oY o
Br gr
Q £ S fq_ —_— ~ An &
Br
2,46 Cbrmmphendt

Examiner Comments

This was an example of a fully correct answer which
scored 2 marks.

(ii) Write the equation for this reaction showing the structure of the organic product.

(2)
B¢ ”,Ec

o
@>+ BB > + 3IHBr

ﬁ ResultsPlus

Examiner Comments

This answer omitted the delocalised ring in phenol
and showed bromine atoms instead of Br, molecules
so no marks were given.
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Question 23 (d) (iii)
The explanation required seemed well rehearsed and many answers were clearly expressed.

*(iii) Explain why phenol can react with either bromine or with bromine water without a
catalyst.

T \oe

+1us

Examiner Comments

This was an example of a good answer which scored
both marks.

*(iii) Explain why phenol can react with either bromine or with bromine water without a
catalyst.

________________________ 0 0. DAL the Presence. of Yhe phensol
Mokes Y. MLLTLnamn _______________________

Chere i nboned A ok

ﬁ ResultsPlus

Examiner Comments

This candidate showed some understanding of

the situation but the answer was not adequately
expressed so it did not score. Candidates had to
refer to the lone pair of electrons on the oxygen
atom, not to the "phenol group" as here. The phrase
"it is electron withdrawing" presumably refers to the
benzene ring, but there was no explanation as to
why increasing the electron density reduced the need
for a catalyst.
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Question 24 (a) (i)

The answer had to state that concentrated nitric and concentrated sulfuric acid were
needed, and omitting the word concentrated was the most common error.

——
—

Step 1 Step 2

C5H5N02 EEE—— CE,H;NHE

CeHe

(a) (i) Name the two reagents needed in Step 1.
- - (1)

<d\ Resu us

Examiner Comments

%
s
*

Names or formulae were accepted for the acids. In
this case nitrous acid had been given wrongly, and
the word concentrated was also missing so the mark
was not given.

Question 24 (a) (ii)

There were many different ways of saying that more nitro groups might be substituted at a
temperature above 55°C. Some candidates thought that decomposition would occur, or gave
a safety reason such as saying that an explosive mixture would form, and these answers

were not allowed.

(ii) Suggest why the temperature should not be allowed to go above 55°C in Step 1.
(1)

Examiner Comments

This was a correct response and scored the mark.
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Question 24 (a) (iii)

The specification refers to tin and concentrated hydrochloric acid for this reaction, though
some other metals were allowed.

Question 24 (b) (i)

The formula of the diazonium compound could be given with or without charges on the ions.
However if they were given both charges had to be correct.

Question 24 (b) (ii)

Some candidates did not appear to know that in a displayed formula the bonds should be
shown. The essential bonds for the mark were in the CONH group; a hexagon with a circle
or C,H, was allowed for benzene and CH, for the methyl group.

(i) Draw the displayed formula of the organic Substance C.

You need not display the benzene ring. rz Ln?
AR VR 'S

(REN ™

Examiner Comments

As the CONH was correctly displayed this was
awarded the mark.

(i) Draw the displayed formula of the organic Substance C.

You need not display the benzene ring.
(1)

Examiner Comments

This formula had the group containing nitrogen in the
wrong position so did not score any marks.
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Question 24 (b) (iii)

The question made the point that D and F were coloured, and the expected answers were

that D is a complex ion or transition metal complex and F is a dye. Some candidates

suggested a formula for D without further comment, so there was no attempt to classify it.
Answers saying that F was a diazo or azo compound were allowed without reference to the

dye.

(ili) Substances D and F are both brightly coloured but for different reasons.
Classify Substances D and F.
2+ (2)

Substance F 3,5 dimethylaniling

ﬁ ResultsP

Examiner Comments

This candidate had suggested formulae, but the
question asked for the compounds to be classified in
some way so no marks were awarded.

(ili) Substances D and F are both brightly coloured but for different reasons.
Classify Substances D and F.

ResuitsP

Examiner Comments

This was one way of answering the question which
scored both marks.
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Question 24 (b) (iv)

Many candidates just referred to a diazonium compound in this question without giving the
full name.

Question 24 (b) (v)

As nitrous acid was not stable the two substances which were needed were hydrochloric acid
and a nitrite, such as sodium nitrite.

(v) What two Substances, G and H, are required in the conversion of phenylamine
to Substance E?

ﬁ ResultsP

Examiner Comments

Sulfuric acid was not accepted in place of
hydrochloric acid as E is a chloride so no marks were
awarded.
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Question 24 (b) (vi)

Candidates who drew a benzene ring and worked out what groups were bonded to it were
often correct, though some formulae mistakenly showed an OH group on the ring. When a
condensed formula was written there were often mistakes in the number of H atoms, as with
three substituents on the benzene ring, three H atoms are still present.

(vi) Suggest the structural formula of the substance which reacts with Substance E

to form Substance F.
(1)

Couf Y

C M (), WH,

ResultsPlus

Examiner Comments

This formula had three substituents on the benzene
ring so there should also be three H atoms.

(vi) Suggest the structural formula of the substance which reacts with Substance E

to form Substance F. A/ (5 ”‘f 2(”3 (1)

Qb\xl.
l
N~y — Ny

ResultsPlus

Examiner Comments

This candidate did not realise that a compound with
NH, would be needed to form the diazo group in F.
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Question 25 (a)

In (a)(i) many candidates did not appear to know what a zwitterion was, and when a
charge was shown on serine it was often only protonation of the NH, group and sometimes
ionization of CH,OH.

A significant number of answers to (a)(ii) drew lysine with both NH, groups protonated.
However the candidates were not necessarily able to suggest why lysine and serine could be
separated in an electric field. The migration of ions studied in Unit 1 seemed to be forgotten,
and there were suggestions that the positively charged end of the amino acid would move in
a different direction to the negative end. Many answers stated that serine would move, even
though it had no overall charge.

(@) () AtapH of 5.68, serine exists as a zwitterion, Draw the formula of serine at this pH.

(1)
) H
O\ ] ".l @
L-C - N-H
o] ! N
H=-C-H
\
O
~, H
*(ii) At pH 5.68, serine and lysine can be separated by electrophoresis. By
considering the structures of the amino acids at this pH, suggest why this
separation occurs,
Go, L (2)

ﬁ ResultsPlus

Examiner Comments

This was an example of a good answer scoring full marks.

The correct charges were shown on serine. Lysine did not have to be drawn out
though the space was available for those who wished to do so, and the candidate
understood the principles behind the separation method.
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(a) (i) AtapH of 568, serine exists as a zwitterion. Draw the formula of serine at this pH.

0 (1)
M- \J-H o
}I* | Vi
H=-0 —C — fr-—-C
boa oH

*(ii) At pH 5.68, serine and lysine can be separated by electrophoresis. By
considering the structures of the amino acids at this pH, suggest why this

separation occurs.
r (2)
U AT
. "
H-N-C-C~C~C—(—¢
/ | { \ \ ~
1 On
A WoW W H

ﬁ ResultsPlus

Examiner Comments

This candidate did not show the negative charge on the carboxyl group of the
zwitterion.

The answer scored 1 mark for showing the two NH,* groups in lysine, but
the candidate missed the point that ions migrate in an electric field and was

perhaps thinking about chromatography in the references about bonding to the
gel.
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Question 25 (b)

Candidates often wrote about only one of the amino acids. The most popular answer was to
explain that the solubility of serine was due to the ability of the OH in the R group to form
hydrogen bonds with water. When a question asks about a difference between two acids
there has to be a reference to both of them.

Many answers scored a mark by saying that the benzene ring is hydrophobic. An alternative
answer was that phenylalanine has significant London forces between its molecules which
will reduce solubility, or even that London forces with water are likely to be weaker than
hydrogen bonds. It can still form hydrogen bonds from its amino and acid groups but it was
assumed in this question that candidates were discussing the effect of the different R groups
unless they said otherwise.

*(b) Serine is very soluble in water, whilst phenylalanine is much less soluble. Explain
the difference, disregarding any effect of zwitterion formation,

(2)

_______________________ an. pefbicipake . hyd cogen dending Wit wedS, Wb

__________ phenglalanine  has o lagae ".7.;9.#4.1!.1:-3.5iﬁt..........CL_H;__ gosp. s¥hact

Examiner Comments

This was an example of an answer which scored both
marks.

*(b) Serine is very soluble in water, whilst phenylalanine is much less soluble. Explain
the difference, disregarding any effect of zwitterion formation.

(2)

_________ Tus ‘Nﬂﬂld\wt dewws elecker Duuﬁjmmm%m 5

_________ N Neuds v B WR and L0 gows  Cawef Agsosccikc....

...........................................................................................

ﬁ ResultsPlus

Examiner Comments

This response was not awarded any marks, as the
benzene ring was separated from the NH, and COOH
groups, and its main effect would be due to the
intermolecular forces it forms.
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Question 25 (c)

The R group in the amino acid which does not show optical activity is a hydrogen atom.
Some candidates drew the formula of glycine which was allowed.

Question 25 (d) (i)

The question asked what measurement is made, so answers saying that amino acids rotate
the plane of plane-polarized light were not enough. They had to say that the degree or
extent of rotation would be measured.

(d) The optical activity of equimolar solutions of naturally occurring samples of leucine
and iso-leucine can be measured in an experiment using plane-polarized light.

(i) What measurement is made to show the optical activity of amino acids?
(1)

e Ao ugnt 1§ g moved and wow.

MAVCAAL s

ﬁ ResultsPlus

Examiner Comments

This answer would have been awarded a mark for
saying "how much by" if it had referred to rotation,
but saying that light was "moved" was not allowed.

(d) The optical activity of equimolar solutions of naturally occurring samples of leucine
and iso-leucine can be measured in an experiment using plane-polarized light.

() What measurement is made to show the optical activity of amino acids?

Examiner Comments

A polarimeter was used to measure the rotation of
the plane of polarisation, but did not say what was
measured so was not awarded a mark.
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Question 25 (d) (ii)

Space was provided for candidates to draw the structure of iso-leucine, though this was
optional. If the formula was drawn out it may have been more obvious that iso-leucine had
a chiral carbon atom in its R group. Some answers said that leucine did not have any chiral
carbon atoms, despite the information which had been given earlier in (c).

Correct answers could be that iso-leucine has more chiral carbon atoms than leucine or that
iso-leucine had a chiral atom in its R group.

A few candidates confused geometric isomers and optical isomers and tried to find an
explanation based on carbon-carbon double bonds.

(i) By considering the structures of iso-leucine and leucine, explain why iso-leucine has
more stereoisomers than leucine.

Amino acid Formula of R group
leucine —CH,CH(CH,);
iso-leucine —CH(CH;)CH,CH;

(1)

This was a common incorrect response. Candidates
thought that there were more ways of arranging
atoms in the larger R group, but did not explain why
there were more stereoisomers. It was not given a
mark.
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Question 25 (e)

The first step in this question was to select the N in proline and the COOH in alanine to
construct the bond. Formulae based on the amino group of alanine and the COOH in proline
scored 1 mark if fully correct.

Since the nitrogen atom in proline is in a ring, the peptide group does not contain the
hydrogen atom found in other dipeptides. Some candidates thought the N atom was
attached to the ring rather than being part of it.

Some candidates who successfully drew the dipeptide then forgot to circle the peptide
group.

An answer which occurred very rarely was to show a dimer containing two peptide groups
made from each functional group of the two acids, and this was allowed.

(e) The amino acid proline, shown below, does not contain a primary amine group,
but it can still form peptide bonds.

vy
C
0 OH N, cac
\ N\
LIRS féﬂ.
L) H
] J\_MAL
NH-¢~<

[agk]

Draw the structure of the dipeptide formed when the carboxylic acid group of
alanine reacts with proline. Circle the peptide group on your drawing.
0 =Cc—0-H ) (2)

+lus
Examiner Comments
The dipeptide formula was correct, but the ring

around the peptide group should have included the O
atom so this response only scored 1 mark.
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(e) The amino acid proline, shown below, does not contain a primary amine group,
but it can still form peptide bonds.

0] OH

NH

Draw the structure of the dipeptide formed when the carboxylic acid group of
alanine reacts v*vith proline. Circle the peptide group on your drawing.

B @

o VI

Examiner Comments
This candidate drew alanine on the left for reference, but then drew
the dipeptide between the acid group in proline and the amino group

in alanine. A hydrogen atom was also missing from alanine so was not
awarded any marks.

A
- OO ResultsP

Examiner Tip

us

It is very important to read questions carefully.
In this question two different dipeptides can form
between the two amino acids and you need to
choose the right one.
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Question 25 (f) (i)

The molecular formula was allowed in this question.

(i) By balancing the equation, suggest the structural formula of the product Z.

. (1)
P, COW  ogf Pl dewde

us

Examiner Comments

This was one correct alternative. Another possible
structure was ethenol, CH,=CH,OH.
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Question 25 (f) (ii)-(iii)

There were two issues noted by examiners when marking this question. One was that
answers were often very disorganised; numbers were scattered around the page without
any indication of what they referred to. The second was that few candidates seemed to
realise that they could not calculate the percentage composition of Q unless they worked out
how much oxygen was present. The mass of oxygen in 1.000 g of Q or the percentage were
frequently ignored, though it was sometimes calculated (wrongly) from the amount in the
carbon dioxide and/ or the water.

Candidates were asked to use the combustion data, and most started by calculating the
number of moles of carbon dioxide and water formed. However many ran into trouble by
stating that the mass of hydrogen was numerically equal to the humber of moles of water,
as they were thinking in terms of H,. There were also problems calculating the number of
moles of nitrogen as the mass given in the question (0.04620 g) was often divided by 28
which does not give moles of N atoms. Those who calculated the number of moles of each
element then regularly stated that the ratio was what they had predicted in (f)(i) even when
it was not. Some candidates lost track of whether they were working in masses or in moles
and used the ratio of each element by mass to calculate the formula.

However there were many well organised calculations which were completed correctly in
about 8 or 9 lines.

(ii) In the final stage, Y reacts with another molecule of ninhydrin to form a
dye, Q, shown below.

What is the molecular formula of Q?

Cig Hae O™

(1)
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(i) On combustion, 1,000 g of Q produces 2.614 26149 carbon dioxide, 0.2673 g water
and 0.04620 g nitrogen.

Use these data to calculate the percentage composition by mass of Q, and

hence its empirical formula. Show whether your answer is consistent with the
molecular formula of Q.

C in (b = A% X 2.6fa= © %124, (4)
4y
i n Mo = E_%_. ,(.:g.zc-'n:o.azqi}ﬁ
83
N oin N, - 4& 0.0 610 g,
Mmof O = 1 -(0FI2a + 0 0oqF -+ 0.0ULTlR)
= © .2\~
oGy . 18
Nog C= OMT ~ ©.809¢mil. “secas—
(e Q.09 = 9
i - . .
n o Y = &) ?20‘ = 0 .02 93 ma o 0037
. O roeldd =
noe N = couble . B0 0733 mdl epreeel p
'y
Nnof & = 0.4V

o - V2L
= 0 .pl132mdl. —="T
\ G e o033

-a.@,’..- C|3HO\QH“|
(16 ctonfictent N -j_

% ResultsPlus

Examiner Comments

.Y

This response was clearly set out and showed that
the candidate proceeded logically and could check
each stage if needed. It was awarded full marks (4).

Examiner T|p

In a calculation always say what each humber refers
to. Then you can check it and think about your
method easily.
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(ii) In the final stage, Y reacts with another molecule of ninhydrin to form a
dye, Q, shown below.

What is the molecular formula of Q?
(1)

C Mg & (CO), CNE(L), Ceta

Cig Mg 04 N

(ili) On combustion, 1.000 g of Q produces 2.614 g carbon dioxide, 0.2673 g water
and 0.04620 g nitrogen.

Use these data to calculate the percentage composition by mass of Q, and
hence its empirical formula. Show whether your answer is consistent with the
molecular formula of Q.

Mass mg 9.614 0. 26%3 0.04620

(4)

ey 2;5_1:'5'_. H-L6F3 0.046%L0
n = -fVT 44 1% 13
Y -3
-0-0594 b6 0149 lesxi0
-0 008165

'Dw”unj L én 0 0pLeD
36 J 4

(, 0D N,
Cz,a Ml 0, N o

ﬁ ResultsPlus

Examiner Comments

This candidate calculated the number of moles of
carbon dioxide, water and nitrogen molecules. The
oxygen was completely ignored. The ratios were
calculated by comparison with N,, not N atoms. It
scored 1 mark.
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Question 25 (f) (iv)

The question asked for evidence from mass spectra or nmr spectra, but quite a few

suggestions were about infrared spectra.

Candidates who suggested the value of the mass/charge ratio of the parent ion in the mass
spectrum could base their answer on the formula they had given in (f)(ii), or could suggest

the mass of another fragment.

A variety of answers was allowed for the number of peaks in the low resolution nmr
spectrum, as candidates did not have enough experience to know whether the hydrogen

atoms on the benzene rings would show at different positions at low resolution.

(i) Inthe final stage, Y reacts with another molecule of ninhydrin to form a
dye, Q, shown below.

qc

What is the molecular formula of Q?

Cw’ Ry O‘F N

(iv) Evidence for the structure of Q is obtained from data in its mass spectrum,
and the number of peaks in its low resolution nmr spectrum.

Suggest one piece of evidence from each type of spectroscopy which would
support the structure shown in (f)(ii). Give data where appropriate.

(1)

NS Specbrum [ w5t peaX Gt eoiid) ot 20L. kﬂ/z _____________________________________
................................................................................ SLow?hgluwmrﬁéMdﬂ

_______________________________________ inwhieh ot ane pak 15 K fme as Heothor ane,

ﬁ ResultsPlus

Examiner Comments

The mass of the parent ion agrees with the formula suggested earlier.
The number of peaks in nmr was one of the values allowed and
suggests that the candidate was thinking of the 8 H atoms on the
benzene ring and the one H atom next to the nitrogen, so this answer
scored 2 marks.
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(i) In the final stage, Y reacts with another molecule of ninhydrin to form a
dye, Q, shown below.

What is the molecular formula of Q7

(1)
C! ) H e O &
(iv) Evidence for the structure of Q is obtained from data in its mass spectrum,
and the number of peaks in its low resolution nmr spectrum.
Suggest one piece of evidence from each type of spectroscopy which would
support the structure shown in (f)(ii). Give data where appropriate.
(2)

ﬁ ResultsPlus

Examiner Comments

This answer did not give any data about the mass spectrum
as required in the question.

Five peaks would occur in the nmr spectrum if each benzene
ring had two different hydrogen environments and the

hydrogen next to the N atom was another environment. It
scored 1 mark.
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Paper Summary

As usual, marks were lost by candidates who did not read the questions carefully. This is
said every year, but remains true.

There was limited understanding of the evidence for the electron configuration of transition
metals in question 21, and confusion between use of the terms orbital and sub-shell in
explanations.

There were many good cell diagrams in 22(a)(i) and good answers to 22(b)(ii), which
indicated understanding of electrode potentials and redox, but the equations involving ions
or electrons in 21(b)(i), 22(a)(ii) and 22(c)(i) often caused difficulties, and more practice
would help here.

A lot of the organic chemistry in questions 23 and 24 had been learnt well.

Question 25 proved difficult for some candidates who did not always manage to apply
principles from earlier in the course in their answers.

Based on their performance on this paper, candidates are offered the following advice:
e Read the question carefully

e Show your method in calculations

e Do not round numbers early

e Practice writing equations involving ions

e Make sure you write clearly and think before you write.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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