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Introduction

Examiners were privileged to see some really excellent work from some extremely well
prepared candidates.

There were no dead marks and there was little evidence of candidates failing to complete
the paper.

There were the usual problems with written communication such as the inappropriate use of
chemical terms like molecule, ion and atom.

Question 12 (a) (i)

Almost all candidates gained the mark here. The correct sign was required. Correct units
should also be given, though on this occasion their absence was not penalised.
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Question 12 (a) (ii)

This was a very discriminating question. A significant number of candidates scored only

1 or 2 marks and very few scored all 4 . A common problem was failure to read part or
parts of the question sufficiently carefully. The hardest mark to achieve was the fourth for
appreciating that substitution reactions maintain the stable delocalised system.

(a) A Kekulé structure of benzene suggests the molecule consists of alternate double and

single carbon to carbon bonds.

The standard enthalpy change of hydrogenation of a carbon to carbon double bond is
~120 kJ mol™".

(i) Calculate the standard enthalpy change of hydrogenation of benzene for the
Kekulé structure.

(3x -120) = - BLO kT mol”"

*(i1) The actual standard enthalpy change of hydrogenation of benzene is
-208 kJ mol™.

Use this information and your answer to (i), to calculate the difference in
stability of benzene and the Kekulé structure.

What does this tell us about the bonding in benzene?

Explain how this influences the type of chemical reactions that benzene

undergoes. X v
@ @ H}

- Shability of benzene pnst loe. grecter Hhan kehalé
Shrackure . Svaaesks ) as hydrograation is less exsHamz,
g2 more @elfgy winst ke neelel o ke bremb Het bonds
in.. benzene +o hdesorate e molecule. This tells ws
that #0 bonds In  benzene auor e smple C=C

delocaliset {‘.haap .elo.c.kms)- This _m..beﬂmc will rok acil

L0

87 ag s will be ne
<J (wndefpp  feachons hhe. bw-d-m»{cssm o o & =C b:-?lr }-@

- A
Results¥lus
Examiner Comments OO R&SUltS US

The candidate has failed to read the first part of the Examiner Tip
question carefully and failed to do the calculation.

Their bonding description is insufficient and they have
failed to discuss the type of reactions (substitution).

Read the question carefully
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*(ii) The actual standard enthalpy change of hydrogenation of benzene is
208 kJ mol ™',

Use this information and your answer to (i), to calculate the difference in
stability of benzene and the Kekulé structure,

What does this tell us about the bonding in benzene?
Explain how this influences the type of chemical reactions that benzene

undergoes.
(4)

Banzne .~ IS2 X3wWo\ mere - Stalde  Bheun g Kedewhs
Skrowdanse. . T mesns . thax m\oormﬁ v banzene
raaax . Stadowae. Phe rog. Deletorsed heakmns . Abowe
Jornoe. . SXadaha. Joraarmar. Ay Dot dadetenisid. . N’\ﬁ\.‘k
Oomave Wy V2 ndaryo. . ahaakaphdua SIS T i .

ﬁ ResultsPlus

Examiner Comments

This is a better answer — notice how the candidate has related
their calculation to the stability of the structure, and correctly
explained how the bonding influences the reactions. The
description of the bonding is the only weakness - the type of
electrons (-p electrons) delocalised needs to be mentioned.

OQ ResultsPlus

Examiner Tip

It is important to mention atomic orbitals which combine
to give molecular orbitals when discussing bonds.
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Question 12 (b) (i)

Most candidates gained full credit here. A few gave hydrochloric acid instead of either of the
correct answers. A common problem was to omit the term 'concentrated'.

(b) The flow chart shows some typical reactions of benzene.

Bry/FeBr,
CeHNO; +———— CgHg —2— . CHsBr

nitrobenzene benzene bromobenzene

fuming sulfuric acid
Compound A

(i) Identify the two chemicals needed to make nitrobenzene from benzene,

Hﬁ/&..’a. & [./2,5"}4

OO ResultsPlus

Examiner Tip

)
Results¥lus
Examiner Comments
Remember conditions as well as reactants

The common problem! when learning Organic reactions.

(b) The flow chart shows some typical reactions of benzene.

CHNO, o CoH, —FBh | . HBr

nitrobenzene benzene bromobenzene

fuming sulfuric acid

Compound A

(i) Identify the two chemicals needed to make nitrobenzene from benzene.

Concenkrakid %{%M(Uf)m mwwﬁzﬁd

ResultsPlus

Examiner Comments

Examiner T|p

This is an excellent answer, but the oxidation
states are unnecessary.

Only give extra information if you are
sure it is correct.
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Question 12 (b) (ii)

This was answered correctly by a majority of the candidates. Recognisable spellings were
accepted but be warned examiners will not always be so lenient.

(i1) Classify the type of reagent required in all three reactions.

( oNC % 9 r"l.n‘f

ResultsPlus

Examiner Tip

ResultsPlus

Examiner Comments

This was the most common wrong response. the types of reaction in Organic reactions.

It is important to know the types of reagent and

Question 12 (b) (iii)

Candidates are generally good at this. Many gained full credit. The common error was
poor drawing of curly arrows or the delocalisation in the intermediate. The arrow to the
electrophile needs to start from the inner circle of the hexagon. The arrow showing the
breaking of the carbon-hydrogen bond must go from the bond, and not the hydrogen, into
the ring.

(iii) Show, with appropriate diagrams, the mechanism for the reaction of benzene
with bromine, in the presence of iron(Ill) bromide, to form bromobenzene.
Include the formation of the ion attacking the benzene molecule.

C:t:‘t%('..g - Brl = 1-'*(;—_*.3.‘-{._‘_“ 4 &« +*

FQB{,_\

& - o7 4

M FC—'-%‘& + WRB¢

uS ResultsPlus

Examiner Tip

ResultsP!

Examiner Comments

Try to present mechanisms as clearly as this.

An excellent answer.

GCE Chemistry 6CHO5 01
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8

(i1i) Show, with appropriate diagrams, the mechanism for the reaction of benzene
with bromine, in the presence of iron(Ill) bromide, to form bromobenzene.
Include the formation of the ion attacking the benzene molecule.

febr, + B, — Br + fubr,” -

o & - Fo-Or
&~ 6r &,

8- ") B 6
@HB"’ - Q) #e

ﬂ ResultsPlus

Examiner Comments

The candidate has been fortunate to be given
a consequential mark for attack on a negative

ion, notice how the arrows in the final step are
completely wrong.

OO ResultsPlus

Examiner Tip

Remember that curly arrows represent
the movements of electrons.
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Question 12 (b) (iv)

The marks here were equally distributed. Many knew neither the structural formula nor the
name. The bond from a benzene ring must be drawn to the sulfur, and the hydrogen must
be attached to oxygen not sulfur, in the formula.

r ]Ci rf A"
(iv) Give the structural formula and the name for compound A. /O\ﬁl
\\K_-’ 2)
¢ P Mg 505 H
Name. ... bhungeneSudfonic  acit..

{ ResuitsPlus
/\ Examiner Comments

This is a case of incorrect additional information. The second
formula was perfectly satisfactory as a structural formula,
but the incorrect bond to sulfur in the first costs a mark.

ResultsPlus

Examiner Tip

Check answers to ensure they are fully correct.
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Question 12 (c) (i)

About half the candidates scored 2 marks. The first mark was most discriminating. In both
compounds it is the non-bonding electrons on the oxygen that are delocalized into the ring.

(c) (i) Explain why phenol, CsHsOH, and methoxybenzene, CsHsOCH;, are much
more reactive than benzene with bromine. o
T prensl., xhe loce gauits of eleck @ Lo ke ~OM qoue increaned
e plockan daantty of e brazere. (g, making Ak mae
ousteptible Ao el ckcophidic akreck . T mevhor,benzere,
rle. C,HB__cd.ca_u?_cLomm elockman to He borzore ¢ Loy
aictato by intrectaton e elockn donsi vy of Ua ring = Hacs

mokes £x cnoce. duo @Y bl b elackiogh i alsece Maenm
o beazene .

f11d \WWrita tha anmatinn far tha reaactinn hatweaan nhannl and hramina

Examiner Comments

Here the candidate has made a correct statement about the
methyl group but failed to realise that it would need to be
directly attached to the benzene ring.

A

Results?

Examiner Tip

us

Look at the formulae given in questions carefully.
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Question 12 (c) (ii)

There was an equal distribution of marks between candidates in the answers to this
question. The product with bromine water is the tribromo compound, so mono or

dibromination cost a mark. Care was needed with the number of hydrogens in the formula

for the organic product. The other product, HBr was often forgotten.

(ii) Write the equation for the reaction between phenol and bromine water. State o
gyrn\'lbols are not required. O .
3"—\ B
t Wy FHa o —D t B
Hejrz ¢ B

ResultsPlus
Examiner Comments

Water was ignored, and the position of the bond
from the ring was not penalised on this occasion.

)

ResultsP

Examiner Tip

us

This reaction does not involve water.

(ii) Write the equation for the reactiori between phenol and bromine water. State

. symbols are not required. 2 CG Hon,Sr‘x
@ 2C HOH + 3B, —

% LN o V-V TP WAL W o B & SR T A § | LR . SR [ [ RO W W, NyT, PR——" f....,.n

ResultsPlus

Examiner Comments

Both product formulae are fine, but HBr
has been forgotten.

A

ResultsPlus

Examiner Tip

Do not forget the inorganic products
in organic reactions.

GCE Chemistry 6CHO5 01
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Question 12 (d)

Less than half of the candidates gained full credit, with equal numbers on 1 and 0. The
catalyst was well known. The organic chemical was the discriminator.

(d) Diphenylmethane, (C4Hs),CH,, is often added to soap to create the pleasant smell
of geraniums. It can be made from benzene and one other reagent, using a suitable
catalyst,

Identify the other starting material and the catalyst by name or formula.

MOy cadahyst |
Saawy ekt LS G Mg TN, CL |

ResultsPlus

Examiner Comments

A fully correct answer.

Question 13 (a)
Only a relatively small fraction of candidates gained full credit, with many scoring 0.

This apparently simple reaction always seems to give difficulties. Ammonia and amines are
not sufficiently familiar to many. Organic products which had lost hydrogen were common.
More understandable was failure to balance for hydrogen and chlorine.

13 This question is about 1,2-diaminoethane, H,NCH;CH,NHa.

(a) Write an equation for the reaction between 1,2-diaminoethane and excess dilute
hydrochloric acid.

I N CHy CHNH, ¢ 200> &
TCTHg N CH (o NHFCHE

ResultsPlus

Examiner Comments

An excellent fully correct answer.
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13 This question is about 1,2-diaminoethane, H;NCH,CH,NH,.

(a) Write an equation for the reaction between 1,2-diaminoethane and excess dilute
hydrochloric acid.

H 1] 1 (2)
N4 I A
Pt el N + HCC fﬂz) P A= N =c-CoNt
H H M H ! |
H H oW

ResultsPlus

Examiner Comments

This balances for neither chlorine or hydrogen.

)

ResultsP

Examiner Tip

us

Check equations balance.

Question 13 (b) (i)

Most candidates gave a sensible colour from their experience of nickel compounds.

Question 13 (b) (ii)

It is important to recognise that the entropy change of the system is positive due to the
increase in the number of particles. The term *‘molecules’ was often used incorrectly.

(ii) Without using the data booklet, suggest why the complex formed is more stable
than Ni(H,0),*" by considering the appropriate entropy change.
(2)

I N-(HLO_);“ bhere, e [ molecules moking wup He.
complex. Iny N (HONCHLCH NH L) 7 Hhere Mm? b
moleculen . 5o bhe entropy 15 lower o form Ni(HNCHyCH
arefore ik s more fosowoble. s

A

ResultsPlus

Examiner Comments

ResultsP

Examiner Tip

This answer demonstrates both the use of
incorrect language - 'molecules' - and total
confusion about the driving effect of entropy.

It is important to appreciate the driving
force behind chelated complexes, and to
use correct chemical terms.

GCE Chemistry 6CHO5 01
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(il) Without using the data booklet, suggest why the complex formed is more stable
than Ni(H;0)>* by considering the appropriate entropy change.

Toe ic = prme ‘W"’*D““&“-““MGW“"‘““‘/
mlurftno-u AUJ.AMI%@M.anm&Junhyf
(rlconphss ion 3 1urtane b\;ud-.»jnd.dm:mm Mgacse { (haar
ot g iy oA = kv s o W o =

ResultsPlus

Examiner Comments

See how the term 'molecules' is used correctly here in
an excellent, well-reasoned response.

Question 13 (b) (iii)

The majority of candidates were correct here. Those who failed to score were insufficiently
succinct in their responses. The terms ‘rotate’, and ‘plane’ were often omitted.

(iii) This complex can exist as two structures, which are non-superimposable mirror
images.

Suggest the physical property that would enable you to distinguish between
these two structures.

Thes . opnced achwyy ~  abildy fo. codake. Plawe
polansed leght

ResultsPlus

Examiner Comments

A good answer.
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R P T —— . . .
(iii) This complex can exist as two structures, which are non-superimposable mirror
images.

Suggest the physical property that would enable you to distinguish between
these two structures.
(1)

o X ggest on  plone ‘pcb\&.ns,«zdk \\SU‘ |

ResultsPlus

Examiner Comments

This is insufficient. The word 'effect' needs
to be explained.

Examiner Tip

Learn that chiral compounds rotate the plane
of plane-polarized light.

GCE Chemistry 6CHO5 01 15



Question 13 (c)

Many candidates scored over half marks on this question. The first two parts were rarely
answered incorrectly. A small number of candidates could not draw the amide link in part
(i) and a very small number gave ‘addition’ in part (ii). The last part was discriminating,
many gave only one force with a description; those giving all three often gave inadequate
explanations. In this type of question it is important to relate the explanation to the

compound.

form a polymer.

U ond A le be subsklied .

chains.

mﬂuwu-l

% the niliegen.

(c) 1,2-diaminoethane reacts with butane-1,2-dioyl dichloride, CIOCCH,CH,COCI, to

(i) Draw a displayed formula for this polymer showing one repeat unit.

pord ey
?C-C-CC'N.CN
6,‘,!-'1 Hrllld

(i1) Give, and explain, the name for this type of polymerization reaction.

%WMLMWWWM

*(iii) State and explain the intermolecular forces between two of these polymer

As ot ave 20 puosanl hawe vil ke PP-PD bonds,

<d\ ResultsPlus

Examiner Comments

Part (i) is fine, (ii) is a rare wrong answer. In the last part,
London forces do not mention the large number of electrons,
the term pdpd was not acceptable and the polarity of C=0
was not mentioned. The hydrogen bond description is also
inadequate but it does mention nitrogen. For so many near
misses the candidate has been given 1 mark.

ResultsPlus

Examiner Tip

Practice applying your knowledge of
intermolecular forces to new organic

molecules.
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(c) 1,2-diaminoethane reacts with butane-1,2-dioyl dichloride, CIOCCH,CH,COCI, to
form a polymer,

(i) Draw a displayed formula for this polymer showing one repeat unit.

Ay g ,
N_?—Q—N—C—"‘F“};’ «T + 24C
how "

(i) Give, and explain, the name for this type of polymerization reaction.

CbacLﬂ.nSad\oa - @ Twe Molecuses
of, Hdarﬁelm/w&ed

;?,Ei:nd explain the intermolecular forces between two of these polymer
There 1oU be. both londenforcas and dipale -dipole
- indeyachons besween Ao pdymer dhains. London
fores aure prasent. Wharever there 1S elechons
and +ha = bond is polar. ﬂJJOtDV\fj &POLQ-‘
ipole inderactions Ao eccur

Flrnflﬂclj thore ok be. Some
S attoacked fo 0 N me s.

| ‘{:UM V\%OJWQCUAO‘ So. @Mggj\bonds Can

ﬁ ResuitsP

us @\
Examiner Comments o Results

us

The first to parts are fine, though strictly 2n-1 mol
of HCI form, but this was not penalised on this
occasion. In the last part there is no reference to
the large number of electrons, nor is it clear to
which atom the hydrogen bonds form.

Examiner Tip

Answer the question as fully as possible.

GCE Chemistry 6CHO5 01
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Question 14

This question was challenging for weaker candidates but despite failing on the early parts
those who persevered found they could still do well on the later parts.

There are several ways of carrying out the calculation in part (i), but the most popular was
to find the numbers of moles and masses of carbon, hydrogen and nitrogen and hence find
the mass and number of moles of oxygen by subtraction from the mass of the compound.
In part (b) the working 12 x 4 + 1 x 8 etc. needed to be shown. In part (c)(i) there was
often confusion about the significance of the tests. For example ninhydrin was thought to be
a test for an amine. Part (c)(ii) asked for a displayed formula which means all atoms and
bonds must be shown. Part (c)(iii) was only given correctly by the best candidates.

14 An organic compound X contains carbon, hydrogen, oxygen and nitrogen.

0.132 g of X is bumed completely in oxygen to produce 0.072 g of water, 0.176 g of
carbon dioxide and 24.0 em’ of nitrogen.
[Molar volume of nitrogen under the conditions of the experiment = 24000 cm® mol™')
3
& 0 \ch ?
| (a) Calculate the gmpirical formula of compound X.
s 5
G, 1, O o, N,
. ’ S
| 0.0 6.6 2 cw
| o2 24
MRS e — o. (A _
| 1% [P 26000
! : -3
| : ux0™? s GO « e lO
i 2 | nclanot HLO i v Colon,
Wt 2 So .7 2
' . =0 (O Ix (O
| Le (O s 1 “ =
‘I = B \Cl'_z
| wons o Hige0 |
| ans oF C @ uxl0”x\2 =0.04%
| a0 o N Ixo?

ross o O i Ga3L - (B0 r Q.08 ¥ te@™) |

c>. | .%'2 - GC‘S’H’

e &G.OVS .
e T S ST
‘6
H-C 0 eLupinaal fesulon
L 415 CyiH NOg

(b) The molar mass of X is 132 g mol™'. Deduce the molecular formula for X. Show
how you arnived at your answer.

G v« ) + S8 < 1us

|

) |

| |
| (e |
. L. e |\ WA '
: G =" \
| !

sy ( fomaed)

T w\e) Q‘L\._..\C--" (—Cj s lon = cm’ ‘

CH PIL_' }JOS
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(c) When X is refluxed with concentrated hydrochloric acid for several hours, cooled
and neutralized, there is only one organic product, Y, which has the molecular
formula C,H;O,N. _bdLlgs

One mole of Y will react with either one mole of hydrochloric acid or one mole of
sodium hydroxide solution.

When Y is sprayed with a solution of ninhydrin and heated, a purple colour is
observed. ) .
(@ UNEW IS JTo U & - ;T:Js-q

(i) Use all the information above to deduce the functional groups present inY and
to classify the type of compound it is. Justify your answer,

uACvonol areu,ps are GuaAp GG Cb/loc.*n:\t Q{Q_L(QBS_
ST fott ik, Con veaCh . oWia. esklher G axde ok

u.bwo&ugm e¥ulXo Nel Sc:ﬁummb\bw OO
BLaunS | NaQk @ LS QUMANGCAT ., SO AN o€ L

LQROUCRD: BT Ao NRAKED | Lo v AN

I T I STIVC NI - = - - e B e ¥- B <o le SVAN “HRV G UV, g aT=:

MMUS« 20 %Ogﬁm{ OnPy PAOACA

(1) Deduce the displayed formula for Y and give its name.

e T12! )
. &)
! ' %
~ - C - cC
~ ‘ Noun
! A

Name nFY‘z.QMMDEM’\.Q\CWﬂ /

(iii) Hence give the structural formula for X. peegeosny
(n

-
i \ /,CJ
-C - —C -C
I \ Melal
H |-

Examiner Comments
In part (a) the candidate has successfully calculated the

masses of hydrogen and carbon for 2 marks, and then A
forgets that nitrogen is diatomic. They get a transferred O
error for calculating their correct number of moles of O

Examiner Tip

oxygen, but put the wrong number of moles of hydrogen in
their formula so score 3 overall. However, they have shown
correct working from their formula in (b) so get a further
transferred error mark. They score the mark in (c)(i) for

It is worth persevering, even after
an error early in a question.

ninhydrin as a test for an amino acid. Part (c)(ii) is correct
with both names given correctly — had one been wrong the
mark would have been lost. They manage the difficult to
score last mark.

GCE Chemistry 6CHO5 01
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-
A
p/ A s'u-;tb
14 An organic compound X contains carbon, hydrogen, oxygen and nitrogen. .“10' ¢
0.132 g of X is burned completely in oxygen to produce 0.072 g of water, 0.176 g of
carbon dioxide and 24.0 cm® of nitrogen. N
[Molar volume of nitrogen under the conditions of the experiment = 24000 cm® mol™']
(a) Calculate the empirical formula of compound X.
a0 Coz. (5)
5
Z4cr O»D?.?a e O I'?é; . a,x/o“s
7 - ¥
= Oe0Udn \8 @b
§ nitmge
bs bxi0”
= 'Od I m~ < =
0 ﬁ ﬂ;_!u?,, 0. ool molad "f
- 0-004 ) Co;
cj Hz0
e _ 0.00% pelt ‘ff
O'UIL"S = 000§ melts carbon
) “"G"g g tyr
JL“’";” C&J-OOH*I’L)Wff
wbu# -
s 0008 H
g9 g o043,
@51 0.005 Tom0ag)l = 0078y § oy
5500
o
0-06%_ 53§
132 - (s:008 + 008 ); 3 "o
0413 +0:0l4% T : m-m-d o
(b) The molar mass of X is 132 g mol™', Deduce thc’mnlccular formula for X. Show NO '*Ha “
how you arrived at your answer. ,
N glu0« (n
N :
- CyHe NO 4 ) )




(c) When X is refluxed with concentrated hydrochloric acid for several hours, cooled

and neutralized, there is only one organic product, Y, which has the molecular o ¥ ¢
formula C,H;O;N. S

€-¢
One mole of Y will react with either one mole of hydrochloric acid or one mole of v

sodium hydroxide solution.

When Y is sprayed with a solution of ninhydrin and heated, a purple colour is
observed. Do osd

(i) Use all the information above to deduce the functional groups present in Y and
to classify the type of compound it is. Justify your answer.
(3)

Wha Y. .6 yfﬂf«” with ... Selubin zf) _/1"1!'"(9-4?""_; o Pl ok
obised.... meees. Ak Y. 45 an  amite  add ., Tha s st
contams AN omint (NHL. g o A écbfé“?fu ol ups. (ool
As. Y reeds ot ot mle..d M. o on st o nathy ik Sgpd.
b 0.0t 0 0ot cokergle eadd _qrp, 11K, The

peolecnler ’éw«la Cochens . \Vitoy .ré'a b g0t ot o0 oenre. amfy. (L
3 , Se cor fFA o w&oqdh' e grp:
(ii) Dcducc the «.playd‘? rmula lcnr Y and give its name.
M (2)
\ H | O
N I/
N-C - ¢
; M’ ' Yot
A

Name of Y., CT" Ai

(1i1) Hence give the structural formula for X.

NH, CH CHy OH

Plus

Examiner Comments

A
In (a) the candidate has successfully calculated O
the masses of hydrogen and carbon for 2 marks,
then forgets that nitrogen is diatomic. They O

Examiner Tip

get a transferred error for calculating their
correct number of moles of oxygen and their

- rhat Try to make a specific point to score each
correct formula. There is no working in (b) so no

mark in a question with more than one mark.

credit. In (c)(i) they score the mark in (c)(i) for
ninhydrin as a test for an amino acid but only
get 1 mark for the next statement as it is not
made clear whether the acid or alkali reacts with
the amino group. Part (ii) is correct.

GCE Chemistry 6CHO5 01



Question 15 (a) (i)

This was correctly answered by most candidates. Wrong answers were usually manganate
ions.

Question 15 (a) (ii)

The majority of candidates scored at least 1 mark with many giving fully correct answers.
Often candidates were distracted into referring to gas adsorption but still managed to get
the more general aspects of catalytic activity.

(ii) How do catalysts speed up reactions?

Th ,mm{l an dldsmale % WW% gy,
WW@ d wﬂwr PRt of f/’w AT mlotale
have TR neeessan awﬁm?fw onergy T react

ResultsPlus

Examiner Comments

A fully corrrect answer.

(ii) How do catalysts speed up reactions?

e Mmajﬁmu—m Y - YIS, vy XN R 0 % S

ResultsPlus

Examiner Comments

This answer is not quite enough. It misses the important
final point that the rate of successful collisions increases.

A

Plus

Examiner Tip

Answer each question as fully as possible.
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Question 15 (a) (iii)

A majority of candidates gained no credit. Many described and explained heterogeneous
catalysis.

(iii) Explain how transition metal ions can act as homogeneous catalysts.
(2)
v dong.. aet....in.. e Feme. ’d\mc BTN PR 1YY T - B
ovanable  ex idabon  ehabec  allewh.. Tt Iraneiben. . paadsl. isa0. e
cAonate. . @ or. . asaph.  elochmni..... T 640 ke oxidised. ox.. mdueed. . Changatng
vopaban... oaidafion. Ahatea, ... aﬂ.ow‘hj reaidrend. .t ‘.t.a'or.m e, Ywdn‘_f:’.
ResultsPlus
Examiner Comments
An excellent answer.
A
Examiner T|p
This is probably the most important aspect
of homogeneous catalysis in the course.
(iii) Explain how transition metal ions can act as homogeneous catalysts. )

(2)

W izt PO "I Ny G - UZwaﬂw.a{ UL;@UCJ-;%{I-,
Unedn nesbess Bron Leonds , Concas By addom theop ]
b gressychud b glon b gm%%uipmﬁ
o tpefon gl el

ResultsPlus

Examiner Comments

Heterogeneous catalysis is being described.

A

Examiner T|p

Underline key words in the question
like heterogeneous.
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Question 15 (b) (i)

One mark was available for simply giving the appropriate oxidation states of manganese,
many did not do this. Poor language cost others - it was necessary to say that the same
element is oxidised and reduced in the same reaction in disproportionation.

(b) (i) Suggest why the preparation of manganate(VI) ions, MnO*", in equation 1,
may be described as a reverse disproportionation reaction by considering the
relevant oxidation states,

: Df_s_/ropmﬁ‘:_nu‘h—m recclions.. spUT .. atens iate. a{f%fmf_

oxidatioa. sTetes.. la Hois rtaction. Hhe oo +7 oxidalion
| Tate combies etk He b onidation state. ta. foam. Ha
16 onidetion state. so it does e ograte to @

4 -'propaff?m‘h’-; » re0d e,

ResultsPlus

Examiner Comments

The term 'atom’ is inappropriate and fails to
score the second mark.

A

ResultsP

Examiner Tip

us

Take care in using chemical terms.
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Question 15 (b) (ii)

Good candidates often gained full credit here. But there was much confusion shown by
many weaker candidates. However, the first mark, for stating that the second equilibrium

shifts to the left, was commonly awarded.

This is the typical one mark response.

(ii) The two half-equations which are combined to form equation 1 are
MnO;(aq) + e = MnO,(aq) E® =+0.56 V

MnO,*(aq) + 2H,O(l) +2¢~ = MnO,(s) + 40H (aq) E¥=+059V
Explain, by reference to these half-equations, why increasing the concentration

of hydroxide ions alters the electrode potential to make the preparation of
manganate(VI) ions more likely.

Thcrtusing the Corcaileibn of hapdrriile vons vanld W%%MM
aﬂf\éfaow( wmaw Lept, meuning Tt tho thance of
*Jn(}’-{’ wﬂMWW

Examiner Tip

ResultsPlus

Examiner Comments Notice that electrode potential is not

question. Read the question twice.

mentioned though it is clearly part of the

(ii) The two half-equations which are combined to form equation 1 are

@ MnOg(aq) + e = MnO,/ (aq) E®=+0.56 V

Explain, by reference to these half-equations, why increasing the concentration
of hydroxide ions alters the electrode potential to make the preparation of
manganate(VI) ions more likely.

(3)

lm(buﬂ. pos . ’H\r& 7 Z.eqp. L5 RSt Lol Rach(
to _occar . s‘f MLU«?_ the vo[ne . Legs aaaﬁhf% ; Nargpece
ovual  ETalh  pore. .pe.ﬁ;‘,}vfﬁ_ o hove. /&w;béﬂ_ .

A
ﬁ ResultsPlus oO

Examiner Comments

Examiner Tip

Do not be discouraged from trying to
express some of the more complex
principles of the course.

Though cryptic in parts this answer
covers the essential points.

GCE Chemistry 6CHO5 01
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Question 15 (c) (i)

Most candidates were successful. Wrong answers were hydrogen and, strangely but
frequently, potassium hydroxide!

Question 15 (c) (ii)

Like part (i) this involved working with two half equations in the passage. Many responses
were fully correct. Of those scoring 1 mark, the common errors were to include water or
hydroxide ion on both sides of the equation, or to lose a negative charge.

(ii) By appropriately combining these two equations, write the ionic equation for the ‘
formation of manganate(V) ions from manganate(VII) ions.

sy WLOT 400 > Ty

[ )
/ ;V; us
/\ Examiner Comments

This is the correct equation but it has been reversed.

Examiner Tip

Always check answers to see if the question
asked has been answered.
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Question 15 (c) (iii)

Very few candidates clearly identified the risk and hazard by naming them, which may be
penalised in future. One mark answers often failed to recognise that sodium hydroxide is
corrosive (saponifying the skin), or that it damages the eye (attacking the cornea), but

realised that gloves and safety glasses were needed.

(iii) Identify the main hazard and state how you would minimize the associated risk
in this preparation of manganate(V) ions.
(2)
VoW, Qore. AN Ny s inhanbuol ( \ 'Lw_\d.dt_-m‘_ﬁ’)
M_QO‘W} NaOH. Thas (1 W) CONNRUN... Gt S
A el 0. VM. i\ e A DAVSAA.

d?h.x-nv\ﬂ\. D .@.K'.F_Q,M st

<DP ResultsPlus

Examiner Comments

A correct answer - it would have been even better if the
corrosive nature of sodium hydroxide had been recognised as
the hazard and the wearing of gloves to minimise the risk.

A

ResulitsP

Examiner Tip

us

Understand the terms hazard and risk.

(iii) Identify the main hazard and state how you would minimize the associated risk
in this preparation of manganate(V) ions.

(2
Wf i’)ot—o.a‘;{m Mnh\!j\_n.t\_]-( (_\)' Il-) HJ; Y S oun

() b MSL(J wlo e g O l«\é.a:j S i) et elgn 3

)

'S -};\.1 Gln~ty ool . Q;Ij.( P ke iy i it

L&-_ [V 1 L W

ResultsPlus

Examiner Comments

Examiner Tip

Strong alkali is at least
as hazardous as strong acid.

This is incorrect. Certain medical conditions require
bathing in a solution of potassium manganate(VII)!

GCE Chemistry 6CHO5 01
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Question 15 (d)

A majority of candidates did not score and very few achieved full marks. Sodium hydroxide
gained one mark provided it was not given with an acid which was quite common. The need
for a soluble manganese salt was not known.

(d) Identify the reagents you would use to make manganese(Il) hydroxide for the
preparation of manganese(I1I) ions.
(2)

. fﬂ-—#ﬂ-‘ots@}-mﬁﬂ}.jogaﬂ e }[/ﬂﬂ'f'f"sﬁ:i“-ﬂ!

ResultsPlus

Examiner Comments

An unfortunate slip which cost a mark.

A

Examiner Tip

Always check answers.

(d) Identify the reagents you would use to make manganese(II) hydroxide for the
preparation-of- manganese(I11) ions.

AL B MM SO i Iy KA KD TV ARV YRR

ResultsPlus

Examiner Comments

This is how most candidates scored 1 mark.

A

Examiner Tip

Think what would be written on the bottle
of the reagent.
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Question 15 (e) (i)

On this question very few candidates scored both marks. The first mark required a triple
bond between the carbon and the nitrogen. If that was correct then a mark was awarded
for the two lone pairs of electrons. Few realised that the negative charge meant an extra

electron was present.

(e) (i) Draw a dot and cross diagram to show the electron arrangement in the cyanide
ion, CN".
. . (2)
| |'I X = {-i-"ﬁ‘ o
x | & = 4{{/":&-:('-. e )
e L
|
L=
A
ResultsPlus Results+lus
) Examiner Tip
Examiner Comments
A negative charge means an extra
electron is present.

A good answer.

‘ (e) (i) Draw a dot and cross diagram to show the electron arrangement in the cyanide
ion, CN~,

(2)

» ’ -

’
: C V¥
~ . ’
A

ResultsPlus

Examiner Tip

+IUS

Examiner Comments
It is best to draw the atoms separately first with their

correct number of outer shell electrons, then proceed
to draw the dot and cross diagram for the molecule.

A rather weak 1 mark answer.
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Question 15 (e) (ii)
Almost half the candidates received full credit. Those who scored only 1 mark
usually omitted to mention which lone pair of electrons formed the dative covalent bond.

(ii) Explain how the cyanide ion acts as a ligand,

A denakes 3805 deve. . pugs.

A

ResultsP

Examiner Tip

us

Results*lus
Examiner Comments
Try to be as specific as possible - which
lone pair of electrons?

A typical 1 mark answer.

(i) Explain how the cyanide ion acts as a ligand.
(2)

The. Cealloon. on. Caadasde. oS . on Long. easi. .. el thuns.. wntn
Ok oo g and . e oo LBV L Cona . Ronh. i,

QNI NI, - 55 NURY o ' WA

ResultsPlus
Examiner Comments

This candidate does not understand
the term ligand.

Examiner Tip

Learn the precise meaning of
chemical terms.

Question 15 e) (iii)

An easy question at the end, one which most candidates were successful.
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Paper Summary

The multiple choice section proved accessible to all but the less able candidates; a score of
11-12 was typical for Grade E grade candidates and 16 for Grade A candidates.

Arene chemistry seems to be well learned by able candidates and even less able candidates
could gain 8-9 marks on this question (12).

For some candidates, questions 13 and especially 14 proved most testing, but there were
parts of these questions and of question 15 that they did quite well.

Question 14 proved a good discriminator for able candidates.

GCE Chemistry 6CHO5 01
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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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