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Introduction

There was some excellent work from well prepared candidates and no evidence of
candidates having insufficient time to complete the paper. Most questions were answered
very well by a good number of candidates, but some were challenging to all but a few.
There were some issues associated with precise use of chemical terminology, notably
orbital, subshell and shell.

Multiple Choice Section

This was the highest scoring section of the paper with a mean score across all candidates of
60.1%. It discriminated significantly better at the higher than the lower end, with A grade
candidates typically scoring over 84% while E grade candidates scored around 58%. There
were no exceptionally easy or exceptionally difficult questions; there was one question to
which 80% of candidates gave the correct response and 39% of candidates answered the
two most difficult questions correctly.
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Question 20 (a)(i)
The vast majority of candidates scored this mark.
Question 20 (a)(ii)

Candidates often scored the first mark, and where they did not they often gave 3d° or
3d® 4s° as the incorrect electronic structure. The second mark was most often scored by
candidates stating that 5 electrons were lost, which was an 'allow'.

(i} Complete the electronic configuration of the element vanadium and hence
explain the highest oxidation number shown by vanadium.

Electronic configuration of the element vanadium;
g 547 Cis”
Explanation of the highest oxidation number
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Examiner Comments
The candidate has not scored the mark for electronic structure

but the second mark was allow although only on this incorrect
structure where 5 electons were in the outer shell.

Examiner Tip

Remember that the Transition Metals will usually have
electrons in the 4s orbital before starting to fill the 3d orbitals.

(i} Complete the electronic configuration of the element vanadium and hence
explain the highest oxidation number shown by vanadiuom,

Electronic configuration of the element vanadium:

hr] @ A 343

Explanation of the highest oxidation number
2 elechons  one  Past .fHam.ﬁ-c. 4e saubsiel ond 3
Cleatnons  Cost. Puon Hhe 848 ocuvkelell  without &b
?nh_l?en-'ns with the  wetokbe [Axl Cnn,?lﬂmm#cﬂ-

ResultsPlus
Examiner Comments

The candidate scores 2 marks for correctly stating the electronic
structure and that this arises due to the loss of 5 electrons.
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Question 20 (a)(iii)

Although many candidates could correctly describe the splitting of the orbitals in the

3d subshell, too many stated that 'the d-orbital was split'. While many recognised that
absorption of energy in the visible region resulted in the promotion of electrons to higher
energy orbitals. a minority of candidates then described the emission of light as the electron

returned to the lower energy orbital.

“iii) Explain why ‘JI;H_,CI'IQ * i coloured.,
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<Eﬂ ResultsPlus

Examiner Comments

This example clearly demonstrated both of the
errors described above, but scores 2 marks for
the absorbing of light and the fact that electrons
have been promoted to higher energy levels.

*(iii} Explain why V(H,0),* is coloured.

0 O "\Jl_(:\%k 1y
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Wi G&u,k (nge Anseranh)  is
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LARRAN Lesagh Ay Quens  pedvura
skoke,

ResultsPlus

Examiner Comments

This example would have scored all 4 marks but
for the orbital (singular) in the second line.

D

3

Resu us

0

2/ O
Examiner Tip

Practise answering questions of this

type by carefully structuring answers to

demonstrate understanding of chemical

phenomena and with the number of marks

available in mind.

[4)
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M5\ Results¥
Examiner Tip
Think carefully about the precise use of

chemical terminology like orbital, subshell
and shell.
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Question 20 (a)(iv)

The importance of the high charge on V5 was not recognised by many candidates, and few
of those who did were able to describe the resulting effect on the water molecules. Some
candidates attempted to answer the question by comparing the stability of the two ions,
although this had already been done in the question.

+ (iv) Suggest why the +5 oxidation state of vanadium exists as VO,* in agueous
solution, rather than V(H,0) .
(2)

.—rF}f-C. . hlﬁh Aroeg . oo mengdl...  SIRE. a6t WY sauwser. it e base
o h.l_:;h..a.ﬂu—'&f... ..c.lef_v;.-.*.\'l..L..l?m...v?.— b ot refs. A lere. . cene 20

O&;qm S, 'r__|mﬂ» . e e 0. o kT e shores) e .. S0 [ fomie o e |

.
releceuny..... the H. o TS wane.. . all ‘Hr (s med... fRiesses). .

-+

LS., ek NCg..o...

ResultsPlus

Examiner Comments

An extremely detailed answer which was awarded both marks.
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- (iv) Suggest why the +5 oxidation state of vanadium exists as VO," in aqueous
solution, rather than V(H,0) . y
(2)
........ Pea. .. hlﬁhd’w_;&ard el SIBe . ef. U sauses. if. te bewe
e JGTES .v:Jncr&c ......... c:l&:'il’\'l.. Fe.. Vo s akt rects. Aa . lone.. PN S
%J'n ........ mn:)\-a,ua'mch,murocmm-ﬂesh:rnnipmnrwﬁQ"‘ﬂ_‘cnc;’

......r.‘E:.?te:s.mg _____ the ... H * AL s TS . all.. .,&.H s eeh.. fRemsesl.

...mﬂ..ﬁdz _______ Vf_h-rﬁ

ResultsPlus

Examiner Comments

A fairly common incorrect response scoring no marks.

(iv) Suggest why the +5 oxidation state of vanadium exists as VO," in aqueous
solution, rather than V(H,0),*.
(2]

T o because +5 i o shsvg—e—eomg—Cualer caffow

Examiner Comments

This candidate had the right idea, and scored the first mark, but
unfortunately protonated rather than deprotonated the water.
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Question 20 (a)(v)

Many candidates correctly recognised that V>*(aq) would be colourless as it would contain

no electrons in the d-subshell.

However, some inaccurately stated that it had no electrons

in the d-orbital (singular), and others that it had no partially filled d-orbitals. Whilst this
statement is true, it does not demonstrate sufficient knowledge to be awarded the mark.

1

} answer,

|

2

i Ne. vecavse
| A aecnsinal

(v) IfV(H,0) " did exist in aqueous solution, would it be coloured? Explain your
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Examiner Comments

This response is typical of a correct answer and was awarded the mark.

(v) If V(H,0),*
answer.

No,..as.. . The

)
;h E. LR |

i"‘u. }1’

did exist in aqueous solution, would it be coloured? Explain your

JBeAaled

{1)

e
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266 ¢ bed an d ho Colows (8 ShBeun .
ﬁ Results¥lus

Examiner Comments

This response, though factually correct, was not deemed suf-
ficient to explain why the ion would not be coloured as it does
not use the term orbitals.

A

ResultsPlus

Examiner Tip

Once again, be careful that use of chemical terminology is accurate.
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Question 20 (b)(i)

Many candidates were able to select the correct vanadium half equation to use, but
fewer were able to identify the correct equations involving H,SO,. Irrespective of the
half equations selected, a significant humber of candidates wrote half equations without
electrons, and therefore found combining the half equations in the correct ratio very
difficult. A good number of candidates who were able to find the correct equations were
able to calculate and comment accurately on the feasibility of the reaction.

0-
(b) (i) Sulfur dioxide dissolves in water to form sulfuric(lV) acid, H,SO,.
i st
Determine the feasibility of using sulfur dioxide dissolved in water to reduce
VO**(ag)to V**(ag). Quote the relevant half equations and standard electrode
potentials from page 15 of the Data Booklet and write the overall equation for
the reaction.

o+ YOSt > Vep 1 How)  +024Vo
M+AH07>+;3) 7H5@fﬁ)w+aqv

l‘\/O«ﬁP H>80z (49[7 - DV&)# SUV ch"‘ Huw e:i)
£2 = oyl —al [V =0l [V7e

.......... {me?b(ﬂ. L

ﬁ ResultsPlus

Examiner Comments

This candidate managed to identify the correct equations,
calculate the E_,, value and comment on feasibility, but
unfortunately did not correctly cancel the H* ions in the final
equation so scored 2 out of 3.

Q ResultsPlus

Examiner Tip

When multiplying a half equation prior to adding two half
equations together, write it out in full to ensure you get
the correct numbers of each species and can then cancel
out ones that appear on both sides of the equation.
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R E - Hi}.wﬂi R ™
(b i} Sulfur dioxide dissolves in water to form sulfuricIV] acid, I-L,ﬂ,,
Determine the feasibility of using sulfur dicxid du*:'wlved in wal;pr to reduce
Vo {ag)te v [agl. Cuote the relevant hall equations and standard electrode

patentials from page 15 of the Data Booklet and write the overall equation for
the reaction,

. '-.l"CIM o

(4) + 2 gy e Vg * M0 Eviaoam
-&;"'I'H*('“ﬂ,‘fl +..¥:", ﬂ-?]_-" Ih‘ E:hf_“} -+ HLL'I ) E*s 203
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A
"Zvﬂh{-q;. * "'”""ttﬂg'f * A%y 0 = f_‘,ﬂ*{l'{,ﬁh‘h
* 'ﬂ“:“ﬂ +M*1r-'f)
=

E%= 702" - (p0A) = +007V.
ET b posfive, S0 DSporm... . pehie,

Lo rEscicK. O Mw@mw

&

ResultsPlus

Examiner Comments

The omission of electrons in the half equations loses the first mark, and makes adding the two half
equations very difficult. As a result the candidate has not multiplied the half equation with vanadium
by 2 and therefore does not get the full equation correct. They have, however, completed the
calculation correctly and commented on feasibility and therefore scored the final mark.

) [ Sulfur du:mid»e dissobves in water 1o form sulfuric(V) ackd, H, S0,

Determmc the feasibility of using sulfur dicwdde dissolved in water to reduce
WOF[aq) to V*'{aq). Quote the relevant half equations and standard electrode
patentials from page 1 5 of the Data Booklet and write the overall equation for
the reaction. -

(2}
+:'JH' } V-'-Il'dj'i. T*f‘j:-“{
of MO —> 4n4 S0l . E% =07

4\ ,{M AN NI Jﬂﬁ/wu EA e

*'L

f*:ll"".‘--'&-l‘“

V .

|3\-Grﬂ_il_j, ngm-.}‘cr . VDH.L M"J"‘ 1:-'1_3503 "";:"‘I.l"'?‘-l ‘_:Ht_::nq:.
£, = 10.34 = Go.13)
= 0.7

[ Ty
Tl {HJ I'l.‘-"'-":"“')s“ bll- "-jl-ﬂ..k* Ave E—HL-(JL' LY :\.--I‘-\_'

us

Examiner Comments

Although the candidate is rather economical with their final explanation
of the feasibility of the reaction, all three marks were awarded.
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Question 20 (b)(ii-iii)

Although the formula for the vanadium(IV) ion VO?* is given clearly at the beginning of
the question a minority of candidates used V#* instead. Of those who selected the correct
half equations to use, a number failed to balance the final equation and showed one V3*
producing a V?*and a VO2*.

This E_, calculation was much more accessible to candidates than 20bi, and had the
advantage of an error carried forward mark for the feasibility of the reaction which allowed
some candidates to score.

E {ii) Write an ionic equation for the disproportionation of vanadium in oxidation

state 43 to vanadium in oxidation states +2 and +4.

N wtge — N YO, o

-+ L

{iiii) Calculate the £, for this disproportionation and hence determine its
e i
=i L b

— Ecetl = 0O.34 4 O 20
—+0. 0V

Thae pecied o 1% r.f.c:r gbold, g Ecel) W% i'x.'-’s H

ﬁ ResultsPlus

Examiner Comments

ResultsPlus

he candidate correctly balanced the charge Examiner Tip

on each side of the equations by adding 3
electrons to the product side, but failed to
recognise that the number of vanadium species
is different.

Always check your equations balance
both for charge and for atoms.

(i) Write an ionic equation for the disproportionation of vanadium in oxidation
state +3 to vanadium in oxidation states +2 and +4
(1}

o+ V¥ o v o« vt o+ znt +3e

(i) Calculate the E_, for this disproportionation and hence determine its
feasibility.

3 = uz-t - - 7&e V (2]
3+ 4 o336 Y
voit « zut = v ARV

Iy
~0.26- O34 = ©-6

E ol wugﬂﬁ'ﬁ-&_ R &W% &m\ﬂh

ﬁ ResultsPlus

Examiner Comments

Here the correct equation was recognised, but the half cell values were added incorrectly giving
+0.60V instead of -0.06V. The final mark was, however, awarded for the suggestion that a +0.60V
E_, would be feasible.

cell
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Question 21 (a)(i)

Somewhat surprisingly, this question proved highly discriminating at all grades. While some
candidates gave the end-point for the titration with potassium manganate(VII) in the flask,
there were quite a number of colours suggested that had no conection whatsoever with this
titration.

Question 21 (a)(ii)

While the score on this question was better than on 20ai, many candidates were unable to
complete this basic task; identification of the manganese product was the main difficulty
here.

Question 21 (a)(iii)

This extended calculation was handled very well by an encouraging number of candidates.
While the first two marks were often scored, a common error was the omission of

the scaling factor of 10. Many candidates did not understand which substance was

being measured and multiplied by molecular masses of calcium ethanedioate (128.1),
ethanedioate ions (88) or just calcium ions (40.1). However, it was still possible to score 4
marks by correctly finding the percentage to 3 significant figures.

*{iii) Calculate the percentage by mass of calcium carbonate in the limestone,
Show your working and give your final answer to three significant figures,

24-50 » p.0RBTF = § .0BZF5 x0T

| DL

; . L.ORIFL R e 10T ¢ T
. i~ |

3

[« 25F 183G %10 |
-2 & 181 k\(}'i*l-x ) S TR ] |
- Kran] g | g l
& L2HR oo = Pl |
V-3 F
l - FleLy

This fully correct example was awarded all five marks.

Although the reasoning has not been explained, all the steps are given
and the required value is correctly calculated to 3 significant figures.

A

ResultsP

Examiner Tip

us

Don’t round your answers until you reach the final answer.
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Question 21 (b)(i)

Relatively few marks were awarded on this question as the candidates' responses often
lacked precision, too often giving general answers such as to wash off impurities or acid.
When the correct answer was given, it was usually followed by a correct description of the
effect on the titration volume.

(b) (i) Before the calcium ethanedioate is re-dissolved, it is washed in deionized or
distilled water. Explain why this step is necessary and the effect its omission
would have on the titration.

(2)

Solvhle fmpl e

Ao Present. on. . Surtaee. o e CrYstals. . are. ;_fﬂ_mc_'v‘ﬁrﬂ__bg_ o

Wagkng... .otherfse, fons... préent. Covld.. dléo be. oxfdfed by.........
KMy, .giNi0G....an...averestfonated. A, e, [ok. could e ..

reduce.. MNEy o Mn27, enaking. the. dada.. fnvatfd...

)
ResultsPlus
Examiner Comments
This answer has a nice description of a possible effect of the

titration volume, but without the presence of the ethanedioate
ions for the first mark, it does not score.

Examiner Tip

Try to be precise when answering questions about
impurities present.
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Question 21 (b)(ii-iii)

Many candidates were able to answer 21bii, but some tried to multiply some or all of the
answers by 2, presumably because they believed that the apparatus was read twice and the
the error therefore would double, despite the clear heading for the column in the table.

Few candidates scored well in 21biii. The only commonly scored mark was to find the mass
of calcium ethanedioate remaining in solution.

(il The table below summarises the tolerances on the measuring apparatus used
in this experiment.

Complete the table by calculating the percentage error for each piece of
apparatus to twa significant figures.

Maximurm total Percentage error |
Apparatus Value errar on the stated an the stated
value | @ value

Balance 1.77 g +0.01 g 5.

B T - _

Volumetric flask 250 cm? +0.12 cm? 0.0u%

e - ' |

Fipotte 5 cm? +0.06 cm? .24

Burette 24.55 cm’ £0.10 em? 0L |

(iii) Using the method in (a), it was found that 2.00 g of a different sample of
limestone contained 0.015 mol of calcium carbonate.

Use the data from (blii), and the fact that the solubility of calcium
ethanedicate in water is 0.0067 g dm™, to calculate whether the fact that
some calcium ethanedioate remains in solution has a significant effect on the
accuracy of this second calcium carbonate determination. Assume that the
combined volume of the filtrate and the washings is approximately 500 cm’.

(3)

0. 0\8 x (0.1 = V6015

l« 501U S . BH-837,
e —— . - % b
[~ 33 (m e Wl WD ot "

477 gz LY ’\\‘
5

A talciom €lans divake Y o cuiciuen

cocke Ve et WL,

sigaciremaf

o Ll

-
satuvion = 22480 & g /'# “ m.wm
{ pmesn't
: eht "

Latn il

- et ikl e

- Hmamoad- tha ) etvor foe e @ 0-fPesthimy
-1t pGacites  Wag  SceeR | Sn el weocddied e
i ¥

[Fr e At T N LS b=, L T R T
- ]1'i-=-<.-‘r Vet fLAR T PR TR Ry S WO N - o YR TR T
wel
Y - o i I,.-\ A i 5 . P '||
N.A.LJ-I. W= (Y Scak et T CAD et ¥ Vel o, 8 -.ﬁj? (I W R
koo o AR QLT o Mt eedudh oo

Bl L K Band ik doerv L Mecl wne @ik ey oy

L."b_ . Lo Pufaiies e
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ResultsPlus

Examiner Comments

This example scored two marks as, although only three answers were to 3
significant figures, all were correct and at least two needed to have the incorrect
number of significant figures before a mark was lost.

@ ResultsP

us
Examiner Tip

Read the questions carefully to identify when an answer
must be given to a stated number of significant figures.

(i) The table below summarises the tolerances on the measuring apparatus used
in this experiment,

Complete the table by calculating the percentagé efrdr for each plece of
apparatus to two significant figures,
(2

P NS 1 | ——

| Maximum total Percentage error
Apparatus | Value error on the stated on the stated
value value

Balance 1.77 g 20,019 ¢

B T T e —

Volumetric ﬂask_ | 250 cr_n‘ YT 002 o-05%

- e IS S e S |

25cm’ 20,06 o 0-29%s

0 669

Pipette |
|23 o .

e

| Burette | 24.55 cm’ #0090 em’® a-gl%rs

(i) Using the method in (a), itwas found that 2.00 g of a different sample of
limestone contained 0,015 modl of calcium carbonate.

Usir the data from (B, and the fact that the solubility of calclum
ethanedicate in water is 0.0067 g dm-*, to caloulate whether the fact that
some calcium ethanedioate remaing in solution has a significant effect on the
accuracy of this second calclum carbonate determination. Assume that the
combined volume of the filtrate and the washings is approximately 500 cm'

- (3
Gt =

[P
m + 0015 ml(2q)
¢
L0061~ &
a'r.:ldﬂang 1ﬂ
. o . 0-0I5 = (§- g15% °5) » PB4
LG~ O RS ™ ‘ (s- oas» 7 ON4 3 meler
-'-ﬂ-on&ﬂz « 50U« PSmole %-t
{

- O:;fﬂm
ST cm
Codlim. _ethanecizie lohy. runaining i selutie
mean Mat  fthe  fitvakn  uwll Rot b @
dongle Q@1 % Aoy the  amont o
Gt tha Aa @dvaly  reated

This scored 1 mark as three of the answers were correct. The fourth has been doubled.
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(ii) The table below summarises the tolerances on the measuring apparatus used

in this experiment.

Complete the table by calculating the percentage error for each piece of

apparatus to two significant figures.

(2}

Apparatus

Value

Maximum total
error on the stated
value

Percentage error
on the stated
value

Balance

177 g

+0.01g

056

Volumetric flask

250 cm?

+0.12 cm?

0.04%

Pipette

25 cm?

+0.06 cm?

0.24

Burette 24,55 cm’ +0.10 cm? Ok l

(iii) Using the method in (a), it was found that 2.00 g of a different sample of
limestone contained 0.015 mol of calcium carbonate.

Use the data from (b)(ii), and the fact that the solubility of calcium
ethanedioate in water is 0.0067 g dm™?, to calculate whether the fact that
some calcium ethanedioate remains in solution has a significant effect on the
accuracy of this second calcium carbonate determination. Assume that the
combined volume of the filtrate and the washings is approximately 500 cm®.

B 0.00 63 4 am = 0.00 3350 soocm® ¥

0.0\S * @& WK~ 1-5’12[?3 ot CAGum Capenate.

D.0D33 %) s i Soluhen
Wowins ARV LY - 0.3 Yy estof

—

0 * o

B T2 0K

N Ao afgats 7 aror A9t S P L

uin | - o
}u\,\mr\vﬂwaﬁ e w*‘wlm/qmﬂauw W

(Total for Question 21 = 14 marks)

ResultsPlus

Examiner Comments

This candidate has the right idea, but unfortunately has miscalculated, getting 0.364%
instead of 0.174%, consequently only scoring two marks.
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(i) The table below summarises the tolerances on the measuring apparatus used

in this experiment,

Complete the table by calculating the percentage error for each piece of
apparatus to two significant figures.

(2)
Maximum total Percentage error
Apparatus Value error on the stated on the stated
value value
Balance 1.77g +001g ‘\/\’S' 6 'SS
Velumetric flask 250 cm? +0.12 cm? _é}«,——@-‘i’éd J43
Pipette 25¢cm? +0.06 cm? 0. 2u
Burette 24.55 cm? +0.10 cm’? O.u\
{iii} Using the method in (a), it was found that 2.00 g of a different sample of
limestone contained 0.015 mol of calcium carbonate,
Use the data from (b)ii), and the fact that the solubility of calcium
ethanedioate in water is 0.0067 g dm™, to calculate whether the fact that
some calcium ethanedioate remains in solution has a significant effect on the
accuracy of this second calcium carbonate determination. Assume that the
combined volume of the filtrate and the washings is approximately 500 cm’,
(3)

-

08 mar o (0 GO | A2\ o Calr0y
o o -

- ] '

o006 6F 10 VOO
-5 [ Soo v

e Y - d_’.ﬁ,
Q
SabiUrg= 3 EXE 9

2

ﬁ ResultsPlus

Examiner Comments

A fully correct answer.
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Question 22 (a)

Selecting appropriate reagents, along with identifying suitable practical procedures, should
be core skills at this level but are often neglected by candidates.

Question 22 (b)(i-ii)

The equation forming the electrophile was well-known but the role of aluminium bromide
was not clearly understood. The most common answer was 'acts as a halogen carrier' which
applies to halogenation of a benzene ring but is not correct for a Friedel-Crafts alkylation.

While there were some extremely clear and accurate answers to this mechanism, drawing
the intermediate proved a real challenge. Marks were also lost through inaccurate drawing
of curly arrows.

(b) Stage 3 is an electrophilic substitution.

(i) Write an equation for the formation of the electrophile and explain the role of
the AlBr, in this process.
(2)

—

e
C'-H?JC""?_Bm-t A'LB..L.%—-V C»-\_bcx.{_;_ . A\-«"Brc_‘,_\

- l.@.‘m?) ACOR OB O OASTT o% R\ A, o oms\en

= Y o = PR =5 S -r.:(-ec**ﬂca{)\n?\:e L Y= S, O

(i) Complete the mechanism for the electrophilic substitution in stage 3. You
need only show the benzene ring on the right of the structure, This is given
below.

) /./'Y—s‘ + =\

N CH_ R —_— )

{ | ( . o
[\'\u-"’ J = > @ R
“"\\\./_/'

c v ZC‘H%

ResultsPlus

Examiner Comments

This is an example of the most commonly seen answer to b
(i), worth 2 marks.
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(b) Stage 3 is an electrophilic substitution,

(i) Write an equation for the formation of the electrophile and explain the role of
the AlBr, in this process.

W W Hoow (2)
|. e | ‘
W C - CI — B — gy ¢ -~ c*
| { | + P‘lEJf -
4 AV 4
H : 3 K H

(i) Complete the mechanism for the electrophilic substitution in stage 3. You
need only show the benzene ring on the right of the structure. This is given
below.

" (3)

"uyCHy CHAaC W
CHy > \‘igjj/ &y
\

) \4
(C}CMC St
v

T

¥

o

lus

Examiner Comments

A typical answer to b (i), worth one mark. Catalyst is not
enough for the second mark.
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{b) Stage 3 is an electrophilic substitution.

(i) Write an equation for the formation of the electrophile and explain the role of
the AlBr, in this process.
(2)
- &
CHSCH?,B""F Ay, — A\Bvyg T ChaCH,

(i) Complete the mechanism for the electrophilic substitution in stage 3. You
need only show the benzene ring on the right of the structure. This is given
below.
(3)
C Hz C H3

L @
®6H2CH3

Cqu‘}?’/\ cHa M3
G H Al Bry — @ + Af%@’l

Heav

ﬁ Resultslus

Examiner Comments
2 marks were scored in this bii response as, although the ar-
rows are both correct, the intermediate carbocation has a
horseshoe of delocalised electrons which does not point towards
the tetrahedral benzene carbon.
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(b) Stage 3 is an electrophilic substitution.

(i) Write an equation for the formation of the electrophile and explain the role of
the AIBr, in this process.
(2)

4
CHJ Clrflgr 4 .h‘@;l“g S C"|3|:H= 4 AT'BFH

Algry 15 the horoaen_ carrigy |

(i} Complete the mechanism for the electrophilic substitution in stage 3. You
need only show the benzene ring on the right of the structure. This is given

below.
CHaCH,y (3)

. M
NN
—

(HaLH

ResultsPlus

Examiner Comments

2 marks were again scored for this answer to b (ii). The
intermediate here has a quite common error: the ethyl group is
attached to the benzene ring by the wrong carbon.

IAL Chemistry WCHO5 01
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Question 22 (c)(i)

Many candidates wanted to use HCN for this reaction, sometimes as a reagent, sometimes
as solvent, often but not always coupled with KCN.

Question 22 (c)(ii)

There were a good number of correct responses here, although candidates who used a
strong alkali often omitted the acidication step.

Question 22 (d)(i-ii)

This question produced a variety of responses including some which included absorptions for
the O-H bonds of the acid groups. The question clearly required the C=0 absorptions.

Question 23 (a)

Most correct answers here answered in terms of the total number of moles of gaseous
reactants and products. A surprising number of answers did not include discussion of the
number of moles or molecules and relied on the answer being linked to the formation of
liquid water.

Question 23 (b)

There were many correct answers but, as with the previous question, some lacked sufficient
detail usually failing to identify the gas absorbed by the potassium hydroxide.

Question 23 (c)

This question had a number of correct responses, although, when the calculation broke
down, it was often difficult to award marks for working as candidates did not explain their
method clearly.

22 IAL Chemistry WCHO5 01



Question 24 (a)(i-ii)
This was well answered though combinations including any of the four carbons were seen.

There were a good number of correct answers here, although some candidates did not
recognise the need for an indication of the three dimensional structure of the isomer.

(a) 2,3-dihydroxybutanedioic acid (tartaric acid) exists in three isomeric structures, X,
Y and Z, two of which are shown below.

HO 0 HO o
N A N A
C C
H OH HO—C —H
HO H HO—C —H
C C
/ 7/
o} \OH 0/ \OH
X z

Isomer X occurs in many plants including grapes, bananas and tamarinds.

(i) Circle the chiral centres of isomer X on the diagram.
(1

(i) Draw the structure of isomer Y, which is an enantiomer of X.
(1)

QQQ\C/DH

H Qp=C - 1

ResultsPlus

Examiner Comments

A nice example of the correct answer showing a good 3-D structure.

A

OO ResultsP

Examiner Tip

us

Practice drawing 3D structures, particularly of optical isomers
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(a) 2,3-dihydroxybutanedioic acid (tartaric acid) exists in three isomeric structures, X,
Y and Z, two of which are shown below.

HO\MC /U

HO—C —H

C HO—C —H

C
o7 N\

OH
X z

Isomer X occurs in many plants including grapes, bananas and tamarinds.

(i} Circle the chiral centres of isomer X on the diagram.
(1)

(i) Draw the structure of isomer Y, which is an enantiomer of X.
(1)

PO

o

Examiner Comments

This is typical of those who had drawn a 2 dimensional structure
so did not score this mark.
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Question 24 (a)iii
This familiar question was very well answered.

Question 24 (a)(iv)

This question was well answered with most candidates recognising that nmr could not be
used to distinguish the two isomers. The best answers referred to the fact that hydrogen
environments were the same although the most common explanation stated that the
spectra or the peaks were the same and this was deemed sufficient for the mark.

Question 24 (a)(v)

A wide variety of different mechanisms were suggested, but most candidates recognised

the reaction was a nucleophilic substitution. The type of substitution was also required, and
S,1 an S 2 were seen in fairly equal numbers. Some candidates described the formation of
intermediate carbocations or transition states, but did not recognise that it was the direction
of attack by the incoming nucleophile which determined that a chiral product was formed.

(vl An important use of X is in the preparation of other chiral malecules. One
example is the substitution of the alcohol groups by bromine atoms

State and explain what may be deduced about the mechanism of this reaction
if the product is also chiral.

rI,f ., E)f odnck Y &:La:'n«!l py ccék;o\'s
L Moo mechowam 4 Sy, o we
il:_:,“;p.n-\u_v .l.;_,'\..i-f-ﬁ lwe;{.\;k[{_',_, -_QL}&‘;E E‘.:,.L ?‘ELL g:,;!lk C,L\.LL
""'h'ﬂl hASE lhq E;JL-J"‘-L 5 L:rnwé‘ ﬁﬁht ke ! T T

. i ¥ ” L= | !
{}I.C]u !:_,H' :lflk'h( ':'-"xl]J e, f‘ffq-lt\il :EI ac q—,_,'_ue t\[;\_;k{._:' Ralbi .

+lus

Examiner Comments

This candidate correctly identifies the importance of the direction of
attack, but does not remember the right mechanism.

(v] Animportant use of X is in the preparation of other chiral molecules. One

_ ﬂr} example is the substitution of the alcohol groups by bromine atoms,
State and explain what may be deduced about the mechanism of this reaction
if the product is also chiral. OO YOl

12)
'fi;l\'-z Ik wias I, e ploview & 20 veacron G wend
¥
of Mdcaed fone eiviey Madhie 0nv loedow - ey v AMA LoV AL

LA AT .5’.’.3_"._:-;‘-*"- 13-/\_'1-f_?:'_'.1|,-':i.'._i'r'_\_/_} 3 50 QvoclACh WA Vvae yocoanal O

P

Resu us

Examiner Comments

Two marks for S, 2 and then a nice description of how attack
from both sides in S 1 leads to a racemic mixture.
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Question 24 (a)(vi)

Many candidates realised that the molecule would be superimposable on its mirror image
and the mark was also scored by describing the effect on plane polarised light of having two
chiral centres of the type shown by this molecule

(vi) Isomer Z is a diastereoisomer. Suggest why it is not an optical isomer, even
though it has two asymmetric carbon atoms.

,TCL OF"‘I..:AH FVQFQ‘ s Ci\‘ FART V. dml—‘ﬂl LaL bbb ow {LQ, f_ol—-fi:ﬂas
.l\;-, ey kLl-" Lé &S0 L“J qL Ul"u_,_ (A" Ty al (=" ,—1;(_}\’.‘ (__t:.J [P Cin \i‘:._
| 'y lava. o lavy polariSa bomled (8 At Laba~
. (L1 L]
P pleve po [

A passts %‘u_;u-]‘--

A good description of the equal and opposite rotation of plane polarised light.

Question 24 (b)(i)

Few candidates appreciated the scope of this question and there were many answers that
simply described the formation of the p bond.

Question 24 (b)(ii)

This was another challenging question. Many different types of isomerism were suggested,
including positional isomerism and mirror images of flat hexagonal structures were drawn.
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Question 24 (c)(i)

Most candidates tackled this question confidently although some failed to read the question
with sufficient care and drew only one isomer, Many correct answers were seen including
some drawn in the plane of the paper and others shown with dots and wedges.

r

(c) Cisplatin, [PtCl,(NH,) ], is an example of a stereospecific anti-cancer drug.

(i) Draw the structure of cisplatin and its geometric isomer.

C,Q f,’gyf \'\\\ Cjnﬁ Nﬂ'

200 2
<

Pt

Pt
NtB% ‘\NH3 CQJ %Nﬂg

ResultsPlus

Examiner Comments

A ‘dots and wedges’ example which scored the mark.

Learn to draw and practice the shapes of complexes ions mentioned in the specification.

ResultsP

Examiner Tip

us

(c) Cisplatin, [PtCI,(NH,).], is an example of a stereospecific anti-cancer drug.

(i) Draw the structure of cisplatin and its geometric isomer.

‘“.\3 ey
&\ c\ N /
N7 L
P't
/N o’ \ng
NYg N3
cTs QI oA \wo m &Y

ResultsPlus

Examiner Comments

An excellent example of diagrams drawn in the plane of the paper.
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Question 24 (c)(ii)

Few candidates provided a convincing explanation of this term with many focusing on the
need for a single enantiomer without any attempt to explain why this was desirable.

Question 24 (c)(iii)

Questions on industrial chemical applications frequently attract generalised answers about
yield, atom economy, fossil fuel use and greenhouse emissions which are insufficently
specific.

Question 24 (d)(i)

Most candidates were able to score this mark and there were a humber who appear to
understand the basic requirement without being able to explain it with sufficient precision.

{d) The ethanedioate ion, C,0,*, is an example of a bidentate ligand.

(i) Explain the term 'bidentate ligand.
{1}

A‘DLQM'%‘:: '{‘m’“m Twe  dative _(oVallw—{' bend withe  gewrten | Hronstion

ResultsPlus

Examiner Comments

A typical correct response.

(d) The ethanedioate ion, C,0,*, is an example of a bidentate ligand.

(i) Explain the term ‘bidentate ligand"

........... éL& . .(z.‘:ﬂ.cthd . C‘-‘M’J&{h% 2 Lowe 4 S T

This is not sufficient for credit. Many species have more than one lone
pair of electrons without being able to act as bidentate ligands.
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Question 24dii

This proved to be a poorly understood concept, with many candidates guessing that stability

was a function of bond strength.

Question 24diii

Most candidates attempted to answer this question using a shorthand type of diagram. This
could score 1 mark if both isomers were given correctly, including the correct charge. Full
marks were only scored for fully correct isomers showing clearly the structure and bonding

involved.

ResultsPlus

Examiner Comments

A good example of a fully correct diagram.
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(iif) The complex, [Fe(C,0,).]*", exists as two enantiomers. Use the information in

pa— the passage to draw the two enantiomers.
(‘ﬂ 2~ (2)
O0—CNea
I{C =0 —— M3
Q o, | O 0
\‘\\C/ /":i:f ot Cxx
| % O=¢o” O
/z'c““‘O/ T 70 ! l
o On o~ C=0 g O~/
Il .
v TN
o 0 0 1\ O0-“>q
= O
N
C/
\\
O e
Qe 2
' "
_a’ p.(TotalforQuestion 24 = 20 marks)
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Paper Summary

Questions that were familiar to candidates from previous years, for example colour

in complex ions and Friedel-Crafts Alkylation were generally answered well. Drawing
three dimensional diagrams showing the structure of molecules and complex ions was a
weakness. For some candidates question 23 proved challenging and question 24 appeared
to discriminate well at a number of levels. General advice would include:

remember that AS content will be required when answering A2 question papers;
practice drawing three dimensional diagrams showing all bonds clearly;

organic mechanisms need to be accurately drawn. Try to ensure the correct part of the
electrophile has been bonded to the benzene ring in electrophilic substitution;

read questions carefully, especially those in Section C or questions set in an unfamiliar
context. You may find highlighting or underlining helpful;

learn how to balance half-equations and then how to add them together to produce the
overall equation for a reaction. Remember to include the electrons in half-equations but
that full equations never show electrons;

label each step of a calculation to show clearly what you are attempting to work out.
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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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