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Introduction

The paper contained many questions which were accessible to all candidates, but also
presented challenges by asking candidates for explanations as well as descriptions of some
laboratory techniques. Knowledge of chromatography and understanding of recrystallisation
was often poor. It was clear in several questions that even if candidates know what to do,
they may not understand what reaction is occurring or the reasons behind the procedures.

Candidates were well prepared to do calculations on percentage yields and titrations.
However, it is evident that many have little appreciation of significant figures. Volumes were
sometimes quoted with three decimal places, which were mathematically correct but could
never have been measured by any measuring cylinder. Numbers were often rounded at
every stage, and in a multi-stage calculation this leads to an answer which may be several
percentage points different from the true one.
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Question 1(a)

Most candidates scored this mark. They were told that the colour of the two solutions was
similar, and only a few gave two different colours.

i o -

Answer ALL the questions. Write your answers in the spaces p‘n;?vided.
{

1 (a) The colours of aqueous solutions containing chromium(IlI) chloride and nidkcl([l)
chloride are similar.

What colour are these solutions?
(1)

. 8&'.@..6,}’\ . (_ (‘__r3+ s¥ARN., Nr}iemmlf/’ .
ﬁ‘leen)

(T Tacte wara narviad mit an a dilinta asmnaane salutine af aheamminmf T ahlasida

Results¥lus
Examiner Comments
This candidate was clearly familiar with the

appearance of the two solutions, and one
answer was an expanded version of the other.

A

Examiner Tip

If only one answer is needed don't
give two, just in case one is wrong!
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Question 1(b)

This question was high scoring. Most candidates knew that chromium(III) hydroxide
dissolves in excess sodium hydroxide. The errors were mainly in realising that the
precipitate which forms with aqueous ammonia is also chromium(III) hydroxide, and in
writing the formulae needed.

(b) Tests were carried out on a dilute aqueous solution of chromium(111) chloride.
Complete the table below.

You may use either names or formulae unless only one of these is specified.
Inferences

Test Observations

(i) | Add a few drops
of dilute sodium
hydroxide solution
| 1o the chromium( 111}
| chloride solution.

A precipitate forms, The precipitate is

(uveen Colow

(i) | Add dilute sodium The complex 1on
[ hydroxide 1o the ﬂ‘tﬁ‘ P‘CLLPM [CrOH)]* forms
mixture made in
(1), until the sodium d},&ﬁ'ﬂbﬁg Ak
hydroxide is present in |
EXCESS. |
EXCEsS | M_ (h
(i) | Add a few drops of The substance containing
dilute ammonia to Pmpﬁé‘ﬁﬂ chromium which is
another sample of the | observed on adding the
chromium{I11) chloride |WMﬂM ammonia is |
solution. | T )a'-,ti '
[ 3 [~ |
at |
[Cr-(VHz)
| (2)
| Test Observations Inferences
(iv) | Continue to add A solution forms, The formula of the
dilute ammonia to the chromium containing ion
mixture in (i} until in the solution is
| the ammonia is present i
in excess. KV{H'."D)L(H”:D;]
(1)
{¥) | Warm another sample | A yellow solution forms. | The formula of the ion
of the chromium{111) | causing the yellow colour
chloride solution with | 18 _
| alkaline hydrogen m@
peroxide solution, -3 {
which acts as an C j -
e | (
oxidizing agent. C’ C 4 i
Add sulfuric acid to The solution goes orange | The ion causing the
the resulting mixture. | when sulfuri¢ acid is orange colour is
added. dichromate{V1), Cr;0; o

ResultsP

Examiner Tip

us

ResultsPlus
Examiner Comments

This candidate knew what would be observed in the
experiment but not the species causing the changes.

p=riy

The inferences column is for deductions
about the reactions which are occurring.
Saying that the precipitate is green in the
first test is an observation, and the name
or formula of the precipitate was required.

GCE Chemistry 6CHOS8 01



Complete the table below.

You may use either names or

(b} Tests were carmied out on a dilute aqueous solution of chromium(I11) chloride.

formulae unless only one of these is specified.

r
[ Test

Add a few drops

of dilute sodium
hydroxide solution
to the chromiumi 111}
chloride solution.

(i)

Add dilute sodiun

T
i

| The precipitate is

C, (oh)y

(bservations Inferences

A precipitate forms.

(i) I The complex ion W
hydroxide to the P Solid . disy diuas, [CHOH)s]* forms.
mixture made in _ |
(i}, until the sodium wlien Sab, Fion e |
hydroxide is present in ";
| €XCCSS5. ]in:I'n.k'{dl imn
(iii} | Add a few drops of The substance containing
dilute ammonia 1o Liﬁ;m Fm"lb: dete chromium which is
another sample of the o ! observed on adding the
chromium(11l) chloride ][ s ammonia is
solution, | [T A
I‘-I {r":f;'l'u. Jfr"'f.ll:l
(2}
::_r I'_IF'i 'I"“I).:_,l: k= '._10
i Test Observations T inferences
{iv) E.‘nn-t:';tuu?add - A salution forms, . '.fh.:: 'I';:rm-ulluflhc
dilute ammonia to the chromium containing ion
| mixture in (iii) until | in the solution is
| the ammonia is present ) 3=
| in excess, ![’:, t{pﬂf}}.é]
] (1)
(v) | Warm another sample | A yellow solution forms. | The formula of the ion

of the chromiumiI11)
chloride solution with
alkaline hvdrogen
peroxide solution,
which acts as an

| oxidizing agent.

[
| Add sulfuric acid 1o
the resulting mixture,

causing the yellow colour |
is C ,,;h"‘

o 657

The solution goes orange
| when sulfuric acid is
: added.

The ion causing the
orange colour is
dichromate{ V1), T2

ResultsPlus

Examiner Comments
Again this candidate knew what
would be seen but could not
explain the observations correctly.
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"

J/ ®
Examiner Tip

The precipitate formed in (i) is the same as the

precipitate formed in (iii), so you need to be confident

enough to put the same answer twice. This candidate

wrote a formula containing chromium(II) ions in (iii).

To work out the charge on a complex ion like the one in

(iv), the charges on the metal and the ligands have to
be added together.




Question 1(c)

Only a few candidates missed the instruction to ignore any colour changes. Many realised
that in the experiment with nickel chloride, the hydroxide precipitate would not dissolve in
excess sodium hydroxide. However many answers were expressed badly. Some answers
discussed whether chromium hydroxide and nickel hydroxide were amphoteric. Even if the
comments made on them were correct, they could not score the mark unless they stated
how the reaction with sodium hydroxide differed with the nickel salt.

(c) Tests (i) and (ii) above were repeated on an aqueous solution of nickel(1l) chloride.
In what way, other than any difference in colour, does the reaction of dilute

sodium hydroxide solution with nickel(II) chloride differ from its reactions with

chromium(11I) chloride?
(1)

‘ﬁ\e W Mc\%oxi&, \{)_xetipilf.c&é? (,-k Nicke\ C\\\ Cﬁnhw!c\c.
Jodnmoluble. o (n.. e xess #odium \,qyolﬁoxidc.

2o\ukion  and hence does  (Total for Question 1 = 8 marks)
not dissolve a» & (5 nott amphotexic

ResultsPlus
Examiner Comments

This answer gives the required information about the
different behaviour of the nickel salt in the first two tests.

(c) Tests (i) and (ii) above were repeated on an aqueous solution of nickel(I1) chloride.

In what way, other than any difference in colour, does the reaction of dilute
sodium hydroxide solution with nickel(II) chloride differ from its reactions with
chromium(1I1) chloride?

il)

NicRel (W) Chloride would  net dissolve in excess
Sediom hﬁ_éfoxi_dﬂ-,_

Results¥lus

Examiner Comments

Nickel forms a precipitate of nickel(II) hydroxide in
test (i) and it had to be clear that it is this hydroxide
which does not dissolve in excess sodium hydroxide.

GCE Chemistry 6CHOS8 01

7



8

Question 2(a)

Most candidates knew that the bromine water would be decolorised. For the second

observation there were several possibilities. An antiseptic smell was not allowed as the
initial reactants are themselves strong smelling.

- _—

-
. \ W }zJ‘D L
2 This question is about some reactions of phenol and cyclohexanol. (APT
@OH Q OH u—i FJ'.;II:.I
ur SO
phenol cyclohexanol h

(a) Give two observations you would make when bromine water is added, drop by drop,
to an aqueous solution of phenol.

(2)

) ‘”Rw\«u.tepneupltale 16 «barmed )

. TW...%&HNESQnL&_, Hydngen  produced .

A
ResultsPlus Q Result<Plus
Examiner Comments . .
Examiner Tip
This answer scored one mark for

- L Just because a gas is formed in a reaction
the formation of the precipitate.

does not mean that effervescence will be

Some hydrogen bromide would be seen. Rapid bubbling may occur when
produced as steamy fumes, but an acid reacts with a solid, but not in a
there would not be effervescence. situation like this where two liquids are

reacting to make a soluble gas.

2 This question is about some reactions of phenol and cyclohexanol.

phenol cyclohexanol

(a) Give two observations you would make when bromine water is added, drop by drop,
to an aqueous solution of phenol.

(2)

B will b oMacked by MY ond  adeebihion occan. T brovwine

ResultsPlus

Examiner Comments

This answer scores the mark for
decolorisation of bromine. The question asked
for observations, and the comments on how
the decolorisation occurred were ignored.

When you are asked for experimental
observations it is not necessary to try
to give a mechanism.
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Question 2(b)

Most candidates knew the colour change which occurs when potassium dichromate(VI)
oxidizes an alcohol. However, the formula of the product of the oxidation was often
incorrect. As cyclohexanol is a secondary alcohol the oxidation product is a ketone. Many
candidates thought the ring would break, and showed straight chain aldehydes or acids.

Others added an extra carbon to the product, showing -CHO or -COOH attached to the ring.

Sometimes the ring was shown with a 5-bonded carbon with an aldehyde or carboxylic acid
group on it. It was disappointing at this level to see answers with potassium or chromium
atoms attached to the ring. Those who realised that cyclohexanone formed usually gave a
correct observation for the test with 2,4-dinitrophenylhydrazine, but the resulting negative
test with Tollens' reagent was answered less well.

(b) (i) What is observed when cyclohexanol is warmed with a mixture of aqueous
potassium dichromate(VI) and sulfuric acid?
(1)

et ao.a cebaua - daciagr , proon. openke ko ol alads.

(i) Give the skeletal formula of the organic product of the reaction in (b)(i).

0
_._\ ”
< fc,.. o H

(iii) What change, if any, is observed when the organic product of the reaction in
(b)(1) is mixed with the following reagents?

(hH

2,4-dinitrophenylhydrazine solution
A..od oo qe-| wellan) t}xﬂdo\.’i.i.u'm. achick | rcrmcﬁ
Tollens’ reagent

No.  reodaomn.

ﬁ ResultsPlus

Examiner Comments

This is one of the few examples with an incorrect colour change in (i).

The formula with an extra carbon atom in (ii) was given frequently,
and suggests that the candidate did not know the type of alcohol
which was oxidized.

Carboxylic acids do not give a positive test with
2,4-dinitrophenylhydrazine, but lack of reaction with Tollens' reagent
was allowed.

)

/ ResultsPlus

Examiner Tip

The number of carbon atoms in the product should be
the same as at the start.

In cyclohexanol, the carbon atom carrying the -OH
group is attached to two other carbons, so the alcohol
is secondary. You need to decide on the type of alcohol
before you can work out the oxidation products.

GCE Chemistry 6CHOS8 01
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(b) (i) What is observed when cyclohexanol is warmed with a mixture of aqueous
potassium dichromate(VI) and sulfuric acid?

Q/N':J‘Q/Q’\n—f\ (.l"\:n nw ‘T\MW\J

Y PR VW R a0

(ii) Give the skeletal formula of the organic product of the reaction in (b)(i).

(iii) What change, if any, is observed when the organic product of the reaction in
(b)(i) is mixed with the following reagents?

2 4-dinitrophenylhydrazine solution

@mww.. ._Pmy\.tm._ Soawedh

Tollens” reagent

Bl B,

ﬁ ResultsPlus

Examiner Comments

The formula given in (ii) is not correct If hydrogen
atoms are shown there should be two on each carbon.
A ketone has been drawn, though the answer to (iii)
suggests that the candidate thinks it is an aldehyde.

OO ResultsPlus

Examiner Tip

In a ring structure with no C=C bonds there are
two hydrogen atoms attached to each carbon,
except where other functional groups are present.

GCE Chemistry 6CHO8 01
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Question 2(c)(i)

Many candidates suggested using an indicator to show that the fumes were hydrogen
chloride. This would only show whether the fumes are acidic, and is not a specific enough
test for a hydrogen halide.

If the fumes are tested with ammonia, the method used cannot be bubbling through
ammonia solution as this will not give a visible change. Testing hydrogen chloride with
the fumes from concentrated ammonia gives a white smoke consisting of solid particles of
ammonium chloride.

If the fumes are bubbled through silver nitrate solution there would be a visible change as
the product, silver chloride, is insoluble, so this answer was allowed.

(c) Both phenol and cyclohexanol react with ethanoyl chloride to produce steamy fumes
and an ester. Phenol behaves like an alcohol in this reaction.

(i) How could you show that the steamy fumes were due to the presence of a
hydrogen halide, which in this case is hydrogen chloride?

'-_h*"‘_—‘:'-—:-_;______ o '::
Co)-oh & G—t=¢= Ml
b
S’fmrnﬂ fumes it r;rtu-
== -y % § ¢
Cbots el Gyoddrant
) i

ResultsPlus
Examiner Comments

This candidate used formulae to deduce that hydrogen
chloride was formed, but a laboratory test was required.

(c) Both phenol and cyclohexanol react with ethanoyl chloride to produce steamy fumes
and an ester. Phenol behaves like an alcohol in this reaction,

(i) How could you show that the steamy fumes were due to the presence of a
hydrogen halide, which in this case is hydrogen chloride?
(2)

intreoduee N H.,

whike rmoke Lortmn,

goro to e mt@omlj fomen, R nrnq of’

ResultsPlus

Examiner Comments
This answer is correct and gained both marks.

GCE Chemistry 6CHOS8 01
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Question 2(c)(ii)

This question was answered well. A few candidates did not read the question carefully
and did not give both the bond and group causing the absorptions. Only a very small
number thought that the C=0 absorption was due to a ketone. There were more errors in
the identifying the cause of peak Y, suggesting that candidates had not thought about the
structure of the ester.

Identify the bond and group which cause each of the absorptions X and Y,

X estes
Y edhanvaleqs

ResultsPlus
Examiner Comments

This candidate scored one mark for giving two correct
groups, but the bonds should also have been specified.

X C=b Leond) Esters  tqroup)

Y  C=0 lbend) banzeates L aroup)

ﬁ ResultsPlus

Examiner Comments
This candidate scored the first mark only.

A

Examiner Tip

Benzoates are esters of benzoic acid. They form when
benzoic acid or benzoyl chloride reacts with an alcohol.
In this question phenol is acting like an alcohol.

GCE Chemistry 6CHO8 01



Question 2(c)(iii)

There were many correct answers here. When marks were lost it was often due to lack of

care rather than lack of knowledge of the formula of an ester.

(iii) Draw the structural formula of the ester produced in the reaction of ethanoyl

chloride with phenol.

2//\
Examiner Comments Q Examiner T|p

This candidate has left out the
second oxygen atom.

The ester functional group contains two oxygen
atoms. When you have to write the formula of

v

(iii) Draw the structural formula of the ester produced in the reaction of ethanoyl

H

o @ =L-=C - 0 H

an ester, start with a functional group and then
decide what is on either side of it.

chloride with phenol.

W i (1)

B e o

Vi
= O- C‘*”-_ =t

r-—-—“\;;___.i__ ._—_-.-_ T < =yt
?kiﬁew\ﬂf\\c‘ }

= e ' \"_‘Z._r.\ - -
}-)_ é J)]‘\{r\ “ .

L R I{‘.H'\ru_r\r s\ J 1

(Total for Question 2 = 11 marks)
ﬁ ResultsPlus

Examiner Comments

This candidate has not used the information that phenol
is acting as an alcohol, which would lead to a reaction
of the hydroxyl group with the ethanoyl chloride. The
circle representing the delocalised ring is also missing.

2//\
Q Examiner T|p

The question often contains useful information so
read it carefully. Phenol is acting as an alcohol in
this reaction so the hydroxyl group must be involved.

GCE Chemistry 6CHOS8 01
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Question 3(a)

The question paper gave the equation for the reaction without state symbols, to test
whether the candidates knew the appearance of the products. Many thought that there
would be effervescence from the sulfur dioxide. Others gave secondary tests for sulfur
dioxide, such as the effect on filter paper dipped in potassium dichromate(VI) solution.

direct observation rather than a test is expected in questions like this.

A

An alternative answer was to refer to the precipitate, or cloudiness, which appears when
sulfur forms.

(a) One reason why the solution for titration must be neutralized is because sodium
thiosulfate reacts with acid as shown below.

S,00% +2H" = S+ SO, + H,0

State one observation you would make when an acid reacts with sodium thiosulfate
solution,

(1)

Hervescence . doceed — A aps which  Auwns  acidified

\CQG MR %om omnsc o quen. s evo\ved |

ResultsPlus

Examiner Comments

Sulfur dioxide would be detected by its choking smell. This
observation, rather than a further test, is expected.

(a) One reason why the solution for titration must be neutralized is because sodium
thiosulfate reacts with acid as shown below.

S0 +2H" = S+ S0, + H,0

State one observation you would make when an acid reacts with sodium thiosulfate
solution,

(1)

v B gas which & has Jhe rotHen eqg smell it [Iberqf‘_!"«

ResultsPlus
Examiner Comments

This candidate has confused sulfur
dioxide with hydrogen sulfide.

Examiner Tip

Hydrogen sulfide is the gas which smells of
rotten eggs. Sulfur dioxide has a choking smell.

GCE Chemistry 6CHO8 01




Question 3(b)

Most candidates knew that copper(II) nitrate is blue.

Many correctly suggested in part (ii) that effervescence would be seen, but a variety of

other answers appeared.

(b) (i) What colour is the diluted solution containing copper(Il) nitrate?
(1)
colcufles.s

(1) What would you observe in Step 2, before the formation of the copper(II)
carbonate precipitate, when the sodium carbonate was added?

()
s @mfx_eﬁewfr——mm—u;ta—pm_bﬂfcir_iha

Sore The sodium C(arbonate cisgolves ,giving off evgas ccen)|

%,
Results¥lus
Examiner Comments
The observation here should have been

that bubbling or effervescence was seen.
Naming the gas is not an observation.

(b) (1) What colour is the diluted solution containing copper(II) nitrate?

Bilue colour.

(ii) What would you observe in Step 2, before the formation of the copper(Il)
carbonate precipitate, when the sodium carbonate was added?
(n

(olourless -9as_wohich turns __Ji.me.w_a_*er_m_i_ll_rg_.r_anbe_ seen

¥

Cei W(J,;f)1 4 F?‘")'ﬂ (‘OJ - — ol O 3 4 M

When the question asks for an observation,
marks will not be given for a secondary
test on identifying the product.

GCE Chemistry 6CHOS8 01
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Question 3(c)(i)

The most common error was to give the wrong oxidation state of the copper or to omit
it. Some candidates put the oxidation state at the end of the formula instead of after the

copper.
' J

(¢) The equation for the reaction producing iodine in Step 4 is shown below.
2Cu*'(aq) + 4l°(aq) — 2Cul(s) + Iy(aq)

(i) Give the name of the precipitate formed in this reaction.

(x
(Copper—Todide C"PP”(IL) fedide

(1)

& roniiPes Qgggg!tus

Examiner Comments

The correct number to include here is I. Transition metals have more than one oxidation
state, and the names of their compounds must
show the oxidation state involved. Copper forms
more than one compound with iodine so the
number (I) must be included here.

(c) The equation for the reaction producing iodine in Step 4 is shown below.

PCu"*(aq) + 4I(aq) — 2Cul(s) + ly(aq)
(i) Give the of the precipitate formed in this reaction.

(1)

- Copper A2 AoNBR.

ﬁ ResultsPlus

Examiner Comments

In some answers the oxidation number looked more like a letter
than a number. This suggests that candidates do not understand
the meaning of the numbers included in the formula. This answer
could be interpreted as a letter or a number and was allowed.

A

Examiner T|p

The number in the name shows the oxidation
state of copper, and should be written as a Roman
numeral. The letter "i" would be incorrect here.

GCE Chemistry 6CHO8 01



Question 3(c)(ii)

Cul contains ions from two elements, and the question asked for the electronic configuration
of the relevant ion to be considered. Despite this, there were many answers which did not
make clear that they were discussing the copper(I) ion.

(ii) Suggest, by considering the electronic configuration of the relevant ion, why the
precipitate is white.
(1)
Because .. 8d.%° arkital (s .cam)a.lflzij Filled., . so.. bhere 1s

ng .uamn] elechon. .. la. be. erethed

A

ResultsP

Examiner Tip

us

Read the question carefully and do what
it asks. Correct information which does
not answer the question will not score.

This answer does not specify which
ion is being discussed.

(i) Suggest, by considering the electronic configuration of the relevant ion, why the
precipitate is white.

+a%

v (n
Cut 35t 25" 2p8 a2 30834 BB
Ks.akbhso o completely.. hlled. . d - obkol .. @k

1S ﬁ(.;i— O h&r’.‘._ﬁ!:“'l#n . mf,‘nl’ 1. Y} ar‘f!‘. aIJ n:’_‘u' fg;pfp“m{c} o

ResultsPlus

Examiner Comments

This answer clearly refers to the
copper(I) ion.

GCE Chemistry 6CHO0S8 01 17
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Question 3(d)

In this question many candidates showed that they had little understanding of how to round
numbers appropriately or of significant figures.

The answer to part (i) was 0.00305. Some candidates rounded this to 0.0031. They then
divided by 2 to find the number of moles of iodine reacting, getting 0.00155 which they
rounded to 0.0016. This was doubled to find the number of moles of copper(Il) ions, giving
the answer 0.0032. The chemical principles were correct, but the early rounding led to the
wrong answer. Candidates should quote intermediate numbers to a sensible number of
significant figures, usually 3 or 4, but keep the full value in their calculator to use in later
stages of the calculation.

An error in chemistry which was seen frequently was to use the ratio of moles of thiosulfate
to iodide to calculate the number of moles of copper.

In part (iii) most candidates knew that they had to multiply the number of moles by the
relative atomic mass in order to find the mass of copper, but many forgot to calculate the
mass in the original solution, and only calculated the mass in the titrated sample. Again,
candidates rounded their values inappropriately, leading to a wide range of answers.

On this occasion, rounding which was early but not incorrect was not penalised as long
as the chemistry was correct, but in real life situations this inappropriate rounding of
numbers could lead to problems.

GCE Chemistry 6CHOS8 01



(d) The equation for the reaction of thiosulfate ions in the titration is

28,057 (aq) + In(aq) — S40¢% (aq) + 2I(aq)

Results: - e
Mass of coins | 2.10g
Mean (average) volume of 0.125 mol dm™ J[ 24.40 em®
sodium thiosulfate used in titration | -

(i) Calculate the number of moles of sodium thiosulfate used in the titration.
no . 0\ molrg gk sadium  dhi asulqa o 123meldow? X (2'»\ LJO'—.tOoa)l“c‘ﬁ"”

= 3 0'3?(\0*" r\noi,/

(ii) Calculate the number of moles of Cu?" in the 25 cm® samples used for the

titration,
-3 . am? (2)
r\o.a.‘ molsg -;k fodide won = Lo mol dm x(lo—.—wdﬂ)
T o 0) mol
24+
Cu
o &4 moel u‘ I reacts with 2 mol ot

) Fa
| q . b ‘ b

‘ L o0} -0
2 00) A " oy

Tn 25¢m® = Byg0™ 2 x 7.5

-0 D125 vno) of 't .

(iii) Hence calculate the mass of copper present in the original mass of coins.

mass a\ copper = (%'S = ?.wxo-on'a

s =0.0
—J—C—iﬁ«-f/ QG?S:}O

(iv) What is the percentage of copper in the coins?
(N
‘ 16§ .
A . g &mf.e,_____y_\.an_/? =3 .
0:'02679 100"
S w100/,

=123

7, of copper?

Examiner Comments

This candidate did not find the number of moles of iodine
reacting with the sodium thiosulfate and hence calculated
the number of moles of copper wrongly. There was also an
error in the method used to calculate the mass of copper.

GCE Chemistry 6CHOS8 01
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(d) The equation for the reaction of thiosulfate ions in the titration is

28,04 (aq) + I;(aq) — S404% (aq) + 21(aq)

Results:

Mass of coins 2.10g

Mean (average) volume of 0.125 mol dm™
sodium thiosulfate used in titration

24.40 cm®

(i) Calculate the number of moles of sodium thiosulfate used in the titration.
G (1)
0.125 woldm ™’

l : ‘?foii;:m , answer = O . OP30S Molen
X A

0.00205% moles
(ii) Calculate the number of moles of Cu?" in the 25 cm® samples used for the

titration,
. - ol 2
R )
0 - 00305 1. 529 x 10~ % moles
Q 20 — L
ANsux - ) .003%05
nolas
0.00305 2t 1.825x 10 Lol
weole s
k_ . >
-w A
(iii) Hence calculate the mass of copper present in the original mass of coins,
Cu™ (2)

) Q'S(b'?‘:')a
Mms:ﬂ&.n”: I.*qth
< 10 )
Tgbg.SS\uo{”
O OO P05 wwoles

(iv) What is the percentage of copper in the coins?

. (1
1A% x 100 = Q2.27
&-10

ResultsPlus
Examiner Comments

This is an example of an answer
which is well set out.
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Question 3(e)

The error in question (i) was stated to be the total error. However, many candidates
thought it had to be doubled.

When measuring a volume of solution with a burette two readings are taken, so the total
error is twice the error in each reading. In (ii) the error was given as the error in the mean
titre, not in any one reading. This meant that again no doubling was needed.

(e) (i) The balance used to weigh the coins produced a total error in the weighing of
+0.01 g. Calculate the percentage error in the weighing,

Per ] = 0O, 2
centage erfoy o1 % ¥ 1007,

a0

T P50,

(i) The error in the mean titre of 24.40 cm® was £ 0.10 cm’. Show, by calculation,
that the percentage error in the titration reading is less than the percentage error
in the balance reading.

(N
Percentage error n fitration = 0.0 X3 . oo,

24 .40
T 0.%a°%

o
, (]
lo error in Hhatien < |y errer in balanee read

in
3 % thown

This candidate has doubled the errors
each time.

Q ResultsP

A titre is calculated from the difference in
two burette readings, so the error in the
titre is double the error in each reading.

If the error in a burette reading is £ 0.05
cm?3, then the error in the titre is 0.10 cm?.
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(e) (1) The balance used to weigh the coins produced a total error in the weighing of
+0.01 g. Calculate the percentage error in the weighing.

(1)
rCtﬂ‘lﬂqt = + o0l o
- (00
PJ{ error o0 X é

=B, =10-4762

(ii) The error in the mean titre of 24.40 cm® was +0.10cm®. Show, by calculation,
that the percentage error in the titration reading is less than the percentage error
in the balance reading,
percentage efror of  _

+ n reading

(n
ccemtege €rmor §n
é Pe+:+m+9+on l"eacllﬁ.!j

T oa0 o
[ =Yl yree
% e K194

= rto0.4098 %
1 0-819% less than 4 -1-1,% to-4098Yy 419.4:;.63;6 5

percentage  error 1n Hiraton Qadfng s [esg

P N PR IR T 1 1. [l a LI} a1

Plus
Examiner Comments
This was correct and scored both marks.
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Question 3(f)

Many candidates gave only one colour instead of giving the colour change. Others gave the

colour change which would be seen if starch was used.

() Starch solution can be used to show the end point for this titration, or the titration
can be self-indicating.

What colour change would be observed at the end point if starch was not used?

pale 5&&\0@ _edouy:

(1)

ResultsPlus
Examiner Comments

The change to colourless was
needed as well as the original colour.

Examiner Tip

When a colour change is asked for, the
starting and final colours must both be given.

() Starch solution can be used to show the end point for this titration, or the titration
can be self-indicating.

What colour change would be observed at the end point if starch was not used?

Blue black to colovriess .

ResultsPlus
Examiner Comments

This candidate missed the point that the titration
was carried out without the use of starch.

GCE Chemistry 6CHOS8 01
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Question 4(a)

Many answers suggested that safety goggles and laboratory coats were needed, even
though the question stated that these were already in use.

A correct answer to part (i) was given more often than to part (ii). Concentrated acids
were usually known to be corrosive or to burn skin, but then use of a fume cupboard was
incorrectly suggested as a precaution. Many candidates thought that ethanol was toxic,
and again use of a fume cupboard was one of the common suggested precautions. Other
candidates knew that it was flammable, but then thought this meant that it could not be
heated.

(a) The student wore goggles and a laboratory coat. For each of the processes below,
state the hazard and give one further safety precaution which should be taken.

(i) Working with concentrated nitric and sulfuric acids
il

Both contentrated pitric and sulficie  acel  are COrosI Ve 4

.-;Jnli'r'.’.f' shonld e wsted.

(1) Carrying out the recrystallization using ethanol

Eff*_i.-"-‘t‘.i I'$ fﬁn'll?ﬂ":"?'&:'ﬂr'."'r’ﬁ ko€ JI@ - told (;ﬁa;}_--,.-" ;.fr"-'ﬁ-'r .k*'f,r.'»‘

He i L ure iy frem THames or Mealy
J

T3 )
Results¥lus -
Examiner Comments Results us
The first part of the answer is correct, but the Examiner Tip

second was not allowed. Flammable liquids can be heated if

Many candidates seemed to think that flammable suitable precautions are taken, such
liquids cannot be heated, in which case ethanol as the use of an electric heater. They
could not be used for recystallisation. should be kept away from naked flames.

(a) The student wore goggles and a laboratory coat. For each of the processes below,
state the hazard and give one further safety precaution which should be taken.

(1) Working with concentrated nitric and sulfuric acids.
(1)

D A Limted dislone  showd be mointaived cn Jhe
ocids ane. the wnest  doxie  omes.

(ii) Carrying oul the recrystallization using ethanol.

?E} Edhanel  Ahould ke pmln{fd ® Sineole A

hands . Should Ve n sa5e 2one.

ResultsPlus
Examiner Comments

These answers are too general. Specific
hazards and precautions were required.
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Question 4(b)

The purpose of adding sulfuric acid in nitration is to produce an electrophile. If the formula
of the electrophile was given it had to be correct, and many candidates omitted the charge
or gave it incorrectly. Saying that the sulfuric acid was a catalyst was not enough here.

- i S -~

(b) What is the purpose of adding sulfuric acid to the nitric acid in this reaction?

To..produce.. NO0g.. Mk ske .

ResultsPlus

Examiner Tip

ResultsPlus
Examiner Comments

The charge on the nitronium ion
should have been given here.

Benzene is attacked by electrophiles, so
the sufuric acid is needed in nitration to
produce a positively charged ion.

-w A

(b) What is the purpose of adding sulfuric acid to the nitric acid in this reaction?
(n
éUl?u{ic acid acd @ an acid ,nitric acid 0> & base,
To be oble do neuvtwlise the @ed 4y obtan NO,

miric ae.d

Fa [T | 1 FL 1. . P~ £ ab -8 Lo e

Results¥lus
Examiner Comments
This answer is confused. Sulfuric acid does protonate

nitric acid in the first stage of making the electrophile
but it is incorrect to say that it neutralises it.
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Question 4(c)

Most candidates knew how to carry out the calculations in this question, but in part (iii)
a high proportion of candidates calculated the molar mass of methyl 3-nitrobenzoate
incorrectly.

Many answers were rounded incorrectly, or quoted to an inappropriate number of significant
figures. Credit is given for consequential correct working after a wrong answer, but this
cannot be done if the candidate's working is not clear. This is why it is important to show
the answer clearly at each stage.
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(c) (i) Calculate the number of moles in 5.0 g of methyl benzoate,

Assume the molar mass of methyl benzoate is 136 g mol™.

3

: (hH
05 _ 3 69x10
\36

- 0. 003 mo(ﬁ’i

(1) Methyl benzoate is a liquid at room temperature. What is the volume of 5.0 g of
methyl benzoate?

The density of methyl benzoate is 1.09 g em™,

e s N (1)
= Sjlogq - & 6on

(iii) After recrystallization and drying, 3.4 g of methyl 3-nitrobenzoate was obtained.

Calculate the percentage yield of methyl 3-nitrobenzoate, assuming that an
excess of nitric and sulfuric acids was present.

8 ((-we}‘l‘j 3 -m\\'ub@r‘-rouje) . (3)

u \3(:4.2)L;+|q.
%C};(é@” =102
“ wa‘o: o

0.0} )L\Qg'—cj-u 6

%%QL‘_M

I%,U qlels 16[8;/
5.5 6.8,
6L/

ﬁ ResultsPlus @ ResuitsPlus

. Examiner Tip
Examiner Comments
In part (i) the answer should not have been rounded The number of significant figures in an answer
down, and even if rounded up to 0.004 it would not should be the same as the number in the data
have been accepted, as one significant figure is not you are using. One significant figure is usually
appropriate when the mass of methyl benzoate is not enough.
given to two figures. When you calculate the molar mass of a
Rounding the volume in part (ii) was sensible. compound containing a benzene ring don't
. forget that every time a group is substituted into
The molar mass in part (iii) should have been 181. the ring one hydrogen atom is removed from it.
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(c) (i) Calculate the number of moles in 5.0 g of methyl benzoate.

Assume the molar mass of methyl benzoate is 136 g mol ',

Medey = 2 . 0.036molis
|3

(ii) Methyl benzoate is a liquid at room temperature, What is the volume of 5.0 g of
methyl benzoate?

The density of methyl benzoate is 1.09 g em™,

No\wwe = B = 6.58cm?

(-00

(iii) After recrystallization and drying, 3.4 g of methyl 3-nitrobenzoate was obtained.

Calculate the percentage yield of methyl 3-nitrobenzoate, assuming that an
excess of nitric and sulfuric acids was present.

ey = 3M - . O wsln

\ed

fop WG =20\ s [57.187

@ . 036

(3

ResultsPlus

Examiner Comments

In part (i) the value of 0.0368 has been rounded wrongly,
and so has the volume of 4.587 in part (ii).

A calculator display shows the number of moles in part

(iii) as 0.00187845. This appears to have been used to
calculate the percentage yield, as the value quoted of 0.018
would not produce the answer given by the candidate.

@ ResultsPlus

Examiner Tip

Don't round numbers in a calculation until the
last stage, and when you do round numbers
be careful to include an appropriate number of
significant figures and round them correctly.
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Question 4(d)

There were few good answers to this question, and it was clear that many candidates did
not know how to make a chromatogram. Many techniques other than chromatography were
described. These included fractional distillation, recrystallisation and elaborate filtration
methods.

A chromatogram of the ethanol washings can be made on a silica plate, but answers
describing paper chromatography were accepted. However, answers which just gave the
theory of gas-liquid chromatography, HPLC or any other type of chromatography without
practical detail did not fulfil the requirement to describe how to make a chromatogram.

Many candidates did not understand that in part (i) the aim was to separate methyl
2-nitrobenzoate and methyl 3-nitrobenzoate which are in the ethanol washings. A common
suggestion was that methyl 2-nitrobenzoate and methyl 3-nitrobenzoate should be dissolved
in a suitable solvent, and a silica plate placed in this solution. Answers which suggested
spotting the sample on a plate often then said that the plate should be submerged in

the solvent.

Candidates who did know the technique often suggested that the spots could be identified
from their R. values, and this was accepted as an alternative to putting spots of known
compounds on the chromatogram for comparison. Running a two-way chromatogram using
a different eluent is a technique used to improve separation, but it would not be useful here
to confirm that the two methyl nitrobenzoates were present.

GCE Chemistry 6CHOS8 01
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(d) One reason for the low yield in this experiment is that methyl 2-nitrobenzoate is also
formed. This compound dissolves in ethanol and would be present in the ethanol
washings from step 3. Methyl 2-nitrobenzoate and methyl 3-nitrobenzoate are both
pale yellow.

(i) Describe how to make a chromatogram with the ethanol washings from step 3
in order to separate methyl 2-nitrobenzoate and methyl 3-nitrobenzoate. The
chromatogram can be made on a plate covered with a layer of silica, and you

may assume that a suitable solvent is ava:lable
e 1 — 16 nediice eva ng{;vu o
e gilica PM

m/ dmfyoﬁwo&uﬁ%r
_.ﬁ-—-—-"'"iavhn’m hm(puat)
T N S

Sd' {i& chhmubfawfutf
dffﬂ-wm abshmou wi’#_«,

e sultebl -DDUEMim
Za beajoeh, boJ_DLo-tbc slmﬁrg oo onttie allica FLa:lﬁ, lauon 61 L)'
« Wy pipele., apply & fio dios of-ta Lashitd v S 3 onctle
plmlrwam AROVE te soleut byel . Cover the beaher Wit a Jiol
b fadirce oy «ﬂiu selveut. Joave Ha ik 15 stand fr
& faiss twmmn o polwevtt reacly —Mﬁgﬁ& plata...

ene o
e dip sleuld sipagte U oy e SpEL iciecliiy | f

Sf-mfI'
(ii) How would you improve the chromafogram to confirm that both
methy] 2-nitrobenzoate and methyl 3-nitrobenzoate are present in the + l.tC

washings? You may show this on a diagram if you prefer.

B Sl ol W

¥

\;._
/A =

wtuu%ai
ol m‘*"‘% 3l G beh2002 | s yopslunfl,
o Hou both oA

toafwhlp ?’“wm 0o hun g

Re e plate mustnct b loucka d 6t foigerd
= chro & difficult 0Ll , A

[COCAT e i

L

Results¥lus

Examiner Comments

This is an example of a good answer, probably

based on the candidate's knowledge of making
a chromatogram to separate amino acids.
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(d) One reason for the low yield in this experiment is that methyl 2-nitrobenzoate is also
formed. This compound dissolves in ethanol and would be present in the ethanol
washings from step 3. Methyl 2-nitrobenzoate and methyl 3-nitrobenzoate are both
pale yellow,

(i) Describe how to make a chromatogram with the ethanol washings from step 3
in order to separate methyl 2-nitrobenzoate and methyl 3-nitrobenzoate. The
chromatogram can be made on a plate covered with a layer of silica, and you

may assume that a suitable solvent is available.
(4)

s @an be dore popes._ chemategraphy - The papes
IS immet‘ced in e golption Contaaing Hhe _Methyl 2-nitrbenzeate

_C’nd mamﬂ‘“%mbenzoahz The molewles % e Ywo _mpovnds
i hove di@erent Re values ond I con be compaced b
00 eghing dota . do detedine Which s the heavier or Wghter

compound: Ths pepec 38 o be dipped 't vinhydcin 4o in ocder
fo be oWe b locote the spotc. oo

(ii) How would you improve the chromatogram to confirm that both
methyl 2-nitrobenzoate and methyl 3-nitrobenzoate are present in the
washings? You may show this on a diagram if you prefer.
(1

The papeC (s then minted 40° ond veiaa.  fe-immecsed fato

_‘H«e Sluhion tﬂQ 2 me#hﬁl' O-ritpbizoate ad methy! 3~
r»mbzmm

ﬁ ResultsPlus

Examiner Comments

The procedure used to make a chromatogram is not clear
here. The original position of the sample is not mentioned,
and submerging it in solvent would wash it off the paper.
The candidate does not understand that the components
of a solution are separated by using another solvent.

A
J/ OO ResultsPlus

Examiner Tip

Chromatography separates mixtures because
each component moves a different distance
when a solvent runs through the mixture.

Two way chromatography is used if one solvent
does not give good separation of the mixture.
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Question 4(e)

Candidates may know how to carry out recrystallisation, but this question showed that
many did not understand the theory behind it.

Many candidates thought that the table showed how much product was made, and did

not understand the terms solvent and saturated. Often candidates said that Solvent 1
would produce a lower yield because methyl 3-nitrobenzoate was more soluble in it at

both temperatures. The compound being recrystallised should be very soluble at higher
temperatures, but should have a low solubility at lower temperatures so that it does not
remain in solution. Some answers made little sense as they referred to the solubility of the
solvent, rather than solubility in the solvent.

The numbers in the calculation were simple, but despite the information that 100g of

solvent 2 could only dissolve 9.5g of methyl 3-nitrobenzoate there were answers saying that
several hundred grams could be recrystallised from 50g solvent.

(e) The table below gives data about the solubility of methyl 3-nitrobenzoate in two
solvents. This data may be used to select the best solvent for recrystallization,

Solubility of methyl 3-nitrobenzoate
/ g per 100 g solvent

Temperature / °C Solvent 1 Solvent 2 ]
10 6.0 20 |
70 11.0 95 |

(i) Explain why using Solvent 1, rather than Solvent 2, would lead to a lower yield
of recrystallized methyl 3-nitrobenzoate.
(1)

Selvenk L even ot 0°e ket a ___$_-_='l_~s_lq'-i~'¥\t1_ _O_f
b A L 00 - Thie  seans. Hhad  Some  of  dh lmﬂ'ud
il ke ledb e e ergamie  solveet  wohee L csols.

of mothyl - nitsbenzoale o
Selv enl. L) ‘\G‘_ c.nl-\}_ o ?;o'tq\b'\\_\' *j _ (‘F A :1 a .‘)?'-. \oo 3 gelvent at W0,
- _ . .

(ii) 50 g of Solvent 2 was saturated with methyl 3-nitrobenzoate at 70 °C,
and the solution was then cooled to 10 °C. Calculate the mass of
methy| 3-nitrobenzoate crystals which would be obtained.

1003 —> 1‘53
503 — ?)-'fsa

A
us Q ResultsP

Examiner Comments Examiner Tip

This candidate is making a clear contrast
between solubility of methyl 3-nitrobenzoate in
the two solvents at the lower temperature.

us

To find the mass of crystals which would
form, you need to calculate the mass
which dissolves at the higher temperature,
The answer to part (ii) is correct and scored the and then subtract the mass which remains
mark even though the method is not shown fully. in solution when the mixture is cooled.
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(e) The table below gives data about the solubility of methyl 3-nitrobenzoate in two
solvents. This data may be used to select the best solvent for recrystallization.

Solubility of methy] 3-nitrobenzoate
/ g per 100 g solvent

Temperature / °C Solvent 1 Solvent 2
10 6.0 2.0
70 11.0 9.5

(i) Explain why using Solvent 1, rather than Solvent 2, would lead to a lower yield

of recrystallized methyl 3-nitrobenzoate.

()
A lavge  amount oF to distolve in 100Y

ATOE SNy 3~ oibiobenzoake s requises e Verge . Seron

of Solvent. 1. ok  FO o sohich.  showd. . he
ovenemSed . because . dee ik Showid L disSolve O

oo toum. L wolume. oF  wek  Solvent -

(ii) 50 g of Solvent 2 was saturated with methyl 3-nitrobenzoate at 70 °C,
and the solution was then cooled to 10 °C. Calculate the mass of
methyl 3-nitrobenzoate crystals which would be obtained.

q.sg 50 = 4D
E:Zg/ L 00 g * 3 y

209 x 4-F¥5q = 0.0995 ‘3/
1,003

(1)

50 - (4:#5+0.098) =~ 45.\6 §

ﬁ / ResultsPlus

Examiner Comments

This answer does not consider how much
methyl 3-nitrobenzoate remains dissolved
when the solution is cooled.

The mass of crystals calculated in (ii) is greater
than the mass in 100g of saturated solution.

If a substance remains dissolved as the temperature
drops, then it will not form crytstals which can be
separated.

Make sure you know the meanings of the words
solvent, solute and saturated.
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Question 4(f)

A method of assessing purity other than the use of spectroscopy was asked for. However,
a significant number of candidates suggested infrared spectroscopy or use of nmr. Many
did suggest measurement of melting or boiling temperatures. In a pure sample these
temperatures will be sharp, and saying that they would melt over a range of a few degrees
was not allowed.

Saying that the temperature should be compared with a data book value is not enough. The
melting temperature should match the value quoted in data.

() What method, other than spectroscopy or chromatography, could be used to assess
the purity of the methyl 3-nitrobenzoate? How would the result of the experiment
indicate if it was pure?

Y
&)
,ﬂrffnguic ule {

FI\ACJL E’L’l{f’; Me\l"!:(r.:[:@ W‘f (’Jp ti/\fi ﬂ'&“i{j]-&

bl s ITETOL?@I”J zaoke Au C&V\:l Pad{? {-' ...

\ Aeck
valle . thf b boollel, (F b 5. pufe_the
o CcoONov e-.{a th(;l,‘
Me ftﬂW {_@ﬂfﬁl l’uﬁ:’ w “ bf (Total for Qqestlo1n_4 = 17 marks)

¥ th€ dabo =A0ILNet yglUlf TOTAL FOR PAPER =50 MARKS
and 9 ol be acc wike (Mot e Y ange ofF Ve €5

Results¥lus
Examiner Comments
This is an example of a good answer.

(f) What method, other than spectroscopy or chromatography, could be used to assess
the purity of the methyl 3-nitrobenzoate? How would the result of the experiment
indicate if it was pure?

w nifnob@njoafﬁ_ | |
%ELH’E W@.ﬂ?fg nb’h aﬁ]/mcw o Q. mxry&q/T 9(1
i oows Hod ?‘%e Wﬂ%} nrﬁué%mﬁ.m pu

__(Total for Question 4 = 17 marks)

(2)

ﬁ ResultsPlus

Examiner Comments

TOTAL FOR PAPER = 50 MARKS

Heating is not the same as measuring the
temperature at which a substance melts, so on
its own this would not have scored. The melting
temperature should be sharp, not over a range.
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Paper Summary

There were many instances in this paper where candidates did not read the question
carefully.

in 1(c) colours did not have to be given;

in 2(a) two observations were required;

in 2(c)(iii) both bonds and groups were required;

in 3(c)(ii) the ion under discussion was not identified;
in 3(e)(i) a total error was given in the question;

in 3(f) a colour change was required;

in 4(d) a description of how to make a chromatogram was required, not the theory of
chromatography.

Candidates could have improved their performance by careful reading of the question, and
then setting out their answers clearly. If the language in an answer is unclear, or if multiple
alternatives are given, then marks will not be awarded.

It is important to round numbers correctly in calculations, and not to round numbers too
much in intermediate stages of calculations.

Candidates should always try to understand the reasons behind experimental procedures.
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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

36 GCE Chemistry 6CHO8 01



GCE Chemistry 6CHOS8 01 37



Further copies of this publication are available from
Edexcel Publications, Adamsway, Mansfield, Notts, NG18 4FN

Telephone 01623 467467

Fax 01623 450481

Email publication.orders@edexcel.com
Order Code UA031871 June 2012

For more information on Edexcel qualifications, please visit
www.edexcel.com/quals

Pearson Education Limited. Registered company number 872828
with its registered office at Edinburgh Gate, Harlow, Essex CM20 2JE

AL
Nz
s

Llywodraeth Cynulliad Cymru
Welsh Assembly Government

Rewarding Learning



