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Introduction

This paper was designed to allow candidates to demonstrate their knowledge of a wide
variety of practical techniques and to show their ability to make valid inferences from
experimental data.

Some of the questions were very accessible and were designed to allow even the weaker
candidates to show their knowledge of the basic practical techniques used in chemistry.
Others were more demanding, requiring a real understanding of some less familiar
techniques. An important feature of answering such questions is for candidates to try to
visualise what is happening in the equipment, exactly as though they were performing the
experiment in the laboratory. They should also understand the reasons for what they are
doing rather than simply regarding them as processes performed merely because they are
routine. Every step has a reason which needs to be understood and explained.

Some of the questions requiring the interpretation of data were more challenging,
providing the ablest candidates an opportunity to demonstrate their ability to apply their
understanding of analytical techniques. In such questions it is important to use all the data
available in order to reach valid conclusions.
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Question 1 (a) (i)

This question was well answered though a few candidates could not remember the colour of
aqueous nickel(II) salts. Others gave incorrect formulae for the carbonate ion.

-
Test Observation Inference
(i) | Add dilute@m Bubbles of a colourless iName}of gas released is
to compound Z gas are released. The gas i
turns limewater milky gorbon diexide
Formulalof anion in Z is
and '
COa
N 1 1 727 W {2)
coloured solution is Formula of the
formed (1) complex ion formed is
[Ni(H,0) I**(aq)
13
Results¥lus
Examiner Comments
A perfect answer!
A
p o
¥\ Resultst
Examiner Tip
Learn the colours of aqueous
solutions of transition metal ions.
Test Observation Inference
(i) | Add dilute sulfuric acid Bubbles of a colourless Name of gas released is
to compound Z gas are released. The gas _
turns limewater milky Carbon  dacxade

Formula of anion in Z is

and .
Lo e
a. Greah (2)
coloured solution is Formula of the
formed (1) complex ion formed is

[Ni(H,0),1**(aq)

ResultsPlus

Examiner Comments

OO ResultsP

Examiner Tip

Learn the formulae of common
molecular ions.

A good answer spoiled by an incorrect
formula for the carbonate ion.
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Question 1 (a) (ii)

This question was well answered though some candidates failed to appreciate that the
negative charges on the chloride ions would determine the overall charge on the complex

ion.

(i) | Add concentrated
hydrochloric acid to
the solution containing
[Ni(H,0),]* ions

Yellow-brown solution
forms

Formula of the complex
ion formed is

(1)

fiiiv | Add a few drons

Green nrecinitate forms

Farmula of the nrecinitate

ResultsP

Examiner Comments

A perfectly correct answer.

us

Examiner Tip

Remember that chloride ions are large so normally
form complexes with a co-ordination number of four.

(i) | Add concentrated
hydrochloric acid to
the solution containing
[Ni(H,0) ]** ions

Yellow-brown solution
forms

Formula of the complex
ion formed is

[,NT C—-C"«.)J:.] ........ R

fiiiy | AddA a faw dAranc

The candidate has failed to appreciate
that a complex ion has been formed.

fwraan nracinitata farme

Farmuila af the nrarinitate

ResuitsP

us

Examiner Comments

Remember that chloride ions normally
form complexes with a co-ordination
number of four.
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Question 1 (a) (iii)

Another question that most candidates were able to answer correctly.

(iiiy | Add a few drops Green precipitate forms Formula of the precipitate
of dilute aqueous formed is
ammeonia to the solution <
containing [Ni(H,0),]** N CH20 ) (QH) 5.
ions {1)

N I | | - voea . |

ResultsPlus

Examiner Comments

A perfectly correct answer.

OO
Examiner Tip
Remember that the hydrated

hydroxide precipitate always has no
overall charge.

(iii) | Add a few drops | Green precipitate forms | Formula of the precipitate
| of dilute aqueous formed is
| ammonia to the solution

LA C HaO)uC/V"U&]o
(1)

‘
|
= . S

| lons

| containing [Ni(H,0) J** ‘
L

ResultsPlus

Examiner Comments

At low concentration the ammonia
acts as base rather than a ligand so
the hydroxide is formed.

OO ResultsPlus

Examiner Tip

Remember that alkalis always
initially cause the formation of the
insoluble hydroxide precipitate.
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Question 1 (a) (iv)

Another well answered question though a fairly common error was to state that a green

rather than a blue solution was formed.

(iv) | Add excess dilute
aqueous ammonia to | LT L RN
the solution containing
[Ni(H,0),J** ions until
no further change is (1
observed

Formula of the complex
ion formed is [Ni(NH,) ]**

ResultsPlus

Examiner Comments

An excellent answer.

OO ResultsP

Examiner Tip

formed with aqueous ammonia.

Learn the colours of the complexes

(iv) | Add excess dilute

aqueous ammonia to Qe bl fo dear 4
the solution containing SN

[Ni(H,0),]* ions until . '%’.L....‘.'.éf-.f'-f@fff

no further change is (1
observed

Formula of the complex
ion formed is [Ni(NH,) J**

ResultsPlus

Examiner Comments

This is incorrect - the precipitate

does dissolve in excess ammonia.

Examiner Tip

Learn which transition metal
hydroxide precipitates dissolve in
excess ammonia.

GCE Chemistry 6CHOS8 01
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Question 1 (b) (i)

Most candidates carried out this calculation correctly.

(b) A 10.0 cm® sample of a solution containing [Ni(H,0) ]* ions was titrated with a
solution of concentration 0.010 mol dm™* with respect to the ligand EDTA* ions,
The equation for the reaction is

[Ni(H,0),]** + EDTA* — [NI(EDTA)]* + 6H,0
(i) The mean titre of the solution containing EDTA* ions was 24.20 cm?,

Use this information, and the equation above, to calculate the concentration
in mol dm™? of the solution containing [Ni(H,0) J** ions.

no.m= Mv (2)
v . =
CEOT) 1000 My oM. x 1000
= 6.010 x2420 0.0
N K&
(00D v 3.4 % 10™Y x1000
T 242 x16 ¥ el 6. 0

= 60242 moldm?

ResultsPlus

Examiner Comments

A good, clearly set out answer.

A
@ ResultsP

Examiner Tip

us

Always set out calculations clearly.
You are much more likely to score
the marks if the examiner can follow
your reasoning.
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The equation for the reaction is
[Ni(H,0),)** + EDTA* — [Ni(EDTA)}*" + 6H,0

(i) The mean titre of the solution containing EDTA* ions was 24.20 cm?.
Use this information, and the equation above, to calculate the concentration
in mol dm™* of the solution containing [Ni(H,0),]** ions.

Ng, LV = 0.0L SEN = 2K XE” (@)

V\u\: C\.J

LYX\S = (Q%m\ p
¢ = 0.U modedns

<;» ResultsPlus

Examiner Comments

The 'power of ten' error in the calculation
of the number of moles loses the first
mark. However the method of calculation
of the concentration is correct so the
second mark is gained.

)
2@ ResultsP

Examiner Tip

us

In cases like this it is very important to set
out your workings clearly. The examiner
can see that the method of calculation of
the concentration is correct, so the second
mark is gained despite the initial error.

GCE Chemistry 6CHOS8 01
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Question 1 (b) (ii)
This question was very well answered.

A few candidates incorrectly doubled the error even though the total error in the titre was
given in the question, not the error in the two individual readings of the burette.

(i) Assuming the total error in the measurement of the mean titre is +0.10 cm’,
calculate the percentage error in this titre,

0.l
Ton -0kl

14

ResultsPlus

Examiner Comments

A correct answer.

Examiner Tip

Make sure you know the formula for
the calculation of percentage errors.

(i) Assuming the total error in the measurement of the mean titre is £0.10 cm?,
calculate the percentage error in this titre.

{1
1%0.1 = 1 P20
¥
+ 0.720 ot - .91
efcenAnyt @i = — ﬁj\ l'l?""‘:@ B 0 g : /c
0 S

MR A ol el il bl e e ae e e s e tca Al L ETRIZALE AN 124 lana wlaa

ResultsPlus

Examiner Comments

The candidate has incorrectly
doubled the error.

A

ResultsP

Examiner Tip

Read the question carefully - the
total error is given.
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Question 1 (b) (iii)

Most candidates realised that the titre would increase but not all gave a coherent reason
for this and lost the second mark. A common error was to suggest that the presence of
impurities lowers the concentration of the nickel ions, so reducing the titre.

(iif) A similar solution, containing the same concentration of [Ni(H,0)_J** ions, also
contained a small amount of an impurity, copper(ll) sulfate.

Suggest what effect this impurity would have on the titre. Justify your answer.
(2)

will ako
in u804”rocty with EDIAY v form complex wheeh i [Cu (EOTA ™

ResultsPlus

Examiner Comments

A good answer - the reason for the
increase in titre is clearly explained.

ResultsPlus

Examiner Tip

If the question says "Justify your answer"
you must explain the answer you give.

(iii) A similar solution, containing the same concentration of [Ni(H,0),J** ions, also
contained a small amount of an impurity, copper(ll) sulfate.

Suggest what effect this impurity would have on the titre. Justify your answer.
(2)

ﬁ ResultsP

Examiner Comments

The candidate understands that EDTA* will
react with the copper(1II) sulfate but fails to
appreciate that this would increase the titre.

A

Examiner Tip

Try to think through your answers
logically - this one is contradictory.

GCE Chemistry 6CHOS8 01
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Question 2 (a)

Most candidates answered this question correctly.

2 Acolourless liquid, compound X, was extracted from raspberries. X has the molecular
formuIaEmHnOz End contains a benzene ring.

(a) What would you expect to see if a sample of compound X was burned in air?

(1)
..................... fmog# flame e e e e

Plus

Examiner Comments

Correct.

2 Acolourless liquid, compound X, was extracted from raspberries. X has the molecular

formula C, H .0, and contains a benzene ring.

(a) What would you expect to see if a sample of compound X was burned in air?

Grl'&jcﬂwdsondv«pow' S . e

ResultsPlus

Examiner Comments

This is clearly wrong.
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Question 2 (b) (i)

This question was quite challenging. Many candidates assumed that the test with bromine
water indicated a carbon-carbon double bond, others identified an -OH group but failed to
state that it was positioned on a benzene ring.

(b) A series of tests was carried out on compound X. In each test, state what you can
deduce about the structure of compound X from the results described.

(i) X forms a white precipitate with aqueous bromine solution.

____________________________________________ conyeen.. . ¢hen ) 9rosf G OWD

ResultsPlus

Examiner Comments

A good clear answer.

OO Results¥lus
Examiner Tip
Remember that bromine water

reacts with phenols as well as
alkenes.

(b) A series of tests was carried out on compound X. In each test, state what you can
deduce about the structure of compound X from the results described.

(i) Xforms a white precipitate with aqueous bromine solution.

Lo Xoeaekeel X W -Wgewp

ResultsPlus

Examiner Comments

The candidate has failed to state that
the -OH group is on a benzene ring.

OO ResultsPlus

Examiner Tip

Alcohols do not react with bromine
water - this must be a phenol.

GCE Chemistry 6CHOS8 01
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Question 2 (b) (ii)-(iii)

These tests for functional groups were generally well known. Some candidates lost the final
mark by not completing the inference that if X was not an aldehyde, it must be a ketone.

(i) X forms an orange precipitate with 2,4-dinitrophenylhydrazine.
(1)

(iii) Fehling's (or Benedict’s) solution remains blue when warmed with compound X.

(1)
A5 O REEBD. _
B
« ( Results*lus
Examiner Comments
An excellent answer.
(i) X forms an orange precipitate with 2,4-dinitrophenylhydrazine.
(1)
It e cotam  covbonyl  gagup, - COonvtam €20
(ili) Fehling’s (or Benedict's) solution remains blue when warmed with compound X.
(1)
oC carroin a\dehyde | ovewy

ResultsPlus

Examiner Comments

The second mark is lost because it
is not stated that X is a ketone.

Examiner Tip

A carbonyl that is not an aldehyde
must be a ketone.

14 GCE Chemistry 6CHO8 01



Question 2 (c) (i)

This question was poorly answered. Many candidates thought that one of the nmr peaks was
caused by the hydrogen atom of the phenol group despite the fact that both peaks were

clearly labelled on the spectrum as due to two hydrogen atoms.

r

(i) Which hydrogen atoms in compound X are most likely to have caused the
peaks at 6.5 ppm and 7.2 ppm? '

Bydopen chun  $at b & Se owne Ny

Plus

Examiner Comments

This is correct.

(i) Which Qdmgen atom) in compoun@re most likely to have caused the
peaks at 6. and 7.2 ppm?

[y CamnnninAd ¥ hac a cida Frhain rnnf::ninmtnmc attarhad ta tha

Examiner Comments

This is incorrect.

A
J/ OO ResultsP

Examiner Tip

us

Look at the spectrum carefully - both
peaks are caused by two hydrogen
atoms. The OH of the phenol group
only has one hydrogen atom.

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

This was a very challenging question. Only the ablest students were able to put together all
the information from previous parts of the question - the presence of a phenol group and a
ketone group, a molecular formula of C O, and data from the nmr spectrum to deduce
the correct structure for X.

10H12
Many failed to realise that one oxygen atom was present in the phenol group, so only one
could be in the side chain.

Many knew the 'n+1 rule' but could not apply it in this situation. The number of hydrogen
atoms causing each nmr peak was frequently ignored.

(i} Lompouna A nas a sige cnain containing rour carpon at cnea 10 tne
benzene ring Ehow all the atoms jon this side chain anglabel each hydrogea
n the side chain\with its splitting pattern.

Examiner Comments

An excellent answer.

@ ResultsPlus

Examiner Tip

Effective use of labelling on a diagram
is a very good way of communicating
chemical information.

16 GCE Chemistry 6CHOS8 01



1) Lompouna X nas a sige cnain containing rour carpon atoms attacnea 1o tne
benzene ring. Show all the atoms on this side chain and label each hydrogen
environment on the side chain with its splitting pattern. Cip¥in,

'

oHe

f -
e CHa
.:Cc.lf:.L a

YCH, LO CH, O

(3)
............. Mugdionsn. covimmsnt Az M gmup. . adiacent do. A TCH ABMP
X ARt A QI S B0 My 0 €0, VAR AN R
.................. H\:)ol.r DR ROGLROMENT R n 9. ad]ecent... g dorgpn... eAEBMENt Ik
............. A ‘Dﬂame(_Hmn’mAw&a‘:’t),m«chmadamb\et
.................. Toe... CZ0  qroup.. has  ne. Widegen ams  atthched 1o e carben.....
e ORROON. ... O 52 00 SPUE. B ok 5% .e_n._..,.I..l;:»;....a...s‘.xs@kc&_,‘ ..............................................................

(iii) Suggest the structural formula of X.

(1)
WW
Cordsferrer

CQ,H'S CMLCHLCOCHLOH

ﬁ ResultsPlus

Examiner Comments

The side chain has an incorrect extra -OH group
but some marks are salvaged because the

two CH, groups would be triplets cause by two
hydrogen atoms and the ketone group is on the
correct carbon atom.

The complete structure in part (ii) has no phenol
group so cannot score.

OO ResultsPlus

Examiner Tip

Even incorrect answers with some
correct reasoning can score
marks.

GCE Chemistry 6CHOS8 01
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Question 2 (d)

The technique of steam distillation was better known than in previous years though poor
diagrams often spoiled reasonable answers.

r 3

(d) Compound X can be extracted from raspberries by steam distillation. Draw
a labelled diagram of the apparatus you could use to carry out this steam
distillation.
' (3)

¢ m-jf’f [er

ResultsPlus

Examiner Comments

An excellent answer.
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(d) Compound X can be extracted from raspberries by steam distillation. Draw

a labelled diagram of the apparatus you could use to carry out this steam
distillation,

e conrol
vy Btk -
: ) Dare ——— fowpwr-d x

#orh
reahlr rosp bty 4
Wy

ﬁ ResultsPlus

Examiner Comments

The delivery tube from the steam
generator does not dip into the raspberry
extract, so the technique would not work
and so one mark is lost.

OO ResultsPlus

Examiner Tip

Think about the practical use of
apparatus you draw. Be sure that it
would really work.

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

Most students correctly chose to use a pipette or burette because of their accuracy.

A measuring cylinder can be used but it must be made clear that this is because it would
allow measurements to be made which are accurate enough for finding orders of reaction.

(a) (i) Which piece of equipment should be used to measure out the volumes used

in each experiment? Justify your choice.
(2)

B pipeHe Thiris becawt a pipete  gwra mac
0tuede ond exad Volume of the  Sovhor  bung

ResultsPlus

Examiner Comments

Correct.

(@) (i) Which piece of equipment should be used to measure out the volumes used

in each experiment? Justify your choice.
(2)

Luse pipete to weodure At vOldww o g
vOWAL 2 qll 1t volune 1|'v\£\'F Med_id lcov

oel  Folbion 3 (2ef dran 2D cwa)

Plus

Examiner Comments

The correct equipment is used but
the reason is quite inadequate.

OO Results¥lus
Examiner Tip
Pipettes and burettes are used

because they enable volumes to
be measured accurately.
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Question 3 (a) (ii)

Generally well answered.

(ii) What colour change would you see in step 37

(2)
rom Porple . tolourless
FIUS
Examiner Comments
Correct.
(i) What colour change would you see in step 37
(2)

FIOMY o fUFAC s YO i R i

ResultsPlus

Examiner Comments

'Clear' means transparent, not
'colourless'.

OO ResultsPlus

Examiner Tip

Don't write 'clear' when you mean
'colourless'.

GCE Chemistry 6CHO08 01 21



Question 3 (a) (iii)

This question was fairly well answered with most candidates appreciating the need to have
the same total volume in each of the experiments.

() txplaln wny water was aadea 1o the nask in experiments b, L ana .
(1)
R //t"f,c) Yo, hoba\ volun. 7. sobs bion_constant and
__________ RA15, C“} f(‘) 4 fr\ff con. Né}f} C’V;?bmn*
%
Resultstlus
Examiner Comments
A good answer.
) EXplain wny water was auaea 10 ine 1nasx in expeniments o, « anua w.
(1)
_____________________________________________ To  Alata b conceatoine of SMlfuse easiel

ResultsPlus

Examiner Comments

The candidate has missed the
point.
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Question 3 (a) (iv)

Most candidates correctly suggested the use of colorimetry, though a few threw away the
mark by writing "calorimetry" instead of "colorimetry". Those who opted for a titration
based method often failed to specify the reagent to be used to titrate the potassium
manganate(VII) and therefore lost the mark.

(Iv) Suggest a technigue that could be used to continuously monitor the change
in concentration of potassium manganate(VIl) during the reaction.
(1)

e SONNRYY 4D WROSUR AR hopvae W oLy WY

ResultsPlus

Examiner Comments

Correct.

(Iv) Suggest a technique that could be used 10 CoONTINUOUSIY MONITOr the cnange
in concentration of potassium manganate(VIl) during the reaction.
bon oy (1)

I Quench  4ha solon  ond e e

us
Examiner Comments
The mark is lost because the reagent

to be used to titrate the potassium
manganate(VII) is not specified.

A

ResultsPlus

Examiner Tip

"Titrate" on its own will not score
- you must give the reagents.
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Question 3 (a) (v)

The majority of candidates were able to calculate the orders of reaction - often using rather
over-elaborate mathematical calculations. Marks were frequently lost in the writing of the
rate equation with the rate constant being omitted, or the expression "rate equation” being
used instead of "rate".

(v) State the order with respect to glucose, sulfuric acid and potassium
manganate(VIll) and hence write the rate equation for the reaction.
-3
.Fbr-hal orelor  of ‘# g?amj i zery omlor . ( }
Partiol orlor of  sutfume aoid & fiat ovoler |
Partial  orlor of-  petosciomn  manganett (V) is Fint  omter.
rete = k([ o[ kMno,]
ResultsPlus
Examiner Comments
A clear correct answer.
(v) State the order with respect 1o glucose, sulturic acid ana potassium
manganate(VIll) and hence write the rate equation for the reaction.
(3)

order with H'.Spcd' fo Pdnss,‘um maﬁﬁaua}e CUH)
= Ffirstoder O

orcler wi respect fe glucose
= Q Fffo*order

ovder uith respeet e culfmwiz acel

= -Fl'r‘.'l* aeler

rale equetren = E}”}‘/Qﬁzfﬂlucmjltmso‘f]'
ﬁ ResultsPlus N

Examiner Comments

Examiner Tip

Only one order is correct so two marks

are lost. The final mark could have been
obtained with a rate equation consistent
with the stated orders but the rate constant
was omitted and "rate equation" was
written instead of "rate".

Learn the standard format of a rate
equation.

24 GCE Chemistry 6CHO8 01



Question 3 (b)

In part b(i), very many candidates lost a mark by failing to use all of the graph paper and
constricting the graph to less than half of the available space. The graph paper printed
allowed straightforward scales which filled most of the space.

In part b(ii), again many candidates failed to calculated the gradient correctly.

In part b(iii), one mark was often lost for incorrectly stating the units to be J or kJ rather
than Jmol* or kJmol.

r

3

(b) Experiment A was repeated at different temperatures and the time taken for
the potassium manganate(Vll) to change colour was recorded. The results were
processed to find values of 1/temperature and In (rate constant) and these are
shown in the table below.

Experiment llter}wz_e‘rature 4 In (rate constant)

3.00x 10 -1.60
3.10x 107 ~2.60
321 %107 -375
335% 107 - -5.20

I a|m|m

(i) Plot a graph of In (rate constant) against 1 / temperature on the axes below.
(3)

1/temperature /K"

\:.00110—3 3.10 x\0"3 220 xi10° % 3. 30 xi0~ 3
-\:0 T

X

.

-31.00

- 300 ' i : T

In ] ] i i ; | I :
(rate ' t aumm smm: ' : mmEEmEE rEm . :
constant) [ : ! 1 j ! - n
-4-00 T ot

-§-00 3 o

(ii) Calculate the gradient of the graph.
1 R e e -6.2 - (=1.6)
SRS P 2:35x10°% - 3207

P —to—33T33 * -0 ags .1

(1)

GCE Chemistry 6CHOS8 01 25
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(iii) Use your answer to (ii) and the relationship below to calculate the activation
energy, E,, for this reaction. Include a sign and units in your answer.

Gradient = _—E’
R

R=28.31JK"' mol?
-te—5 %S -m s —=fta
—_— ,

Fa—  $5—4FFwol™
#-6—4T0Jewrot”'

-~ 10 285 .7k« -Fo
©31 Tk wol ™!
H—

Fa o abutipag ot

€5 474+ 29 Tmol '

ResultsPlus

Examiner Comments

A fully correct answer.

GCE Chemistry 6CHOS8 01
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(b) Experiment A was repeated at different temperatures and the time taken for
the potassium manganate(VIl) to change colour was recorded. The results were
processed to find values of 1/temperature and In (rate constant) and these are

shown in the table below.
Experiment v ter;\z_e‘rature In (rate constant)
E 3.00x 1073 -1.60
F 3.10x 107 -2.60
G 3.21x 107 =375
H 335x10° =5.20

(i) Plota graph of In (rate constant) against 1/ temperature on the axes below.

(3)
- 3 1/temperature / K' A
%O BARG T B2X(0 33x0-7 34 x(0
\ : i l IJ 1 L | i I FI I l_JI
1 T I | I : . e
— l 1 1 1 TT T
-2 + . ; = : !
| ] ¥ 1 + b
H ] : i | ]
-3 T ! '. S T ] . ; ! I
EEENEE NN :"ﬁ""“;*"""".“' ,.i_____{..ﬂ.,.._., ENNSENEREENEE .. B
_ A N - P I
. 1 + ] N - -
In q anms EEINEER NS : . -t T :_' - e R e . | _1 1 '_I ke -:_‘_ 1 . - :
-t (= + “t -4 [ 2 R 1 i A e
(rate_&, - , maa S T e e e e
constant) 1T . S A NN AN Eh Y SRS NREEE SEEEENEAS SERRREAE
-6 ¢ y 1‘ i
. : i
1 ! H
E 1 i ]
" zazam :
! ; : i ]
R , ! , 1
T i i : i i +
B i i ] f ! 1 t
, S < v
(i) Calculate the gradient of the graph.
(1)
ﬂu L -
= - x| 1 =K %\

—4,72,

e = 09GO

GCE Chemistry 6CHOS8 01
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(ili) Use your answer to (ii) and the relationship below to calculate the activation
energy, E,, for this reaction. Include a sign and units in your answer.

Gradient = :-Ei

R=8.31JK"' mol!
{0,500 2
pepeo’® -
' 8 31 Ik 'wol
10,500

4»@%51’%& 2231 Aot = —Eo
|

| g3 252 Sk vl = - Ee

F,.= - 83 25900 O 'mol™

ﬁ ResultsPlus

Examiner Comments

In part (i) the points span less than half the graph paper,
so a mark is lost.

In part (ii) the gradient is shown as positive rather than
negative.

In part (iii) the activation energy is shown as negative,
which is meaningless, and has the wrong units.

)
J@ ResultsP!

Examiner Tip

us

Activation energies can't be negative.
Think about the chemistry rather than
just blindly working through the maths.
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Question 4 (a) (i)

Many candidates were clearly unfamiliar with this technique and scored poorly. Practical
detail was required so it was not enough to simply say that the two layers must be
separated. To score the mark it was necessary to explain how they were to be separated.
A significant number of candidates ignored the density data and assumed that the aqueous
layer was the lower layer.

r I -

4 The procedure outlined below can be used to extract caffeine from tea.
1. Add 25 g of tea, 10 g of calcium carbonate and 250 cm® of water to a large beaker.
2. Gently boil the mixture for 15 minutes.
3. While the mixture is still warm, filter using suction filtration.

4. Transfer the filtrate to a separating funnel and separate the caffeine from the
aqueous mixture using solvent extraction, with dichloromethane as the solvent.

5. Dry the extract.
6. Remove the solvent.

[Density of dichloromethane = 1.32 g cm™]

-~

\M Outline how to carry out the solvent extraction in step 4, to obtain a solution
of caffeine dissolved in dichloromethane.

(3)
. Otee  Ailtrate 1 fasgferred v seporahing finrel add exterc o, el o
L ,
Mo micture. ond  gently _chake The -nae) and itnvert it 4o mix the

........................................... 101 30000018100

firne} . Otand. B fow minctee and.  Yomsve e lower doncor lawer onty .

ResultsPlus

Examiner Comments

An unusually good answer which
obtained full marks.

OO ResultsPlus

Examiner Tip

In a test of practical chemistry, make
sure that you give experimental
detail in your answers.
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4 The procedure outlined below can b;gsg{ to extract caffeine from tea.
1. Add25goftea 10g of_g_a_ﬂﬁdm carbona\féjand 250 cm?® of water to a large beaker.
2. Gently boil the mixture for 1§ minutes.
3. While the mixture is still warm, filter using suction filtration. Wehner
4

H Transfer the filtrate to a separating funnel and separate the caffeine from the
aqueous mixture using@EI\h‘-‘.ﬂFF_{EC:_ﬂ\QB, with dichloromethane as the solvent.

. N -

5. Drythe extract. — Akopngsg
6. Remove the solvent. - J "h
[Density of dichloromethane = 1.32 g cm™]

(@) (i) Outline how to carry out the solvent extraction in step 4, to obtain a solution
of caffeine-dissolved in dichloromethane. .

(3)
od  add Jichloramelhune 0 aquecus mixure 10 a 9°P"fﬂ1‘;“;l _________________________

ad  aqueows Mixfuie oA

___________ funnel | aVoweny  Ane bl
....................................................... a braker. ik o close b
__________________________________________ Disard fhe aqpeows  fayer ...
Adueoug,
ol et

ﬁ ResultsPlus

Examiner Comments

Only one mark is scored here - for the
separation of the lower layer. There is no
suggestion of mixing or shaking when the
solvent is added so no further credit is
obtained.

2@ ResultsPlus

Examiner Tip

Always include all the practical
details - like shaking the mixture
to extract the caffeine more
quickly.
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Question 4 (a) (ii)

Most candidates could name a suitable drying agent but few went on to explain how it could
be separated from the dried liquid after its use.

I’ 1
(i) How would you dry the extract in step 5?7 Include the name of a suitable
drying agent in your answer.
(2)
Yow Coutd add, e cmb-.:jdfcsu..s Al AU
chlofide. ,  cnd Mg n .?‘.'\\rau_( Abe e bare..

4o

ResultsPlus

Examiner Comments

A good answer.

(i) How would you dry the extract in step 5?7 Include the name of a suitable

drying agent in your answer,
(2)

Adl {.JP\L;:._JEI_(,-_ o Ca(l, which ol

GCr.... A% l* 0.4 Agdn f..& oo 0. ZWF'T Exless
Vi 9,

] ke

i k . r_'bm-'__ . Solmnvh, (.b.become... . danted . Calla

+1US
Examiner Comments
The drying agent is correct but there

is no indication of how it is to be
removed after use.

OO ResultsPlus

Examiner Tip

A two mark question will require two
separate points in the answer.
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Question 4 (b) (i)

Almost all candidates would wear gloves but a worrying number would use a face mask
rather than a fume cupboard to handle a solvent which is harmful if inhaled.

(b) (i) The solvent dichloromethane is harmful and can enter the body through
inhalation and skin absorption. Suggest a possible way to minimise each of
these risks when using dichloromethane.
(2)

lnhalation.......___.............C_Q. ________ o&}itcxpenmﬂl ______________ T q{m._m.f; _____ ¢ wamJ,

ResultsPlus

Examiner Comments

Correct.

(b) (i) The solvent dichloromethane is harmful and can enter the body through
inhalation and skin absorption. Suggest a possible way to minimise each of
these risks when using dichloromethane.
(2)

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

Examiner Comments

A face mask would not give
adequate protection.
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Question 4 (b) (ii)

Unfamiliarity with the technique of solvent extraction was evident again here. Many
candidates suggested wholly inappropriate techniques such as recrystallization to attempt to

remove the solvent.

(i) Suggest a suitable way to remove the solvent in step 6.
(1)

[mifj xP'..A.l d;&ﬁ- }M Sl /{1 éa:f \/)ppmr #
(,a(fp...m@....mmﬁl....dlJ'{L’Qfl"""{'u”mf A//& W/oﬂ LLP‘f"ﬁf...'.(.t.(l.ff.'.'..{..r::.?..“'f ........ ) .....

dda Ciimmank am

PR 5 T PR PROTREY AU FIRSIpen DR RSP (SRR | SRR I R PR | P

ResultsPlus

Examiner Comments

A good answer.

oO ResultsP

Examiner Tip

Learn the basic techniques for
purifying solids and liquids.

(ii) Suggest a suitable way to remove the solvent in step 6.

‘.T"f

A F‘G(rﬁw}_ [T

ﬁ ResultsPlus

Examiner Comments

The idea is correct but no
practical detail is given so the
mark is lost.

OO Resu

Examiner Tip

In this paper details of practical
techniques are required.
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Question 4 (c)

Most candidates appreciated that liquid carbon dioxide was the less harmful solvent. Some
of the more astute realised that it would also be much easier to remove. Either argument
gained the mark.

(c) The extraction can also be carried out using liquid carbon dioxide. Suggest an
advantage of using this rather than dichloromethane.
(1)

v St O¥ O (G0 b€ el YewOued oy heakog. A

£ 3 us

Examiner Comments

L/

An excellent answer.

(c) The extraction can also be carried out using liquid carbon dioxide, Suggest an
advantage of using this rather than dichloromethane.

(1)

ﬁ ResultsPlus

Examiner Comments

This answer is too vague to
score - it must be clear how the
carbon dioxide is safer.

A

4

O

Examiner Tip

Don't be vague!
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Question 4 (d)

This question was generally very well answered though a few candidates could not convert
from milligrams to grams.

r ™
(d) A student carrying out this extraction obtained 85 mg of caffeine. Calculate the
percentage by mass of caffeine obtained from thé sample of tea used.
(2)
JJFW?‘CQ\T;;*C‘ :
) -3
w“\ = %o way = 8 xw”y L
nW 273 9
> 0]4%
ResultsPlus
Examiner Comments
A good clear answer.
T A
(d) A student carrying out this extraction obtained 85 mg of caffeine. Calculate the
percentage by mass of caffeine obtained from the sample of tea used.
(2)

ﬁ ResultsPlus

Examiner Comments

The candidate failed to convert from 'mg’
to 'g'. However the incorrect mass was
correctly used in the calculation of the
percentage so the second mark is gained.

A

OO ResultsPlus

Examiner Tip

Read the question carefully!
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Question 4 (e)
This question was well answered though some candidates incorrectly opted for distillation.

(e) Caffeine obtained in this way is often a pale green solid, due to impurities. State
the name of another technique you could use to further purify the caffeine.

ResultsPlus

Examiner Comments

Correct.

(e) Caffeine obtained in this way is often a pale green solid, due to impurities. State
the name of another technique you could use to further purify the caffeine.
(1)

......... Dis b RRakrone. .. A0 52 R 0O o

Plus

Examiner Comments

The wrong technique for the
purification of a solid.

P 5

XM\ Resultst
Examiner Tip

Use distillation to purify liquids

and recrystallization to purify
solids.
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Paper Summary

The paper worked well, allowing all the candidates the opportunity to show their knowledge
and understanding of practical chemistry. The paper was accessible to the weaker
candidates who were able to show their knowledge of basic techniques and the more
challenging interpretation questions allowed the ablest to show their ability.

Based on their performance on this paper candidates are offered the following advice.

e When drawing graphs use the whole of the grid printed on the question paper not just a
small portion.

e Practise calculating the gradient of graphs correctly.
e When interpreting nmr spectra make sure you understand the ‘n+1’ rule.

e In the interpretation of the nmr spectrum to deduce a structure do not ignore the
number of hydrogen atoms responsible for a peak.

While the technique of steam distillation was much better known than in previous papers,
many candidates were unfamiliar with the technique of solvent extraction. Make sure you
can describe the techniques listed in the specification and that you understand their use and
the chemical principles involved in each.
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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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