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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS and A
Level Chemistry (9701), and to show how different levels of candidates’ performance relate to the subject’s
curriculum and assessment objectives.

In this booklet a range of candidate responses has been chosen as far as possible to exemplify grades A, C
and E. Each response is accompanied by a brief commentary explaining the strengths and weaknesses of
the answers.

For ease of reference the following format for each paper of the subject has been adopted:

C Question

C Mark scheme

=

—

response

J
J
J

CExampIe candidate

=

CExaminer comment}

Each question is followed by an extract of the mark scheme used by examiners. This, in turn, is followed by
examples of marked candidate responses, each with an examiner comment on performance. Comments are
given to indicate where and why marks were awarded, and how additional marks could have been obtained.
In this way, it is possible to understand what candidates have done to gain their marks and what they still
have to do to improve their grades.

Past papers, Examiner Reports and other teacher support materials are available at http://teachers.cie.org.uk.
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Assessment at a glance

Assessment at a glance

Syllabus code 9701

e (Candidates for Advanced Subsidiary (AS) certification will take Papers 1, 2 and either 31 or 32 at a single
examination session.

e (Candidates who, having received AS certification, wish to continue their studies to the full Advanced
Level qualification may carry their AS marks forward and take just Papers 4 and 5 in the examination
session in which they require certification.

e (Candidates taking the complete Advanced Level qualification at the end of the course take all five papers
in a single examination session.

Candidates may not enter for single papers either on the first occasion or for re-sit purposes.
Candidates may only enter for the papers in the combinations indicated above.

Type of Paper Duration Weighting
AS Level A Level
1 Multiple-choice 1 hour 40 31% 15%
2 AS structured questions 1 hour 15 min 60 46% 23%
31/32 Advanced Practical Skills 2 hours 40 23% 12%
4 A2 structured questions 2 hours 100 38%
5 Planning, Analysis and 1 hour 15 min 30 12%
Evaluation
Paper 1

This paper will consist of 40 questions, thirty of the direct choice type and ten of the multiple completion
type, all with four options. All questions will be based on the AS syllabus. Candidates will answer all
questions. As candidates only select responses for this paper it is not included within this booklet.

Paper 2
This paper will consist of a variable number of structured questions of variable mark value.

All questions will be based on the AS syllabus. Candidates will answer all questions. Candidates will
answer on the question paper.

Paper 31/Paper 32

Paper 31 and Paper 32 will be equivalent and each candidate will be required to take only one of them. This
is to allow large Centres to split candidates into two groups: one group will take Paper 31, the other group
will take Paper 32. Each of these papers will be timetabled on a different day.

Each paper will consist of two or three experiments drawn from different areas of chemistry.

The examiners will not be restricted by the subject content. Candidates will answer all questions.
Candidates will answer on the question paper.

See the Practical Assessment section of the syllabus for full details.
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Assessment at a glance

Paper 4

This paper will consist of two sections.

Section A (70 marks) will consist of questions based on the A2 core syllabus but may include material first
encountered in the AS syllabus.

Section B (30 marks) will consist of questions based on the section “Applications of Chemistry” but may
include material first encountered in the core (AS and A2) syllabus.

Both sections will consist of a variable number of structured and free response style questions of variable
mark value. Candidates will answer all questions. Candidates will answer on the question paper.

Paper b

This paper will consist of a variable number of questions of variable mark value based on the practical skills
of planning, analysis and evaluation. The examiners will not be restricted by the subject content.

Candidates will answer all questions. Candidates will answer on the question paper.

Teachers are reminded that the full syllabus is available at www.cie.org.uk
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Paper 2 — Structured questions

Paper 2 - Structured questions

Question 1
Answer all tha questions in the space providad.

1 Compourd A is an organic compoaund which conains carbon, hydrogen and oxygen.
Whean 02409 of the vapour of A s slowly passad over a large quantity of heated coppsar(11)
oxide, GuQ, the arganic compound A s complelely oxidised to carbon dicside and water.
Copper is the only other product of the reaction.

The products are collected and it is found that 0.352g of CO, and 0.144g of H.O are
formed.

(a) Inthis section, give your answers to three decimal places.

() Calculate the mass of carbon present n 0.352g of CO,,

Use this value to calculate the amount, in mobes, of carbon atoms presant in 0.2409
of A,

() Calculate the mass of hydrogen present n 0.144 g of H,0,

Uze this value io calculata the amount, inmoles, of ydrogen atoms present in0.2404q
of A,

(iif) Use your answers to calculate the mass of axygen present in 0.240g of A,

Use this value to calculate the amaount, in moles, of axygen atoms present in 0.2409
of A,

[6]
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Paper 2 — Structured questions

(b} Use your answers to (a) to calculate the empirical formula of A.

[1]

(e} When a 0.1489g sample of A was vapourised at 60°C, the vapour occupied a volume of
67.7cm? at a pressure of 101 kPa.

(I} Use the general gas equation pV'= nAT lo calculale M, of A

(i) Hence calculate the molecular formula of A.

[3]

(d) Compound A is a quid which does not react with 2. 4-dinitrophenylhydrazine reagent or
with aqueous bromine.

Sugagest two structural formulas for A,

[2]
(e} Compound A contains only carbon, hydrogen and oxygen.

Explain how the information on the opposite page about the reaction of A with CuQ
confirms this stalement,

[Total: 13]
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Paper 2 — Structured questions

Mark scheme

1 {a) (i} massal C =12 = 0354 = 0.09%8g i)
=4
n(c) = 0.086 = 0.008 i)
i2
(i} massaf H=2 =0 144 = 0.016g i1
18
niH} = Q016 = [n.07G i1
(iii} mass of wdygen = 0,240 - (3096 + 0.016) = 01289 i1}
n{id) = 0.128 = 0.008 i1
16
allow ecf at any staga [&]

(b) C!H:O= 0008 0016 : 0008 =1:20

gllow G i H:O=0086:0L0ME: 0128 =121
12 1 16

gives C H;O ity 1]

f€) () M, =mRT =_0148x B31x333 1
v

1.00 % 107 X 677 % 10

= 6388
allow 55.9 or G0 1]
fi) CoH.O; (1 [3]
(d} CH.CO:H i1
HCOLCH, 2
{a) the only products of the reaction ara tha two oxides HeO and COy and copper (11 [1]

[Total: 13]

General comment

The first part of the question tested candidates’ understanding of calculations relating to the masses,
and hence numbers of moles, of elements taking part in a simple reaction of the unknown compound A.
Answers from this part were then used to calculate the empirical formula of A.

When they had substituted data in the equation pV = nRT candidates were asked to use their earlier
answers to deduce two structural formulae for compound A.

Those candidates who could carry out the early calculations correctly by using a clear and logical method
were usually able to complete much of the rest of the question successfully. On the other hand, those
candidates who did not understand how to answer part (a) usually struggled with the rest of the question.

Some candidates gave an empirical or molecular formula which was chemically impossible but usually did
not attempt to identify the source of their error.
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Paper 2 — Structured questions

Example candidate response — grade A

1 Compound A is an organic compound which contains carbon, hydrogen and oxygen.

When 0.240g of the vapour of A is slowly passed over a large guantity of heated copper(ll)
oxida, C:_uﬂ. the organic compound A is completely oxidised to carbon dioxide and water.
Copper is the only other product of the reaction.

The products are collected and it is found that 0.352g of CO, and 0.144g of H.O are

formed.

(a) In this section, give your answers to three decimal places.

(I} Calculate the mass of carbon present in 0.352g of EDE_

(¥)

(iil)

VrAE 0y, = Eﬁﬂ~5flfa-ﬂ%j g

R e
LY

Use this value to calculate the amount, in moles, of carbon atoms present in 0.240g
of A.

=
& “P““’[”' "PCwlmﬂmlnﬂu = 0 094
= gﬂnﬂxiﬁémﬂl l n Bllﬁ.a JF;( .Y
Calculate the mass of hydrogen present in 0.144 g of H,0. e e

WALCE »P ;»{. = ;1&' %O 4y 'n-ﬂlblj/qh_‘
I

Use this value to calculate the amount, in moles, of hydrogen atoms present in ﬂ.??g
of A,

n“-:P wo leg PPH;._M = 0-0l6 — p 0lb o

e —

|
Use your answers to calculate the mass of oxygen present in 0.240g of A,

mess o 0 = 0240 - (o 0L +0,010)
= ﬂ“ll&j > — l/

Use this value to calculate the amount, in moles, of oxygen atoms present in 0.24 g
of A. f

- e
4 mole s QQG' = 0128  ; g.000 w10
P mMo| «—

[6]
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Paper 2 — Structured questions

() Use your answers to (a) lo calculate the empirical formula of A. "3 | F
elements . C H 0 H,© F'-// "
N*sf niples :000e% 0O OWb D 0p% ;
Cluhesd: | = | (evng Fical foomsd)
dﬁrﬂf be ke raﬂ.g'_ i - v i 1

(¢) When a 0.148g sample of A was vapourised at 60°C, the vapour occupied a volume of
67.7cm? at a pressure of 101 kPa.

(i) Use the general gas equation pV = nAT to calculate M, of A,

PN=ART . My = 59-¥9557

"M KT / + He =t0-0 .//

Ar= 0 |yyr 33} 333 M=.60:0.
lhi‘$|ﬂ!' ‘lﬁ'ﬁ'?l*hlﬂ

{ii) Hence calculate the molecular formula’of A.

ooy ax(n +1(|3-¥lh) = 6T
,?}E"ﬂ._ = 6‘ﬂ |

w= 2. '
A— C. H,0. | / @ |7

(d) Compound A is a liquid which does not react with 2, 4-dinitrophenythydrazine reagent or
with agueous broming. '

Suggest two slructural formulas for A,

F

CH, €O, ;. HLG’-E’/HZ‘:

2]
(&) Compound A contains onty carbon, hydrogen and oxygen.

Explain how the information on the opposite page about the reaction of A with CuQ
confirms this statemant.

...... \Px..‘“ﬂ g"mdn how ﬂﬂl ;.;ﬁ?/ ;:ivh!ﬂ]:ﬁﬂg,)

....... bwﬂj . A W-jl:ﬂ (. 'd;_ﬂ)

c E’""‘l '-’Ll‘ [Total: 13]
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Paper 2 — Structured questions

10

Examiner comment — grade A

(a) This exemplary answer shows very clearly how the candidate tackled every step of the calculation.
(b) This is another very clearly set out and fully correct answer.
(c) Both parts have been correctly answered, once again with very clear setting out of the answer.

(d) The candidate drew two structures using the M calculated in part (¢). Each structure met the
requirements of the question.

(e) This correct answer shows that the candidate fully understood the reaction concerned.

Cambridge International AS and A Level Chemistry 9701



Paper 2 — Structured questions

Example candidate response — grade C

1 Compound A is an organic compound which contains carbon, hydrogen and oxygen.
When 0.2409 of the vapour of A is slowly passed over a large quantity of heated copper(II}
oxide, CuQ, the organic compound A is completely oxidised to carbon dioxide and water,
Copper is the anly other product of the reaction.

The products are collected and it is found that 0.352g of CO, and 0.144g of H,O are
formed.

{a) In this section, give your answers to three decimal places.

(i) Calculate the mass of carbon present in 0.352g of CO..

fliﬂ}'*fiﬁm.) '

Use this value to calculate the amount, in moles, of carbon atoms present in 0.240g

of A
N* of mol of Qurbon present - p.096
in A Fl _
& D-nc‘ﬂw:"
(iiy Calculate the mass of hydrogen present in 0.144 g of H.0.
(1x2
A0l = |
(et )+ Clow) 6 5

Usa this value 1o calculate the amount, in moles, of hydrogen atoms presentin 0.2409
of A,

pE qtﬂ el * kaclmae_m = G-GI£
PrEEE_n': i 4 !
= o-olb mol:

(i} Use your answers to calculate the mass of oxygen present in 0.240g of A,
Mass of ﬁﬂ‘ﬁr_n Pm&erﬂ: T O-dfp-— rm-t:‘iﬁ + o rnlﬁ.]

= 8- 240~p- 1T
“ 62T 3 v
Use this value to calculate the amount, in moles, of oxygen aloms present In 0.240g

of A,

nF ‘F nMol: ©0-l1adg

L&
=0 FQD? m\ﬂ\
[6]
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Paper 2 — Structured questions

(b) Use your answers to (8) to calculate the empirical formula of A,

= H o
NS of ol = ooy o ‘olb 0-00%
“ivide 'tj Speamllect — 1 = a s 4
Eﬁ'ﬁ.fl‘uru‘tu.ﬂ &Mlu = CHO [1}

(e} When a 0.14Bg sample of A was vapourised at 80°C, the vapour occupied a volume of
67.7cm? at a pressure of 101 kPa.

(i) Use the general gas eguation pV = nAT to calculate M of A,

HI‘"= Tﬁﬂ,r = 61848 % %.ﬁi% \

Lol Wﬂ'ﬁﬁﬁ b %
- bpn X v-.§4:38.

(ii) Hence calculate the molacular formula of A,

[EHJ_G]& = 6438 \deculsr F:rm».:..lﬂ.
AN 4 2n + 16n= 6y-%2 - Hy O,
o n=- 6422 {\ '
2.2 e 3]
;.:'ga: e

(d) Compound A is a liquid which does not react with 2,4-dinitrophenythydrazine reagent or
with agqueous bromine,

Suggest twe structural formulae for A,

(2]
{e) Compound A contains only carbon, hydrogen and oxygen.

Explain how the information on the opposite page about the reaction of A with CuQ
confirms this statement.

gemum. ...... (o .PFQ.[...‘E..I!?&Q....nn‘lj...Pxnd.u.nlf...qf_.fi!,_.mu_:.ﬂﬂ!!'_-____:_.: ________
~AAnd. omplefe.. aniclation.. toak. plete oy ne. impurities.. )
\eft aMHerta reccrion .

[Total: 13]
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Paper 2 — Structured questions

Examiner comment — grade C

(a) This is another exemplary answer which is fully correct.
(b) This answer is also fully correct.

(c) (i) In this part, the answer shows that when using the equation pV = nRT the candidate did not know
how to convert the values for pressure and volume from kPa and cm? into Nm~2 and m?® respectively.
In addition to this, the conversion of the temperature was wrongly carried out with 60 °C being
shown as 360.7. It is not clear how this latter figure was calculated or what its units were.

(if) As a result of the answer to part (c)(i), the candidate experienced some difficulty in matching the
empirical formula from part (b) to the value of the M. A reasonable approximation was made to
produce a molecular formula for compound A which made it possible for the candidate to answer
part (d).

(d) One correct structure which corresponded to this molecular formula was drawn. However the second
structure would not have behaved in the manner described in the question because it contained a
carbon-carbon double bond and would have reacted with aqueous bromine.

(e) The candidate appeared to understand the reaction but did not state that CO, and H,O were, with
copper, the only products.

Cambridge International AS and A Level Chemistry 9701 13



Paper 2 — Structured questions

14

Example candidate response — grade E

Answer all the questions in the space provided.

1 Compound A is an organic compound which contains carbon, hydrogen and oxygen.
When 0.240g of the vapour of A is slowly passed over a large quantily of I'_uaa_lad copper(II}
axide, CuD, the organic compound A is completely oxidised to carbon dioxide and waler.
Copper is the only other product of the reaction.

The products are collected and it is found that 0.352g of CO, and 0.144g of H,O ara !

formed.
(a) In this section, give your answers to three decimal places. . crol
] o351
() Calculate the mass of carbon present in 0.352g of CO,. I / Lron = s
ﬂﬂf':&c-{ (Otlen - O-251—03ue Ill b
-~ 0-W2 g _ v B ie
i:” T D t.h'“_!rl::

Use this value 1o calculate the amount, in moles, of carbon atoms present in 0.240g
of & /1l coubon = _mass

= ::'--"I;l / N
- o.00%3 C

= t}-l}l’.‘i“l MD‘ILE&
(i) Caiculate the mass of hydrogen present in 0.144 g of H,O.

Mass of hydmgen= o—ti—
040 - Oy

= :rnﬂ.é-;ﬂ

Use this valus to calculate the amount, in moles, of hydrogen atoms presentin 0.2409
b Moss
My = mr

= .[L?.ﬂ_f'- /{_lll’;

=0
. o6 meles

(i) Use your answers to calculate the mass en present in 0.240g of A,
Mass of oRygen +o'hi2) - 0- 240
= O LygE— 0240
* o5y 0256 § bl
Use this value to calculate the amount, in moles, of oxygen atoms present in 0.240g
R A, - mass
i
= D16
s - 2 / LA
= pol6 Prelet

(6]
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Paper 2 — Structured questions

{b) Use your answers to (a) to calculate the empirical formula of A.

2 5 Q
ne  moles g.o0q o. 06 o -olb
=alé CHHE.'E
Soallesidrab _n-00f o016 D- 0 :
1| = o a0 E'u_'n?l' o o A 1
| m{E/ g,@ \%J‘T:*H_AI‘ - Ml
= e
{c) When a 0.148g sample of A was vapourised at 60°C, the vapour occupied a volume of

&7.7cm” at a pressure of 101 kPa.

rl= mass
() Use the general gas equation pV'= nAT to calculate M, of A, e, :"E.-pqﬁ
T=6o%133 = 232 . 2. uPIAn
Vo 636 K105 g-aanle™ - 58594
P tol,po0 Po
(lov,om0) ( 6 'Hmu “)e A(R2)(38) v
&%373 = n( 2%F63222 A, =.59:296
= 2 -‘-fl'!r:lnu'_l
(i) Hence ::.ﬂlmlala the mbBEAAFformula of A,
C‘?““’ formola) _ perecolar  formular.
L ;.i-tH! ) A = 59296 o el formule
- ctf96 CH
a9 l':h 5!_"?'|I:1 e {\L:.H;fl P @
2

(d) Compound A is a liquid which dﬂ-&s m:ﬁ rea::t w-lh 2. 4-dinitrophenylhydrazine reagent or
with aguaous bromine.

Supggest two structural formulae for A,

Ee
w i -: Pc
; CH; CH, oH i
2]

{e) Compound A contains only carbon, hydrogen and oxygen,

Explain how the information on the opposile page about the reaction of A with CuQ
confirms this statement.
repl aced

There.ne. 0. subs bhobion_reaction,. wakereky. . (Oppel wes .. On. ten

fek ltne!f' pxidiser. ;\ i
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Paper 2 — Structured questions

16

Examiner comment — grade E

(a)

(b)

(c)

(d)

(e)

This answer shows that the candidate was unable to calculate the mass of each of the elements present
in 0.240 g of compound A.

However, the candidate was able to convert each of the calculated masses into the corresponding
number of moles of the element concerned by using a correct method, and received credit for doing so.

Each of these answers was given to three decimal places as the question required, with the answer to
part (i) showing the calculated answer of 0.0093 being finally given as 0.009.

The candidate correctly used the numbers of moles calculated in part (a) but the calculated ratio of
C:H:0=1:10.67:1.78 was then given as 1: 11 : 2 which was too large an approximation to receive
credit.

The resulting empirical formula, CH,, O, is impossible in chemical terms and this should have suggested
to the candidate that a serious error had been made which needed to be investigated.

(i) This was correctly answered with the candidate successfully converting the figures for pressure,
volume and temperature into appropriate values for use in the equation pV = nRT.

(if) When calculating the molecular formula of compound A the candidate did not use the empirical
formula previously calculated. However, the result of this incorrect process was then used with the

calculated empirical formula to give the incorrect molecular formula CH,,0,.

The answers to this part should have used the M calculated in part (e)(i). The resultant compound,
C,H,O, was never justified in the calculation and thus received no credit.

This answer suggests that the candidate did not understand that the formation of CO, and H,O, with
copper as the only other product, confirms that compound A contains carbon, hydrogen and oxygen.
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Paper 2 — Structured questions

Question 2

2 The Periodic Table we currently use is derived directly from that proposed in 1869 by
Mendeleey who had noticed patterns in the physical and chemical properties of the elements
he had studied.

The diagram below shows the first ionisation energies of the first 18 elaments of the Periodic
Table.

2500

He
2000 Me
first
ionisation 1500 Ar
energy
1
Mkl mal o | H
500
Li Ma

012345678 0101112131415161718
proton numbser

(a) Give the aquation, including state symbaols, for the first ionisation energy of sulfur.

=

(b) Explain why there iz a general increase in first ionisation energes across the Period
from sadium 1o argon.

. 18]

(e} (i) Explain why the firsl ionisation energy of magnesium is greater than that of
aluminium.

(i1} Explain why the first ionisation enargy of phosphorus is greater than that of sulfur.

4]

Cambridge International AS and A Level Chemistry 9701 17



Paper 2 — Structured questions

18

The table below refers to the slements of the third Pericd sodium to suffur and is
incomplete.

element Ma Mg Al Si o S
conductivity highy
melting point high

(d) (I) Complete the conductvity’ row by using only the words ‘high'. ‘moderate’ or low’,

(il) Complate the ‘meling point’ row by using only the words "high’ or “low’, [5]
When Mendeleey published his first Periodic Table, he left gaps for elements that had yet
o ba discovered. He also predicted some of the physical and chemical proparties of these
undiscovered alemants.
For one element, E, he comectly pradicted the following properties.

melling point of the element high

melling point of the oxide high

bailing point of the chiorde levey

The element E was in the fourth Period and was one of the elemeants from gallium, proton
numbser 31, to bromine, proton number 35,

(e) By considering the properties of the third Period elemeants aluminium to chlorine, suggest
the identity of the fourth Period elemeant E.

[1]
[Total: 15]
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Paper 2 — Structured questions

Mark scheme
2 (&) S{g)—»S'(g+e

correst equation (1)
ocorect state symbols 1y [2]

{b) from Na to Ar,

alectrons ara added 1o the same shalllhave same shiglding (1)
alectrons ara subjgct to increasing nuckear charga/proton numbear (1]
alectrons ara closer [ the nucleus or atom gats smaller (1 [3]

(e} (i) Mg amd Al
in Mg outermost alectron is n 35 and
in Al outarmost electron is in 3p (1}

3p electron is at higher energy or
is further away from the nucleus or

is more shielded from the nucleus (1)
(il SandP
for 5 ona 3p orbital has paired electrens and
for P 3p sub-shell is singly filled (1)
paired electrons repel (1[4

(d) (i) and i)

alemant Ma Mg Al Sl P S
conductivity high high = moderate o lonwy
malting point [ high — high [y Iy
{1) (1 (1 (1) (1)
one mark for each correct column [5]
le} germanium/Ge 1y  [1]
[Total: 15]

General comment

The first parts of this question asked candidates to show their understanding of first ionisation energy
and of the factors that affect it. This is an important part of the study of periodicity which the more able
candidates had mastered.

Candidates were also asked to show their knowledge of the properties of some of the elements. The less
strong candidates were usually able to score marks in these parts.

Cambridge International AS and A Level Chemistry 9701 19



Paper 2 — Structured questions

Example candidate response — grade A

2 The Periodic Table we currently use is derived directly from that proposed in 1869 by
Mendeleev who had noficed patterns in the physical and chemical properties of the alements

he had studied.
The diagram below shows the first ionisation energies of the first 18 elements of the Perdodic
Table.
25007 He
2000 MNe
l_irsl
homisation 1500 Ar
an'n!rgu.-_F
) mal !Dﬂﬂ] H
{
5004 }
| " =
ﬂ'l'"l""—r R | T T T T T T JE L FP. X
01234867 8 91011121314 15181718

profon number

{a) Give the equation, including state symbals, for the first ionigation enargy of

(b) Explain why there s a general increase in first ionisation energies across the Period

from sodium o argan,
L

onk-.. Thus.. .

A5 v move. trom_sedium.. e argon,,.nuclear..che
succeasively sahile. shielding. e Hesl remains co
effeckive. auclear. .

.ﬁ.ﬂ:}i?....!!'TF..EE‘{}.E'.E....ﬂ.ﬂlﬂ....ﬁlﬁ..nm.l.&u.i.-..ﬂ.’mrﬁ-.m....

fe. Joice. on. the. eleckrans. such. that. cbems @
i and fusl lonsohion ENeTgy  MoTenges

waker. obbms
rodius  decr

(c) (i) EIFIE_IiI.'l why the firsl ionisation energy of magnesium is greater than that of

3. sublevel alse_shields. . the pesitise. chorge.of.. the. oucleus. 1.
qulni-uﬁ"l Such Hiak on Fh'j'_-‘l I'l;-'I:Iuli'F-r‘ e FEMOwe ol rme H! elecbiand i [ers.
(i) Explain why the first ionisation energy of phosphorus is greater than that of sullur.

P17 26" 7 35*31:"?

P SR

ST EE interelectronic  ré
535L5"""" is rtﬂ'S?'l:J cand ionlsobiocn E‘-nnrﬂj It [ower.
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Paper 2 — Structured questions

The lable below refers to the elemenis of the third Period sodium to sulfur and is
incomplate.

. . M s -

|sternant | Na | Mg Al Si P S

|
- L
conductiviy | hish /[ high | fien | 16l | 1o,
melting point |},d | by v {  high h i [ m.g/ lo
- t ' - =
(d) (I} Complete the ‘conductivity' row by using only the words ‘high’, ‘n‘hﬂd&r&éﬂr low”.
(i) Complete the 'melting point’ row by using only the words *high’ or ‘low’. (5]

When Mendeleev published his first Periodic Table, he left gaps for elements that had yet
to be discovered. He also pradicted some of the physical and chemical properties of these
undiscoverad alements.

For one element, E, he correctly predicted the following properties.
melting point of tha elemant high
melting point of the oxide high
baoiling point of tha chioride low

The element E was in the fourth Period and was one of the elements from gallium, proton
number 21, to bromine, proton number 35.

(e) By considering the properties of the thind Period elements aluminium to chlorine, suggest
the identity of the fourth Period element E.

)

EEIHH -umX [1]
[Total; 15]

Examiner comment — grade A

(a) The equation was completely correct.
(b) The candidate gave three different contributory factors in an exemplary answer.

(c) In this answer the electronic configuration of each of the four elements concerned was stated. This
enabled clear explanations to be given in both parts.

(i) The candidate gave a very good explanation in terms of the greater distance from the nucleus of the
3p electron in aluminium.

(ii) By giving the electronic configurations, the reference to the repulsion between a pair of electrons in
sulfur is easy to follow.

(d) The candidate demonstrated a sound knowledge of the properties of the elements but did not know the
conductivity of silicon.

(e) The deduction that element E would be selenium was incorrect.

Cambridge International AS and A Level Chemistry 9701 21



Paper 2 — Structured questions

Example candidate response — grade C

2 The Periodic Table we currently use is derived directly from that proposed in 1869 by
Mendeleev who had noticed patterns in the physical and chemical properties of the elemants

ha had studied,
The diagram below shows the first ionisation energies of the first 18 elements of the Periodic
Tabie.
EEEID'! He
: e
first
e huinia - A
energy
-1
fkd gl 1000 H
5004
Li Ma
b+—— 77T 7 77T 7 T r—r—r—

012345678 9101112131415161718
proten number

(a) Give the equation, including state symbols, for H‘$ first ionisation energy of sulfur.,

-

(b) Explain why there is a general increase in first ionisation energies across the Period
from sodium to argon.

mmmaamh Here . ag&‘m’eﬂ.mm/
Ere fUsh it euengy. shncb b slaROudt. o Bre ceosate
e bt oy, W et LK. sttrackinand.

(e} (i) Explain why the first onisation energy of magnesium is greater than that of

aluminium,
SO b K SO . W Ll £ ) o oY 8
eleckmn o t&f&m&ﬁ fiom._ Heenoagnes) yﬁmﬁum

PR, a5z echibal oloda . agar Iy In. H!L
3p-cridbgl o ulubic %\w&d fir e
MW (ii) Explain why the first ionisation enargy of pl‘H;I-E-pI‘HJﬂ,.IE is greater than that of sulfur,

Wﬁr Lk, J.E!“uh!a'.lhﬁ'). ﬂ/m’w;?ﬂilllﬁuu‘ﬂi I:Emm LJ:'E elecn

W ______ m&'e_tiﬂlit’, ﬂﬂthrﬁmnmcm [4]
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The table below lﬂfﬂ? the elements of the third Period sodium to sulfur and is

incomplete, ¥ / ‘,f' /,

|elam&nt l Na Mg \ Al Si - P 8
|
I
|

cc_mdmtivity L_’“fﬂj’“ bagg b high ‘%ﬁ“ low low
high am low Lo
|

| melting point i low Losal

P

(d) (i} Complete the ‘conductivity' row by using enly the words high', ‘moderate’ or low’.

(i} Complete the ‘melting point’ row by using only the words ‘high' or ‘low’, (5]
When Mendelesv published his first Periedic Table, he left gaps for elements that had yet
lo be discovered. He also predicted some of the physical and chemical properties of these
undiscoverad elements.
For ane element, E, he correctly predicted the following properties,

meaiting point of the element high

melting point of the oxide high

boiling point of thie chiorida [

The element E was in the fourth Pericd and was one of the elements from gallium, proton
number 31, to bromine, proton numbar 35,

{e) By considering the properiies of the third Period elements aluminium to chiorine, suggest

the identity of the fourth Period element E. ;,/
L L
aﬂrmnam ..... [1]
[Total: 15]

Examiner comment — grade C

(a) The equation was wrong with an anion being formed and no state symbols given.

(b) Two correct explanations for the increase in first ionisation energy from Na to Ar were given but the
most obvious one — the increase in proton number — was omitted.

(e) (i) The candidate gave the electronic configurations for both elements and then explained very clearly
why a 3p electron is more easy to remove than a 3s electron.

(ii) In this part however, there were no electronic configurations. The answer included imprecise
phrases in terms of singly filled p orbitals and electrons repelling. This was too general to be given
credit.

(d) The candidate demonstrated a sound knowledge of the properties of the elements but did not know
that magnesium has a high melting point.

(e) The candidate correctly deduced that element E must be germanium.
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Example candidate response — grade E

2 The Periodic Table we currently use is derived directly from thal proposed in 1868 by
Mendeleev who had noticed patterns in the physical and chamical propertias of the alements
he had studied.

The diagram below shows the first lonisation energies of the first 18 elements of the Periodic
Table.

2500+ Ha
2000 Ne

first
ionisation 15004 Ar
enargy

=1
fkdmott | H

500 ]
Li Ma

u T T T T T T f T T T T T 1
0123465678 09101112131415161718
proton mumber
(a) Give the equation, including state symbaols, for the first ionisation energy ol sullur,

I e 2 I 1 - =
Fu

(b) Explain why there is a general increase In first ionisation energies across the Period
from sodlum to argon.

flcrogs the period there is o general inctease in firek

ionisakion enere t;bemrrmﬂfﬂdmmfﬂﬂjﬂ”
hecauf therd'is an increa (e in their neucleon and

gmtunnmﬂbf g#r.5in sther worels sholle increase -

{e) (i) Explain why the first lonisation energy af_magnesium is greater tham that of
dluminium.

i

fiest_ionisation energy. of me ﬂer:wﬂlfjrmiﬂftjmf

th.ﬁ?-'.!?_..Qﬁ__ﬁki!é{ﬂiﬂefﬁ!ﬂ?..hﬁmm..i.,..,sﬁ.!.ﬂ..ﬂl.:.m.n.r'...t.-.:g_f.t_f.t'ggi.-.ﬂi"ﬂ”
PN

is larger
|

{il) Explain why the first ionisation energy of phosphorus is greater than that of sulfur.

Phos Irmusmrrrrtn.vmmmﬂmgqmﬂas
5rmrnrf;hanthatafmlfwdunaﬂﬂﬂmm

.n;’ﬂﬂ'“? mh””ffhdl"ﬂ “l |
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The table below refers to the elements ol the third Period sodium to sulh.lypd is

incomplete. / \ _
R Vi K
element Na Mg | Al Si P g

|
conductivity _“Uﬂlh ! E_‘h ;__.high hlqh low low
melting point LEJ'-JI.LJ | h;qh | high | hh{h (l’[}:‘ﬂfﬂtp—j'ﬂu:’
A < ot el s ot
{d) (i) Complete the ‘conductivity’ row by using only tha words ‘high', ‘moderale’ or low’,
(i) Complete the ‘melting point’' row by using only the words *high’ or low’. [5]

When Mendeleev published his first Periodic Table, he left gaps for elemenis that had yat
o be discovered. He also predicted some of the physical and chamical propertias of thasa
undiscovered elements.

For one element, E, he correctly pradicted the following properties.
melting point of tha elemeant high
malting point of the oxide high
boiling paint of the chionde low

The element E was in the fourth Pariod and was one of the elemants from gallium, profon
number 31, to bromine, proton number 35,

(e) By considering the properties of the third Period elements aluminium to chlonine, suggest
the identity of the fourth Period elemeant E.

Grermanium g

[Total: 15]

Examiner comment — grade E

(a) The equation was correct but did not include the required state symbols.

(b) The candidate rewrote the question before describing the increase in proton number from Na to Ar. No
other contributory factors were given in this three mark question.

(c) No electronic configurations were given in either part. The first section of each answer consisted of
rewriting the question for which no credit is given. The explanations that followed were vague and

received no credit.

(d) Reasonable knowledge of the properties of the elements was shown with three of them being correctly
described. However, the candidate did not read the question carefully and put ‘moderate’ in the ‘melting
point’ row rather than the ‘conductivity’ row as the question expected.

(e) The candidate correctly deduced that element E must be germanium.
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26

Question 3

3

For some chemical reactions, such as the thermal decompostion of potassium
hydrogencarbonate, KHCO,,, the enthalpy change of reaction cannot be measured directly.

In such cases, the use of Hess' Law enables the enthalpy change of reaction to be calculated
from the enthalpy changes of other reactions.

(a) State Hess'Law.

- [2]

In order to determine the anthalpy change for the thermal decomposition of potassium
hydrogencarbonate, two separate experiments wera camed out.

experiment 1

30.0cm? of 2.00mal dm™ hydrochloric acid (an axcess) was placed in a conical flask and the
temperature recordad as 21 .0°C.

When 0.0200mol of potassium carbonate, K,CO,, was added to the acid and the midure
stirred with a thermometer, the maximum temperature recorded was 26.2°C.

(b) (i) Construct a balanced equation for this reaction.

(ii} Calculate the quantity of heat produced in experiment 1, staling your units.
Use relevant data from the Dafa Booklet and assume that all solutions have the
same specific heat capacity as water.

(iii) Use your answer to (i} to calculate the enthalpy change per mole of KGO,
Give your answer in kJ mol™? and includa a sign in your answear.

(iv}) Explain why the hydrochloric acid must be in an excess.

.. [4]
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experiment 2

The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCO,,.
All other conditions were the same.

In the second expariment, the temperature fell from 21.0°C to 17.3°C.

(e) (i) Construct a balanced equation for this reaction.

(ii) Calculate the quantity of heat absorbed in experiment 2.

(iii) Use your answer to (i} io calculate the enthalpy change per mole of KHCO,,
Give your answer in k) mol™! and include a sign in your answer.

[3]
(d) When KHCO, is heated, it decomposes into K,CO,, CO, and H,O.
2KHCO, = K,CO, + CO, + H.O
Lisa Hess' Law and your answears to (b)iii) and (e){iii) to calculate the enthalpy change

for this reaction.
Give your answer in kJ mol™ and include a sign in your answer.

[2]
[Total: 11]
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28

Mark scheme

3 (a)} the overall enthalpy changefenergy change/AH for a reaction

is independant of the route taken or
is independent of the number of staps involved
provided the initial and final conditions are the same

(b} (i)
(i)

(iv)

(e} (i)
(i)

(i)

KOO, + 2HCT —» ZKCI+ HO + CO;

heat produced=m=c= 4T =300 =4 18= 52
= 652 .08 J par 0.0200 mol of K;CO4

0.020 mol K;C0,= 652.08 J

1 mol K;C0y = 652.08 = 1 = 32604 J
0.0200

anthalpy change = -32.60 kJmol™'

to prevent the formation of KHCO, or
o ensura complate neutralisation
KHCO, + HCI —» KCT + H0 + CO;

heat absorbed=m > cx 4T =300 =418 = 3.7
=463.98 J per 0.0200 mol of KHCO,

0.020 mol KHCO, = 463.98 J

1 mol KHCO; = 463,98 x 1= 23188 J
0. 020

anthalpy change = +23.20 kJmol™’

(d) AH =2 = (+23.20} - (-32.60) = +72.00 kJ mol™’

General comment

Answering thermochemical questions correctly requires candidates to use a rigorous approach in which
great care is taken with units and with signs. It is the ability to do this that distinguishes the best answers

from the rest.

(1)

(1 2

(1)

(1)

(1)

(1) [4]

(1)

(1} [

(2)y [2]
[Total: 11]

Those candidates who were unable to carry out the calculations correctly were usually able to gain credit in
most of the other parts of the question.
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Example candidate response — grade A

3 For some chemical reactions, such as the thermal decomposition of potassium
hydrogencarbonate, KHCO.,,. the enthalpy change of reaction cannot be measured directly.

In such cases, the use of Hess' Law enables the enthalpy change of reaction 1o be calculated
from the enthalpy changes of other reactions.

(@) State Hess'Law.
ekt of My gafts ] k(. ki, mw-t ok b

paitied o Brol | fcibions ove.. h"l Joox So My v

bedtpandpat A e oubl Talisne bt degoncds w he  turtied s
In order to determine the enthalpy change for the thermal decomposition of potassium
hydrogencarbonate, two separate axperimeants wera carried out

experiment 1

30.0em? of 2.00 moldm=2 hydm:hlarm a::.ln‘ {an excess) was placed in a conical flask and the
lemperature recorded as 21.0°C. k¥

When 0.0200 mal of potassium carbonate, K,CO,, was added to the acid and the mixiure
stirred with a thermometer, the maximurm lamperalure recorded was 26.2°C.

(b} (I} Consiruct a balanced aquation for this reaction,

CAHCL b Walo,  —> kel + o ko Mgl

oy

(i) Calculate the quantity of heat produced in experiment 1, slating your units.
Use relevant data from the Data Booklet and assuma thatl all solutions have the
same specific heal capacity as water.

& = McaT
= 3002 40 ¢ (16 v - 2ke)

2 (5u0eT - (5T & ()

(ili) Use your answer to (ii) to calculate the mthﬂlpg.r chang& per mole of K,CO.
Give your answer in kJ mol™" and include a sign in your answer,

l'ﬁ-H T - fl;'lmur _ --"i_lnl‘ﬂ"f:}- /
g drel & _}LLHT

(iv) Explain why tha hydrochloric acid must be in an excess.

G b twua Dot ot b k.00 W

. [4]
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experiment 2

The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCOQ,,.
All other conditions weara the same.

In the second experiment, the lemperature fell from 21.0°C to 17.3°C.

(e} (i) Construct a balanced equation for this reaction. 3

(i} Calculate the quantity of heat absorbed in experiment 2.
G:meaT
= Yo 0 t HIE » ("L:-n— |~1-5]
= e T = HiyT 4&—

(i) Use your answer to (ii) to calculate the enthalpy change per mole of KHCO,,.
Give your answer in kJ mol™ and include a sign in your answer.

AH - t Hb3as

o oLep :
= 43199 ™ 2 41302 T 4= 3

(d) When KHCO, is heated, it decompases into K,CO,, CO, and H,0.
2KHCO, — K,CO, + CO, + H,0

Use Hess' Law and your answers to (b)(iil) and (e)(ill) 1o calculate the enthalpy change
for this reaction.

Give your answer in kJ mol™' and include a sign in your answer.

.f';r:u b Lk, — 55 ko005t (9t HaO K.JIHE,L
-. . 2
SR
mH.;\J- L BH = - 31 G M
b 1LY.1ay
*q. WOl +1H 0 +1(0,
2]
ﬂHr + -l':l”.,_ * AH1 [Total: 11]

AN, - AH - AH. |

- saptaexa - (~326)
O s BT

= Y A0k Ta " —
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Examiner comment — grade A

(a) The definition was fully correct.
(b) All four parts were correctly answered, the calculation being done in an exemplary manner.
(i) This part was answered correctly.

(if) The candidate used the expression enthalpy change = mcAT correctly and gave the answer in the
correct unit, J, which comes from the units for the specific heat capacity of water, given in the Data
Booklet.

(iii) The calculation used the answer to part (ii) correctly and the final answer, which contained the
correct sign, was given in kJ mol=" as required.

(iv) The candidate received full marks for this answer.
(c) All three parts were answered to the same standard as those in part (b).

(d) This calculation was very clearly carried out, with Hess" Law being applied correctly. The final answer
contained the correct sign and units, as required.
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Example candidate response — grade C

3 For some chemical reaclions, such as the thermal decomposition of potassium
hydrogencarbonate, KHCO,, the enthalpy change of reachion cannot be measured directly.

In such cases, the use of Hess' Law enables the enthalpy change of reaction to be calculated
from the enthalpy changes of other reactions.

(a) State Hess'Law.
LHeeo! Law o ckabes  Ehok  tHhe overdll enkphalpy

Lthanue. 15 tonttame armd not dependant on.

""" v’f

Jthe voute: bFaxen provided the nivigl.ond .. @

Final stases are the <ame -
In order to determine the enthalpy change for the thermal decomposition of potassium
hydrogencarbonate, two separate experiments were carried out.

experiment 1

30.0cm? of 2.00moldm™ hydrochioric acid (an excess) was placed in a conical flask and the
temperature recorded as 21.0°C.

When 0.0200 mol of potassium carbonate, K,CO,, was added 1o the acid and the mixture
stired with a thermometer, the maximum temperature recorded was 26.2°C. ‘/

(b) (i) Construct a balanced eguation for this reactan.
bl e SHG,  ToF eL T S ARl

(i) Calculate the guantity of heat produced in experiment 1, stating your units.
Usa ralevant data from the Data Bookiet and assume that all solutions have the
sama specific heal capacity as water.
AH : mcA® el
ap X UIE X (LRaer 26 2+ 21°0) v

- q28AAqE-3 652 08 7

(iii) Use your answer to (i) to calculate the a|'|l11|=11|::|1_.I t:hanga per mole of K,CO,,
Give your answer in kJ mol™' and include a sign in your answer.

0-0200 mol pwduus 65204 1
" mo? T AN

0 0200 i;‘;’_;‘"’f‘"

(v} Explain why the hydrochloric acid must be in an excess.
S0 ay ko be aplg ko e able to cajculate

Lenenolpd  change | woikh | respect ko number 4
of moles of ¥a(0s A
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experiment 2

The experiment was repeated with 0.0200 mol of potassium hydrogencarbanata, KHCO,.
All othar conditions were the sama.

In the second experimant, the temperature fell from 21.0°C o 17.3°C.

(e) (i) Construct a balanced equation for this reaction. v
D7 WO v MCl  —> kol o+ (0,1 M0
fii} Calculate the guantity of I‘laa\’t absorbed in experiment 2.
AH :3&I¢I-1Elf2]ﬂ-—l‘l'3} '/
- 463 9§

(iil) Use your answer to (ii) to calculate the enthalpy F:ha.ng& per male ol KHCO,,.
Give your answer in kJ mol~* and include a sign in your answar.

0-0200 mol KHL(Oz; —> 463 98 1
| mol kH(Os —s 463 98 /

o-c200 -

:(Faza wamert 5 8,
(d) When KHCO, is heated, it decomposes into K,CO,, CO_ and H,0.

2ZKHCO, —* K;,C0, + CO, + HO
Use Hess' Law and your answers to (b){ill) and (c){iii) to calculate the enthalpy change

for this reaction. .
Give your answer in kJ mol™ and include a sign in your answer.

(2]
[Total: 11]

-23.2
- KH(O; 4 HOl 5 keI 4 (0, + Hapy

o
b )

K200 + HC)

ﬁ”?*-ﬂ : AH +32.6
n  AH = -552 pimol-!

L

| el
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Examiner comment — grade C

(a) The definition was correct.

(b)

(c)

(d)

In this part, and also in part (c), the answer was affected by errors in the calculations.
(i) This was correctly answered.

(if) The candidate used the expression enthalpy change = mcAT correctly and gave the answer in the
correct units.

(ifi) This answer was numerically correct but the sign for this exothermic reaction was + which was
incorrect. However, the candidate did give the final answer in kJ mol-', as required.

(iv) The answer here suggests that the candidate did not understand that all of the K,CO, must be
reacted in order to be able to calculate the enthalpy change per mole of K,CO..

The answers to this part were very similar to those in part (b). In part (iii), the answer was numerically
correct, with the correct units but had been given the wrong sign.

In the final calculation the candidate did not correctly use the equation
2KHCO, —» K,CO, + CO, + H,O
which was given in the question. As a result, the term -23.2 was not multiplied by 2.

Apart from this mistake, the application of Hess' Law was correctly carried out for the candidate's
answers to parts (b)(iii) and (c¢)(iii) and some credit was given.
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Example candidate response — grade E

3 For some chemical reactions, such as the thermal decomposition of polassium
hydrogencarbonate, KHCO,, the enthalpy change of reaction cannot be measurad directly.

In such cases, the use of Hess' Law enables the enthalpy change of reaction to be calculated
from the enthalpy changes of other reactions.

(a) State Hass'Law.

.:155.:‘5...an...sthh__mmnlp@.;mm& quﬂ--m‘mnn_is....

independent on. e, reak na..muwi:dad.mh.mi..,.,.---.-...
coind. final. tonditions.. afe. 18 SAMEN. ..ovvcren i 2

In order to determine the enthalpy change for the thermal decomposition o potassium
hydragencarbonate, two separate experimants were carmied out,

+ 2Bcl —& [EcL 4 Co; ¢ HL O

30.0cm? of 2.00maldm™ hydrochioric acid (an excess) was placed in a conical flask and the
temparature recorded as 21.0°C.

When 0.0200mol of potassium carbonate, K,CO,, was added to the acid and the mixture
slirred with a thermometer, the maximum temperature recordad was 26.2°C.

b) (i) Construct a balanced equation for this reaction.

Khtert—aet T . Mg A

{liy Calculate the quantity of heal produced in experiment 1, stating your units.
Lisa ralevant data from the Data Booklet and assume that all solutions have the

game specific heat capacity as watar,
. 'f ol of 200 % 0'0d Hesk Fmdﬂﬂi: @ KLY 1BHRG.Q
____HEL :ﬁ-ﬁﬁﬂ"ﬂ{ - 1'3531 EJ X
Increuw in femp = 5.3° -

{iii) Use your answer to (ii) to calculate the enthalpy change per mole of K,CO,,
Give your answer in kJ mol™ and inciude a sign in your answer.

o086 mel Prm-iuce.s (304 ET enmrgy . A

A Aol Prﬂ-d'u.ff..s L‘Eﬂ'ﬂ x| =T ull‘g:’. E":_F
cob =1 438ET|mol

£ N—_—

{iv) Explain why the hydrochloric acid must be in an excess.

Mrampm%\mﬁumd (4]
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experiment 2
The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCO,,
All ather conditions were the same.

In the second experiment, the temperature fell from 21.0°C 1o 17.3°C.

{c) {i) Consiruct a balanced equation for this reaction.

RKHO; el 2. el +dH, 0 42

(i) Calculate the quantity of heat absorbed in experiment 2,
k‘f-ecd‘ absoi bee] - w- w15 5.0

K= 00306933 ey S

(iii) Use your answer to (ii) to calculate the enthalpy change per mole of KHCO,,
Give your answer in kJ mol™" and include a sign in your answer,

0:0loc pel 5 0-030932 1]
| md —1 6-030433

=N ..LI:.‘-D X 3
=415 446 Ff:‘f”"*“" H
(d) When KHCO, is heated, it decomposes into K,C0,, CO, and H,O.

2KHCO, —» K,CO, + CO, + H,0

Use Hess' Law and your answers to (b)(iii) and (e)iii) to calculate the enthalpy change
for this reaction.
Give your answer in kJ mol~' and include a sign in your answer.

X

QxkH©3 —1> kK €03 + 00y + H,0 2]

_m.'ﬁxﬂ /35*#55
.

[Total: 11]
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Examiner comment — grade E

(a) The definition was correct.
(b) (i) There was a simple error in the first formula in the equation which was otherwise correct.

(if) The candidate did not use the expression enthalpy change = mcAT correctly, the 30.0 cm?® of
2.00 mol dm~3HCI being converted into the number of moles present rather than their mass in g.
The units were given as kJ rather than J.

(iii) In this part, the candidate mistook the number of moles of K,CO, given in the question (0.0200) for
the number of moles of HCl calculated in part (ii).

(iv) This was correctly answered.
(c) (i) This was correctly answered.

(ii) As in part (b)(ii), the mass used in the expression enthalpy change = mcAT was incorrect, being the
number of moles of KHCO,. Once again, the answer was in kJ rather than J.

(iii) The candidate attempted to carry out the correct process using the answer from part (¢)(ii) but
divided it by 0.200 rather than 0.0200.

(d) The candidate did not correctly apply Hess' Law. Despite the inclusion of the equation towards the end

of the answer, the candidate did not multiply the answer 15.466 by 2 and subtracted the two calculated
values incorrectly.
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Question 4
4 But-1-ene, CHCH,CH=CH,, is an important compound in the petrochemical indusiry,
(a8) Some reactions of bul-1-ene are given below,

In each empty box, drasw the structural formula of the organic compound formad.

CH,CH,CH=CH,

Moy~ FH*
hot, concenirated

M,/ H*
ek, dilufe

-E.‘erII-?E'.'H‘
haald undar rellux

W
5]
{b) Compound T reacts with compound LU,
Cwvaw the displayed formula of the organic product of this reaction.
2]
[Totak 7]
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Mark scheme

4 (a)
% T3t P
hal, concantralad
CHCH.CH.CH.OH MO, H’
cald, dilute GHLCH G 0:H
or
CHLCHCHIOHKCH,,
U
T ¥
CHyCH:CHIOHICHLOH

1

EF&D?LIH+

heat under reflux

CHCH.COCO.H
w

comect T (1)
comact U (1)
comrect ¥ (1)
corect > CO group in W (1)
comect ~CO:H group in W (1} [5]
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(b) T+U
e o
H-G-¢-C_ H H H I
Hi Se ey
HHHH
ar
HH o
1 1 )
1Ty
H ‘F—Em—l::
~c., HH
H M

comect structures
comectly displayed ester group

General comment

Knowledge of the important reactions of a number of organic compounds was tested in this question.
Those candidates who had learned the relevant chemistry were usually able to apply their knowledge here

and gain credit for it.
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Example candidate response — grade A
4 But-1-ene, CH,CH,CH=CH,, is an important compound in the petrochemical industry.

(a) Some reactions of but-1-gne are given below.

In each empty box, draw the structural formula of the organic compound lormed.

CHAGH,CH=CH;

MnQ,~/H*
hot, concentrated

MO,/ H*
cold, dilute

LH.!I (H, CooH

CH, i, tH o) CHy /
T / '

| e

LW CH, Cripn) (o, ov /

Cr, 0.7 /H*
heat under reflux

(H, LH, Lotoo M/7

W

[5]
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{(b) Compound T reacts with compound U.

Draw the displayed formula of the organic product of this reaction.

[2]
[ Total: 7]

Examiner comment — grade A

(a) This was an exemplary answer, each structure being drawn very clearly.

(b) This fully correct answer matches the candidate’'s compounds T and U.
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Example candidate response — grade C
4 But-1-ene, CH,CH,CH=CH,, s an important compound in the petrochemical industiry.

{a) Some reactions of but-1-ane are given below.

Paper 2 — Structured questions

In each empty box, draw the structural formula of the organic compound formed.

C
{hjfﬂd 1H l'.HIL
o

T

CHyCH,CH=CH,

MnO,~ IH*
cald, diluto

MnO,~/H*
hat, concentrated

LA CHEH M) Cn, oM

v’

v

Cr,0,2 /H*

heat under reflux

x
Ch, O CHIGY WO H

W

[51
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(b) Compound T reacts with compound U,

Draw the displayed formula of the organic product of this reaction.

{:ij_hl::'l:l, CH, + O o oM
OH \‘
il
(=]

- .
CH,(H c-o- 3
H‘f i - th_ Chl{ hlihj . o HLEJ' [2]

X [Total: 7]

R e m T

baged ea |

Examiner comment — grade C

(a) This answer was largely correct with compound W showing one error.

(b) The ester group was fully displayed but the compound could not have been produced from the
candidate’'s compounds T and U.
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Example candidate response — grade E
4 But-1-ene, CH,CH,CH=CH,, is an important compound in the petrochemical industry,

(a) Soma reactions of but-1-ene are given below.

In each empty box, draw the structural formula of the crganic mﬂ'lpﬁ:.!flﬂ formed.
VR %

-

GH4CH,CH=CH, i aeit =arm €

H,O(g)
H;PO, catalyst

MnQ,~/H*
hot, concentrated

MnO,~/H*
cold, dilute
H o W
II|I 1 I W r ' ﬂl'l 3
H"'PT";“‘xH ¢ H‘-‘i—c‘-c = q
vy : - »
T Y u
p M by
i r i i
i G ~Ll /
H uw OU oH
v
Cro021H*

heat under reflux

pbeute] Cheaned

(5]
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() Compound T reacts with compound U,

Draw the displayed formula of the organic product of this reaction.

(2]
o %HH [Total: 7]

Examiner comment — grade E

(a) In this answer the candidate showed limited knowledge of the reactions concerned.

(b) The ester group was fully displayed but the compound could not have been produced from the
candidate’'s compounds T and U.
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Question 5

§ Astronomers using modemn telescopes of varous types have found many molecules in
the dust clouds in space. Many of these molecules are those of organic compounds and
astronomers constantly look for evidence that amino acids such as aminoethanoic acid,
H.MCH,CO,H, are presant.

One molacule that has been found in the dust clouds is hydroxyethanal, HOCH,CHO.
(a) Hydroxyethanal contains two functional groups.

() Mame, as fully as you can, each of the functional groups present in
hydrosyethanal.

(i) For each functional group, identify a reagent that will react with this group and not
react with the other functional group presant.
In each case, describe what would be observed when this reaction is carmied out.
functional group 1  raagent . ... e
OBSOMVATION. ...
functional group 2 magent ...
ORI i i i e e [7]

(b) Give the skeletal formulaa of the organic compounds formed when hydroxyethanal is
reactad separataly with the following.

(i) MNaBH,

(i) GEEEIE'IH* under reflux conditions

[2]
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In & school or college laboratory, it is possible to convert a sample of hydroxyethanal
into aminoathanoic acid in a three-step process,

HOCH,CHO __=®! . X _ w2 _ y _ sw3 . HNCH,COH

By considering the possible reactions of the functional groups presant in hydroxyethanal,
you are lo deduce a possible roule for this conversion,

(e} (i) Inthe boxes below, draw the structural formulae of your suggested intermediates X
and Y,

(ii} State the reagents for each of the three steps you have chosean.

21 [ T [5]
[Total: 14]
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Paper 2 — Structured questions

5 (a) () 1 prmary (1)
alcohol not hydrosxyl (1)
2 aldehyde not carbonyl (1)
(i)
test 1
reagant Ma PCL/IPCEPBr; RCO;HH"
observation | gas/Hileffarvescence/ HCHHEr fruity smell
fizzing steamy fumes
test 2
reagent Tolens' reagent Fehling’s reagent 2 4-dinitro-
phenylhydrazine
observation Ag mirrorfsibver brick-red ppt orange'radiyallow
black ppt rad ppt pptisolid
(4) [7]

only award the observation mark If reagent is corract
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(b} iy
—.‘.'i_
i)
o]
OoH
HﬂJ\n’
0 ()@
5 e
I starting first intermadiais second intermedials third final
compound | reagent x reagent Y reagent COmpound
KaCraOH
PChL KMnOyH"
PCh EMRD OH™
AN | HOCHCHO 800 CICH,CHO Tollens' or CICHLCO,H MH: HMCHC0H
ate. Fehling's
reagents
KaGraOaH
KMnOH"
HBr KMnO OH-
Al2 | HOCH,CHO PiBry BrCH.CHO Tollens' o BrCH,COH BH; HMCHCO0H
ete. Fahling's
reagents
K O H”
PCL KMnOyH
PCk KM O /O
Bi1 |HOCH,CHO | o | GICH,CHO MNH, HNCH,CHO | "2 o8 © | HNCH;COH
et Fehiling's
reagenmts
K CrOnH
HE KMnCH"
: KMnOy/OH
B/2 |HOCH,CHO | PBr, | BrCH,CHO MH, HMNCH,CHO | "0 -4 " | H:NCH,COH
W Fehling's
reagents
Tolkens'
i g KBrfoons.
C | HOCHCHO Fehling's HOCH;CO:H H:S0, BreHCO:H MH H:MCH:CO:H
reagents
mark (1) (1] (1) (1) i)
151
[Total: 14]

General comment

The ability to use knowledge of some organic compounds and reactions was tested in this question. Those
candidates who were able to apply the relevant chemistry usually scored well in this question. However,
many candidates struggled to draw the two skeletal formulae.
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Example candidate response — grade A

5 Astronomers using modern telescopes of various types have found many moleculss in
the dust clouds in space. Many of these molecules are those of organic compounds and
astronomers constantly look for evidence that amino acids such as aminoethanoic acid,
H NCH,CO,H, are present.

One molecule that has been found in the dust clouds is hydroxyethanal, HOCH,CHO.
(a) Hydroxyethanal contains two functional groups.

(I} MName, as fully as you can, each of the functional groups present in
hydroxyethanal.

1ranﬂ.rj ..... afmf»ﬂ‘b/"///
2.0l d#_]«jrdn_

{Il) For each functional group, identify a reagent that will react with this group and nol

react with the other functional group present.

In each case, describe what would be observed when this reaction is caied out,

functional group 1 reagent E-Dt[.-':‘.{m .
nhsarl.laliun..ij.[ }KZ.KH'E.[E e, DA s

functional group 2  reagent ..., 4djlﬂnbﬂﬂ1nyi@dtﬂﬂm
chservation... .. .Orare. ore I f:ﬂh 7l

i e

(b) Give the skeletal formulag of the organic compounds formed when hydroxyathanal is
reacted separately with the following.

(i) NaBH,

" N v

OH

(i) Cr,0.2VH* under reflux conditions

2
wooc~" CooH 2l
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In & school or college laboratory, it is possible to convert a sample of hydroxyethanal
into amincethanoic acid in a three-siep process.

HOCH,CHO _ %01 _ x  ses2 _ y _ sepd _ | NCHCOH

By considermg the possible reactions of the functional groups presant in mydroxyethanal,
you are to deduce a possible route for this comvarsion.

(e) (i) Inthe boxes below, draw the structural lormulae of your suggested intermediates X
and Y.

CIEHJQH{}/ BNCHHD

X ¥

3
ORI it & P v
mzéﬁ%%mﬂhﬂhd..mﬁﬂiﬂ
st&p&,tFﬂ!:ﬂ.ﬂiﬂndAC}'U’m {V'} l/ (5]

[Total; 14]

Examiner comment — grade A

(a) This was an exemplary answer.
(b) (i) This skeletal formula was correct.

(i) In this skeletal formula the compound incorrectly contained three carbon atoms. The carboxyl
groups were also incorrectly portrayed.

(c) This was another exemplary answer with both intermediates being suitable. In addition, the reagents
were described in sufficient detail to be given full credit.
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Example candidate response — grade C

§ Astronomers using modern telescopes ol various types have found many molecules in
the dust clouds in space. Many of these molecules are those of organic compounds and
astronomers constantly look for evidence thal amino acids such as aminoethanoic acid,
HNCH,CO,H, are present,

One molecule that has been found in the dust clouds is hydroxyethanal, H{EGHEEHD.

{a) Hydroxyethanal contains two functional groups. hn {I' - g
(i) Mame, as fully as you can, esach ol ihe functional groups present in
hydroxyathanal. T
A 7
1Ejmwﬁtﬂlﬁﬂkﬁﬁyum“m“m““.m"“ 2 il o j:,

o BNdade L

(li) For each functional group, identify a reagent that will react with this group and not
react with the other functional group presant.
In each case, describe what would be observed when this reaction is carried out.

functional group 1 reagent ? arnss 1'J-'-~l¢*‘thmmqk
observation. LS\Gu ... LY

functional group 2 magant......ﬂﬁl"ﬁ.ﬂﬁﬁ-:..ﬁ... :
observation..... sV EL. W

{b) Give the skeletal formulae of the organic compounds formed when hydroxyethanal is
reacted separately with the following.

(2
+Hﬂ|" E}\/\ \ ;_."'r
X I. .IIII
£

() NaBH,

(i) Cr,0,%H* under reflux conditions

/ lo

7 A% 2l
Y X
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In & school or college laboratory, it is possible to convert a sampie of hydroxyethanal
into aminoathanoic acid in a three-step process.

HﬂGHﬂﬂHG &g - X Blap 2 L) shap 3 HEI"I'CHEC‘G?H

By considering the possible reactions of the functional groups present in hydroxyethanal,
you are 1o deduce a possible roule for this conversion,

{e) (i} Inthe boxes below, draw the structural formulae of your suggested intermediates X
and ¥,

Examiner comment — grade C

(a) (i) Both functional groups were correctly and fully identified.

(if) The reagent suggested for identifying the primary alcohol would react with both functional groups
present in hydroxyethanal. The reagent and observation for the aldehyde group were correct.

(b) Neither skeletal formula was correct. The first one incorrectly contained three carbon atoms and the
second one four, rather than the correct number, two.

(c) The suggested route would be possible and the reagents were identified with sufficient detail to be
given full credit.
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Example candidate response — grade E

5§ Astronomers using modern telescopes of various types have found many molecules in
the dust clouds in space. Many of these molecules are those of organic compounds and
astronomers constantly look for evidence thal amino acids such as aminoethanoic acid,
H.NCH,CO.H, are present, -

One modecule that has baen found in the dust clouds is hydroxyethanal, HOCH,CHO.
(a) Hydroxyethanal contains two functional groups.

(i) Mame, as fully as you can, each of the funclional groups present in
hydroxyethanal. /

Vs, LT TS UL S D)
(ii) For each functional group, identify a reagent thal will react with this group and not

react with the other functional group present.
In each case, describe what would be cbserved when this reaction i carrled out.

functional group 1 reagent #"J,'-'-Hwh’ll"'f‘”‘"ﬁ'al K
nbmatiun.......Le'-.{l"':«ﬁ'.l.hf.....k‘. | R S
f i
functional group 2 reagent ... 2, . RSEE /
nhsawal]un..-.-E-.EM_!}-‘.....Fr.f..t..-.afhﬁr-:-.@.{.-...... [7]
(b) Give the skeletal formulae of the organic compounds formed when hydroxyethanal is
reacted separalaly with the following.
() NaBH,

[+
' 1]
0

(ii) Cr,0,2H* under reflux conditions

N 4

1 [2]
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In a school or collage laboratory, it is possible to convert a sample of hydroxyethanal
into aminoethanoic acid in a three-step process.

HOCH,CHO _ s®! _ x =2 _y _ swd _ HNCH,COH

By considering the possible reactions of the functional groups present in hydroxyathanal,
you are to deduce a possible route for this conversion.

(¢) () Inthe boxes below, draw the structural formulae of your suggested intermediates X

and Y.
H1PLHLHG
H-%H-FE'H—;'L%/( ij'iﬂim':’/

{ii} State the reagents for each of the three steps you have chosen.

step 1..... MR B e itldma)....
step E‘......-,,‘.!T.','ﬁ".'.Hﬁ.------.-._-
step BF{"'-""&'G'H,J."E‘ (5]

[Total: 14]

Examiner comment —grade E

(a) (i) While the two functional groups were correct, the candidate did not state that the alcohol is primary.

(if) The reagent suggested for identifying the alcohol would not react with either of the functional groups

present in hydroxyethanal. The reagent and observation for the aldehyde group were correct.

(b) Neither skeletal formula was correct. The first one contained four carbon atoms and the second one

three, rather than the correct number, two.

(c) (i) The candidate’s compound X had an incorrect structural formula and was not given credit. Compound

Y was given credit because it can be oxidised to aminoethanoic acid.

(ii) The reagents for steps 1 and 2 were incorrect. For the oxidation in step 3 the KMnO, must be
acidified. The candidate did not state this and the answer was not given any credit.

56 Cambridge International AS and A Level Chemistry 9701



Paper 3 — Advanced practical skills

Paper 3 - Advanced practical skills

Question 1(a)

1 You are to determine the enthalpy change of neutralisation of hydrochloric acid by agueous o
sodium hydroxide and also the concantration of the aqueous sodium hydroxide. Thesa can be | swnnes
found by measuring the lemperalure change when solutions of the acid and alkali are mixed, by

FA 1 is agqueous sodium hydroxide, NaOH.
FA 2 is 2.00 mol dm~ hydrechloric acid, HCL

(a) Method
*  Fill a burette with FA 1. [Care: FA 1 is corrosive]
*  Support the plastic cup in a 250cm® beaker,
*  Use a measuring cylinder to transfer 25cm® of FA 2 inlo a 100cm? beaker,
»  Use a measuring cylinder lo add 35em?® of distilled water 1o the acid in the beaker.

Maasure and record, in the lable balow, the initial lemperature of the mixure in the
beaker.

Fun 5.0em? of FA 1 from the buretle inta the plastic cup.

Add the mixture of acid and water from the 100cm® beaker 1o the FA 1 in the plastic
CUp.

Stir carafully and measure the highest temperature obtained.

Record this temperature in the lable.

Rinse the plastic cup with wate,

Repeat the experiment using 25cm® of FA 2, 30cm® of distilled water and 10.0cm?
of FA 1 as shown for experiment 2 in the lable,

Carry oul expariments 3 1o T in tha samea way,

*  Complata the tabla for sach exparimeant.

- & F & -

Results
| |
experiment mimber [ 1 2 3 4 5 6 T
volume of FA 2 / cm? 25 25 25 25 25 25 25 g
volume of water / cm? 35 (30 | 25 | 20 | 15 | 10 | & a
volume of FA 1/ em® ' 50 | 100 | 150 | 200 | 25.0 | 300 | 35.0 IV
initial lemparature of acid mixture / °C | v
highest temperatura [ “C vi|
temperature change / "C _ = VIl
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Mark scheme

Award V1 for the experment 3 temperatura nse within
1.0°C of supervisor.

Question | Sectlons Indicative material Mark
1 (a) FDO 1 Thermometer readings for all expariments 1
Recording recordad to 0.0 or 0.56°C.
(Al least one recorded to 0.5°C.)
ACE I Calculation of all temperature changes corract 1
Interpretation
MMO Quality | Award I11 for a temperature rise followed by constant 1
temperature (within 0.5°C).
Award IV and v for a maximum rige within §.5°C of 1
BUPEMVisor,
Award IV for a maximum rize within 1.0°C of 1
SUpErIsor,
Award V1 and Y1l for the expenment 3 temperaturs 1
rise within 0.5°C of supearvisor.
1

[7]

General comment

In the examples for this paper, separate candidates may have been used for each question part therefore
answers may not necessarily follow on from previous example candidate responses for that grade.

Almost all candidates completed the seven experiments and were able to calculate the rise in temperature
correctly. However, some weaker candidates read the thermometer incorrectly (2.00 °C instead of 20.0 °C)

and a large number did not record the thermometer readings to the expected level of precision. Good

candidates achieved the expected constant temperature rise in the latter experiments. Weaker candidates,
who are likely to have carried out a thermometric titration which produces a drop in temperature after the

end point is reached, did not achieve this. Generally the accuracy marks tended to be Centre dependent

although there were good results from individual candidates where others from the Centre had performed
poorly. However, the majority of candidates gained at least three out of the five accuracy marks available.
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Example candidate response — grade A

1 You are to determine the enthalpy change of neutralisation of hydrochloric acid by aqueous |
sodium hydroxide and also the concentration of the agueous sodium hydroxide. These can DB | Enmnery
found by measuring the temperature change when solutions of the acid and alkali are mixed. Ll

FA 1 Is aquecus sodium hydroxide, MaOH.
FA 2 is 2.00moldm™ hydrochlaric acid, HGL

(a) Method

Fill & burette with FA 1. [Care: FA 1 is corrosive]

Support the plastic cup in a 250cm” baaker.

Use a measuring cylinder to fransfer 25cm® of FA 2 info a 100 cm?® beakar.

Use a measuring cylinder to add 35cm?® of disiilled water 1o the acid in the baaker.
Measura and record, in the table below, the initial temperature of the mixture in the
beaker.

*»  RAun 5.0em? of FA 1 from the buratte into the plastic cup.

= Add the midure of acid and water from the 100cm® beaker to the FA 1 in the plastic
cu

Eli?-uamrully and maasure tha highest lemperature obtalned.

Record this temparature in tha table.

Ringe the plastic cup with watear.

Repeat the experiment using 25cm? of FA 2, 30cm? of distilled water and 10.0cm?
of FA 1 as shown for experiment 2 in the tabla.

#  Carry out experimants 3 to 7 in the same way

+  Complete the table for each expariment.

Results
. 1 V]
axpariment number 1 2 3 4 | 5 (-] T
'|.I'I:||IJI'I'IE-II'.'I-! FA 2/ em? 25 25 25 25 25 25 25 H J
volume of water / cm? | a5 | 30|25 |20 15 ] 10| s it v/
volume of FA1/em® 50 | 100 150 [ 200 | 250 | 30.0 | 3s.0 v,
initial temperature of acid mixtura / °C 9.0 [28-0 | 230 |28-0 | 2890 [F3.0 280 il ¥ 2
highest temperature / °C 20 5:33. S‘.,I_i',ﬂ--.'ltl,l 39,0 39.0. pg.0 .| 390 Vi
temperature change / "G—. 24 | 5.8 190 [11-0] pof o | iied vit| /]
l_h O E': 0.0 GO ]
") -

Examiner comment — grade A

This answer was typical in that full marks were gained for the accuracy with which the experiment was
carried out. Thermometer readings are expected to be taken to the nearest 0.5 °C, without interpolation, and
for at least one of the readings to be at 0.5 °C.
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Example candidate response — grade C

1 You romirse the enths

sodi wd&andarsnme uq-:..-n'..

FA 1 iz aqueous sodium hydroxide, NaQH,
FA 2 iz 2.00mol dm™? hydrochloric acid, HZL,

{a) Method

beakar,

Fill & burette with FA 1. [Care: FA 1 |I- corrosive]
Support the pia.ﬁtrl: cup in a 250cm® beaker.

Use a measuring cylinder to transfer 25cm? of FA 2 into a 100cm? beaker.
Use a measuring cylinder to add 35cm? of distiled waler 1o the acid in the beaker.
Measure and recond, in the table below, the initial tamperature of the mixture in the

achlonc acld by agqueous
: xice These can be
found by measuring the tamparature change -.men EIDlLl'tIEII'I‘E -ul ﬂla anld and alkali are mixed.

*  RAun 5.0cm? of FA 1 from the burette into the plastic cup.

= Add the mixiure of acid and water from the 100cm?” beaker to the FA 1 in the plastic

cup.

Stir carafully and measure the highest temperature citainad.

Rinsa tha plastc cup with water,

L]
*  Hecord this lempearatura in the table,

Fapeal the experiment using 25cm® of FA 2, 30cm? of distilled water and 10.0cm? I

of FA 1 as shown lor experiment 2 in the iable.
= Carry out experiments 3 1o 7 in the same way.
«  Complate the table lor each experiment.

Erpinary

e

Results
experiment numbar 1 |2 as|as]s6]7 I
volume of FA 2/ cm?® 25 | 25 | 25 | 25 26 | 25 !
volume of water / cm? 35 | a0 | 25 | 20 |15 | 10 | 5 m
volume of FA 1/ cm® 5.0 | 10.0 | 15.0 | 20.0 | 26.0 | 30.0 | 35.0 v
irvitial Imlparamrﬂulac'rd mixture / "C (O£ 519¢ 5 ﬂ.i:wl 1965|0650 ¥
highest temperature /°C |9 Q 930 ) ?L 1 | ‘Eg-[.gg] S 1412 B V]
temperature change / °C 303 1 o0 1e-0 Vil

Examiner comment — grade C

have benefited from repeating it.
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section. A mark was lost owing to the much higher temperature rise in experiment 7. The candidate would
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Example candidate response — grade E

1 You are to determine the enthalpy change of neutralisation of hydrochloric acid by aqueous |
sodiurn Mydroxide and also the concentration of the agueous sodium hydrodde. These can be | Epmnary

faund by measuring the temperature change when solutions of the acid and alkali are mixed. : U
I
FA 1 is aqueous sodium hydroxide, NaOH.
FA 2 is 2.00mal dm~ hydrochloric acid, HCL
(a) Method
»  Fill @ buratte with FA 1. [Care: FA 1 |s corrosiva]
*  Support the plastic cup In a 250cm? beaker.
=  Use a measuring cylinder to transfer 25em? of FA 2 into a 100cm? beaker.
= Usae a measuring cylinder to add 35cm? of distiled water to the acid in the beaker.
«  Measure and record, in the table below, the initial famperature of the mixture in the
beakar.
=  Run 5.0cm? of FA 1 fram the buratla into the plastic cup.
»  Add the mixtura of acid and water from the 100em? beaker to the FA 1in the plastic
cup.
«  Stir carefully and measura tha highast temparature abtained.
»  Raecord this tamperatura in the table,
= Rinsa tha plastc cup with water,
=  Rapest the axperimant using 25cm® of FA 2, 30cm® of distilled water and 10.0cm?
of FA 1 as shown for axpeariment 2 in the table,
. Carry out experiments 3 1o 7 in the same WY,
»  Complate the lable for sach experimant.
Results
" = - = = | }:
axpanimeant number i 2 3 4 5 (] T
volume of FA 2/ cm?® 26 | 26 26 | 26 25 | 26 25 ol fod
volume of water / cm® 35 | a0 | 25 | 20 [ 15 | 10 | s ./
valume of FA 1/ em3 50 | 10.0 | 150 | 20,0 | 25.0 | 30.0 | 35.0 |/
initial temparature of acid mixture /*C | 1q | 19| g | /4 g | g g LF
.hbghas!_!gmpmtamm.“c 23 | &5 3y A | 3F |ap | oF vi| ./
tampearature change / “C & 3 g | Io q T | & Vil .H{_
. . . F T . m Wit s
® 0 /
o= 0 LV 5

Examiner comment — grade E

In this answer the candidate needed to show more precision in the thermometer readings and the
experimental results differed from those of the Supervisor. Although there was no change in temperature
rise in the final three experiments they were 1.0 °C lower than the maximum, which should not have
occurred as the same number of moles of water would have been formed.
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Question 1(b)

n the gn ow p & temperature change (y-axis) again volume
(b) On the gnd bel lot th ature ch ( ] st the vol of FA1
{x-axis). Using these points, draw two straight lines that intersect.

Mark scheme

ib) PDO Layout I Axes corect and labelled: temperatura change/ 1
T change/AT and volumehol™ (of) sodium
hydroxida/MalH/FA 1
and comect units C or (°C) or 'in *C"; Jem® or
{em™) (allow NaOH in cm™)

Il Scaks chosan so thal graph occupies at least 1
half the available length for x- and y-axes

Il Plotting — all points accurate to within half a small 1
square and in the correct square.

IV Draws two stralght linas of bast fit which 1
intersect, (4]

General comment

A large majority of candidates chose scales so that at least half the available squares were used, and
plotted all points correctly. However, some chose difficult scales so that plotting and then reading the
intercept was difficult for both candidate and examiner. A few did not label the axes or did not record units
in any of the forms specified in the syllabus. The mark most commonly withheld was for the two best fit
intersecting straight lines: a number of candidates left more points to one side of the line than the other.
The use of (0,0) may have assisted some candidates to improve the line for the increase in temperature
rise. If candidates realise that one of their results is anomalous they should circle or otherwise indicate this
decision on the graph so that the point is not considered by examiners when awarding marks for best fit
lines.
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Example candidate response — grade A
! (b) On the grid below plot the temperature change (j-axis) against the volume of FA 1 |

hewpevn ot (axis) Using these points, draw two straight lines that intersect, Enraisars
Cha L s ™
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1 | i AR I
- T |} 1
:rl'.'l- . _I_ : i) .
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1 rd T | |
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1
, HEHEHEE i : :
B-D : as -
I N - 1
Yo - ‘
[d _| l___ -
SHHAHE
ER i
10T
-4 1 - - ¥ . : : 1
_1 -
H EE -
o H - a:s2ERRES : I Ll
o 5 [T ¥ e 15 3o 25
. w wotume of EI'HE:'Imm I
FAl | em

Examiner comment — grade A

This excellent answer is typical of many grade A and B candidates. The drawing of a best fit line with
positive gradient was made easier by obtaining excellent experimental results.
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Example candidate response — grade C
{B) On tha grid below plat the temperature change (y-axis) against the volume of FA1

£5 . fi-axis), Using these points, draw beo stralght lines that Intersect. E.:.»,.
"l‘ H i It i ..___,i. .:._.: = - L]
&) RO R St e
‘g , T ; =ra
- T mn
& B B
i --{ . r : e :
N ] I ]
g H
1 F 1
|- u am EmEEE i EiaE H -
" ] _. “"".
HEHH | Rl BEEaiEast
1u i : J.- : : = i -I. 3
+ 1 H [H ESETIS
! JHEH E
] i ms . i
',iﬁ I .I L u BIEEES i e
: g .
i O
= memagEs
- : 1T | ! ! 4= - n
‘E T L
¥ _{ ;r% I
& i e
| i'r. im ! .- [
- L :
Lr EmEEE -i' - P : F r EEE .-
SRE it -
= i T i
b g t
3 B : L
o HHT H H - gu i »
" -3 1o s 7 25 3y 4
; , Unli e af F4 [Turn aver
fem?

Examiner comment — grade C

Had the anomalous result for experiment 7 been circled or labelled, and omitted from any attempt at a best
fit line, the candidate may have been awarded full marks on this section. The line with the higher gradient is
almost one of best fit: the candidate would have benefited from using (0,0) and ensuring points were lying
either side of the line in equal measure. The line with the smaller gradient is one of best fit but the points
are a long way off the line and the constant temperature rise portion has not been recognised.
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Example candidate response — grade E

(b) On tha grid below piot fhe temparature change ()-axis) against the volume of FA1
= fy-axig). Uaing these points, draw two straight lines thal inersect. Exaiary
sa
&\J__. 11 - - 1 T - z e
1 HHH - 1 T
EEE : T
1] | = S - 1 4 B |- r| 11 = B -t
e I !
-+ it : _.- HH E F__
T n/
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(=t EnEm T T- 1 T t‘“ u
|44 £ == -! - 841 =
- i n - A
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Byl - i = - ENE 1
. T =t
; .- = = - ' I o . L1 l‘m'
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B HE ! T
: - L
B AR e T SR
i i
10 b . S48 S1SEL LR SRR e
" E I . - .:.-- EERE
Iz i T Snansann 1 a
. B = 1 -
' | HH
i - I : g
2o b : :
T S -
'I -
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Examiner comment — grade E

The labels for the axes, though correctly placed, do not include units. Both ‘best fit" lines have points lying
to one side only. By starting the scale at 4.0 °C it was not possible for the candidate to use (0,0).
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Question 1(c) and 1(d) — using the graph

(e) Reading from tha intersaction of the two lines on your graph,

the volume of FA 1 is

the tempearalure change s

[1]

The volume of F& 1 al the intersection represents the volume of FA 1 which neutralised
25.0cm® of FA 2.

(d) The reaction betwean FA 1 and FA 2 is shown in the aquation balow.

NaOH(aq) + HClag) —* NaClag) + H,O{l)

This reaction is exotharmic.

Usea this information to explain the shape of the graph.

- 2]
Mark scheme
(c) ACE Raads to nearast V4 square o 1 or 2 dp voluma of 1
Interpratation | FA 1 and temperastura rise from intercept. Do not
award if AT at intercept (or point) < max AT from table
unless candidate has cleary indicated the max AT is
anomalous. 1]
(d) ACE I  Thetempermlurallemperalure change increasas
Conclusions as more reaction/'more hydrochlonic acid/sodium
hydroxida reacts/as mora water formed.
Il The temperaturatamperatura change stays 1
constant/decreases when all acidlimiting reageant
has reacted/excess NaOH is added. [£]

General comment

Question 1(c)
The most common error in this section was that candidates did not show they had read the intercept to

the nearest half square as many answers were given as whole numbers. Some candidates were unable to

score the mark as the intercept was less than the maximum temperature rise recorded. However, there
were many candidates who correctly gave the values of temperature change and volume to the level of
precision shown in the graph.
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Question 1(d)

Relatively few candidates gained both marks as the responses tended to describe the shape of the graph
or the temperature rise without relating it to any reaction between the acid and alkali. More candidates
gained the second mark which involved identifying that excess alkali was being added. A small minority
of candidates wrote about bond breaking and making without specifying that more water was formed

in successive experiments (until all the limiting reagent had reacted). Very few answered the question
incorrectly in terms of equilibria or kinetics.

Example candidate response — grade A
() Reading from the intersection of the two lines on your graph,

the volume of FA 1is ... 100 em®
the temperature change is ) *C. =g, v ]

The volume of FA 1 at the intersection represents the volume of FA 1 which neutralized
25.0cm? of FA 2.

(d} The reaction between FA 1 and FA 2 is shown in the eguation below,
NaOH(ag) + HCl{aq) — NaCl{aqg) + H,O(l)
This reaction is exotharmic.

Use this information to explain the shape of the graph.

K. the_teathion 5 oxotemerc.,_when. fhe voluna
_-.4-..,.Iﬁl.......iﬂum;-lfﬁ...}...ﬂn ...... fompecotun.. wsa.. odsa.
?M.EQ_EE.,_M.-.-.LM.M ..... ‘?]M ..... hhh.lm.mm.-wdmmﬁﬂ:.._fﬁ!“-ﬂmﬂ.?ﬂ

o, neahalbe Fha 5 wached , the tompohue e renains
(I on -

Examiner comment — grade A

(c) The intersection was read correctly and the values recorded to the expected level of precision.

(d) The second mark was awarded as the answer incorporated the ideas of excess FA 1, neutralisation and
constant temperature rise.
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Example candidate response — grade C
{e) Reading from the intersection of the twa lines on your graph,

Exi
the volume of FA 1 is ....2% %am%
the temperature change is ...A0.... °C. 1] |6

The volume of FA 1 at the intersection represents the volume of FA 1 which neutralisad
25.0cm® of FA 2.

(d) The reaction between FA 1 and FA 2 is shown in the equation below.
NaOH(aq) + HCl{ag) — NaCi{aq) + H,O{l)
This reaction is exothermic.
Use this information to explain tha shape of the graph.

3 % i
ke B e ﬂ#ﬂHfﬂh};ﬁﬂkﬁiﬁmrE’:ﬁ{LEﬂﬂn A

Wﬂﬂﬁﬁgfﬂnﬁééﬁw%? ..... ﬂgﬂﬁ....mf
rﬂhémﬁmﬂfﬂ##rm%ﬂ&mmﬁ(n
ﬂﬂg;dﬂ*ﬁ;ﬂfﬂs ...... nsmrt:nf::ﬁmﬁém:nﬂ:ér senenen [ 2] 1O

Examiner comment — grade C
(c) This answer lacked the precision expected from reading values from the graph.
(d) There was no explanation of the positive gradient line in terms of increasing rise in temperature and

volume of alkali reacting. The link between bond making and the temperature change decreasing was
not logical.

Cambridge International AS and A Level Chemistry 9701



Paper 3 — Advanced practical skills

Example candidate response — grade E

{c) Reading from the intersection of the twa lines on your graph,
the volume of FA 1is /3% om?®,
the temperature change is = O “C. A [1]

The volume of FA 1 at the intersection represents the volume of FA 1 which neutralised
25.0cm® of FA 2.

(d) The reaction between FA 1 and FA 2 is shown in the equation below,
NaOH(aq) + HCl(aq) — NaCl(aq) + H,Ol)
This reaction is exothermic.

Use this information to explain the shape of the graph,

'Wr‘ruﬂ*hﬁH;miﬂr:‘*t*—hndééhﬁ
Mo 5 o T ECIRY TR GRS,
. 12]

Examiner comment — grade E

(c) The mark was not awarded as the reported temperature change was not to the expected level of
precision although the volume was correct. Also the maximum temperature change had not been
considered.

(d) The answer was partly correct but was not sufficiently developed to gain a mark. With two marks
allocated to a question, candidates should aim to make two points in their answers. There was no
comment made about the horizontal line portion of the graph.
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Question 1(e)-(g)

(e) Calculate tha amount of heat energy produced in the reaction. Usa the temperature
change from () in calculating your answear,

[Assume that 4.3, are required to raise the temperature of 1 em?® of any solution by 1°C]

heat energy produced = ...___..............J [2]

(fi Calculate how many moles of hydrochloric acid are present in 25 cm® of FA 2.

mol of hydrechloric acid = .................... [1]

{(g) Use your answers to (e) and (f) to calculate the enthalpy change of neutralisation of
hydrochloric acid by aqueous sodium hydroxide.

Give your answer in kJmol™! and include the relevant sign.
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Mark scheme

(2) ACE I  Velume used in calculation is 65 cm” 1
Intarpratation
Il Heal energy change calculated using candidate's 1
value for AT comect to 3 or 4 sf [2]
(f) ACE g0 2= 0.05 1
Interpratation 1000 [11
(@) ACE I Candidate's answer to (e} 1
Interpratation Candidata's answar to (f)
PDO Display I1 Comect calculation, conversion J to kJ and 1
negative sign to 3 or 4 sf 2]

General comment

Question 1(e)

The most common error in this section was using a volume other than 65 cm?® in the calculation. However,
the majority of candidates were able to gain the second mark for the calculation although some gave the
answer to an excessive number of significant figures.

Question 1(f)
This section was correctly answered by almost all candidates.

Question 1(g)

Most candidates were able to gain the first mark. However, some could not be awarded the second mark
owing to an inappropriate number of significant figures, no conversion of J to kJ, or, more commonly,
writing AH or + for the sign.
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Example candidate response — grade A

(e) Calculate the amount of heat energy produced in the reaction. Use the temperature
change from (c) in calculating your answer.

[Assuma that 4.3 are required to raise the temperature of 1em® of any solution by 1°C]
f?:m[a = Mea T
J = BS a3 /
= 2%W-es
= 2990 1 [2sd)

{(f} Calculate how many moles of hydrochloric acid are present in 25 em® of FA 2.
vwoe  ore® & F2 codams  g.om ol o HEd
15 cr-n" — 200 - oS il

[§ =L
mol of hydrochloric acid = --.m-.uajé [1]

heat energy produced = l“ﬁf.‘:/ J [2]

(@) Use your answers to (e) and (f) to calculate the enthalpy change of neutralisation of
hydrochloric acid by aqueous sodium hydroxide.

Give your answer in kJmol~" and include the relevant sign.
o.0% mel & HOL meluws 299065 k]

\ e | | % 2790k /
ool
- Sa9-N3
= @9€ (nx5¢)
enthalpy change of neutralisation = ..7..... =3 o3 /k.lrrml"
sign value [2]

Examiner comment — grade A

These answers were clearly set out, using all the correct data, and correcting to a suitable number of
significant figures in (e) and (g). The value of the heat energy produced used in (g) had already been
converted into kJ in the first step which was an acceptable alternative to the working shown in the mark
scheme.
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Example candidate response — grade C

(e} Calculate the amount of heat energy produced in the reaction. Use the temperature
change from () in calculating your answar.

[Assume that 4.3 are required 1o raise the temperature of 1cm? of any solution by 1°C]
..gml"'_ lﬂ ﬂ EO Y ﬂT
SO X433 x10 = 2150]

X Sk

heat energy produced = ... 52, ... J [2]

() Calculate how many moles of hydrochioric acid are present in 25 cm® of FA 2.
2:00 mnl:&.: 10008m
?Fas
J/

25%x2 - o0Smel

00 mol of hydrochloric acid = ..2:0%mal. [1]

(g) Use your answers to (e) and (f) to calculate the enthalpy change of neutralisation of
hydrochloric acid by agueous sodium hydroxide.

Give your answer in kimol™ and include the relevant sign.

Tl RISDX] 2 143, 0007 = 43KY
' 008 looo

J

enthalpy change of neutralisation = ....7... 2 2 imolt

Examiner comment — grade C

The use of an incorrect total volume of solution heated was a common error in (e) (the volume of water was
omitted). Showing working is important when carrying out calculations as ‘error carried forward’ marks can
be awarded. This was evident in the second part of (e) and the first part of (g). The final answer was only
given to two significant figures.
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Example candidate response — grade E

{e) Calculate the amount of heat energy produced In the reaction. Use the temperalure
change from (g) in caleulating your answer,

[Assume that 4.3. are required 1o raise the temparature of 1cm? of any solution by 1°C]
fomd—= 437 by jbc
1:;',_._"5 I8 Yo —a g3 (25T .‘-'ja-“:'j &

S — > 1¢2.35 xS
(P —n LE-FEXT heat energy produced = » 541472 § [z
| = LGyy-1.5 -

(f) Calculate how many moles of hydrochioric acid are present in 25 cm?® of FA 2.
1 000 m'l OfF Hek réoctad wikh < mgiés of Fas
2.5 g3 ——= ‘.‘,_",-'K 2.5 v
“‘-"’“_ i mol of hydrochloric acid = .. 0:0.4....... [1]
(g) Use your answers to (e) and (f) to calculate tha enthalpy change of neutralisation of
hydrochlenc acid by agueous sodium hydroxide.

Give your answer in kJmol™! and include the relevant sign.
08 5mekaprHe Lenvoived UG Hy-15

| _ ion © J
"'I"'CH"-'-':-’:I'-' FRC L LUl e v e - !
P o b i = 1"" L""'"
J'Lh::.ﬂf;. =Y
anthalpy change of neutralisation = h d{ rtr" kJmol™!
sign valug [2]

Examiner comment — grade E

Again, the volume of water added was not used in the first step of (e). The final answers to both (e) and (g)
were given to too many significant figures, and the latter was also missing the negative sign.
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Question 1(h)

(h) Explain why the total volume of solulion used was kept constant in each of the
expearimants,

- 1]
Mark scheme
(h) ACE So that rise in temgearature is proporional o increassa | 1
Conclusions in energy produced/change in volume gives different
change in temperature for same energy produced!
increase in volume reguires increase in energy for
sama lemparatura risa, 1]

General comment

The majority of candidates did not appear to understand this question and answered in terms of fair testing,
keeping the concentration constant or other responses commonly associated with kinetics experiments.
However, there were a few excellent answers where the candidates clearly linked temperature rise to
energy produced. The three example candidate responses show typical errors which were made. The grade
refers to the overall grade the candidate received for the whole paper.

Example candidate response — grade A

(h) Explain why the total volume of solution used was kept constant in each of the

exparimeants.
e O RS, L A mmfmqﬁikﬂhhwﬁghtdﬂumﬁ
1= — mﬁﬁ:nmtu.ﬂ ................ B ey o

Examiner comment — grade A

While this answer involved ‘heat’ the link between temperature rise and heat energy produced was not
made.
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Example candidate response — grade C

(h) Explain why the total volume of solution used was kept constant in each of the
experimants.

m’tm;:mnftrrﬂmﬂ mm m:smmm &%@%
wokdmg.should e beg), Wmiﬁmmmﬂ% +ham

Examiner comment — grade C

This answer was typical of many as, while chemically correct, it only involved the relationship of
concentration with volume.

Example candidate response — grade E
{(h) Explain why the total volume of solution used was kept constant in each of the

expenmeants.
8a..0e. . of moles. ke Seldfen wean ok consbant .

A
svstaio 1]

Examiner comment — grade E

This answer was incorrect and did not involve temperature rise and heat energy.
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Question 1(i)

(i} Calculate the concentration, in moldm™, of the aguecus sodium hydroxide, FA 1.

concentration of FA 1= ..................moeldm™ [2]
Mark scheme
ii) PDO Display I  MWumber moles MaOH = numbar molas HCI 1

(stated or clearly shown)
ACE I1 Calculatas or expression for 1
Interpreatation Concentration = 0,05 (ecf from (f)1

answer o (o) 1000
If answer only, award mark If corract to 3 or 4 sf [2]

General comment

Many candidates gained both marks in this section though a significant number did not specify the mole
ratio of the reactants which was an essential part of their working.

Example candidate response — grade A

(i) Calculate the concentration, in moldm™3, of the aquecus sodium hydroxide, FA 1.
From eqfttion Hel ¢ No oH V/ © ten cenbra ton = 2 Fiwel

Arard
| = 3

o531 7 o 08p

18-2S emn of £ay
_— B.05 mdﬂmnm“tmmn ﬂfFﬁ,‘!..?_:.ﬁ:...tnuu. IHEHEH'T}*E
IDOG Cmnd u-P-Fm-'—}_.'_'irfu-m:-: 23 males “

Examiner comment — grade A

Although the word mole was not used, the ratio was clearly shown, and the expression and calculation
were fully correct.

Example candidate response — grade C

(i} Calculate th otnmntratiﬂn,inm dm“h’.nl‘m Tquﬂm sodium hydroxide, FA 1.
L'-ut T.... ;dj HOL reec Lot r.ll-lr.’,-*

prohnm ﬁﬂ- 0N ore 1 Ah
a3
. Combabiminoldst ot o vt e X o 2
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Examiner comment — grade C

The mole ratio was clearly presented. However, no working was shown for the second mark. Additionally,
the answer given for the concentration of FA 1 was incorrect and was not shown to a suitable number of
significant figures.

Example candidate response — grade E

(i) Calculate the concentration, in moldm™, of the aqueous sodium hydraxide, FA 1.

o, = E_"—_?ﬁﬂﬂ_';t_a
wolunme uaes

= 005 - Bxid> ol [dir® >('F

ar concentration of FA 1 = ... 8% 15— moldm=2 2]

Examiner comment — grade E

The mole ratio was not displayed and, while the volume from (¢) was used in the calculation, the step to
change the unit of volume from cm? to dm? was omitted.

Question 1(j)

(I} A student thought that the expenment was notl accurate because the lemperaturs
changes measured wera small,

Suggest a modification to the experimental method used in order to give larger changes
in temperalure.

Mark scheme

(i ACE Lse more concentrated solutions. 1
Improvements | (allow use £ 5 cm” water each time)
lgnore all references to heat energy losses. [11

General comment

Only a minority of candidates gained this mark. The majority suggested increasing volumes of reagents,
increasing the concentration of just one of the reagents, or gave methods of reducing heat energy losses.
As in 1(h) the three example candidate responses show typical errors which were made. The grade refers to
the grade the candidates received for the whole paper.
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Example candidate response — grade A

(i} A student thought that the experiment was not accurale because the temperature
changes measurad weare small.

Suggest a modification to the expenmental mathod used In order 1o give larger changes
in temperature.

Lmufd...hy...m...’m.‘.i:a,-.zm-f...Hﬂl__@p:t.tﬂl___n...é.::_g;m_..mu_@gfﬂﬁén
ﬂ,ﬁﬁhﬂHﬂgﬂtw‘.{gﬁ’]h [1]

Examiner comment — grade A

This answer was partly correct as the need for greater concentration was recognised. However, both
solutions would need to have greater concentrations.

Example candidate response — grade C

(i} A student thought that the experiment was not accurate because the temperature
changes measured were small.

Suggest a modification to the expearimental method used in onder to give larger changes
in temperatuna.

A thermore ter. ehich. Can..measure. femperature
... b decimal  olaces...con.he. 888 e 1]

Examiner comment — grade C

This answer did not address the question as the same temperature rise would have occurred though it
might have been recorded to a greater degree of precision.

Example candidate response — grade E

(i) A student thought that the experiment was not accurate because the temperature
changes measured were small,

Suggest a modification to the experimental method used in order to give larger changes
in temperature.

...... By.net.addi o LT L T T

Examiner comment — grade E

Here again there was some understanding shown that greater concentrations would be required. However,
more detail of the modification was necessary as the total volume of solution would not have been
constant.
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Question 1(k)

(k) Experiments 1 1o 7 were repaated using 1.00moldm— sulfuric acid, H,50,, nstead of
the 2.00 moldm = hydrochloric acid, HCL

O the axes below indicate an appropriale lemperature scale and sketch the graph for
the tamperature changes you would expect,

lemparature change/"C

0 35
volume FA 1/cm?®
[2]
Mark scheme
(k) ACE I  Two straight intarsecting lines (positiva followad 1
Conclusions by zero gradient).
Il Samea AT and ¥V shown as in (b). 1 |

General comment

The majority of candidates gained the first mark in this section though a variety of responses were seen
by Examiners including a few curves. Fewer gained the second mark either because there was no
temperature scale shown or the intercept was not at the same values as those in (b).
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Example candidate response — grade A

(k) Experiments 1 to T wera rﬂp_aala_d using 1.00 moldm™ sulfuric acid, H,50,, instead of
the 2.00 moldm™ hydrochloric acid, HCL

On the axes below indicate an appropriate temperature scale and sketch the graph for
the temperature changes you would expect.

| b

temperature change /"G 1o

- ;

volume FA 1/cm?
[2]

Examiner comment — grade A

This sketch showed the two lines with gradients similar to those in (b) and with the appropriate temperature
change scale shown in detail.

Example candidate response — grade C
(k) Experiments 1 to 7 were repeated using 1.00 moldm™ sulfuric acid, H,50,, instead of
the 2.00 mol dm™ hydrochloric acid, HCL

On the axes below indicate an appropriate temperature scale and sketch the graph for
the temperature changes you waould expact.

temperature change/*C , ¢+

e L

AN

8

L]

0 35
volumea FA 1/cm?

2]

Examiner comment — grade C

The sketch of the two lines was clear and correct. However, the value for the temperature change in (¢)
was 9.0 °C, so the scale on the y-axis was incorrect. This implied that the information in the stem of the
question allowing the concentration of hydrogen ions to be found had not been correctly used.
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Example candidate response — grade E

(k) Experiments 1 to 7 wererepeated using 1.00mol dm™ sulfuric acid, H,S0,, instead of
the 2.00 moldm™= hydrochloric acid, HCL

On the axes below indicate an appropriate temperature scale and sketch the graph for
the temperature changes you would expect.

temperature change/"C

volume FA 1/cm?
[2]

Examiner comment — grade E

Lines with similar gradients to those in (b) were drawn but they were not intersecting. There was no scale
shown on the y-axis.
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Question 2(a)

2 Qualitative Analysis Far
Exgenters
At each stage of any test you are to record details of the following. Ued

*  colour changes seen
+  fthe formation of any precipitate
+  the solubility of such precipilalas in an excess of the reagent addead

Where gases are released they should be identified by a lest, described in the appropriate
place in your observations,

You should indicals clearly at whal stage in & lest a change occurs.
Marks are not given for chemical equations.
Mo additional tests for lons present should be atternpted.

If any solution is warmed, a boiling tube MUST be used.

Rimse and reuse test-tubes and boiling tubes whene possible.

Where reagents are selected for use in a test, the full name or correct
formula of the reagents must be given.

{(a) You are provided with three sodium saklts FA 3, FA 4 and FA 5. Each salt contains one
of the ions carbonate, CO,*, sulfite, SO, ar sulfate, 50,2

(i) Using your knowledge of the reactions of thesa ions, suggest one reagen! you
codibd add to the salid 1o find oul which on is present in aach of the solids.

(li} Use tha reagent you selected in (i) to identify which of thesa ions is present in FA 3,
FA 4 and FA 5.

Camy out suitable tesis on a small amount of each solid and record the resulis of
yaur axparimants in an appropriale form in the space balow.

I

m

Wl

Identify the anions in FA 3, FA 4 and FA 5.

FA3comainstha ..........ccccoevveveee IONL
FA 4 conmlains the ..o e K.
FA 5 conlaing the ...ovcieeeoee e aeees IO [&]
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84

Mark scheme

FA 3 is Na,5:0:(s); FA 4 is Na;C0(s): FA 5 is Na;504(s): FA 6 is Pb{NO.)(s) and (aqg)

(a)

hARCH
Dacisions

PDO
Recording

MmO
Collection

PR
Dacisions
ACE
Conclusions

iy 1 Any named mineral acid or formula or
(acidified) potassium dichromate
Do mot allow any reagent suitable for i2sting
cations or more than one reagent,

iy I Tabulates evidence of 3 tesis carried cut
with no repeat headings.
Only consider obsarvations with acid or
dichromate.

11 Bubblesieflervescence in FA 4.

IV Slower affervescanca in FA 3 than FA 4 or
FA 3 tums green and FA 5 stays orange if
dichromate usad.

V  Appropriate test with positive result used to
tast for aithar gas.

Y1 All three ons corract from suitable
observations.
FAJ iz a sulfite.
FAd4 i= a carbonate.
FAS is a sulfata.
(or coract formulaa)

.1

[6]

General comment

(a) (i) Most candidates selected a suitable reagent with few choosing other than a named mineral acid.

(if) A large majority set out an appropriate table for their observations and were able to access at least
one mark for observations. It is important that candidates appreciate the difference between an

observation, ‘effervescence’ and an inference, ‘gas is evolved'. Not all of those using acid as their
reagent went on to test the gas(es) produced which meant that there was insufficient evidence for
the identification of the anions. However, the most discerning candidates reported the difference in
the rate of effervescence when using acid with FA 3 and FA 4.
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Example candidate response — grade A

At each stage of any test you are to record details of the following.

«  colour changes seen

the formation of any precipitate

»  the solubllity of such precipitates in an excess of the reagant added

Where gases are released they should be identified by a test, described In the appropriate

place in your observations.

You should indicate clearly al what stage in a test a change occurs.
Marks are not given for chemical equations.
Mo additional tests for ions present should be attempted.

It any solution is warmed, a boiling tube MUST be used.

Rinse and reuse lest-tubes and bolling tubes where possible.

Paper 3 — Advanced practical skills

{'ﬂ"hm reagents are selected for use in a test, the full name or correct

formula of the reagents must

be given.

{a) You are provided with three sodium salts FA 3, FA 4 and FA 5. Each salt conlains one
of the ions carbonate, GO, sulfite, 50, or sulfate, S0,

(i) Using your knowledge of the reactions of these jons, suggest one reagent you
could add to the sofid to find out which ion is present in each of the solids.

.....pllll.'zi.f:f_......hjii'.ﬂ!:,hfﬂri.(:.......4{.{:,;:.:‘..r.....‘.’....-.-.............., .

(i) Use the reagent you selected in (i) to identify which of these ions is present in FA 3,

FA 4 and FA 5.

Carry out suitable tests on a small amount of each solid and record the results of

your experiments in an appropriate form in the space below.

| Test-

the gaft, add
1em? of dilube
|hjdrt:-th{urq‘£
acid.

Te a Pﬁrl:n'un of ,

Observaban co/t

__Fp3

..ﬁ Punﬂﬂnh
5ﬂ"lftlnl4j jn‘.i
1< evelved.
The 3:15‘ '
‘iml

Identify the anions in FA 3, FA 4 and FA 5.

FA H

is ehsewrved.
A qas Eﬂrﬂl'nj
[ime coatt v
!hifﬁ‘.:] i f_'u‘uhﬂ
The qgas is !
! €05 s

.ﬂr.-';"l‘ shpuath j'_ Fedn T :l{li-'_r‘:".h_rﬂ"

. ) '.".Eﬂ_s____\
FRapid effervenmg Mo visible

PRI
FA 3 contains the .-3.Q..........ion.

FA 4 contains the ...C.9.g......... lon.

-

2
FA 5 contains m&.....ﬂﬂl.ll. .......... '
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Wéfh JJ'MH ':“l !
Hev 7 Rdkd
/
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Examiner comment — grade A

This was a good answer including the reporting of slower effervescence in the reaction between FA 3
and hydrochloric acid than with FA 4. Although the gas evolved with FA 3 was not tested with acidified
potassium dichromate, the mark for the identities could be awarded as the choking odour of the gas and the

fully correct limewater test with the gas from FA 4 were clearly reported.
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Example candidate response — grade C
2  Qualitative Analysis
Al sach stage of any ieat you are o record details of the following.

=  golowr changes ssen

#=  the formation of any precipitata
=t solubility of such precipifales in an excess of the reagent added

Where gases are released they should be identified by a test, described In the appropriate
place in your obsarvations.

You should indicate clearly al whal stage in a test a change occurs.
Marks are not given for chemical equations.
Mo additional tests for ions present should be altempted.

if any solution is wammed, a bolling lube MUST be used.

Rinsa and reuse test-tubes and boiling tubes whene passible.

| Where reagents are selected for use in a test, the full name or correct
| formula of the reagents must be given.

(@) You are provided with three sodium salts FA 3, FA 4 and FA B. Each salt contains one
of the ions carbonale, CO,*", sulfite, S0, or suliate, 50,2

() Using your knowledge of the reactions of thesa ions, suggest one reagent you
could add to the solid to find out which lon is present in each of tha solids.

Md adret acel 4o Tle aall ::am%zmchj (Ch...

A G el I ) e dwerved ddd e Eﬂéﬂﬁfd
{ii} Use the reagent you selected in (i) to identify which of thase lons is present in FA 3,
FA 4 and FA 5.

Carry out suilable tests on a small amount of each solid and record the resulls of

your experiments in an appropriate form in the space below. Vi
e
| FAz | F1d | _Fas -
e g | Yt o YR E,;apn."‘
skt | Arvlued ; Offeneacn :
S/ W \citacrd cwlien
trrp budldes op |producel” . g, g
olaerie. cafm;{uﬂﬁ
o i added (€
FIL Lo L
e ' ﬁmﬁjﬂw aced
\dentity the anions In FA 3, FA 4 and FA 5. Y )
505

[6]
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Examiner comment — grade C

Most of this answer was very good as the difference in the rates of effervescence was described as well as
a valid test for one of the gases. The error was in using two reagents with FA b contrary to the instruction in

part (ii).
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Example candidate response — grade E
2 Qualitative Analysis

At each stage of any test you are to record details of the lollowing.
«  colour changes seen

= the formation of any precipitate
»  the solubdity of such precipitates in an excass of the reagent added

Whera gases are released they should be identified by a lesl, described in the appropriate
place in your observations.

You should indicate clearty al what stage in a lest a change occurs.
Marks are not given for chemical equations.

" Mo additional tests for ions present should be attempted.
it any solution is warmed, a boiling tube MUST be used.

Rinse and reusa test-tubes and boiling tubes whera possibla.

Whene rnp-r;u gre selected for use in a test, the full name or correct l
formula of the reagents must be given. R

{a) ‘You are provided with thiree sodium salts FA 3, FA 4 and FA 5. Each salt contains one
of the lons carbonate, GO, sullite, S0, or sulfale, S0,

(i) Using your knowledge of the reactions of thesa jons, sugges! one reagent you
could add to the solid to find out which lon is present in each of the solids.

{ii} Usa the reagent you selected in (1) to identify which of these lons |s present in FA 3,
FA 4 and FA 5.

?: Carry out suitable 1ests on a small emount of each solid and record the results of

your experiments in an .ag:ptn:uj?t-a form in the @Eﬁf below.
Ao i eg

ot

Lae FA, you meld HU cige b (ot giv . Gad Aot
:fu Hif L}I-'r xtans Hien """"‘: /OJ kWH;E;Lj iffﬁﬁﬁ a1l fo Gy
witi e wate on UE0 (H

)\y%—ﬂf Fhy wou O okt u}gffﬁ hﬁ;ﬂ@ffy 'Iﬁ,:{:i fglmﬂ? of funy Koo

o hill Vi e HWen St ke y /
wath [ime twa mCI‘l{-};Z_fo
i ddviE unfa Rl alage | Mo ch

un:itﬂ ﬁ“:ﬁ?em g Fﬁnfj-b SARE

u’iﬁ (e e ke et C-'T.iﬂr?/ n?
[dentify the anions in FA 3, FA 4 and FA 5,

FA 3 contains the -Sﬂﬁ_ I,
‘ FA 4 contains the ... QE?EE.' on.  f
E.-I-
FA 5 contains the ... ally-.......ion. 6]
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Examiner comment — grade E

A suitable reagent was selected but its formula was repeatedly recorded in the table. There was no
observation recorded that would lead to the inference of gas given off and this made two marks unavailable.
However, both gas tests were given and the results recorded were correct as were the identities of the

sodium salts.
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Question 2(b)

{b) (i} You are provided with FA 6 both as a solid and in aquecus solution. Complete the |

following table. | Examingrs
Lae

fest obsarvations

To a small spatula maasure of FA 4
in a test-lube, add anough distillad
waler lo make a solution.

Add 1 em dapth of FA & solution.

To a small spatula measure of FA 5
in a test-iube, add anough distilled
watar to make a solution.

Add 1 cm depth of FA 6 solution.

To 1em dapth of FA 6 solution in
a testube, add aqueous sodium

hiydroxida.
I
Carefully heat the solid FA 6 in the 11
test-tube provided. |
Mote: two gases are released. v
1 %r
V1

18]
(i) Fom the results of the tests in (1), identify the cation present in FA 6.
Cation present in FAGIS ..........o.covcviiiimiennnn. 1]
(li) Suggest and use another reagent to confirm the cation present in FA 6,
PSERERET I 1 vt i s i Rt i i e S ki B
a0 |1 OO 2]
[Total: 15]
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Mark scheme

(b) MMO (iy 1 FA4+FAGBwhile ppl and 1
Collection FA 5 + FA & white ppt.

I1 FA G + MaOH white ppt, soluble in excess
sodium hydroxide,

Il Brown pas
IV Gas ralights glowing splint.
YV Yellow residue or crackling/decrepitating.

ACE V1 Gas identified as oxygen or as NO; from
Conclusions observations. (]
ACE (i} Lead/Pb* provided correct observations with 1
Conclusions FA & + MalDH and

FA €& + FA 5 (sulfate). [1]
MMO {iiiy 1 Add HCI/ H:50./ K/ KoCrO, / NH,* 1
DeciEions
MO I1 white pptiwhite pptiyaliow pptiveliow 1
Collection pptiwhite ppt insoluble in excess

* |f not Pb™ in (i) but one of AP, Ba®, C'.a"_'. Zn*
allow suitable reagent mark: KaGrly for Ba™ and
MNH; Tor the other three.

Howewver, obsarvation must be comect for Ph™. 2]

General comment

(b) (i) The majority of candidates were able to gain at least two marks in this section. The most commonly
awarded marks were for the two white precipitates in the first two steps and the white precipitate
soluble in excess aqueous sodium hydroxide. However, there are still candidates who report ‘white
solution” or ‘cloudy white" instead of ‘white precipitate’. The heating section was not as familiar
to candidates and many possible observations were omitted. The mark most commonly awarded
was for the brown gas though some were able to identify NO, and/or O, from a correct test with
a positive result. The mark least awarded was for noting the solid turning yellow or for the sound
made by the solid as it was heated.

(if) Pb?* was the cation most commonly identified though a few candidates did not have sufficient
correct observations for this conclusion.

(iii) A large majority of candidates selected a suitable reagent, though a small number did not give its full

name or formula so were unable to access the first mark. The second mark was frequently awarded
as most candidates reported the correct observation for Pb?" with their chosen reagent.
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Example candidate response

(&) (W)
following tabla.

—grade A

Paper 3 — Advanced practical skills

You ars provided with FA 8 both as a solid and in agueous solution. Complate the

test

obsarvations

To a small spatula measure of FA 4
in a test-tube, add anough distiled
water to make a solubion.

Add 1 em depth of FA B solutlon.

Tha couwd l‘lfl.wj

A wohile pe- oo fomert 4

To a small spatula measure of FA S
in a test-tube, add enough distilled
water o make a solution,

Add 1.cm depth of FA 6 solution.

To 16m depth of FA 8 solution in
a test-lube, add aquecus sodiem
hydroxice,

‘it Celved .;u'm'u o gre o

F =l Conis

’
A kb PPE Luas Ferrad

B Cuthibe Prﬁ_ﬂpllrﬂ}E' LAy
Fm"uh""' ’
The. Fmii"w‘?— rsomiues 0

ot Lo gk R == - TLT
"hjd:;u-.r e Ly IR B = ST
' g g q

Carefully heat the solid FA & in the
test-tuba provided.

Mote: two gases are released,

_|.|—|;,3_ el f]llrmmpnre,,

te give a HRllow Soud
Ip" brﬂ.q.ﬂ E os Ir_a-ﬂl-.l. MWE{L.
ot wooa nﬂ:l'f R zece-d god
(2 @ueluld Lokt Shen b

| domnp red ubnuer poger. o
‘ womy Tl |

k4

(ii} From the results of the tests in (I}, ientify the cation present in FA 6.

o+
Cation present in FAG s ..... 'Ph .................

(i)
reagent . 2ilute.

Sugpest and use another reagant to confirm the cation present in FA &,

observation.... ... Lohske. . pracpibabe. Mﬁgm!ﬂ.d!/ 12]

Examiner comment — grade A

The observations using solutions in (i) are detailed and fully correct. The observations for heating solid

FA 6 were more detailed than seen in many scripts. Although NO, will bleach litmus paper so the inference
of chlorine as the second gas is understandable, the thermal decomposition of nitrates is covered in the
syllabus so should not be unfamiliar. Parts (ii) and (iii) were fully correct.

Cambridge International AS and A Level Chemistry 9701

93



Paper 3 — Advanced practical skills

Example candidate response — grade C

B} i)

You are provided with FA 8 both s a solid and in agueous solulion, Completa the

94

following table,

fear

abhsarvalions

To a small spatula measure of FA 4 i
in @& lest-lube, add enough dstilled
walar to make a solufion.

Add 1cm depth of FA 6 solution,

o Foemed-

white PPt R

e

To a small spatula messure of FA& 5
in & test-ube, add enough distiled #
wailer to make a solution.

Add 1cm dapth of FA 6 soluton.

lorrmadd

v

winbs PP+ &

To 1 em gdepth of FA B soliion in
a test-ube, add aquecus sodium

hydroxide.

Carefully heat the solid FA 8 in the
teal-ube provided. F"F

Mote: two gases ara relaagsed

ke whibe PPF b formeg Lok
" I.F_Su;.‘ 'u-I- Hﬂuﬂ Eﬂ?.‘ M

o clisioleos ewd hrny
2ol oyl g n.-"a

_anund-a = J"Uﬁ- ‘T.',f

Witly & Wow Lwows alew
avound N Fesb ke el

W ke

red -

Bae Fabrndd |

8]

{ii) From the results of the tests in (i), idently the cation present in FA 8.

an

Cation present in FA Gis ... Pl"

........... o [1]

{iif) Suggest and use ancther reagent ko confirm the cation present in FA .

reagant ﬂc,mmlllfnmﬁHm
nhmrmm....uﬁli.t.._.._?F.ir..-....-.-.

Examiner comment — grade C

e NMs o) L

T -[E]

The formation of the white precipitates was correctly reported as was the solubility of the hydroxide
precipitate in excess sodium hydroxide. '‘Pop sounds given off’ was taken to mean the heated solid was
decrepitating and there was no reference to a lighted splint to indicate that it referred to a test for hydrogen
gas. The 'brown glow around the test tube’ was not sufficiently precise to be credited. ‘It" should not be
used as it is imprecise. The observations were used to correctly identify the cation in (ii) and the reagent
selected was suitable in (iii). However, use of aqueous ammonia involves testing with a small volume

and then with excess and the solubility of the lead(Il) hydroxide precipitate in excess ammonia was not

investigated.

Cambridge International AS and A Level Chemistry 9701



Example candidate response — grade E
{B) {I} “ouare provided with FA 6 both a8 a sofid and in agueous salution. Completa the

following table.

fesi

| obsarvalions

To a small spatula measure of FA 4
in a test-lube, add enough distilled
waltar o make a solution,

Add 1cm depth of FA 6 solution.

Mmﬁﬁd
oW oo 4

e aﬂ;fi:ﬁr:uwd
fﬂ.m Fff @ addad.

To & small spatula measure of FA 5
| i & besd-tube, add enough distied
waber 1o makea a solution.

| Add 1om depih of FA 6 solution.

%xﬁﬂﬁmnﬂm , o

%tﬂ r:r.dgﬁrjqé

To 1cm dapth of FA & solufion in
a tesi-tube, add aqueous sodium
hydrouda,

A Lolale :
oclule w1 prges fo
forsr oo colaerlene
soluchar . S

Carefully heat the solid FA 6 in thi
test-lube provided,

Mote: two gases ane réleased.

m& smell .:sgf'

'!iir‘T ﬁiﬂifrﬂ Wt’ﬂfﬂ&‘i
ﬁﬂﬂ VOBOLY  om
ﬂmﬂr & S X

(i} From the results of the tests in (1), identify the cation present in FA 6.

& .
Gaﬁnnprawnlmﬁﬁls....f‘;? .................... ‘,.-"

(lil}y Sugges!and use another reagent 1o confirm the calion present in FA B.

ubs&ruaﬂnnﬂ B 0 i

Examiner comment — grade E

Again the observations for the tests on the solution of FA 6 in (i) were fully correct. Candidates should

be discouraged from trying to identify gases by smell; a chemical test is safer and is more likely to be
credited. The colour of the gas was incorrectly reported and the identity of SO, was inconsistent with the
observation. The identity of the cation was correct in (ii) but the reagent chosen in (iii) did not show use of
the Qualitative Analysis Notes. However, the observation was correct as the solubility of lead(IT) chromate is
so low that the equilibrium is shifted from dichromate to chromate.

Paper 3 — Advanced practical skills

[1]
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Paper 4 - Structured questions

Question 1

1 (a) Complate the electronic configurations of the following ions.

Gt 1Rl i G

Mt 18228R2pR i
[2]

(b) Both KMnO, and K, Cr,0O, are used as oxidizsing agents, usually in acidic solution.

(i) Usainformation from the Data Booktel to explain why thair oxidising power increases
as tha [H"aq}] in the solution increases.

(ii) What colour changes would you observe when each of these oxidising agents is

completaly reduced?
. Kl-.l'lnD‘

D e i e L L anep S S B s ik
+  KLrOy

O e S | R AT N R

[4]

(e} Manganesa(IV) oxide, MnQ,, is a dark brown solid, insoluble in water and dilute acids.
Passing a stream of SO,(g) through a suspansion of MnO,, in water does, however,
cause it to dissolve, 1o give a colourless solution.

() Use the Data Booklet 1o sugges! an equation for this reaction, and explain whal
happeans to the oxidation states of manganease and of sulfur during the reaction.

(i) The pH of the suspension of MnO, is reduced.
Explain what affact, if any, this would have on the axtent of this reaction.

4]
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Mark scheme

1 (a) o 1s'25°2p" 38 3p°ad’ 1
M 1s'2s2p" 38 3p* 3d° 1]
(2]

(o) {i) Anytwo from
» H iz on the oxidant’L.H. side of each of the M-equations, or H™ is a reactant
# [increasing [H]) will make E* more positive
# ([increasing [H']) will drive the reaction over to the R.H. reductant side or forward

direction

M+
i} KMnD,: Purplefviclet to colouriess (allow very pale pink) 1]
KaCr:Dy  Orange to green 1]
4
{c} (i} MnO;: +350; —» MnS0y (or Mn®™ + 50, 111
manganase changasiis reduced from +4 o =2 11]
sulfur changesis oxidised from <4 o +6 [1]
(iif Mo effect, because H' does not appear in the overall equation or its effiect on the
MnOy/Mn®" change is cancelied out by its affact an the 504/50,* change 111
4
{d) (i) MnO;+4H" +3Sn™ » Mn*" + 2H;0 + Sn* 1]
{ii}) niMnO.") = 0,02 x 18,1/1000 =3.62 = 107 mal (K|
nSn) =382 =10*= 52 =9.05x= 10" mal 1]
n(Sn®") that reacted with MnO; = (20 — 8.05) = 107" = 1.085 = 107" maol 1]

raaction is 1:1, 3o this is alzo niMnOy)
mass of MnO; = 1,095 x 107 x (54.9+16+16) = 0.0952 g 11
—»  95% —96%; 2 or mora .1 (1]
(5]
[Total: 16]

General comment

This question was designed to be a mostly straightforward starter question to the paper. Part (a) involved
use of the Periodic Table; part (b)(ii) required simple recall and part (d) was a standard calculation. Parts
(b)(i) and (c) required a little more thought however.

Common errors seen in scripts included the following:

e miscalculating the number of electrons in the ions in part (a)

e not applying le Chatelier’s principle in part (b)(i)

e not appreciating in (b)(ii) the significance of the fact that the overall equation did not involve H*
* using MnQ, rather than MnQ, as the oxidant in (d)(i)

¢ calculating the percentage of Mn rather than MnO, in (d)(ii)
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Example candidate response — grade A
1 (a) Complate the electronic configurations of the rnlly%g ions.

Criv.  1sf2e?2pf, BTN, A el i

M2+ 1sPasiep®. 3 5p L. D
Pl [2]

(b) Both KMnO, and K,Cr,0, are used as oxidising agents, usually in acidic sclution.

(i} Useinformation from the Data Booklet to explain why their cxidising power increases
as the [H*(aq)] in the solution increases.

B0y 1 xS S el ko,
Spalnx tap o6 2 2Cc _._jﬁ?_ :

) "ﬁuur _',gﬁlu r*:d:..r;:mﬂ Than proclicr.
{ify What colour changss would you observe when each of these oxidising agents is

completely reduced?
= KMnO ]

’ from o ks o %m ......
*  K,Cr,0, £

ORI Ly 7. " M Iﬂ["
roim e }ﬁ/ <

{¢) Manganese(lV) oxida, MnO,, is a dark brown solid, insoluble in water and dilute acids.
Passing a stream of S0.(g) through a suspension of MnQ, in water does, however,
cause it fo dissolve, to give a colourless solution.

(i) WUse the Data Booklef to suggest an equation for this reaction, and explain what
happens to the oxidation states of manganese and of sulfur duﬂng the reaction,

Moty + Sl " 2 T 42pn

o

i"l.:d-r.
......... M{*‘j.li!lnlﬂ Sechor beom. T4 20200y state b Surher

(il) The pH of the suspansion of MnO,, is reduced.
Explain t effect, if any, this would have on the extent of this reaction.
f_“!ﬂ:iﬂm!

i s sr e Jotin ) Bate ok seuting. s, de cei...
sl To Wlegenf

B T, demtmrertm, ok M0 2l Teke inger B

1
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{d) The main ore of manganese, pyrolusite, is mainly MnO.. A solution of EHGJ'._, can be used
to estimate the percentage of MnQ, in a sample of pyrolusite, using the following method,
*  Aknown mass of pyrolusite is warmed with an acidified solution containing a known
amount of SnCL,.
»  The excess Sn®*(aq) ions are titrated with a standard solution of KMnO,.

In one such experimant, 0.100g of pyrolusite was warmed with an acidified solution
containing 2.00 x 10~%mol Sn®*. After the reaction was complete, the mixiure was
titrated with 0.0200 moldm™ KMnQ,, and required 18.1 em? of this solution to reach the
end point. -

The equation for the reaction between Sn*(aq) and MnO,~(aq) s as follows.
2MnO,~ + 58n2* + 18H' — 2Mn®* + 5Sn* + 8H,0

{i} Use the Dala Booklat to construct an equation for the reaction between MnO,, and
Sn** ions In acidic solution.

Hat, skt o g1t M Mg S

(i) Calcutate the percentage of MnO, in this sample of pyrolusite by the following steps.

= number of moles of MnO,~ used in the titration

e ["'nm
. O Ty o.Gug

R - = = — 1 L S T "",..,l

«  number of moles of Sn®* this MnO,~ reacted with
T ! -“h-ir.. . 'F.-""hl .'n.“

-
R, el T E.”li.‘t Ce 5 abx 1o ® mol

+  pumber of moles of Sn?* that reacted with the 0,100 g sampla of pyrolusite
" JLIUH{’) {apsript) = 1 b5 5w (o ol

-3 = A %
—ae mmel S LIDRLRTT g

*  number of moles of MnQ, in 0.100g pyrolusite. Use your equation in ().
laml So 0 o) ol e

P s =iy 1y Llokin ™t o

= mass of MnO, in 0.100g pyrolusite

peetiletr 0 R LAy 1g
I""ll!."lr.-l;,] e PRl |.r l,ltnfﬂ,'"-l'lfl
=== ﬂﬁg:lﬂ

= percentage of MnO, in pyrolusite

ul'fa'r“ﬁ{'-a. Lz ';nqllﬁl Filodn q&'T.r' '/,///
45,1

percentage = ....... e %o
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Paper 4 — Structured questions

Examiner comment — grade A

(a) The candidate's second thoughts for Cré+ were correct; the 4s' electron is removed first, and then two
of the 3d electrons. For Mn?*, however, the candidate removed three rather than two electrons.

(b) The correct half equations were abstracted from the Data Booklet, and le Chatelier's principle was
applied correctly.

(c) The overall equation and the oxidation number changes for the two reactants were calculated correctly
in (i). However, it was not appreciated in (ii) that a change in pH would not affect the extent of reaction,
because H* does not appear in the overall equation.

(d) This correct answer was typical of a good candidate.
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Paper 4 — Structured questions

Example candidate response — grade C
1 (a) Complate the electronic configurations nVIInwlng lans.
Lo omn tstasiept, hl2e530 00
ot 2L '&_‘.;"5 i ,,y_}.‘- _
usV LA T gz vef2etept 35020 LA

[2]
" LS
'::,;. ?; ?’-':F {b) Bath Hl'-llnﬂ and K,Cr,0, are used as oxidising agents, usually in acidic solution.

257 3 /(i) Use information from the Data Booklet 1o explain whiy their axidising power inCreases
'\/1{ as the [H*{aq]] In the sclution increases.

B pone dnotdo R g e i

(i) What colour changes would you observe when each of these oxidising agents is

complately reduced?
S RS T r‘*"f‘f'-‘?,}/
e SV S " -:zf*ﬂﬂ/
V. M
{ () Manganese{lV) oxide, MnO,, is a dark brown solid, insoluble in water and dilute acids.
; Passing a siream of SQ,(q) through a suspansion of MnQ, in waler does, ROWBVEE,
{ g
,! I cause |t to dissolve, to give a colourless iul.l'lnn 3
| | {I} Usa the Data Bookisf to sugges! an equation for this reaction, and axplain what
|| Haly hapw Wmngaﬂm and of sulfur during the reaction,
S e "}’K"Hg’ X +1|:l/(ﬂ , €@ s ¥uag .
H x gl T3y i BTy
La . gﬂﬂl- 'I'ie-. — 5':' 8 + . TU‘{E} 1-':' T?-
| e 5 MpDo 4 ’=ﬂ e Mtk B STl il sy
g D= ..::5_-,. e ”d-lié Wiw dierenies it:_‘ﬂu ] 4 -'.16:
o WA o it =
SOt |y H of thé ﬁ.ﬁl-armiun i :.-..-.:5':% foduce X
Xyl -;-.T ¥ E:plmn whal effect, if any, this would have on ﬂ'm exilent of this raaction.
F

fﬂﬁﬂ'ﬂﬁ*ﬂ@”**fwﬁwﬁw

‘I".'r-l-
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(d) The main ore of manganese, pyrolusite, Is mainlyMnO, A solution of SnCl, can be used
to estimata the percentage of MnO, in a sample of pyrolusite, using tha following mathod,
= Aknown mass of pyrolusite is warmad with an aciiied solution contain oW

amount of SnCL,. :

»  The excezsSnfaq) ions are titrated with a standard solution of KMnO,,

In one such experiment, 0.100g of pyrolusile was warmed with an acidified solution
containing ﬁgﬂﬂu@ﬁ%ﬁacﬂm was complete, the mixture was
titrated with 0.0200 mol dm™ KMnO,, and rad 18.1cm? ni this solution 't:r reach the
end point. _ﬁ.—f,h . *!(” * '11.11-{." €8 146y

]" i "' T
The aquation !‘r:?r the rgaﬂmn(‘n*émﬂ-ﬁ'%ﬁgi amdJ I'uan) *{aqTIs as follows,
nh*H@

i A D%
Sav 3 27 © Bn0,~ + 5Sn* + 16H* —> 2Mn®* + 5Sn* + 8H,0

mﬁ Ja *‘u‘” 3 - "11' 42” .[:] I??
i Usethe ﬁ;;amvmﬁé construct an aquation for the reaction between MnQ,, and

Sn®* ions In acidic solution. 4 A, 3 HRT + 5% 5, "“".rg_u‘_D 5N

| o R —

(i) Calculate the percentage of MnQ, in this sample of pyrolusite by the following steps.

" number of moles of Mnﬂ wsad in the titration

& 01 gal "lh":"l"'h'i j?t o1 »igh v/

?- b6 fﬁl-.l'" fog @ ) .
. x° 300 x10 “""“:l, Ma0,

*  number of mul!as af Sn?* this MnO,~ reacted with T~
< ool lapOu” f;m'l Satt w3 i'-“"'ﬂ' -l
F
9 61 ?r-rﬂ- 'n-ir Hﬁpu j q -.':I-’E_}'!ﬂ V/
X * Sl 2d go) g, o
*  number of moles of Sn** that reacted with the 0.100g sample of pyrolusite

*  number of molas of MnO, in 0.100 g pyrodusite. Use your agquation in (i).

*  mass of MnO, in 0.100g pyrolusite

*  parcantage of MnO, in pyrolusite

PErCENMAgA = ......ooovovevcmrmraneasane s T
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Examiner comment — grade C
(a) This candidate scored full marks for correctly deducing the electronic configurations.
(b) In part (i) the candidate picked out the correct E° values, but did not quote the half equations or use

le Chatelier's principle to explain the effect of [H*] on E°. In part (ii) the colour change for KMnO, was
reversed, but that for K,Cr,O, was correct.

(c) The overall equation and the oxidation number changes for the two reactants were calculated correctly
in (i). However, it was not appreciated in (ii) that a change in pH would not affect the extent of reaction,
because H* does not appear in the overall equation.

(d) This candidate realised they had used the incorrect oxidant in (i), and changed the equation accordingly.
A good start was made in part (ii), but the rest was left blank.
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Paper 4 — Structured questions

Example candidate response — grade E

1 (a) Complete the electronic configurations of the following ions.

Cov: isPastapt... ML Al X

3 a B
Mn2+: 1s22gppf 3% 3} i AT
J’( [2]

(b} Both KMnQ, and K,Cr,O, are used as cxidising agents, usually in acidic sclution.

@ Use information from the Data Booklat to explain why their oxidising power increases
as the [H*{aq)] in the solution increases.

MeQH re¢” & o'y ')ﬁ": Sk

G 0377 @ MK a bt G L1 % s 7133 A

ot |
a1 n N 6§ EOLES t et g.f;.ulh'n-'ll.l.ll-'ﬂ odes 1 HJE.-'M-:-

Tl e gE v werome eaoRs ngdatnl e deCRiaiE ’(k/
g agents is

(i} What colour changes would you cbserve when each of these oxidis
completaly reducad?

v KMnO, 3
from .o ParAE TR 1 1Y =0 N P

e KGO
eLeeny G s i st lnz]JE@f*V/
(41

(e} Manganese(lV) oxide, MnO,, is a dark brown solid, insoluble in water and dilute acids.

Passing a stream of 50,(g) through a suspension of MnO,, in waler does, howevar,
cause it to dissolve, 1o give a colourless solution.

{i) Use the Dala Booklet o suggest an equation for this reaction, and axplain what
happens to the oxidation states of manganese and of sultur during the reaction.

Yoga Ma0 o SO euW ams oOmdevon Gwne of
ey + My «1e 4§ o ™" sl mEnLIneS & ..!:'J,L'I'II;{;}
T T gt
ifs sl piag: o St et wald Py daken 1,'.:—[::5«! oo
) T e ipaeants o
{ii} The pH of tha EUEPEI'I-EI'DFI-Di MnO, is reduced. *H 1o Y

Explain what effect, if any, this woulld have on the extent of this re&iction.
UM i RORL veAr g cowbion W be, CAOUMEGC
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{d) The main ore of manganese, pyrolusite, is mainly MnO,,. A solution of SnCL, can be used

to estimate the percentage of MnQ,, in a sample of py i, using the following mathod.

« A known mass of pyrolusite is warmed with an acidified solution containing a known
amount of SnCi,.

» The excess Sn®*(aq) ions are titrated with a standard solution of KMnO,.

In one such experiment, 0.100g of pyrolusite was warmed with an acidified solution
containing 2.00 x 10 mel Sn*, After the reaction was complete, the mixture was
titrated with 0.0200mal dm™3 KMnO,, and required 18.1cm? of this solution 1o reach the

end point.
Tha equation for the reaction betwaen Sn?*(aq) and MnO,"(ag) is as follows.
2MnQ,~ + 5Sn* + 16H* — 2Mn®* + 5Sn** + BH,O

(iy Use the Data Booklet to construct an equation for the reaction between MnQ,, and
Sn?* ions in acidic solution.

a4 R

TR0 ¢ AW Whadd 4+ BSn T B LNIAOL TS 4 258 AT
(i) Calculate the percentage of MnQ, in this sample of pyrolusite by the following steps.

2%

= number of molas of MnO,~ used in the titration
L T B ¥ G oAng -
\—— ey \oug L

= number of moles of Sn®* this MnO,~ reacted with
Bndt . 3w O

& I &3
yaganet ks Betriadedens g osae Tt

= number of moles of S that reacted with the 0.100g sample of pyrolusite
fontt.

Lran 0L
i o
1 % SN0 t:%ﬁmm/,'t/
-
2C 4 «  number of moles of MnO, In'0100g pyrolusite. Use your equation in (1)

M- AL :.*th-"lly/
T ﬁ hh‘{a

pﬂlT.“EI'ItEIg'E af MnQ,, in pyrolusite

TT B\
i, 5 il 2 Eala! W
H’m T N
Wt ;
E‘/ il W ercantage - “‘"""hq/{ %

8l
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Paper 4 — Structured questions

106

Examiner comment — grade E

(a) This candidate quoted the correct electronic configurations for the unionised atoms, but did not show
that forming cations involves the removal of electrons from the atoms.

(b) Both half equations needed to be correct to gain credit in (i): candidates should be aware that MnO
is reduced to Mn?* in acidic solution. The candidate’'s second attempt at specifying the direction of
movement of the equilibrium was incorrect. The colour changes in (ii) were correct.

(c) A good attempt was made to generate a balanced equation for the overall reaction in (i), but the number
of water molecules was not balanced. The oxidation state change for Min should have been to +2 rather
than -2, and that for S should have ended up as +6 rather than +8. The unbalanced equation in (i) could
still have given the candidate the hint that [H*] would have no effect on the extent of reaction, but this
was not observed.

(d

~—

In part (i) this candidate took Sn?* to be an oxidising agent rather than a reducing agent, due to their
not appreciating that the reactant with the more positive E® will oxidise that with the more negative E°.
In part (ii) the first two lines of the calculation were correct, but in the third bullet point this candidate
did not see that the number of moles of Sn?* that had reacted with the pyrolusite is the number of
moles first added, minus the number of moles left after the reaction. Rather, the candidate calculated
the number of moles of MnQO, in the 0.100 g of pyrolusite, assuming the pyrolusite was 100% pure
MnO,. Although the number of moles of MnO, was incorrectly calculated in the fourth bullet point,

an error-carried-forward mark was able to be awarded for the calculation in the fifth bullet point: the
multiplication of the incorrect number of moles by the correct M of MnQO,. Had the sixth bullet point
been calculated correctly, the percentage would have been over 100%.
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Question 2

2 (&) (i) What iz meant by the term figand a3 applied to the chemistry of the transition
elements?

{ii}) Dascribe the type of bonding that cccurs batween a ligand and a ransition alement.

[2]
(b} Chromium hexacarbonyl undargoas tha following ligand replacement reaction.
CriCC), + PRy — Cr{CO).PR, + CO
Two separate experiments were carried out 1o study the rate of this reaction.

In the first experiment, the ligand PR, was in a large excess and [Cr{CO), ] was measured
with time. The results are shown on the graph below,

0 0 Do e - ;
" ) aeaseazes e
H v , -] v
= : =
0.00800 4+ . SE8 - EEEEE -
1 1
TR = ) I T -
E ~
"g‘ 000800 ]
oy,
= THHH Rt -
E ] ‘“L's-
£ 0.004004+ : - -
E 1
5 L
0.002004- : !
.p- " " " b= .
0.00000 4 1 : i i ]
0 200 400 GO0 200 1000 1200 1400 1600
times's

In the second experiment, Cr{CO), was in a large axcess, and [PR,] was measured with
time, The following results were oblainad,

time/s [PRS)/ mal dm-=
0 00100
120 0.0076
200 0.0060
260 0.00:28

(i) Plot the data in the table on the graph above, using the same axis scales, and draw
the best-fit line through your points.
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Paper 4 — Structured questions

108

(i}

Lise the graphs to delermine the order of reaction with respect 1o CriCO), and PR,
In each case explain how you arrived al your answer,

CrHCO),

(i) Write the rate equation for the reaction, and calculate a value for the rate constant,

(i)

(v}

using the method of initial rates, or any other method you prefer,

Four possibde mechanisms for this reaction are given below. Draw a circle around
the letter next to the one mechanism which is consistent with the rale equation you
have written in (lif).

A CrCO), = Cr{CO), + CO Feast
Cr{CO), + PR, —» Cr{CO),PR, slow
B CrCO), => Cr{CO); + CO slow
CriCO), + PR, = CHCO)PR, fast

C CrCQ), + PRy = [OC--CrCO),---PR,]—» CrCO) PR, + CO
(transition state)

D GriCO), + PR,— Ci{CO).PR, slow
Cr{CO);PR, —> CrCO),PH, + CO fas!

Explain your answer.

[Total 11]
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Paper 4 — Structured questions

Mark scheme
2 (&) (i) A moleculefon/species with a lone pair (of elecirons) or electron pair donor...

... that bonds to a metal ion/transiticn element.... [1]

(i} ..by means of a dativelcoordinate (covalant) bond [1]

[2]

(b} (1) straight lima from (0, 0.01) to point at (350, 0.0028) with all points on the line [1]

(i} orderw.rt. CriGOk is 1 and order w.rt. PRy is zaro [1]
becausa (a) CriCO ). graph has a constant half-life (which is 700 s)

ar construction lines on graph showing this) (7]

because (b) PR; graph is a straight line {of constant skope) orling shows a constant rate

of reaction or no change in rate or shows a linear decrease [1]

(iii} rata = K[Cr(CO] [1]

k=(0.8-1.1) % 107 (s7) {one or more 5.1,) [1]

gither rate, = 0.01/1020 = 9.8 = 10-® mol sec” when [Cr{CO)] = 0.01 mol dm™
sok=08x=10"001=908=10""

ar  tyz= 700 s8c
k = 0693700 = 9.9 x 107

(iv) (units of k are) sec™ [1]

(¥] HN.B. the chosen mechanism must be consistent with the rate eguation in (ill). Thus:
aither if rata = k[Cr{CO))

miechanism B is consistant [1]
becausa it's tha only machanism that does NOT involve PRy in its slow/rale-determining
step or only Cr{iCO) is involved in slow step ar [PR,] doas not affect the rata [1]
or

if rate = k[Cr{CO)][PRa). then

mechanism A or € or D is consistant [1]
because both reactants are involved in slow step [1]
(8]

[Total: 11]

General comment

This question involved a mixture of knowledge recall in part (a), with applying knowledge of reaction rates
to the analysis of a concentration-time graph in part (b), along with the understanding of the relationship
between mechanism and order of reaction. Many candidates scored well, and even the weaker candidates
were able to pick up marks in parts (a) and (b)(i).
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Example candidate response — grade A

2 (a) () What s meant by the term ligand as applied to the chemistry of the transition
elemants?

wdmmdmpme{mmdqmw
W the  redlal o mictal fo M oA don.

(i) Describe the type of ing that cocurs a ligand and a transition element.
}

Datve bead £

{b) Chromium hexacarbonyl undergoes the following ligand replacement reaction.
Two separate experiments were carried out to study the rate of this reaction.

In the first experiment, the ligand PR, was in a large excess and [Cr(CO),] was measured
with time. The results are shown on the graph below.

0.01000% e T ™
ﬂﬁﬂui ‘: : - W o T o -
0.00800 ‘ S
9 il | L ! :
‘E H i S T+ - i
+ 0.00800 : g i
3 S SHEE
— -
_§ T ) _ n
-E.; z 1 - I -1 1 =
g 0.00400-+ HHH P
B FiE] S HE Jjps <eas = T
0.00200 S F Tl
0.00000-H i atiSERERREEEEY H
0 200 400 800 800 1000 1200 1 1600
™0 W TP timess W 700

In the second experiment, Cr(CO), was in a large excess, and [PR,] was measured with
time. The following results were obtained.

time/s | [PRy)/moldm-

0 0.0100 =
120 0.0078 ol
200 0.0060 ~
360 0.0028

(1) Piot the data in the table on the graph above, using the same axis scales, and draw
the best-fit line through your points.
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(i) Use the graphs to determine the order of reaction with respect to CriCO); and PR;. |

in each case explain how you arrived at your answer. lE,;..:,

Cr(COl,
l’fﬁ{irstw&ﬁ"mhrr#pﬂ* to. Crle02i . berase.....

e half-lde s feastdl hich ¢

i

g tez. half -hife s deceeq sing.
(ill} Write the rate equation for tha reach and calculate a value for the rate constant,
ing the method of initial rates, g any other method you prefer.
using ny _ﬂfl{illﬂqfr ptrf Mg } '||!' -
Rote = kLerceo) ). 20 . Role = nens . . S R e
; |

GTad = k(o006)]
Em Lk bag™ g

{iv) State the units gf the rata constant.
E =1
(v) Four possible mechanisms for this reaction are given below. Draw a circle around
the lattar next to the one mechanism which is consistent with the rate equation you

have written in [iii).

A CrCO), —» Cr(CO); + CO fast
CriCO), + PR, — Cr(CO)PR, slow &

B CrCO), — CrCO); + CO , slow
CriCO), + PRy —» CrlCO};PR, fast

C Cr(CO), + PR; — [0C---Cr(CO),---PRy] —» CrCO),FR, + CO
{trapsition state)

reyte d:fﬂ'ﬂ'h‘tfﬂf& ﬂtP whidh & e twtr} 'ﬁ':f} in thg [g][ ,1
VECACH O [Total: 11] | @)
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Examiner comment — grade A

(a) This candidate gave a complete answer, typical of a grade A candidate. A ligand needed to be described
as containing a lone pair of electrons, which could be donated to a central metal. It was necessary to
specify the latter point in order to distinguish a ligand from a base, or the more general nucleophile. The
type of bonding could be described as either dative or co-ordinate.

(b) The correct plotting of the points and the drawing of the straight line through them allowed this
candidate to score the mark in (i). In part (ii) the candidate scored the mark for correctly stating both
orders, and also gained the mark for the explanation of the first order dependence on [Cr(CO),], namely
that the half-life was constant. However, the mark available for the explanation of the zero order
dependence on [PR,] was not awarded: reference had to be made to the fact that the rate, i.e. the slope
of the concentration-time graph, does not alter with [PR,]. The candidate’s phrase ‘half life is decreasing’
was not an accurate enough description to gain the mark: had the candidate pointed out that successive
half lives were each exactly half the previous half life, a mark could have been gained. In part (iii) this
candidate chose to draw a gradient to the line where [Cr(CO),] = 0.0061 mol dm, rather than the more
usual [Cr(CO),] = 0.010 mol dm= at t = 0 sec. However, the calculation was performed well, the value of
the rate constant k was in the acceptable range, and the units were correct in part (iv). In part (v) both
the mechanism chosen and the explanation fitted with the orders deduced earlier.
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Example candidate response — grade C

2 (a) (i) What is meant by the term figand as applied to the chemistry of the transition
elements?

T
A moélde o on r.-ﬂ:L Ling paic. =k Epfﬂ-ﬁﬁ {a-:{'::-rn;/
nsiirs " dorve Eord L@ band ol e ﬂ
(i) Descrbe the type of bonding that occurs betwesn a li and a transition elemeant.

LLomalent  dotive  bondwa

{b) Chromium hexacarbonyl mdamggﬁa following ligand replacemeant reaction.
CriCo), + PR, — Cr{CO);PR, + CO
Two separate experiments were carried out to study the rate of this reaction.

In the firet axperiment, the ligand PR, was in a large excess and [Cr(CO),] was measured
with time. The results are shown on the graph below.

ﬂ.ﬂ‘lﬂt}ﬂm T E T ; : H TR
] mpmisam i i ERmmRmE o |
'] ] N i . |
- S | - |
H- B T Y 1
0.00800-H T -. T
“‘{Y L HHEE ] :
7 HHR i SRERsiaErasamas R
E i _E""I-._ aas --I.F - - T .F -
5 0.00800 s aans EARaREEARRINTEEEEismazisssman 1
E : e HETHE
§o o R e
i - T E EEE A I .
En.nmue_;__ - - T HH +HH
= , ‘. T - ] FHH
% 1iI HH -IL' T ' +H : e
attes : R e ””E'-'-gl_.'..ﬂa_:.; o
0.00200 11+ HHHT H T § :
P FHE e HH T .. : +
' H T O :'. HH EE :::
i 1 » T 1 I S I
GR0ueD 200 600 ' 800 1000 1200 1400 1600
1% 1% imais e g
e Fo0
In the second experimant, Cr(CO), mwﬂj@m and [PA,] was measurad with
tima. The following results were ined,
time/s [PR,]/mal dm
0 0.0100 '
120 0.0076
200 0.0060
360 0.0028

(i) Plot the data in the table on the graph above, using the same axis scales, and draw
the best-fit line through your points.
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(li)y Use the graphs to determine the order of reaction with respect to Cr(CO), and PHE'
In each case explain how you arrived at your answer. Sl

Cr(CO),
fev Ahe oocpendcaven ol Cor000e o decwow bo bale -

Bt

305 (feom o 6V maldwsP ko 0 205002 and fram
s oo500  Laded Lo o-no :a'E'.:'."L;L'.iH':;'F'EE:;_T}';' Foek B0y .
PH-Z Fongdcimp Lyl - {rie “he e p fare = PR Ly

LecCe0dl s k-

Gegh o LPRaT asomet me s @ staighy (i Bt

ecrgsina) e odder ol wooton ef © CRD s

MLEESRALEE

o P, '
((iii) /| Write'the rate equation for the reaction, and calculate & value for thie rate con :
l'\./l using the method of initial rates, or any other method you prafer. @

ave equavion =% (o)) TPRN /7 g0 -0
Fe ve,

. mp) dm- 357"

mardm 35
R — RN
fenatidas ™) ® ol ol

(lv) State the unils of the rale con - X T

(v} Four possible mechanisms for this reaction are given below, Draw a_circle around
the letter next to the one mechanism which is consistent with the rate equation you
have wiitlen-in-(iif).

A Cr(CO), —» Cr(CO), + CO fast
Cr(CO), + PR, —> Cr(CO).PR, slow

B CrCQO), — CrCO); + CO slow
Cr(CQ); + PR; —» Cr(CQ),PR, fast

C CrCQ)g + PRy —» [OC---Cr(CQ),---PR,] — Cr(CO);PR, + CO
(transition state)

D Cr(COJ; + PRy—> Cr(CO),PR, slow
Cr(CO)PR, —> Cr(CO).PR, + CO fast )(

Explain your answer, d

D CCCO) ond PRy ace i de roie  eguation Therepe
Miem =ihe o 54 X
Agic. ooentadion vl dpgerming R catep r(C0)erRy
WO By et eqvation Mf‘aw i rhedd ke (9]
in Ay  fort e
[Total: 11]
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Examiner comment — grade C

(a) This candidate also gave a complete answer and gained full credit for this part.

(b) The correct plotting of the points and the drawing of the straight line through them allowed this
candidate to score the mark in part (i). In part (ii) the explanation for the first order dependence on
[Cr(CO) ] was well expressed, but the logic for [PR,] was incorrect. In parts (iii) and (iv), however,
error-carried-forward marks were gained for deducing the correct rate equation and units based on the
candidate’s incorrect second order dependence on [PR,]. Since none of the four possible mechanisms
in part (v) were consistent with a second order dependence on [PR,], it was not possible to award any
error-carried-forward marks here to this candidate.
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Example candidate response — grade E

2 (a) () What is meant by the term figand as applied to the chemistry ol tha transition
slements?

Ligana oy .. ﬂﬂ!lﬂmr/\ ......

(i) Describe the type of bonding that occurs between a ligand and a transition elemant.

ﬂ“ﬂ[ﬁ*'lfl'“‘i \L

(b} Chromium haxacarbonyl undergoes the following ligand replacement reaction.
CriCO), + PR, — CriCO),PR; + CO
Two separate experiments were carried out to study the rate of this reaction.

In the first experiment, the ligand PR, was in a large excess and [Cr(CO) | was measured
with fime, The results are shown on the graph balow,

0.01000 - i T . CTTTILTTT
W I e t | JLLELLLLL
LN B r T T EEEE |
0.00800 : Hesausmma: '
o ja ; e
E—u.unﬁm
E :
c S .
"E ] =i : -
= 0.004004 = Sam
i A [sadas L
0.002004HH i T
0T T
- i | b {
e REanainy i 3 FE R e
0.00000 — — z o A
0 200 OO BOO 1000 1200 1400 1600

times

In the second experiment, Cr(CO), was in a large excess, and [PR,] was measured with
time. The following results were obtained.

time/s [PR,]/mal dm3
0 0.0100
120 0.0076
200 0.0060
380 0.0028

(I} Plotthe data in the tabla on the graph above, using the same axis scales, and draw
the bast-fit line through your points,
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(i)

(i

(iv)

(v)

Paper 4 — Structured questions

Use the graphs to determine the order of reaction with respect to Cr(CO),; and PR,
In each case explain how you arrived at your answer.

Cr(CO),

Pﬁ ot docmeas, d..-fﬁ,ﬂﬁ.!;ﬁn-.'rm dlacrsapet, .
PR, 7{
f"ﬂ”ﬂquhn'ﬂmjm{ria:iﬂuﬂﬂ&mpﬁwh

Write the rate equation for the reaction, and calculate a value for the rate constant,

uging the method of initial rates, u:an'f/umar mamwraﬁer
Lt 2 e LG b LR Ry

*Ttrt:ﬂ:rﬂﬂ’ﬂlﬂfﬂlf*
e s gt feodfoey

i 1xiged ){“
State the units of the rate constant.

T hr Suuidill SR

Four possible mechanisms for this reaction are given below. Draw a circle around
the lelter next to the one mechanism which is consistent with the rate equation you
have written in (iii).

A Cr(CO); — CrCO), + CO fast
CriCO), + PR, — Cr(CO).PR, show

B CrlCO); — Cr(CO), + CO slow
Cr(CO), + PR; — Cr(CO).PA, fast

15?% + PR; — [OC---Cr{CO),---PRy] — Cr(CO);PR, + CO
(fransition state)

Cr(CO), + PA,— Cr(CO),PR, slow
Cr(CO) PR, — CrCO),PA, + CO fast

Explain your answer.

Becae WG9 g o endion X

o
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Examiner comment — grade E

(a) Both parts (i) and (ii) had detail missing. In (i) the candidate needed to explain that the lone pair of
electrons on the ligand was used for bonding to a central metal atom, and in (ii) the bonding needed to
be dative or co-ordinate as well as covalent.

(b) The plotting of the points and the straight line scored the mark in part (i). In part (ii), although the
order with respect to [Cr(CO) ] was correct, the explanation was not: the graph does not show inverse
proportionality, and the second statement is incorrect The first order dependence on [PR.] was
incorrect. However, an error-carried-forward mark was awarded in part (iii) for the correct rate equation
based on the incorrect orders stated in part (ii), but the units in part (iv) were incorrect. Another error-
carried-forward mark was awarded in part (v), because any of the mechanisms A, C or D is consistent
with the reaction being first order with respect to each reactant.
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Question 3
3 (a) Amino acids such as alanine are essential building blocks for making proteins. Thay can pee
be synthesised by a general reaction of which the following is an example. Examinert
Lse
CHLCHO NaCHN + NH,Ci EI?D" + heat CHACH(NH,)COH
(i) neutralise alanine
E. C3HgN;

(i) Suggest the structure of the intermediate compound E by drawing its structural
formula in the box above.

{1} Suggest. in the box below, the structural formula of the slating material neaded 1o
synthasisa phanylalaning by tha above ganaral reaction,

"
C

CH, COH
e intermediate ——e ,__;f;}]
S

phenylalanine
[2]

(B) (i) Wha is a protein?

(i) Using alanine as an example, draw a diagram to show how proteins are formed
from amino acids. Show wo repeal unils in your answer,

[3]
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(e} Tha hydrolysis of compound F produceas twe compounds G and H.

(i)

(1)

(d) (i)

(i)

120 Cambridge International AS and A Level Chemistry 9701

NH  COH
,3
[

o]
o
X
= Hru‘?
F

— -
{“::Hj

n

G

State the reagents and conditions needed for this hydrolysis.

Diraw the structuras of the two products G and H in the boxes above,

Draw the zwittenonic structure of alanine.

Suggest the structural formulaa of the zwitterions that could ba formed from the

following compounds.

compound

Zwillerion

[4]




Paper 4 — Structured questions

(@) Solutions of amino acids are good buffers, For
Exsminar's
(1) What iz maant by the term buffer? e

(i) Wnte an equation to show how a soluion of alanine, CH.CH{NH_JCCO_H, behaves
as a buffer in the presence of an acid such as HC Kaq).

{ili} Bnefly describe how the pH of blood is controlled.

{iv) Calculate the pH of the buffer formed when 10.0cm? of 0.100moldm™ NalH is
added to 10.0cm? of 0.250mol dm= CHLCO.H, whose pK, = 4.76.

[Total: 19]
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Mark scheme

3 fa) ()
(i)

(b} {i)

(i)

{ch (i)

(i)

E is CH:CH{NH;)CN [1]
CyHaCHCHO [1]

[21
a polymerpolypeplide of amino acids, (joinad by paptide bands)

{allow ‘ehain of amino acids’ but not ‘saquence’. the idea of ‘many’ has to be conveyead)
[1]

H (0]
- H\[)\ S
" i |
H
Q

peptide bond shown in full (C=0) in an ala-ala fragment in a chain [1]
two repeat units [1]

Allow peptide bond ghown in full {C=0) in a dipeptide ala-ala for 1 mark

0
0
”’"\‘/'\u H
s ]

[3]
HCI or H;50, or NaOH or H or OH™ reagants [1]
+ heat and H:Ovaq (allow H,Q"),
If T is quoted, 80 °C = T < 120 °C. NOT warm. conditions [1]

CO.H HyM COH
E>< and
HH; -

{if a structural formula, it must have all H atoms) allow protonated or deprotonated
VErsions (1] +[1]
[max 3]
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(d) (i) NHy-CH{CH.-CO; I

(i)

compound Zwittarion

C} @ Cj e
L P l:'::l;H H:q I:-D:,
@I:ﬂn : =

HHCH, 40y

HO NH. @
i T %\%Wmm

12]
[4]

fe} (i} A buffer iz a solution whose pH stays fairly constant or which maintains roughly the

same pH or which resists/minimisas changes in pH 1]

whan small/moderate amounts of acid/H" or alkalilOH™ are added 11

(i} NHCH{CH:)COH + H(C?) + "NH:CHICH,)CO:H (+ CI7) 1]

{iily blood contain HCOs™ {or in an equation) 111
which absorbs H™  orequn H + HCOy™ — H.CO, [H:O + C0s)

or absorbs OH or equn QH™ + HCOy™ » GO + H; 0 1]

(lv) [CHyCOyMa) = 0.05 [CHACOyH] = 0.075 [1]

pH = 4.76 + log (0.05/0.075) = 4.58 or 4.6 1]

[7]

[Total: 19]

General comment

This question covered a wide range of topics, from the hydrolysis of nitriles and amides to the structures

of proteins and zwitterions, and the calculation of buffer pH. Because of the range of topics covered, full
marks were obtained only rarely, but many candidates scored 16-18 out of 19. Part (a) required enough
understanding of the synthesis of carboxylic acids by the hydrolysis of nitriles to be able to work backwards
to deduce the structures of starting materials and intermediates. Part (b) started with a definition of a
protein, followed by their typical structure. In part (c), knowledge of amide hydrolysis needed to be applied
to a cyclic bis-amide, and part (d) involved the application of knowledge of the structures of zwitterions

to some unusual compounds. Part (e) started with a straightforward definition of a buffer, continued with
knowledge recall of blood buffers, and finished with a fairly simple calculation of buffer pH, which, however,
caught out many candidates.

The most challenging parts were (a)lii), (c), (e)liii) and (e)(iv).
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Example candidate response — grade A

3 (a) Amino acids such as alanine are essential building blocks for making proteins. They can
be synthesised by a general reaction of which the following is an example.

CH5 CHONY) y
CH,CHO ==y T

{ii} neutralise

E, CqHgN,

(i} Suggest tha struclure of the inlarmediate compound E by drawing its structural
formula in the box above,

(il) Suggest, in the box below, the structural formula of the starting material needad to
synthesise phenylalanine by the above general reaction.

MH,,

I
.
@ k intermediate — é o

phanylalanine

2]
(b) (i) Whatis a protein?
Jrotein ts the  polgarer o omine agilCe” i

(if) Using alanine as an example, draw a diagram 1o show how proteins are formed
from amino acids. Show two repaat units in your answer,

H J';“i:
| = 6= G-
l 6 H
ﬂ,_‘c—-crﬂ

\

C0.H )
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{c) The hydrolysis of compound F produces two compounds G and H.

o]
— | O @
H CH, 3 /

E Q
G H
(i) nts and conditions needed for this hydrolysis.
{ii) Draw the structures of t products G and H in the boxes above.
13]
(d) (i) Draw the zwitterionic structure of alanine,
t
N
| ;
h
(li) Suggest the structural formulae of the zwitterions that could be formed from tha
following compounds.
compound . zwiteron
- f"
Qoo | WOy A
OH 3 i
@E @ Nt
! NHCH, CHa
_ My, !
O~ M | o A
o” “o ef o
[4]
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126

{e) Solutions of amino acids are good buffers.

() What is meant by the term buffer?

R soluton,. Ahal....cesisd.. charges 0. .

or batt oy addedso - _
() Write an equation to show how a solution of alanine, CH,CH(NH,JCO,H, behaves

as a bufler in the presence of an acid such as HCl(aq).

OO0 4 g . YaCh CNA )C0

(iiiy Briefly describe how the pH of blood is controlled.
pu..of .w.t.'f!...,.w.....r..n.m.r.sl.!.lz!.@é....w....-.-_u?‘jugmm......nn.u;.f.lsnf.%.....wnj'.ch.._t;w.ﬁ;s.ﬂﬂi. [
A8

with,... A% faoming.... hocwngleinig Lm...!!'ﬁ!.l@ﬂ,!::.....@_t_t...ﬂ}....P!..'F.fl.ﬂ.!.!.----..
T U, || IO NI,

(Iv) Calculate the pH of the buffer formed when 10.0cm? of 0.100moldm™ NaOH is
addad to 10.0em® of 0.250 moldm ™2 CH,CO,H, whose pk, = 4.76.
ceatd + o ® ¥ 0 dv Caud] = o.3c 48 x \0 %[0

 gaxin? - (i x 0

_I‘H_IE:—:L- = o0 I]ﬁ'l.; ;
joxi ® " P e 0.1€ motew
jex o=
Moo pua 4 [:u%%“—”;]}
T
0.0
= 436 4 (!HE.,,, e )
= 36 + [ - ﬂ‘Hj pH = i, 4"{;? ...... ;
M- gga, 7]

Examiner comment — grade A

(a) This candidate correctly worked out that the intermediate in part (i) was CH,CH(NH,)CN, but did not
deduce that the starting material in part (ii) was C_.H_,CH,CHO.

(b) This candidate clearly stated the key point in part (i), that proteins are polymers of amino acids. In
part (ii) this candidate scored one out of the possible two marks: the structure drawn was the correct
structure of the dipeptide ala-ala, rather than two repeat units in a polypeptide chain, as the question
asked.

(c) The correct reagents and conditions were stated for the hydrolysis, and this candidate correctly worked
out the hydrolysis products.

(d) The principle behind zwitterion formation was clearly understood, so all structures were correct.

(e) The two important features of buffers: that they resist, rather than totally prevent, changes in pH
and that they are only effective if small amounts of acids or bases are added, were well explained by
this candidate. In addition, a correct equation was offered in part (ii). Part (iii) illustrated a gap in this
candidates knowledge of blood buffers: HCO, ions are the main agent, reacting with H* to give H,CO,
(or H,0 + CO,) and with OH- to give CO,* ions. However, this candidate was one of a fairly rare number
who scored the full two marks for a totally correct answer in part (iv).
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Example candidate response — grade C
{a) - Amino acids such as alanine are essential building blocks for making proteins. They can

# be synthesised by a general reaction of which the following is an example.
T
i . =
A, NaCN +NH,CI | W L o g ;:}'43’:"’ R o NHID0g
g i owda ] neuralise alanine
T E, CyHgh, I
TRt W g~ &~ cOUH

[ Y
¥ (i) Suggest the structure of the intermediate compound E by dmwlng“i'ﬁs structural
formula in the box abowea,

(i} Suggest. in the box below, the structural formula of the starting materlal needed to
synthesise phenylalanine by the above general reaction.

Eul. NHE
L cHs fli,i:!‘
Ly e ﬁ-;_t COH
@ —= intermediate — —= O
phemylalanine

(b) () Whatis a protein?
th;- fong chaias o4 amine acids. /

(i) Using alanine as an example, draw a diagram to show how proteins are formed
from amino acids. Show two repeat units in your answer,

H H © - v y v
P i 1 i "
H—=N—=(C — C~04 + H-M—EI-‘L-#H

|
tH
CHy H_Emﬂ!a“ ¥

W
- v
“”‘-f-‘—-cru'-l:“"i--i
| F 2]
tHa H CHy '“""""
:f i .
porkde bond
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(e) The hydrolysis of compound F produces two compounds G and H.

HN—

(i)

(ii)

{d) (i)

(i)

128

N
] v
c ~0H g O, H
F
NH  CO.H H
M= N M
CcH, L N ) o]
O
G H

State the reagants and conghfions needed for this pydrolysis.

shestmes  pt Twaler § Meal

Draw the structures of the two products G and H in the boxes above.
(3]
Diraw the zwitterionic structure of alanine.
tH i
i

- + :
poL — (¢ —NHy L/

1

i

Suggest the structural formulae of tha zwittarions that could be formead from the
following compounds,

compound

v O)con |
OH

Zwitterion

() coo” l/l’/

/\[ 4 '
@ NHCH, @ i CHy ‘-’-“f’;’mj
HO_ . _NH, RN M!:!H;*
e & 3 e
o o ] ] 1/

4]
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(e) Solutions of amino acids are good buffers.

(iy What is meant by the term buffer?
Soluhion ﬁ‘h" preveay Any fhs’w " 2y -

(i) Write an equation to show how a solution of alanine, CH,CH(NH,)CO,H, behaves
as a bufier in the presence of an acid such as Hm{aq}

Bylisiag  CHy CHH; ) COO™ )r’+ H* — CHyeH(WHa) Co0H

(lif) Briefly describe how the pH of blood is controllac. /
55 {fl‘l.IMU'. n-‘| ,.mFEn.; E(::iﬂll" '|-|—[' I|'1

whn  HE L ,mmk ch; ) + H* = Hat0; /

(lv) Calculate the pH of the buffer formed when 10.0em? of 0.100meoldm™ NaOH is
added to 10.0cm? of 0.250 moldm™ CH,CO,H, whose pK,, = 4.76.

aeie
r#-_:—r{.— -,f-—lfj_{_ m F.ﬁ': Fh 4 113 [ b_n,u.)

FF: 436 + oy "[o180]
Coipe0]

436+ 01393 e 506 X
ot 5.0t ’

[Total: 19] |

Examiner comment — grade C

(a) This candidate correctly worked out the intermediate in part (i). In part (ii) the correct intermediate was
shown, but the candidate had not read the question correctly so drew the intermediate’s structure in the
box rather than that of the starting material.

(b) A mark was gained for ‘long chains of amino acids’ in part (i), but in part (ii) one of the two marks was
lost because the candidate drew two repeat units of poly-phenylalanine, rather than poly-alanine, as
asked for in the question.

(c) The reagents were correct in part (i), and correct hydrolysis products were given in part (ii) .
(d) The principle behind zwitterion formation was understood, so all structures were correct.

(e) The buffer definition was incorrect: it is important to remember that buffers do not prevent changes in
pH, but merely minimise them. Secondly, buffers can only do this if only small amounts of H* or OH-
ions are added. In part (ii) this candidate incorrectly used the anion of alanine to react with H*, rather
than the unionised acid (or its zwitterion). In contrast, this candidate’'s answer to part (iii) was excellent.
An equation showing how HCO, reacts with either OH- or with H* was required as part of the answer.
Two errors were made in part (iv), and so no marks were obtained. The first was not to appreciate that
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when 0.001 mol of NaOH is added to 0.0025 mol of CH,CO_H, not only will 0.001 mol of CH,CO,Na be
formed, but 0.001 mol of CH,CO_H will have been used up, leaving only 0.0015 mol to contribute to the
buffer. The second error was to invert the (0.1/0.25) ratio in the Henderson-Hasselbach equation, thus
making the buffer pH more acidic than the pK,, rather than less so.

Example candidate response — grade E

3 (a) Amino acids such as alanine are essential building blocks for making proteins. They can
be synthesised by a general reaction of which the following is an example.

NH,CI Ry i
GH,CHO aihakicl:. T ?.-4 - |WHO"+heat oy cHNH,COH
W, (i) neutralise alanine
E, cﬂ“ﬂ”!

() Suggest the structure of the intermediate compound E by drawing its structural
formula in the box above.

(ii) Suggest, in the box below, the structural formula of the starting material needed to
synthesise phenylalanine by the above general reaction.

p
EMsLoo
l:‘,:HE [:DE
@ X intermediate —— i
phenylalanine

2]
(b) (i) Wnatis a protein?

ﬂsmumﬁfﬂiﬂmmﬂwdﬂ .

(i) Using alanine as an example, draw a diagram to show how proteins are formed
from aming acids. Show two repeat units in your answer.

® Ly,
‘l' {':H | i

e =l =W =L = C
i h W \ Ly /
G

W Q '
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{c) The hydrolysis of compound F produces twe compounds G and H.

]
[XL (" "
-< . 3
Ly
HN CH,
E o]

(i)

(d) (i)

State the reagents and conditjefis needed for this hydrolysis.
.o L R | 1

Drraw the structures of the two products G and H in the boxes above.
(3]

Diraw the zwitterionic structure of alaning,

.M
Ml — e - we”

d

Suggest the structural formulae of the zwitterions that could be formed from the
following compounds.

Zwitterion

{00 | fu (> w0

OH v ¥
@)1 Gl e 1
NHﬂHa ee— Wl = L= Con

i
IJ'E;

X

i ——

i

[4]
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(e) Solutions of amino acids are good buffers.
(I What is meant by the term buffer? /

A SOWADN  Wnal  TESISL Chongey N PU ehnen Mlmﬂdﬂt-ﬂ{
"EEE'H'"ET"EEM']{“H""" -

(i) Write an equation to show how a solution of alanine, CH,CH(NH,)CO,H, behaves
as a buffer in the presence of an acid such as HClaq).

Lol (ke ) (opH & M T Gl oita) Load. + o

(iliy Briefly describe how the pH of blood is ::-c-:‘ntmllad.

(iv) Calculate the pH of the buffer formed when 10.0em? of 0.100 moldm™2 NaOH is
added to 10.0em? of 0.250 moldm™ CH,COH, whose pK, = 4.76.

i = |
|
coupanl
oW Tk 0 LEpLORG- 440
v
pH =
[7]
paz 4tk [Total: 19]
Ra- 1y xie
b= COMLOU Y LR
[Ckm ookl
Lidxie . (opstoo ) CWTD )( N
p2€0

132 Cambridge International AS and A Level Chemistry 9701



Paper 4 — Structured questions

Examiner comment — grade E

(a) The intermediate E was drawn as the second stage of an S 1 reaction, rather than the stable amino-
nitrile. In part (ii) the starting material was incorrectly deduced, in which the corresponding carboxylic
acid was drawn instead of the aldehyde.

(b) The term 'sequence' was not accepted as suggesting a large polymeric chain, but this candidate did
score the full two marks for correctly drawing two repeat units.

(c) A mark was gained in part (i) for H,SO,, but the ‘conditions’ mark was not awarded: the H,SO, had to be
dilute, or 70%, rather than conc.

(d) Although this candidate understood the idea of zwitterions in part (i), in part (ii) the more unusual
structures were incorrectly completed.

(e) This candidate scored well on the ‘recall’ marks in part (i), but suggested the acid (peroxy) chloride as
a product of the reaction with HClin part (ii). Knowledge of blood buffers was unanswered in part (iii),
and in part (iv) the candidate did not correctly complete the buffer calculation.
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Question 4

4 (a) Write an equation represanting the action of heat on calcium nitrate, Ca{NO. ),

[1]

{b) Describe and explain the trand in the thermal stabilities of the nitrates of the Group ||
elameants.

[3]

{e) Sodium carbonate is stable 1o heal, bul heating lithium carbonale readily produces
CO,(a).

() Suggest an equation for the action of heat on lithium carbonate.

(li) Suggest a reason for the differenca in reactivity of thase two carbonates.

(iii) Pradict what you would sea if a sampla of lithium nitrate was heated. Explain your
answer.

)
[Total: 8]
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Mark scheme

4 (g} CalNO;)k p Call + ZNO: + 12 0: [1]
1

(b} idown the group) nitrates become more stable or require a higher temperature o
decompose [1]

as sizalradius of (catilon increasas or charge density of lon decreases [1]

&0 polarization/distortion of anlon/nitrate decreasas [1]

[3]

(e] M LizCOy—0 LicO + COy [1]

(il} radius of LI lon/Li™ Is less than thal of Na lonfMa™ (or polanising power of M s greater) [1]

fiii} Brown/orange fumesigas would be evolved or glowing splint relights [1]
Sinca the nitrata is kikely to be thermally unstable oF decomposes (just ke the
carbonata) or the balanced equation; 2LINCs ——— LD + 2N0s + 150, [1]

[4]
[Total: 8]

General comment

This short question tested knowledge of the thermal decomposition of Group Il nitrates, and the application
of that knowledge to the decomposition of Group | nitrates and carbonates. Most candidates did well on the
knowledge recall of part (b), but the application of knowledge in part (¢) caused some difficulties. Quite a
number of candidates — of all abilities — lost a mark through not checking the balancing of their equation in
part (a).
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Example candidate response — grade A

4 (a) Write an equation representing the action of heat on calcium nitrate, Ca{NO,,).,.
cﬂé”i'ﬂa.h‘f"’& 0.4 2no. +ho, // .

(b) Describe and explain the trend in the thermal stabilities of the nitrates of the Group Il
alaments.

...T'!nh*.E-.-.'.'-r!p...:".‘E.L...?'_B_l_E‘:r.d..H.E.‘!:,lj,finl.-uk--nﬁﬁm...E!“m....-.’?:EA...E},,,.!':% Gl
Aean 08l Chorge. 0 AT T L. 0. T, Sl InLitoR,

= L N0 (P O Y
i hoegte 01 et AT . S0 ke LN s

@

{¢) Sodium carbonate is stable to heat, but heafing lithium carbonate readily produces
CO,(g).

(I} Suggest an eguation for the action of heat on lithium carbonate.
(M 10 WL WL VIS | M)

(i) Suggest a reason for the difference in reactivity of these two carbonates.
-H‘ -
|-'|-T__E-.l'.‘.v.‘.-.'?..‘.':-f&.'|‘§.='f.'..[.lf.ﬁ\"'.'pﬁf..,ﬂﬁ':;llﬁ;-.'.".'.i-.f]-_.H&;ﬂﬁ;n:ﬂ..ﬁﬂfﬁr..”{.hf...Iﬁ:“. -

crihen, (20, bund. g S0 Besl pedt a6 6blg .

{iil) Predict what you would see i

sample of lithium nitrate was heated-Explain your
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Paper 4 — Structured questions

Examiner comment — grade A

(a) One mark was gained for the standard balanced equation.

(b) The three points required were described well here: thermal stability increases, due to the ionic radius
increasing, thus causing less polarisation of the nitrate anion.

(c) Instead of suggesting in part (i) an equation analogous to that for the decomposition of Group I
carbonates, this candidate incorrectly deduced that the metal oxide would decompose further into the
alkali metal and oxygen gas. The reasoning in part (ii) was sound and the prediction and explanation in
part (iii) formed an excellent answer.

Example candidate response — grade C

EDET-JQL-}:_""U Fapls & Ao 10 2
FAl8 3 = fod 4 g4

a fa(Dog), =) fald « W0, Sy

4 (a) Write an aguation representing the action of heat on calcium nitrate, CaiNO,),.

111

{b) Describe and explain the trend in the thermal stabilities of the nitrates of the Group I
elements.

ha low chorg denahy and RS hai |68 polansing power. Tae MOs i Yeii

Mere enomy acded  fo break, dne dond. ...

(e} Sodium carbonate is stable to heat, but heating lithium carbonate readily produces
COy,la).

(I Suggest an eguation for the action of heal on lihidm carbonate.

Lafy = La0 A e e

(i} Sugoestareason for the difference n reactivity of these two carbonales,

H12€04 o more fequive thpf MasCo, becouse e mhonic gaeof LY s

amelar, Ao, Ma' Thus des energyd noededd b brean. e bas il i
{iii) Predict what you would see if a sample of lithium nitrale was heated. Explain your
ArEEVar,

-._'_._-_-_-_-_-—I—-__ 4
Bock sohid b fermed and gas. aveled. s

me black wid is ",',"',‘,","',T,,,?,'f,‘,",‘,",‘,,,':','!'_':‘,.',,,,.‘,',‘t'%,.ﬂ,’!'.'-.,..’-.‘.',E‘.‘.‘.E.".'...".?ﬁ!‘:".?.a..-..._................_.

[4]
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Examiner comment — grade C

(a) This candidate lost the mark here through not checking the atom balance in the chemical equation.
(b) The full three marks were awarded for the accurate recall of this area of knowledge.

(c) The equation in part (i) and the reason in part (ii) demonstrated a good understanding of the application
of knowledge of Group Il reactivity to these Group | compounds. No marks were gained in part (iii),
however: the colour of NO, gas was not stated, and no explanation for the decomposition of the nitrate
was given.

Example candidate response — grade E

4 (a) Write an equation representing the action of heat on calcium nitrate, Ca(NO,)...

2Ca(NOa)s gt 2 Cal % 4ANO, o O

Lyt ol Godogunen

(1]
(b) Describe and explain the trand in the thermal stabilities of the nitrates of the Group ||
elemeanis,

Dawn dhe  droep . calign Si2e increases | foniC
dorge, Aoty decreages | polariing. Power, decrens ses_
Treretor ko 1C mare. Thetmally ofadfe dnd

requieds  high cherqy g e compoge it

""" [
(e} Sodium carbonate is stable to heal., but heating lithium carbonate readily produces
Etﬂ! T . Dal*
L {i /JSuggaat an aquaﬂﬂn for the action of heat on lithium carbonate.
Ll s agup (gt 82,03

{ii) S-uggeat a reason for the l:ﬁH'IE'I'Hﬂ in reactivity of these two carbonates.

{iii) Predict what you would sea if a sample of lithium nitrate was heated. Explain your
answer.

14
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Examiner comment — grade E

This candidate was typical of the less able candidates in scoring well on the straightforward parts (a) and
(b), but not on the more demanding part (c).

(@) A mark was gained for the balanced equation. Equations including either 1 or 2 moles of Ca(NO,), were
accepted.

(b) The trend was described correctly, and the explanation was correct, but there was no indication in this
answer of how the nitrates decompose, i.e. that the nitrate ion is distorted by the cation’s electric field.

(c) A common error was to give the formula of lithium oxide as LiO rather than Li,O.
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140

Question 5

§ Alkanes are generally considerad to be unreactive compounds, showing an ineriness o

common reagents such as NaOH, H.50,, and K,Cr,O,.

{a) Suggest a reason why these reagents de not attack an alkane such as CH,.

By

(b) Whan a mixture of chlorine and athana gas is exposad to strong sunlight, an explosion

can occur due to the fast exothermic reaction.

Linder more controlled conditions, however, the following reaction occurs.

C,H; + CL — G,H.CI + HCI

(I} What is the name of this type of reaction?

(il) Use equations to describe the mechanism of this reaction, naming the steps

inwahved,

{lil} This reaction can produce organic by-products, in addition to CH.CI
Draw the structural formulae of three possible organic by-products. Two of your
by-products should contain 4 carbon aloms per molecula.
Briefly describa how each by-product could be formed.

structural formula of by-product

formed by
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(iv) N is found by expariment that, during this type of reaction, primary, secondary and

tertiary hydrogen atoms are replaced by chlonineg atoms at differant rates, as shown | Evanees

in the following table.
reaction relative rate
RCH, —» RCH,CI 1
R.CH, = R,CHC! 7
R,CH — R,CCI 21

Lising this information, and considenng the number of hydrogen atoms of each type
(primary, sacondary or lertiary) within the molecula, predict the ralativa ratio of the
two possible products d and K from the chlorinatien of 2-methylpropane. Explain

YoUr Snswer.
oH, H, CH,
. o "

CHH% __.a-’ll: e _F,-*Cu_\_ -Gl
HaC/ CH, H,C CH, H,C CH,
2-methylpropana oJ K

B0 = oiiisiaivinmmeeiriir s
explanation:

...... S

(e} In the boxes below draw the skeletal formulas of four different struciural isomears of
CH,,Cl that could be obtained from the chlorination of 2-mathylbutane. Indicate any

cﬁrral centras in your structures by an asterisk ().

:}—-\ + Cl, ———w CgH,Cl+ HCl

2-methylbutane

(5]
[Total: 18]
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Mark scheme

&5 |a) Alkanes are non-polar or have no dipole or C—H bonds are strong

or G and H hava similar elecironagativities 1]
[1]
(b} (i} (free) radical substitution or substitution by homolytic fission [1]
(i} initiation: Cl » 20T [1]
propagation: CF + CiHs — CiHs" + HCI
G;Hrll + {:E - ¥ 'GE-I"’.:,‘:{"' EE' I_1J
termination:  CiHg" = &F » CaHg G
or GF + GT 3 CL alc [1]
all 3 names [1]
(i}
structural formula of by-product formed by
CH;CI=CH;CI [or isomar) further substitution
CH;CH;CH,CH, (termination of 2 =} C;H;"
CH;CH;CH;CH;CI |or isomer) substitution of CyH.; by-product
[3]
accept in the "formed by' column the formwlae of radicals that will produce the
compound in the “by-product” column, or the reagents, e.g. CyHy" + Ck or CgHy" + CF or
CaHis + Gk (giving CHyCHCHCH,CI).
do ol allow anything mora Cl-substituted than dichlorabutana.
M.B. CHCl s the major product, not a by-product, so do not allow CoHsCLL
(v} JK=23:10rT:30r21:8 [2]
ireason; straightforvard relative rate suggests 211, but there are 2 primary to 1 tertiany,
50 divide this ratio by 3, 21/9 = 2.33)
allow [1] mark if JIK ratio is given as 21;1;
(0]
(c)
. i - |
W izl
4 isomars 4 = [1]
2 chiral atoms identified comectly, even in incomect structures 11 *1]
[max 5]
[Total: 16]

General comment

This question concerned itself with the free radical substitution of alkanes. It proved to be the most difficult
question of the whole paper, involving one of the less easy knowledge recall topics (the mechanism of the
reaction), some tricky comprehension of data, and skeletal formulae which candidates often find difficult.
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Example candidate response — grade A

5 Alkanes are generally considered to be unreactive compounds, showing an ineriness to
common reagents such as NaOH, H.50,, and K Cr0..

(a) Suggest a reason why these reagents do not k an alkane such as CH,.

JHugnes  are oz BT OIRERIES 2 s

[

(b) When a mixture of chiorine and ethane gas is exposed 10 strong sunlight, an explosion
can occur due to the fast exothermic reaction.

Under more controlled conditions, however, the lollowing reaction occurs,

C,H; + Cl, — C,HCl + HCI
(i) What is the name of this type of reacjitn?
Freez vadical... subatitiod . ...........

(i) Use equations lo ::IETH mechanism of this reaction, naming the steps

involved.

TER')
E?’E'x—***?l@wﬁm Hig . chiori0 mefeculs into. e, SRR
i vadieal TR ie the imbioion e

T — W T 5 S — I e S ¥ —
| —— ——— i ] —
B e ] ~

A TNE. comneng et radival, atack i, no.

y e
mymmmwwwumw
@ CHe t e = GHee tHE O

© e + e = Gyt e

Ghwhen. tha, Cle ond falle,
AL e ferwmy dation step -
(lii) This reaction can p organic by-products, in addition to C,H.CL.
Draw the structural formulae of three possible organic by-products. Two of your
by-products should contain 4 carbon atoms per molecule.
Briefly describe how each by-product could be formed.

rhe, rodicole vl combpiee o ie kngun

structural formula of by-product / formed by

€y, O Ol .

wer o free roclion]  afock e
Cole €] RO

.......

y {I"-H!‘ '1:"& raclical € combing I
ey 1/
' [ fewbaive.
CHel O CH, CHaC ‘_/ﬁ"/ﬂ CaMyCls frea foncl i ool
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{iv) Itis found by expariment that, during this type of reaction, primary, secondary and
tertiary hydrogen atoms are replaced by chlorine atoms at different rates, as shown

in the following table.
reaction relativa rate
RCH, — RCH.C! o 1
A,CH, —» R,CHCI 7
A.CH — R,CCI - 21

Using this information, and considering the number of hydrogen atoms of each type
{primary, secondary or tertiary) within the molecule, predict the relative ratio of the
two possible products J and K from the chiorination of 2-methylpropanse, Explain

VOUT answer.
clﬁﬂ CH, Lina
— c—C! + C
HG L:H"“‘f:.Ha HC  TCH, G !:I\CH';EF
2-methylpropane / J K
VR 1 PR | ops. el At e
explanation:

A3 e e cnioring afem ceplaced H atom on the  Bi0) @ cite

rRRE L 3L R, o o8, |

which Wt pelative vale of ab. (0 ), otk cherine | ofewn veplaz W ofom

an the RO sy, wiich ot rdofive are of 1, Thughen M
oy o ﬂt q '

() In the boxes below draw the skeletal formulae of four different structural isomars of
CyH,,Cl that could ba obtained from the chiorination of 2-methylbutane. Indicate any
chiral centres in your structures by an asterisk (*).

>_\ +#Cl, ——= C.H,Cl+ HCI

2-methwlbutane
Pl L

@/ | N
Dan N E7an Y N
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Examiner comment — grade A

(a) Either the non-polar nature of alkanes or the high strength of the C-H bond could have been mentioned
here.

(b) This was an excellent answer to this question, showing a comprehensive understanding of the
mechanism of free radical substitution, as well as an ability to apply these ideas. Apart from the naming
of the three steps, the verbal commentary by the side of the equations in part (ii) was not required, but
was nevertheless correct. The formation of the three chosen by-products in part (iii) was well explained.
In part (iv) the candidate correctly recognised that 2-methylpropane contained both primary and tertiary
C-H bonds, but did not appreciate that statistically the 9:1 ratio of primary:tertiary C—H bonds would
change the J:K ratio from 21:1 to 21:9.

(c) Most of these skeletal formulae were correct: the drawing of the CH,CI group in full in the first and last
formulae was penalised only once. This candidate also correctly assigned the two chiral centres.
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Example candidate response — grade C

5 Alkanes are generally considered to be unreactive compounds, showing an ineriness to
common reagents such as NaOH, H,50,, and K.Cr,0,.

(a) Suggest a reason why these reagenis'do not attack an alkana such as CH,,.

El't‘:ﬂmmﬂ‘re'h’ F mkiladed -

[1]
(B) Whan a mixture of chlorine and ethane gas s exposed to strong sunlight, an explosion

can occur due to the fast exothermic reaction.
Under more controlled conditions, however, the following reaction occurs,

EEHH + EEE _"} GEH-5G e HG:
(i) What is the name of this type of iin?
e reb L hksndien Y

(i) Use equations to describe the mechanism of this reaction, naming the steps
invelvad,

Witishon  (f=(t —o (L 4

(oM 1€ —o CaMecx 3\ Wt N\ ..

Yuminshun  CaWlls 3 (8" =2 (afAg 1 Mex

(i) This reaction can produce organic by-products, in addition to G,H,CL
Draw the structural formulae of three possible crganic by-prodicts. Two of your
by-products should contain 4 carbon atoms per molecule.
Briefly describe how each by-product could be formed.

= e T o
SRS = .

structural formula of I;:-].r-pmductx formed by
: N
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(v It Ia_ found by experiment that, during this type of reaction, primary, sacondary and
tertiary hydrogen atoms are replaced by chlorine atoms at different rates, as shown
in the following table,

reaction relative rate
RCH, — RCH,CI 1
R,CH, —» R,CHCI 7
HECH — HEGEE ] 21

Using this information, and considering the number of hydrogen atoms of each type
(primary, secondary or tertiary) within the molecule, predict the relative ratio of the
two possible products J and K from the chlorination of 2-methyipropane. Explain

your answear,
{3|H3 CH, nTHa
CH — c— + C
He R'“‘r:ua HE ECHE H, ﬂ"‘cr{ =
2-methylpropanea K
PR K = esievvsnsnanian B sy eessiiissiin
axplanation:

f“f.'l,,JL-'-'l.;lfgfﬂthr ol E....ﬁt&-.-ﬂ!‘f..s'.‘.'.-‘:,.,.'.'].f.f.;l-.irm!.-.fjt.....-......

Lﬁ“'l*hh’“-‘*%*‘ ."::'.'l,{,'l,‘:":'.......'['.’.!'.i'.'.!l.-.-..l.;.'i.":....,,m.:‘:lr..'.....ll'.iﬂ'!"!':'.‘."._f."._..........

n ko Ny ...i:;.ii""} 44 __';L_*t —u,{-hid—hﬂ....im..mgb.w.ﬁ...f;drg.m.*..‘f:-:u
[10]

{c) In the boxes below draw the skeletal formulae of fnﬁr_gj_Ha_[ent struciural Isomers of
CgH,,Cl that could be obtained from the chiorination of 2-methylbutane. Indicate any
chiral centres in your structures by an asterisk (*).

>—\ +Cl, ———= CH.Cl+HG

2-methylbutana i
2

7N 7 {'L
eem, || > "

£d
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148

Examiner comment — grade C

(a) A mark was gained for pointing out alkanes’ non-polar nature.

(b) Both the name of the reaction type and the names of the steps involved were correct, as was the
equation showing the initiation step. However, the answer did not show that in each propagation step a
radical reacts with a complete molecule to form another radical and complete molecule pair, or that the
termination steps involve the joining of two radicals to form a complete molecule. As with many of the
less able candidates, part (iii) was not attempted, but a mark was gained for the partially correct 21:1

ratio in part (iv).

(c) The first two skeletal formulae were correct, but the last two, which represented identical compounds,
were missing a carbon atom. A correct chiral centre was identified.
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Example candidate response — grade E

5 Alkanes are generally considered to be unreactive compounds, showing an Inertness to
commaon reagents such as NaOH, H50,, and K,Cr, 0,

(@) Suggest a reason why these reagents do not attack an a  such as CH,.
LSbeng e W kendS 7 W

[1]
(b) When a mixture of chlorine and ethane gas is exposed to strong sunlight, an axplosion

can occur due to the tast exothermic reaction.
LUinder more controlled conditions, however, the following reaction ocours.

CoHg + Cl, = CHgCl + HCI

(i) What is the name of this type of reaction?

e | radieal | Subshitebion /
(i) Use equations o describe the mechanism of this reagtion, naming the steps
involved. o e = D < A
nhation = Bt I i
Emé'n_t;}lﬂn Cg_lﬂq. +-€'C|" Ay '[_LHE‘CI . H{ ‘- X IIIIIIIIIIII
CaMect 4
-------- Tﬂ'-‘I““

(iil) This reaction can produce organic by-products, in addition to CH.CL.
Draw tha structural formulae of three possible organic by-products. Two of your

by-products should contain 4 carbon atoms per molecule.
Briefly describe how each by-product could be formed.

structural formula of by-product formed by
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(iv) Itis found by experiment that, during this type of reaction, r.:_rlmary. secondary and
tertiary hydrogen atoms are replaced by chlorine atoms at different rates, as shown
in the following table,

reaction relative rate
RCH; — RCH,CI - ‘ 1
R,CH, —> R,CHCI 7
RyCH — RLCCI 21

Using this information, and considering the number of hydrogen atoms of each type
(primary, secondary or lertiary) within the moleculs, predict the relative ratio of the
two possible products J and K from the chlorination of 2-meathylpropane. Explain

YOUF answer. :
W
E|=Ha ‘3‘]*”: {THa
l_Cl 1
CH — [t + G
T T Lo %f et o)
HyC CH, H,C CH,4 HG cm-.-J
2-methylpropane Jd K
| ‘“ | /
RO JIK = ..o smsesssssscsisssssss B rennnsas
explanation:

A fals  ueder  the reachion Ryl 5 Ryecl

. fall gonder  RCHyy RCHAC! (the R being - cifa)c)

e

(e} In the boxes below draw the skeletal formulae of four different structural isomars of
C.H,,Cl that could be obtained from the chlorination of 2-methylbutane. Indicate any
chiral centres in your structures by an asterisk (*).

CHa
. U +Cl, ———» CH,C/+ HC
L - t:‘-:;—- C o

r:‘q. E'.I p I 'Elrh 9
TR -methylbutane -
LT —T-l:\ HE - i
M T < ol

-

H'_'# ) -
X P (—H—=> /'L
>—"—';< »J:J " Wtz || /’*\— H
dene 7L

| X
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Examiner comment — grade E

(a) The strong C-H bond was an alternative reason accepted for the unreactivity of alkanes towards
common reagents.

(b) Both the name of the type of reaction and the equation for the initiation step were correct. All three
steps needed to be named to attract the ‘'naming’ mark. Part (iii) was not attempted, but a mark was
gained for the partially correct 21:1 ratio in part (iv).

(c) The first two formulae — part skeletal, part structural — showed incorrect alkene products, whilst the
last two showed the formulae (again part skeletal, part structural) of 2-chlorobutane, another incorrect
product. A mark was gained, however, for correctly identifying the chiral carbon atom in this incorrect
product.
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Question 6

6 The formation of proleins is a key process in the growth and repair of tissues in living
Organisms.

(a) (i) Study the structures of the three molecules below. One of the molecules could be
a building block for a protein while the other two could be building blocks for other
biclogical polymers.

(i) For which biclogical polymer could one of the other molecules form a building

block?
molecule ...............ccocceviee AR 1 | R s PR e RPN
[2]
(b) Protein molecules have four levels of structure as the long molecules fold and take
shape.

(i) The primary structura is the sequence of amino acids in the protein chain. What
type of bonding exists between the amino acids in this chain?

(i) What type of bonding can exist in all of the other types of structura?

(iil) Mame one lype of bonding that does not ocour in the primary or secondary struclure
of the protein,
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{(c) Many proteins play an imporiant role in catalysing chemical reactions in lwving | R
OIANISmS. Examingrs
tise

(i) What name is given to these catalysts?

(i) Give two changes in conditions under which these catalysts may be inactivated,
axplaining the chemical reason for this in each case.

...... i
[Total: 9]
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154

Mark scheme

6 (&) (i) K becauseitis the (onky) one to contain nitrogen orit's an aming acid

of becausa it contaims CO;H or NH groups [1]
(i) molacule: J,  polymer: RNA (not DNA) [1]

ar mokecule: L, polymer: starch, cellulosa, glycogan or polysaccharida

(not carbohydrata)

(2l
(b} (i) Covalent bonding [*]
(iiy Hydrogen bonding [1]
(i} lonic/electrovalent bonding or disulphide/-5—5— bonding or van der Waals' forces [1]
[
{c) (I} Enzymes [1]

(i} =changein pH
 increase in T (NOT decrease; T = 40 °C or “too high® are OK)
« addition of heavy metal ions or specific, e.g. Hg*", Ag”. Pb*" elc,
any two bullat points [1] + [1]

change in pH dizrupts onic bomnds
or metal ions disrupt ionic bonds
or metal ions disrupt —-5—-5— bonds
ar heating disrupts hydrogen bonds
any one [1]

This changes: the 3D structure ar gzhape of the enzyme or the active site [7]
[rax 4]

[Total: 9]

General comment

This question concerned itself with proteins. Although parts (b) and (¢) were mainly recall items, care had to
be taken to make sure the wording of answers was accurate and unambiguous. The question proved to be a
fairly easy one for candidates, the majority of whom scored over half marks.
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Example candidate response — grade A
6 The formation of proteins is a key process in the growth and repair of tissues in living
Organisms.

(a) (i) Study the structures of the three molecules below. One of the molecules could ba
a building block for a protein while the other two could be building biocks for other

biological polymers.

Which of the three could be a building block for a protein? Explain your answer.
Ao A potuin, omsidd of 4. 6 cahen | swgar., . tibose

T

l_.r'_
O phasphafe | growp. . Qnl o Kirogengul Wagd. e

(i) For which bielogical polymer could one of the other molecules form a building

block?
molecule ... L ... polymer ‘EF'"EH
[2]
(b) Pgtau‘n molecules have four levels of struciure as the long molecules fold and take
shape.

(i} The primary structure is the sequenc ‘é#mu acids in the protein chain. What
type of bonding exists between the amino acids in this chain?
Ighich At
JPephide, wonds A #covpiEint  wond

{ii) What type of bonding can ?ﬁll of the other types of structura?
Ryavngen  ROams i

(iil)y Name one type of bonding that not cceur in the primary or secandary struciure
of the protain,

DUSIIRRETL | WRS o
@]
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(e} Many proteins play an important role in catalysing chemical reactions in living
organisms.

(i) What name is given to thess-catalysts?

(ii) Give two changes in conditions under which these catalysts may be inactivated,
explaining the chemical reason for this in ea

08 Conipion s, 00 high..._earferatutewhere the . Nigh femperature

Moy isirvp. the . bondiegef Abe evagmes mwoh o beffrogen bendg

Algtrags e ndings i dhe | preraf | chusire omon w0
I-meiwgm bt tnading fem  fo o chame L ase dhopl g
of ALy mitiol  cife ﬁhlk{{fft dinafuriog g ey e -

[Total: 9]

Examiner comment — grade A

(a) Unusually for a grade A candidate, this candidate incorrectly selected a ribonucleotide instead of the
amino acid. This was the only error in the answer to this question, however. Part (ii) was well answered:
amylose, glycogen or cellulose were all acceptable alternatives to starch as the glucose polymer.

(b) The "type of bonding’ needed to specify covalent in part (i): ‘peptide bonds’ on its own did not receive
credit. In part (ii) "hydrogen bonds’ needed to be uniquely specified, but in part (iii) any one of ionic,
disulfide or van der Waals would have gained the mark.

(c) This was an excellent answer to this question: high temperature and a change (increase or decrease) in
pH were two of the three possible conditions which could be changed (the other one accepted was the
presence of heavy metal ions). The disruption of hydrogen bonds on heating gained this candidate the
‘reason’ mark.
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Example candidate response — grade C

6 The formation of proteins is a key process in the growth and repair of tissues In living
organisms. 3

(a) (i) Study the structures of the three molecules below. One of the molecules could be
a building block for a protein while the other two could be building blocks for othar

biological polymers.

() For which biclogical polymer could one of the other molecules form a building
block?

molecule ...\ ... polymer .......... guladate e,
e — [E]

(b} Protein molecules have four levels of structure as the long molecules fold and take
HIEDE.

(I} The primary structure is the sequence of amino acids in the protein chain, What
type of bonding exists between the amine acids in this chain?

(I} What type of bonding£an exist in all of the other types of structura?
Mydogen bond ¥

(i) Name one type of bondingthat does not oceur in the primary ar secondary structure
of the protein.

Dhoiphice Yonel: <
13
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(e} Many proteins play an important role in calalysing chemical reactions in living
organisms.

LS

(i) What name is given to thesgcatalysts?

r' Smcqenon cojoys) e Bk

(i) Give two changes in conditions undar which these catalysts may be inactivated,
explaining the chemical reason for this in each case.

| b ncene o dioense of bmpooture and tne increase  of b el

Al I"ﬂ' TF‘;#”germ;{nmm'ﬁmdmd .'.-E'.'.‘."-!.|H.",i.'",¢.-!-£..,'.h¢.'qtﬁ_l,|'____n_r'_¢ ______ a
.!&?’.’LHH“.‘.’.‘:‘I{.&EE{.‘.".'!:lh.I‘H.Ell..ﬁ’:'ié!?..ﬂ.-.hmdh.g{..ih.-r....m:;g.m-.h............._.........

o

Examiner comment — grade C

(a) This candidate correctly identified K as an amino acid, and hence a building block for protein. In part (ii),
in common with many candidates, the name of the glucose polymer was incorrect, galactose being an
isomer of glucose.

(b) ‘Covalent’ was a required part of the answer to part (i) but was not given in this case.

(c) Although the word ‘enzyme’ did not appear in part (i), it was read into this part from the candidate’s
answer to part (ii). In part (ii) the temperature change had to be specified as an increase (only), to cause

denaturation.
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Example candidate response — grade E

B The formation of proteins is a key process in the growth and repair of tissues in living
organisms.

(a) (i) Study the structures of the three molecules below. One of the molecules could be
a building block for a protein while the other two could be building blocks for other

biological polymers.
fT':HqGH
oH H g O oH
OH H
N HO H
. o H OH
J K L

Which of the three could be a building block for a protein? Explain your answer,

1*‘-L««ammﬁkﬁmmufﬂ‘ﬁﬂw:lfﬂrbn:@lm@wr

(i) For which biological polymer could one of the other moleculas form a building
block?

MOIECUIE ...ooovovereers Do polymer .......... L. - X
[2]

{b) Protein molecules have four levels of structure as the long molecules fold and take
shape.

(I} The primary structure is the sequence of amino acids in the protain chain. What
type of bonding exists between the amino acids in this chain?

J T A

(I} What type of bonding can exist in all of the other types of structure?

L‘éﬁﬂgﬂﬂ[ﬂng/

(iilfy Name one type of bonding that does not occur in the primary or secondary structura
of the protein.

e
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(c) Many proteins play an important roleé in catalysing chemical reactions in living
Organisms.

(i) What name is given to these catalysts?

(i} Give twe changes In conditions under which these catalysts may bae inactivated,
explaining the chemical reason for this in each case.

r”mdiwprqum

ﬂgﬂrjﬂ&wlq ool pachic, T and Towmmatwe

Tﬂwﬁre‘ﬂf;wrﬂirwﬂiﬂﬁwm

W

Examiner comment — grade E

(a) Although this candidate correctly chose K as the building block, the mark was not gained because the
answer stated that K contained an amide group, rather than containing an amine group. In part (ii) the
candidate incorrectly stated that the ribose J would form glucose, L, as a polymer.

(b) ‘Covalent’ was a required part of the answer to part (i) but was not given in this case.

(c) The term ‘enzyme’ had to be stated to gain the mark in part (i). In part (ii) the candidate gained a mark
for suggesting that a change in pH would inactivate the enzyme, but no indication was given that the
change in temperature that was suggested was an increase.
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Question 7

7 Differant anahtical techniques are usad o build up a piclure of complex moleculas. Each
tachnique on its own provides differamt information about complax molacules but togather
the techniquas can give valuable structural information,

(a) Complete the table, identifying the technique which can provide the appropriate structural
infarmation,

structural information analytical technique

thraae-dimensional
arrangament of aloms and
bhonds in a molecula

chemical envircnment of
protons in a molecule

idantity of amino acids
present in a polypeptide

[3]

(b) Cne general method of separating organic molecules is chromatography. Briefly explain
the chemical principles involved in each of the following techniques.

(1} paper chramatography

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

12
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(e} A combination of mass spectrometry and NMRA spectroscopy is often enough to
determine the structure of a simple crganic compound.
The organic compound N produced a mass spactrum in which the ratio of the MM+
peaks was 5.9:0.20, and which had an M+2 peak of similar height to tha M paak.

(i) Calculate how many carbon atoms are presant in one moleculs of N.

(i) Deduca which elament, othar than carbon and hydrogan, is presant in N.

(ifi) Explain how many atoms of this element are present in one molacula of N.

Tha NMR spectrum of N is shown.

6H doublet |
=
=
@
=
a
-]
el
3
= 1H miultiplet
o
L]
E A
— ] R o |
10 Qo 2] [ & 5] ] 3 2 1 D
chemical shift, ppm

(iv) State the empirical foomula of N and, using the NMHA data, sugges! the structural
formula of N, explaining your reasons.

[6]

[Total: 11]
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Mark scheme
7 (a)

structural informeation analytical fechnique

three-dimensional *-ray crystallography'diffraction
arrangemeant of atoms and
bornds in a meolesubs

chamical amvircnment of HNMR [spectroscopy] only
profons in a molecula

idantity of amino acids Electrophoresis | chromatography |
preasant in a polypeptide MASS Spactromestny

[+ +[1]
(3]

{b) (i) paper chromatography;
The componants partition between the solvenbtmoving phase and the waleriquid
stationary phase or separation relies on different solubilities (of components) in the
moving sobvant and the stationary waler phase. 111

(ii) thin-layer chromatography.
Separatlon depands on the diferental adsorption of the components oo the solid

particles/phase aor ALOy or Si0y. [1]

(2]

(e} (1) Mo, of carbon atoms present = %.%ﬂ% = 3.08 hence 3 carbons 1]
=

{ii] Bromina 1

(Hi) ©One bromine is present a5 there is only an M<2 paak / no M+4 peak or the M and M+2
peaks are of similar height [1]

(W] NMR specirim shows a single hpdrogen spit by many adiacen! protons and 6 profans in
an idanfical chemical enviramment. This suggests..,

two —CH; groups and a lone profon attached o the central carbon atom [1]
Emipirical formula of N is C;H,Br 11
Hancs M s (CH ) CHEr or
H
'E'-H:;_T_CH:;
Br
[1]
[€]
[Total: 1]

General comment

This question covered analysis, chromatography and spectroscopy. Parts (a) and (b) were concerned with
recall of knowledge, whereas part (e) involved application skills. Most candidates scored at least two marks
on part (a), but the chemical principles involved in part (b) were often ignored: many candidates merely gave
a description of how the techniques were carried out. The last part of (¢) seemed only to be accessible to
the more able candidates.
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Example candidate response — grade A

i i Each
7 Different analytical techniques are used to build up a picturs of complex moleculas.
technigue on its own provides different information abaout complex molecules bul togathar

the technigues can give valuable structural information.

{a) Complate the table, identifying the technique which can provide the appropriate structural
infarmation.

——— v

structural il'lﬁ'.‘ll'l'l'lﬂ.ﬁ'l:l'l- analytical technigue
threa-dimensional
arrangement of atoms and }{-— i qj Cﬁ}[ih“ﬂa
bonds in a molecula
chamical amdronment of 5
protons in a molecule Mader T“Hoﬁrd‘at Recmnt L[ﬂ)ﬁ

idantity of amine acids
present in a polypeptide Electhgphevesic /

[3]

(b} One general method of separating organic molecules is chromatography. Briefly explain
the chemical principles involved in each of the following techniques.

(i} paperchromatography

Jpaccple.... 5. e ooy phaaf ta. liguid Lodder) .
0d... the . roubile phase... 15, Niqwid.. (relvat) . hence.....

i b of fpamnt T the piapat s dye 4y
(il minﬁwrxmmamwapm WW € Cbeigore 1 e hationary
-.r.'l.ﬂn.:....l'?s'it:-r?.,....dxm.ﬂﬂi'ﬂgﬂph}----uiﬁi..--ﬂhiﬂ Ony.. L0 ochend...

Pndple.. 05, Fe... aﬁntmﬁc.. fis...500d. (F5e2)

ﬁnﬂ;ﬁ\n _____ sheef.... ... plaghc. o ad. e canile  phos.
3 lgud Csoluent) veape 1he g Hion of e 2
LesTante = dug to  difFeent m"fﬂrpm\ $V.& Sulugdaiyp
ard Be stubiony  frose WWlatue fo their slubilif

N the  Cdvedt
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{e) A combination of mass spectromelry and NMR spectroscopy is often enough to
datermine tha structure of a simpla organic compound.
The organic compound N produced a mass spectrum in which the ratio of the M:M+1
paaks was 5.9:0.20, and which had an M+2 peak of similar height to the M peak.

() Calculate how many carbon atoms are present in ona molecule of N.

. 30 (E-L) 308 = 3 Eﬁrhﬂ:ﬁyx
B s bodss

(i} Deduce which al:a?/ntha-r than carbon and hydrogen, is present in N.
Yaromnp

(iii) Explain how many atoms of this slement are presant in one molecule of N.
| T4 R
oy one...atem o yohie. 0f RBr. i B

The NMR spectrum of N is shown,

E&H doublet

q

1H multiplat

A

absorption of anergy

6 5 4 3 2 1 0
chemical shilt, ppm

-
o
0
-]
)

(iv) State the empirical formula of N and, using the NMR data, suggest the structural
formula of N, explaining your reasons,

E.rnﬁr?ru.] Cormuly 15 E:a,H B-.-d

Thee art. m Ek-; whigh  ghow el ; | envivommpk,

The 6H  doulet shows Wat— Pre precenve of twe

My growpe  due to il their high intetsities
The (1 moiiplet shows the CH group due To The (8]

puecenre o ot 1";7" demico] @ viegnrdnl.  [Total: 11]
E*"'Br/ twml fwmula 15 (M, CH () B,

H
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166

Examiner comment — grade A

(a) Like this candidate, many scored all three marks here. For the first box, ‘X-Ray’ had to be coupled with
‘crystallography’ or “diffraction’ to gain the mark. There were three acceptable techniques for the last
box: electrophoresis, chromatography or mass spectrometry.

(b) This candidate clearly described the differences between the two techniques: paper chromatography
relies of the partition of the components between the stationary and the mobile phases, whereas thin-
layer chromatography uses the differential adsorption of the components on the solid phase, coupled
with their solubilities in the moving solvent.

(c) The calculation in part (i) was clearly set out. Although this candidate correctly deduced that bromine
was present, the explanation in part (iii) was incomplete: the 1:1 ratio of 7°Br : 'Br needed to be related
to the 1:1 ratio of the M:M+2 peaks. Although the interpretation of the NMR spectrum in part (iv) was
not a full one, this candidate deduced the correct empirical and structural formulae.
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Example candidate response — grade C

i [ lecules. Each
7 Different analytical techniques are used to build up a piciure of complex mo
technique on its own provides different information about complex molecules bul together

the techniques can give valuable structural information.

(a) Complete the tabls, identifying the technigue which can provide the appropriate structural

infarmation.
structural information analytical tachnique
three-dimensional o 1“3 ‘
arrangament of atoms and /\
bands in a molecule
chemical environment of Nafleay A pasy nedc
protons in a molacule B Feonanie /
identity of amino acids t |,-_i;hq.Fh.|rtF L
prasent in a polypeptide

[3]

(b) One general method of separating organic molecules is chromatography. Briafly explain
the chemical principles involved in each of the following tachniques.

{i) paper chromatography
'ﬁ-.t _prganic mnlll.\-.'l.ﬂ ﬂi“ .'lt{urr-ld F‘ﬁ ‘.*HHLH.!

_____h._e..mth Rk !-~’r=bl! sehveat mh I Ilhuh;l

(ii) thin-layer chromatography digelvey
parhcionty Coeffitimt Mok o oredn op Ascadey bedvan

v meicible Lgwd
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(e} A combination of mass spectrometry and NMR speciroscopy is often enough to
delermine the structure of a simple organic compound.
The organic compound N produced a mass spectrum in which the ratio of the M:M+1
peaks was 5.9:0.20, and which had an M+2 peak of similar height to the M peak.
(I} Calculate how many carbon aloms are present in one malecule of N.

INES ol
ﬂ_l-.f[_'. fll E'ﬁ
r 3 Cavbea abem l/

(i) Deduce which element, other than carbon and.hydrogen, is present in N.
Brvg ening -

(it} Explain how many atoms of this slement are present In one molecule of N.

The NMR spectrum of N is shown.

6H doublat

&
g -y -R
g E-f‘-;;-”.r
= 1H multiplet
@
® A

w 8 & 7 & 5 4 & 3 1 %

chemical shift, ppm

(iv) State the empirical formula of N and, using the NMR data, suggest the stpsiural
formula of N, explaining your reasons. '/w

R-CHa=R < 13grm - /
R - CHy~Mal ¢ B2-33pp™

iy Br. ;
'Jlf hﬁ'ﬂ!“ e .‘_’H-}.‘:Hi £H=Er %

3 [8]
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Examiner comment — grade C
(a) The first mark was lost through the omission of ‘crystallography’.
(b) This answer did not explain the chemical principles behind paper chromatography. Had the description

of thin-layer chromatography been included in part (i) rather than part (ii), it might have been awarded a
mark.

(c) There were clear and correct answers to parts (i), (ii) and (iii). In part (iv) the empirical formula was
correct, but the interpretation of the NMR spectrum looked only at the chemical shift values, and
ignored both the integration values and the splitting pattern.
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Example candidate response — grade E

7 Different analytical techniques are used to build up a picture of complex molecules. Each
technique on its own provides different infermation about complex molecules but logather
the techniques can give valuable structural information.

{a) Complete the table, identifying the technigue which can provide the appropriate struciural
information.

structural information analytical technique

three-dimensional ) . 4
arrangement of atoms and }(.- _59.31,‘9&\-\’»"—'1 -
bonds in a molecule | a m—nj-s.‘\:nb. fatu I

chamical environment of
protons in a molecule NMER. «..-"“/’

identity of amino acids
present in a polypeptide -!,Ll.lirbld’vwm -

[3]

(b} One general method of separating organic molecules is chromatography, Briefly explain
the chemical principles involved in aach of the following technigues.

(i) paper chromatography

W Mo peian by eation  oda o bt e

{ii) thin-layer chromatography
it R g I8 sppeeting b stz eqple.
e Thee  gdion e aitmoest to  nthede

Ty mon oo ekl © wods,
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(e} A combination of mass spectrometry and NMR spactroscopy Is often anough to

datermine the structura of a simple organic compound.
The organic compound N produced a8 mass spectrum in which the ratio of the M:M+1
peaks was 5.9:0.20, and which had an M+2 peak of similar height to the M paak,

(Iy Calculate how many carbon atoms ara prasent in one molecule of N.

i, = I:E(ﬂf_\
& -'-guwbys-

iy 51
(i} Deduce which element, ather than carbon and hydrogen, ks present in N.

2 3.

(iif) Explain how many atoms of this elemant are present in one molecula of N,

The NMR spectrum of N is shiown,

| 6H doublat
&
qr
&
s
=
Rl
E— 1H multipiet
a _A
R SRS TR TR TR N AT T IO T

chemical shift, ppm

{iv} State the empirical formula of N and, using the NMR data, suggest the structural
formula of N, explaining your reasons,

g s 2Ca Mg O (0

SRR LR deabbet  Hee dhemded & -chH, -
el g
fasrrrel 1'3'”“"" R-ﬂ?t\_ﬂ C_,H

oMU et | de drennteed Bt S
dofe i s 18]

i \ 3-3-%0 [Total: 11]
friosdic: o CHy -Clt, 0-CH 5
b
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172

Examiner comment — grade E

(a) Bearing in mind that there is little detail on this technigue in the syllabus, the word ‘crystallisation” was
accepted as being near enough to ‘crystallography’ to gain the mark.

(b) This candidate had poor understanding of the principles behind paper chromatography. The description
of thin-layer chromatography seemed more appropriate to that for electrophoresis.

(c) The standard calculation in part (i) was shown clearly. This candidate did not show an understanding of
the significance of the M+2 peak in the mass spectrum: the answers to parts (ii) and (iii) were incorrect.
The interpretation of the NMR spectrum relied on chemical shift values, ignoring both the integration
(total H = 7H, whereas the candidate’s empirical formula contained 8H) and the splitting pattern.
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Question 8

B Drugs can be delivered in a number of ways. The method chosen depends both on the nature |

of the drug, and the problem it is baing used to treat. Evamwer's
LAgsi

() Many comman drugs are taken by mouth in ferms similar to those shown,

digestible
gel casing

P

(i} Some drugs are available in solution. How wauld the speed of action of this form
compare with P and Q7 Explain your answer,

(if} Explain which of the two forms, P or Q, would act the most rapidly when taken by
mouth.

(iii} Some drugs are broken down before they can be absorbed by the intestine. Suggest
how the design of Q prevents this.

[3]
(b) After an abdominal operation drugs are often delivered by means of a 'drip’ inserted

into a blood vessel in the patients arm. Explain why this is more effective than taking
painkiflers by mouth.
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(e) One of the molecules that has found a vanety of uses in drug delivery is polylethylens
glycol) or PEG. It is formed from dihydroxyethane, HOCH, CH,OH.

2n HOCH,CH,OH — H-{OCH,CH,OCH.,CH,) -OH + (2n-1) H,0

(i) What type of reaction is this?

Attaching a PEG molecule to a drug increases the time that it takes for the drug to be
broken down and flushed from the body. There are thought to be two major reasons for
this: firstly tha PEG can form bonds to slow the passage of the dug around the body;
sacondly it may reduce the afficiency of breakdown of the drug by enzymas.

(if) What type of bonds would the PEG part of tha molecula form with molecules in the
body?

(i) Suggest why attaching a PEG molecule to a drug molecula would reducea the rate
of tha drug's decomposition by anzymes.

(iv) Drugs are oftan protain or polypaplida molacules. What type of reaction might occur
in tha breakdown of such a drug?

............... e
[Total: 10]
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Mark scheme

B8 (&) (i) Soluble form would be most effective

(i} Q, since tha ‘mini-pllis'fgranulesipowdar have a larger surface area
or P, bacausa it has no prolactiva casing

Paper 4 — Structured questions

[*]

[7]

[iii} The gel coat stops it being broken down while passing through the upper part of the

digestive system/stomach
or tha gel coat is stable to stomach acid.

{b) The drug is taken quickly/directly to the target
of more accurate dosing can be achieved

[1]
[3]

[]

Whean the drug is laken by mouth it has to pass through the stomach/intastine wall to gat into

the bloodstream, or some is digested/lost 1o the system

(e} (i) condensation (polymerisation)
{ii} hydrogen bonds or van der Waals'

[iii} It would change the overall shape of the (drug) molecule
The Hit' into the active site would be less effective

(iv) Hydrolysis

General comment

[1]
[2]
[*]
[1]

]+l

[1]
[5

[Total: 10]

The question involved little knowledge recall; its successful answering lay in the careful reading of the
stem of the question of each part, before putting pen to paper. Many candidates wrote answers to what
they thought the question was, rather than considering what the question actually asked. Most candidates

managed to score at least five marks, however, but few scored more than eight.
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Example candidate response — grade A

8 Drugs can be delivered in a number of ways. The method chosen depends both on the nature
of the drug, and the problem it is being used to freat.

(a) Many comman drugs are taken by mouth in forms similar to those shown.

digestibla
gel casing

P
(I} Some drugs are available in solution, How would the speed of action of this form
compare with P and Q7 Explain your answer.
Dougé. i Qudion.... w0 he. Saekf. beavee... ...

ﬂmﬁm—hﬂkhﬂu{mn\g*‘?wdﬂﬁkﬁ
Frng

(ify Explain which of the two forms, P or Q, would act the most rapil:ilyf when taken by
miauti,

Oyt 5. brause. . e dnigs.... d0 gl .
Emllfn ....... ... fhus.... lager. fuf‘ﬂlﬂz... area,. gxpuﬂd

‘h: e Pairo et
(iii} Some drugs are broken down befora they can be absorbed by the intestine. Suggest
how the design of Q prevents this.

ﬁ* G, ... dgecEkle....gel... Sasiog.... sl the

0s... Frem... lmn@ toodhe. stemach. due. 10 aadC.....
‘H'Dq i’m inm;ﬂqr, as e HCL ' [3]

b,
{b) After ﬂ.:l'l%bdsgﬁ'l'll‘lﬂl ape-rgltu::rl drugs am d&lw&r&d I:r,r means ga ﬁr Insal‘tad
inte a blood vessel in the patients arm. Explain why this is more effective than laking
painkillers by mouth,.

o Sealler.. ., dDQ!:. :
..... angd. .. (ouees. /lecs

Lok foster  also. Bﬂd...-:hﬂf ..... .Fqi“ ﬁﬂ' ilﬁ'ﬂi m+ i"ﬂ‘-"'- Iw.
be conccitng, A“u [
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(c) One of the molecules that has found a variety of uses in drug delivery is poly(ethylene
glycol) or PEG. Itis formed from dihydroxyethane, HOCH,CH,OH.

2n HOCH,CH,OH  —  H-({OCH,CH,0CH,CH,),~OH + (2n—1) H,0

{i} What type of reaction is this
Landengation.... pd

Attaching a PEG molecule to a drug increases the time that it takes for the drug to be
broken down and flushed from the body. Thera are thought to be two major reasons for
this: firstly the PEG can form bonds to slow the passage of the drug around the body;
secondly it may reduce the efficiency of breakdown of the drug by enzymes.

;mu]mtl”""!

(i) What type of bonds would the P
bacy?

part of the molecule form with moleculas in the

(i) Suggest why attaching a PEG molecule to a drug molecule would reduce the rate
of the drug’s decomposition by enzymes.

This...i%. Demuce  the  covmes | need fo. break dowa..
ey deogen. bands.. between, te. PEG.. 10l

i swelded F timporly  from tng  tngmeg,
(iv) Drugs are often protein or gal tide molecules. What type of reaction miight occur
in the breakdown of

H r+ﬂx:¢.l>fﬂf

ch a drug?

18]

Examiner comment — grade A

(a) Careful reading of the stem of each of the three parts to this question allowed this candidate to score
all three marks, for recognising that both P and Q will first need to be dissolved to allow them to act,
for being aware that once the gel casing has been digested the smaller particles in Q will react/dissolve
more quickly than the bulky P and for taking the hint from the stem in part (iii) that the capsule can pass
through the stomach unchanged.

(b) This candidate picked up the idea that the dosage in a drip can be more closely adjusted and monitored,
but did not address the problems of oral administration: that some of the drug is likely to be lost through
hydrolysis or excretion.

(c) This candidate showed good ability in applying knowledge of the core syllabus to the structure and role
of the PEG molecule. The word ‘condensation’, needed for the mark in part (i), was included; ‘van der
Waals' was a possible alternative to ‘hydrogen bonding’ in part (ii). This candidate appreciated that the
key point in part (iii) was that coupling the drug molecule to PEG made it more difficult for the enzyme
to fit around it. Mention of active site bonding, or changing the overall shape of the molecule, would
have gained the second mark.
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Example candidate response — grade C

8 Drugs can be deliverad in a number of ways. The method chosen depends both on the nalure
of the drug, and the problem it is being used to treal.

(a) Many common drugs are taken by mouth in forms similar 1o those shown.

digestible
gel casing

=

() Some drugs are available in solution. How would the spee of action of this form
compare with P and Q7 Explain your answer.

Pouas in cdupion  bag  q fastec..  Speed o A0

a5 e ot ok, erclosed by capsile, and ook in sebd
(i} Explain which of the two forms, P or Q, would act the most rapidiy when taken by
mouth,

e foc ¢k Con dicepily Adirsehe in water | 3o cmor

(iiil} Some drugs are broken down before they can be absorbed by the intestine. Suggest
how the design of Q prevents this.

Gel tsine,  pavent. dooy o be rdegced | deo oy

W Yas very somfl (ran -si2e0l boleg) edcl, slady el
sily A TRty o WOMS o anckle  releate <F 3]
clrugy I
(b) After an abdominal operation drugs are often deilvered by means of a 'drip’ inserted
into & blood vessel in the patient's arm, Explain why this is more effective than taking
painkillers by mouth.

Ao daban oy ook dove  mau et dertonged ko pll
in stemacl Sand iy 32 ceacks foo | corly, bCfere
even  reathng M Vargpp  ersans-

178 Cambridge International AS and A Level Chemistry 9701



Paper 4 — Structured questions

(¢) One of the maolecules that has found a variety of uses in drug delivery is poly(ethylene
glyceol) or PEG. It is formed from dihydroxyethane, HOCH,CH,OH.

2nHOCH,CH,O0H —  H-(OCH,CH,OCH,CH,)~OH + (2n-1) H,0

(i) What type of reaction is this? /
e tBetagts= | Codgmsarion. Hdehadmlgsr)

Attaching a PEG molecule to a drug increases the time that it takes for the drug to be
broken down and flushed from the body. There are thought to be two major reasons for
this: firstly the PEG can form bonds to slow the passage of the drug around the body;
sacondly it may reduce the efficiency of breakdown of the drug by enzymes.

(ii} What type of bonds woulgd'the PEG part of the molecule form with molecules in the
body? S N

Bopiaepn bord (4820 e et vEQY:

(iil) Suggest why attaching a PEG molecule to a drug molecule would reduce the rate
of the drug's decomposition by enzymes.

Eecauie doe Heludrgen bod  foimgol bepieen PEG mindg
and oreg eeleedly 1r vem pene a0 ow oy Lo porg

ﬂ’hé«‘umﬂ'fr;L'alemfwrfﬂwﬁfwhW‘

(iv) Drugs are often protein or polypeptide molecules. What type of reaction might cocur
in the breakdown of such a drug?

/ [5]

Examiner comment — grade C

(a) In part (i) this candidate understood that if the drug was already in solution it would act more quickly.
The mark scheme for part (ii) allowed the candidate to choose either P or Q: the mark being awarded
for a coherent and logical explanation of the choice. This candidate explained clearly why they thought
that P would act more rapidly. In part (iii), however, the candidate did not address the different chemical
environments of the mouth, stomach and intestine: if the gel casing is digestible, but yet protects the
drug inside from reacting before it reaches the intestine, it must be inert to stomach acid, but reactive
towards the conditions (enzyme or higher pH) inside the intestines.

(b) This candidate correctly pointed out the problems of loss through digestion in the stomach, but did not
mention the advantages of the intravenous route.

(c) Full marks were gained for the answers to parts (i), (ii) and (iv). The answer to part (iii), however, did
not address the two important features of coupling the drug molecule to PEG: it will change the overall
shape of the molecule, and thus will not allow as good a fit into the active site.
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Example candidate response — grade E

8 Drugs can be delivered in a number of ways. The mathod chosen depends both on the nature
of the drug, and the problem it is baing usad to treat.

{a) Many common drugs are taken by mouth in forms similar to those shown.,

digastible
pel casing

2 e

(i) Some drugs are available in solution. How would the speed of action of this form
compare with P and Q7 Explain your answer.

(Fw:! uJF .;!{_Iiﬂ ﬂ'f a W ‘{IJGT ‘gﬂﬂﬂ% L Wiiﬂlﬂq’ddﬂ ____________

(i) Explain which of the two forms, P or Q, would act the most rapidly when taken by
mouth.

T’hmuwvlﬂnuwllwm'ﬁhdﬁeﬂmﬁf‘tﬂzj

(iii} Some drugs are broken down before they can be absorbed by the intestine. Suggest
how the design of Q pravents this.

e ﬁquru.E 1}:! E-I:“‘h Lon gggl ot gp'cl T{- et "‘".1. F.E‘::}QL

m.i'lfl'!ﬁ u,,g'ljn Eﬂlm s wul mn‘.j 'r:mlir.'nﬁ Jm--: %wamﬁ{u[al

{b) After an abdominal operation drugs are often delivered by means of a ‘drip’ insertad
into a blood vessal in the patient’s arm. Explain why this is more effective than taking
painkillers by mouth,

180 Cambridge International AS and A Level Chemistry 9701



Paper 4 — Structured questions

(e} One of the molecules that has found a variety of uses in drug delivery is poly{aethylena
glycol) or PEG. It is formed from dihydroxyethana, HOCH,CH,OH.

2n HOCH,CH,O0H —  HAHOCH.,CH,OCH.CH,) -OH + (2n-1) H,O

(i) What type of reaction Is this?

Attaching a PEG molecule lo a drug increases the time that it takes for the drug to be
broken down and flushad from the body, There are thought to be two major reasons for
this: firstly the PEG can form bonds to slow the passage of the drug around the body;
secondly It may reduce the efficiency of breakdown of the drug by enzymes.

(il} What type of bonds would the PEG part of the molecula form with molecules in the
body?

() Suggest why altaching a PEG molecule to a drug molecule would reduce the rate
of the drug's decompasition by enzymes.

e adie oty e au I'grﬁrwﬂ'”mf-ﬁ

DEG wleade...ach..ar... itk = S

(iv) Drugs are often protein or polypeptide molecules. What type of reaction might occur
in the breakdown of such a drug?

i .[.5...]

Examiner comment — grade E

The weaker candidates were able to score fairly well on this question, so those who overall obtained a
grade E often scored half marks here.

(a) This candidate demonstrated a commmon error in part (i) comparing P and Q with each other, rather than
with drugs in solution. The answer in part (ii) seemed to contradict that given in part (i). Pointing out
that the gel casing might slow the drug's absorption gained the mark here. In part (iii) the candidate
suggested that the gel would react with acid (in the stomach): if this were the case the drug inside
would have been broken down before reaching the intestine.

(b) This candidate correctly drew attention to the speed of action available through the intravenous route,
but did not address the problems of drug hydrolysis/loss via the oral route.

(e) Full marks were gained for the answers to parts (i), (ii) and (iv). The candidate’s answer to part (iii)
suggested that the PEG molecule itself would act as an enzyme inhibitor, rather than altering the shape
of the drug molecule to hamper its binding to the active site.
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Paper 5 - Planning, analysis and evaluation

Question 1

1  When potassium nitrate dissolves in water, the tempearature of the sclution goes down
because the anthalpy of solution is endotharmic.

You are to plan an axpanment 1o investigate how the sclubility of polassiurm nitrate vares
with femperature. The units of solubility are grams per one hundred grams of waler
(9/ 100g water)

(a) (I} Predict howthe solubility of potassium nitrate will change if the soluticn temperatura
i= increased.

Explain your predicion osing the fact thal dissolving potassium  nitrate s
endothermic,

(= e o OO

(I} Display vour pradiction in the form of a skelch graph, labelling clearly the axes,

I
0 =
[3]
(b) In the axperiment you are aboul to plan, identify the folowing.
[0 e R B R s e L S B e e e e B T B
(il the dependant VERAE ... e FELERE Cikls sk AL R St : E"[
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(e} Dasign a laboratory expariment to lest your pradiction in (a). Far
Examaes
In addition to the standard apparalus present in a laboratory you are provided with the | U=
following malerials,
a boiling tube,

a looped wire stirer,

a tharmomelar covering the lemperature range 0°C 1o 100°C,

Dascribe how you would carry out the expariment. You should

+  ansure a wide range of resulls suitable for analysis by graph,
decide on tha amounts of water and potassium nitrate © usa,
measure the amounis of the two reagents,
heal the apparalus,
decide al what paint the: lemperature of the solution is lo be laken.

(d) State a hazard that must be considered when planning the experiment and describe For
precautions that should be laken to keep risks 1o a minimum. Examners
s

() Draw atlable with appropriate headings to show the dala you would record when carrying
oul your experiments and the values you would calculale in order o construct a graph to
support or reject your prediction in (a). The headings must includa the appropriate units.

[£]

[Total: 15]
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184

Mark scheme

Cuastion

Sections

Indicative material

Mark

1

(a)

PLAN
Problam

Pradicts that the solubility increases (with temperatura). If gave
“dacreasing” than acf into sketch and do not mark axplanation.

KNO; neads energy to dissolve OR supplying heal or energy or
increasing temperature will promote the endothermic change/
reaction.

Any graph showing an increasing solubility with temperature
[curve or straight ling) that reflects the prediction. Do not
accept a concave curve that becomes vertical. Accept a
convex curve (accept with a max or an end decline). Thers can
be a plateau in solubility. Have solubility on the y axis and
temperature on the x axis. Ignore units unless the unit is the
label. If gave *decreasing” above then ecf into sketch. [ the
pradiction is irelevant e.g. rate then can mark sketch as stand
alone

[1]

[1]

(b)

PLAN
Froblem

(i) Temperature as the independent vanable,

[il} Solubility as the dependent variable. Has to be a double
quantity, not just mass or amount of solute.

Edf “concentration™ if given as y-axis in sketch.

[
[1]
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(cl PLAN Thera are four different approaches, all of which share the first
Methods five marking points.

Use T number labelled ficks and crosses for these points.

(I} Atleast 5 expariments. [11

(i) Usas aranga of al least 40°C. [1]

(i) Pilot run to choose relative amounts of materials, 1]

(iv) Mass by balance. Water by meazuring cylindar/pipattas 11
buratta or mass of water by balanca.

(v) stirs [1]

Alternate 1

(vl) Heat mixiure 1o dizsolva all tha solute. 1]

(vii} Cool and measura the tempearature at which first crystals 1]
appear.

OR Alternate 2

(vi) Heals mixiure 1o a paricular lemperating.

[vii} Fiters the solution {not cooled or decanted) and weighs
the residue.

OR Alternate 3
(vi) Heats mixture to a particular temperature.

[wii} filters the solution (not cooled or decanted) and evaporates
the filtrate and weighs solid.

OR Alternate 4
(vi) Heats mixture fo dissolve the solute,

[vil) Records temperature at which the solute dissolves,

(d}) FLAN Referanca to 'hot' apparatus, not Bunsen or water
Mathods
with [11

Handle with tongsfheat resistant gloves!/cool before handling
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() PLAM (el & () could award hera.
Mathods
Mass of solid dissolved; voluma/mass of watar; solublity;

temperature (solution) and units,
12]

Only accept a final temperature i it relates to the temperature of
solution,

All five comect 2 marks;
Three or four comect (onaftwo emors) 1 mark;
Two or lass correct (mora than two errors) Zaro,

Total [15]

General comment

Typically most candidates answered well in parts (a) and (b). In part (¢) answers were often started without
a clear path to solubility or an appreciation of the bullet points in the stem.
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Example candidate response — grade A

1  When potassium nitrate dissolves in water, the temperature of the solution goes down
because the enthalpy of solution 15 endotharmic. £

You are to plan an experimant 1o investigata how the solubility of potassium nitrale varies
with _temperaturg, The units of mlubdny are grams per one hundred grams of water
g/ 100g water).

(@) (i) Predicthow the solubility of potassium nitrate will change if the solution temperature
is increased.

Explain your prediction using the fact that dissolving potassium nitrate is

endatharmic,
prediction . 'ﬂﬁf f* P E} A ﬁth doiam . acdt 'HE Lo ta sty
Wﬁfs{ ....... (alr LWt (a fu'-ul G fwi R |

explanation .. I{N% - _‘ kl LhiL] ‘J HU& q. L'llH }D
AL HL m{fnfw U{ﬁﬂrl LY AT J”Fﬁ {a. i
R4 ﬂthJlﬂj B ‘!1 LL{EL il H‘m i!r'-'t” -‘ffw
who bwp e buet g guce uﬁ'tu’ _-_J_”_:g__ &, H i Bagn o

q 1 lll-lrl-L i L ' nl
{ii) Dmpmﬁvﬁﬁ&* prsdlcllanl{'nll‘r(ﬁ rrn:nfaeﬂI lr:.ﬁ gr'hplis Eh&?lh [Ini:lau:r!:.- tl‘lrnlg’m::eu:.f J 1

{.j J 1 imuh

-

0 = by
H;H'I;Uu F""tl" %I

(b} In the experiment you are about to plan, identify the following.

- i
(i) the independent varable ... /LMY 8" B R e N

(i} the dependent variable ...... »Ff L! LE&I" ........ KJ\LU } L s A
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{c) Design a laboratory experiment o lesl your prediction in (a).

In addition 1o the standard apparatus present in a laboratory you are provided with the
folbowing materials,

a boiling tube, -

a loopad wire stirrer,

a thermamater covering the temparatura rangs 0°C to 100°C.

Deacribe how you would carry out the expariment. You should v"’
» @nsure a wide range of results suitable for analysis by graph, L
»  dacide on the amounts of water and polassium nitrate to use, ‘-"(1
*  maasura the amounts of the o reagents, _
«  heat the apparatus, f JJ
= decide al what point the temperature of the solution is to ba laiuan- )

L[I.Ji

l“ -fhetd ; ?h‘luf-h!rl’] -"‘f I""
Lpﬁ'" ey S I.. ......:':f.-....... L e LA DSt < [T N UREY| T 0 TS
hﬂl ,lr 'Hﬂf:-mlu bu th

.._’;_1'..1.'.1:5}.....@.%.}:,?... .

T{..Eu “I‘ S ” rLEﬁL:}"‘?E
Ui Bhapy gy = Lot b taa e - MU RF et
! v.itf“}-i Yun . _?'gu.ﬁtw'fgi "o et ot pluc
7= ]bi‘?“ I_J .-,L.Ih“uf .-.-J:rh'..ll udrﬂﬂjllp”n uJiu-Ili ﬁ! ”{GL

i S iy S e B L VB iy ”“Lﬁ’ b
!1”'.1. a

A - T e fﬁ[f_? !' I”“:J L.uahr HI e e !u& PLLIHL

F'lru:L "y i-‘lw“ R I’“‘Hr lt! ervar R phike
squ od

sful uf_lffm !.l.
- .%‘!ult E _§'|,' |.-| ; [,u EHI JIH&'H H L
i P T e Iu:L ji Hr.&h& Mf..u.l'.h.#ﬁ Lpf
LG JamL

.!wpmu!u un ki | if Huti-z.i '[:. at
'H"L'"""I"'!’E'H'rh Tﬂ.ﬁ{f I irf {J Wikt LFFHIH E
C = anmode. Mo b d iag.. by Jlr, g b e de by bea brvan .-:‘h
whof ﬁa“ yad 6Ir. T -filru J}H.m I.:J'rn??v
e

S [ S T o T E,; g LTIy Smnu
ﬂ.l.u.“*ﬂ’_?. ..l'p.r;_ ﬂ 'F .-H--'_ JJ.*I.-IHP! .. L‘ u l:'u!

T-hul He ﬂ“w%d 1’; '!wl Y m! A, ELH
“all Ry lt uid W Llﬂﬁﬂﬂm.,'! {hlu"i.ﬁ ll
gttt o Py

§ —_miadbtt.. .. and o second ”L. M.hJJ [kgi HN{‘ A o -

N, E.......ﬁ.t?.....uuﬁfrrwuﬂ{m mmﬁl,- £LL ﬂrtu: “ffi‘
t-'|* ngm* JHN_'!‘“? “ i’h : h:!': .H.:El"lj

! o fus ot
w“'t h‘ r!:u:}H;Lw: EmtﬂEu Mul!g-:'ﬂ By u%ﬁll!ﬁi Lﬂ Lb{”.

b o'l Be(, 50°C
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{d} State & hazard that must ba considered when planning the experiment and describa
precautions that should be taken o keep risks 1o a rr:imrnum

bl d o C.!-...f.l..i..n.j ...... {r ............................ ! “ ...... bucast:... o
et e B et ag. Dles . pn E'.J:!ﬁ ....... f ..... ¢ f‘f“j ______________ (]

{e) Draw a table with appropriate headings o show the data you would record when carrying
out your experimants and the values you would calculate in order to construct a graph 1o
support of reject your prediction in (a). The headings must include the appropriate units,

I Ml dry EF:",J 7-.!1 uun’ur -l:tn: -ﬂ.-[u!d: D,ﬁ .:. J"ET fit R
ol wied ||r » ‘JF"p jf ..... n.?_" “h.i'_‘afl"l ’TYW:‘D

100 u | Je g Il.u |
00 Ao | T
oo Ju ' SETT)

s DO LD d ding

r 00 70 4 tlive

g f | U b ”H.ﬂ.' i
ad

f iE[
00| 10 1 [T -,

W e b l{igll[,d y U {I E wie He MW u #Ci l‘fl"‘w"tj
dhlacivd al M wuagw;u" bans”

j‘,_-,,j-;ﬂuf MY prodig ke {4 b i
“{t ﬁrnJrLFrH 3 S UTTE S B of .jﬁﬂ.{l Pr{j

aEanJE’ Toupws funi

Examiner comment — grade A
(a) (i) The prediction made was good and temperature increase was linked to increasing solubility for an
endothermic process.
(if) A good sketch graph was drawn with correctly labelled axes.

(b) Both variables were correctly identified in (i) and (ii).

(c) A well reasoned and presented plan was given using numbered points which aids clarity. Whilst not
explicit in (¢), the number of experiments and range were both clearly stated in the table in (e). In steps
1-3 and 8 the masses of water and dissolved solute measured using the balance were credited. Steps
5-8 describe a solubility experiment as in Alternate 3 in the mark scheme and gained the marks and
also the mark for stirring. The only omission was that no trial run to determine reasonable quantities
was attempted.

(d) The requirement here was for a hazard specifically related to the experiment rather than a general
laboratory hazard.

(e) All the necessary columns were present along with appropriate units.
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Example candidate response — grade C

1 When potassium nitrate dissolves in watar, the lemperatura ol the solulion goes down
bacause the anthalpy of solution s endothermic.

You are to plan an expariment to investigate how the solubility of potassium nitrate varies
with temperature. The units of solubility are grams per oneé hundred grams of water
(g 100g waler),

(a) (i) Predicthow the solubility of potassium nitrate will change if the solution temparature
i5 Increased.

Explain your prediction using the fact that dissolving potassium nitrale is
endotharmic.

predictian ...... fzumhm‘.a ....... T R rnwasiurrﬁrmuhllh.]%
axplanation ....'ﬁ.‘%.......}:'-.fmiﬁ.'r.a:........‘a.......‘.‘;?J.ivftlm;fm:-;.......f:.t.!.f........l.’.t.'-.-:jha:.jl:-;...
avwund g ek evedable  dee Jh Nog i sdabe,
oo ol !r"u.-"«-'fL“%;‘-:.tLﬁ."-JLJ‘—’J*“ﬂquxﬁ;ﬂjfrﬂﬂ

o dndat . Waiol. taadin. grssidd

(ii) Display vour pradiction in the form of a skatch graph, laballing clearly the axas.

A
r,_—,rl..i-lu_-lh'hlll'llrj

fa, \rmlru}

!'rf.l-"n e f "I:___ (3]
{B) In tha experiment you are about to plan, identify the following.
(i} the independent variable L“"’]Fr.m’m\'.'lft— — i

(i) the dependent variable .hmua}ﬂ’-ﬁeﬁ-w“ S )
2]
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{c) Design a laboratory experiment to test your prediction in (aj). Eor
In addition to the standard apparatus present in a laboratory you are provided with the | U
following materials,

a boiling tube,

a looped wire stirrar,

a thermometer covering the temperalura range 0°C to 100°C.
Describe how you would carry out the expariment. You should

ensure a wide range of results suitable for analysis by graph,

decide on the amounts of water and potassium nitrate to use,

rmeasure the amounts of the two reagents,

heat the apparatus,
decide at what point the temperature of the solution is to be taken.

f}f“"'nu.n ‘&)tﬁﬁd%h#wﬂrwwhﬁ%w
'Ljﬂﬁumﬁﬁ Iﬁmlmj i 2. S LA T - m&kh’ﬁwmﬁ
U“J”ﬁhh‘mkvjhhm .. “#r!"’ sepuire.... hﬁ@%ﬁ%
lhmﬂ}wﬁnhj ‘e&“m ... 208\ 5055, iy
(0. Pug Tm (RS R S T
Youthinsy. ... A Mmj .. donpesabe..tn. 'ﬂ“n-r.hm]b
‘\ﬂl l-vw -Fmgmmﬂ:l ._ng
,a;hn-'ﬁ st %ﬂé f‘m*.c-!bxﬂ& H“-if.IJ.Lﬂ L ¢
R T T-"-:‘zmﬁ 2 iﬁpwinh e H"'“i(hﬁlp Hrere.. Eﬂd?ﬂ}drnll )
(v, FU“:E T 5&1} L ]'whn Mﬂeg}l-rq!
o .0 m Ay f“m-:-mj LGehed, .mma S AN, o0l
':Jﬂhﬂwdr#mk‘fﬂflm T B~ lublt LT A
fm.wa it e - L.......;,.. Lase 90

e LI || AL ‘ﬁ@ L ST |
:mmszﬂﬂf'h !-Ek:w “I'.l"'“l’}" ) rnmqﬂaﬁﬁrhriﬂmh _]

T Heains | }
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(d) Siate a hazard thalt must be considerad when planning the experiment and describa
precaulions that shoukd be taken o keep nsks toa minimum,

ﬂ‘x'-rﬂi'“""t ........ con . N et hng...... VAR, ... el D (...

(e) Draw a lablo with appropriate headings to show ihe data you would record when carrying
out your experiments and the values you would calculate in order to construct a graph to
sUpport or reject your prediction in (8). The headings must include the appropriate units.

Wy oy My Wiion | M o nos | Volios o Sl
Tesioshe aabin Wby bt Tl gl e e & B AL T
II. i i ""J Ir':'l Pt g ,l'.:_:l ||-J_£_. WA h-f'-;r.ﬁ';n oyl

" ]
VAL e

b4
2]

Examiner comment — grade C

(a) (i) The candidate’s prediction was good. The explanation of being endothermic, higher heat, forward
reaction favoured was just acceptable for credit to be awarded.

(if) The sketch graph was good.

(b) The independent variable was correct but not the dependent which was in effect a mass of solute.
This conflicted with the y-axis in the sketch.

(c) The response was reasonably organised using numbered points. There was a good approach to
solubility determination that missed marks on points of detail so gained four marks out of seven. The
fifth mark (stirring) was gained in step (ii) and the first mark (5 experiments) in step (iv). The approach
of the candidate was Alternate 2 in the mark scheme gaining mark six (heating mixture to a particular
temperature) in steps (v) and (vi). The idea of filtering in step (vii) was correct, but cooling would cause
more solid to be collected so giving an incorrect solubility. The next step gained the mark for a suitable
range.

(d) To gain credit, the gloves needed to be described as heatproof.

(e) The table was well done containing all the necessary columns but the solubility column lacked a correct
unit.
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Example candidate response — grade E

1 When potassium nitrate dissolves in waler, the temperalure of the solution goes down
because the enthalpy of solution is endotharmic.

‘ You are to plan an experiment to investigate how the solubility of potassium nitrate varies
with temperature. The units of solubility are grams per one hundred grams of water

{3/ 100g watar).

(@) (1) Predict how the solubility of patassium nitrate will change if the solution temperature

is increased.

Explain wyour prediction using the fact thal dissohing potassium nitrate is
andathermic,

prediction h....ﬁnﬁ.ﬁli}.w...ﬂk ...... prrassinen,,. Aok e, il incienie.,,
BB -.ms.mL.‘n}...-.-.tnnmg.emhu.ﬂ.r,,m...:.!r....h.,m:.u...:-.*.-he-m.h...iew.:mh:rc.
axplanation -.Ea,:L-.-!nhlh;ht._-_i_muaa_m&.-.-.I:-ﬂnhm: ..... 2rdbeah eh i e
-..‘T:w.ﬂ.-i.:.....,..?.nt.r:f’h.l.....'.‘.\rtu.e......:iﬂ'-l ...... i gt e Anbeba b ok
BT Tt i OO s

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

() Dasplay your prediction in the lorm of a skatch graph, labeling clearly the axes.

.5-ﬂ1uJ:'|lilT ‘
9 loey
e
/
Is
. =
tenlrc'r-rdvn' ,|"4_
3]
{b) In the experiment you are about 1o plan, identify the following.
/
(i} theindependent varable . tEatpembuce. | e Solubiea. K,
{ii} the dependant variable .._..E..QJ.H.h.'HET-.J::t!:.....'[?c-.i-s:r.is.i-.-.m...ﬂi.'rrmr, ............ r o
W
[2]
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{c) Design a laboratory experiment to test your prediction in (a). |

In addition to the standard apparatus present in a laboratory you are provided with the |
following materials,

a bailing tube,

& loopead wire stirrer,

a tharmometer covaring the temperature range 0°C to 100°C.

Describe how you would carry out the experiment. You should

«  @nsure a wide range of results suitable for analysis by graph,
dacide on the amounts of water and potassium nitrate 1o use,
maasure the amaounts of the two reagents,
heaat the apparalus,
decide at what point the temperatura of the solution is 1o De taken.

..... ... ivucdwsed. ... 52 s naansniny., Sgiadee [vstane. ok Ja.cml ol e e
E{fé‘i‘. [ha. macs Bk Pobassiea,. h'hul".E-...er.;.].l..--h‘f.-.-z?ﬂ.fﬂ‘;ﬁ.ﬂﬁf.d...'&!ﬁ.ﬁ.’:l :
/|

B anc el Dmm s ssnge .l B Ry, !
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{d) Stale a hazard that must be considered when planning the experiment and describe
precautions that should be taken fo keep rsks 1o a minimum.

..... fis.. Mo, Enpesime TebtNANE S It o e S oS B
wMaea Lok Bae gend L . Sewtis, Blgmend 1]

(e} Draw alable with appropriate headings fo show the data you would record whan carrying
out your expenments and the values you would calculate in order 1o construct a graph to
support or reject your pradiction in {a). The headings must include the appropriate units,

- -h -r
Frocpva jomn ) | POl s @Al

(2]

Examiner comment — grade E

(a) (i) The candidate’s prediction was correct although the final phrase 'will absorb temperature' has no
real meaning. The explanation, whilst not incorrect, does not explain the prediction in terms of
promoting the endothermic change.

(if) The sketch graph here was good and complete in every detail.
(b) Both the independent and dependent variables were correctly identified in (i) and (ii).

(c) Answering by way of numbered points was an aid to clarity. However, the bullet points in the stem
were not properly addressed leading to a low score. Up to step 5 the candidate was progressing
reasonably and gained some credit for measuring and stirring. However step 6 misses how solution
was achieved and the measurement of time was irrelevant. Step 7 does not indicate the number of
experiments proposed nor their range.

(d) A more detailed description of gloves (i.e. heatproof) was required to gain credit.

(e) The table contains irrelevant temperature columns (final temperature was accepted as temperature of
solution). There was no column for solubility. The units were correctly presented.
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Question 2

2 Chemical reactions occur more rapidly as the temperature of the reaction mixture increases
The mathematical relationship that summarises this is

A

log, ; (rate of reaction) = a7

where E, is the activation energy of the reaction and T is the absolute temperature in
Kelvin and the rate of reaction can be taken as the reciprocal of the time taken in seconds
{1/time).

An expenment was carried oul to investigate this relationship using dilute hydrochlonc acid
and aqueous sodium thiosulfate.

(a)

20cm? of dilute hydrochloric acid was placed in a boiling tube contained in a water bath.
20cm? of aqueous sodium thiosulfate was added to the dilute hydrochloric acid, while
stirring and a stopwatch started.

The temperature of the water bath was recorded.

After a period of time the liquid became cloudy (opaque) due to the formation of a
precipitate of sulfur,

As soon as this cloudiness (opacity) appeared the ime was recorded.

The temperature of the water bath was raised and the whole expariment repeated.

The results of several such experiments are recorded below.

Process the resulis in the table to calculate log,, (rate of reaction), the reciprocal of
the absolute temperature (1/T) and the ‘rate of reaction’ (1/time). You should expect the
values of log,, (rate of reaction) to be negative.

Record these values 1o three significant figures in the additional columns of the table.,

Label the columns you use. For each column you use include units where appropriate
and an expression to show how your values are calculated.

You may use the column headings A to F for these expressions (e.g. A-B). [3]
A B C D E F
temperature |  absolule fime
f°C lemperature 's
'K
20.0 283 60,3
30.0 303 458
40.0 213 41.6
45.0 318 31.6
50.0 323 288
55.0 228 25.1
B0.0 333 21.0
65,0 238 20.4
0.0 343 18.1
8.0 353 151
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(b) Plot a graph to show the relationship between M#’ (rate of reaction) and the raciprocal of
a

the absolute temperature. You are reminded that t

negative.
Diraw the: ine of best fit.

(c) Circla and labal on the graph any point(s) you consider lo be anomalous. For each
anomalous point give a different reason why it is anomalous. clearly stating which point

you are describing.

8]
(d) Comment on whether the results oblained can be considered as reliable,

vrees | 1]
(e} Deatermina the slope of the graph. Mark clearly on the graph any construction lines and

show dlearly in your calculation how the values from the intercepls weare used in the
calculation of the slope.

[2]

{f)y Using the value of the slope of your graph calculated in {f) calculate a value for the
activation energy, E,. Correct use of the equation will produce an answer in k.J mal™.

[1]

values for log,, (rate of reaction) are
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{g) By considaring the movemant of particles in the reaction explain why the rate of reaction
increases with increasing temperature.

Mark scheme

(2]

[Tatal: 15]

Cluastion

Sactions

Indicative matanal

2 (a)

ACE
Diata

Logsirate) or Logof1ime) or Log{1/1). One of these labels
also serves as expression, full column no units. Acocept log with
no basa,

Raeciprocal absolute temperatura or reciprocal Kelvin
temperature or 1/T (not temp efc.). One of thesea labels also
serves as expression, full column with unit, K™'. Don't accept
T = 107K but 07K OK

Data in both columns above 1o 3 sig figs and corract, allow 2
Imors.

Allow salvage mark for rate calumn if ALL comecl. A haading of
1itime or 14 or 1/C also sarves as axpression.

[l

W

1

(b)

ACE
Data

Unambiguously laballed axes. 1/T on the x-axis and log,g(rata)
on the y axis AND appropriate scaling. lgnore units unless it is
the kabel.

Correctly plotted points. Ecf incomectly calculated data. Al 10
points need to be plotted. Check pointz 3 & Tand 1 & 10 and
any others off the lime.

Line of best fit,

Allow plot and line marks if other axes used.,

1]

[l
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(ch ACE Allow the candidate to select up to five anomalias which must [1]
Ewvaluation | inciude that furthest from the line,

This mark is availabla if other axes usad.
Tha data has two anomalies, Points 3 & 7,
Painl 3, Timead o past opacity (not latle stopping the clock [1]
alone), or selutions not equilibrated with water bath temperature
or clock started aarly.

Paint 7, Timed to prior to opacity (not early stopping the clock [1]
alona), or clock stafed lata.

Give a rescus mark if both correct anomalies prasant but mot
linked to their points
These last two marks not available if other axes used

(1] ACE Efther no repeats OR five or more palnts not on line hancea [1]
Ewvaluation unreliable

OR most points on line OR points produce straight line hence
reliabla.
This mark not availabla if othar axes used.

(el ACE Has construction finas on the plat. [1]
Data

States intercept readings from them. {Could be to data points if [1]
the line and construction i (o that point. Powaers of 10

{e.g. = 107 must be included if necessary) then calculates the
slope (around -1060). Slope is (¥ — p Wiz — %;). The sign of
the gradient must be correct from the sign produced from the
intercept calculations.

Allow thesa marks if cther axes usad.

i ACE Corract calculation. Any calculation that has slope above [1]
Conchlusions | multiplied by 1868, —Ex = slope = 18, Orslopa = —E.M8.
Ignore units. Also accept that calculation subsequently divided
by 1000 e, about 19850 or 1925, T iz not in this calculation,

Allow this mark for othar plots.

g | ACE Increased K.E/energy/speed. 1]
Conchusions

More collsions/unit time or more freguent collisions or more [1]
chanca of collisions or mora anargelic collisions or mora
collisions exceading activalion enargy or mone successful
collisions or more effective collisions,

NOT just more collisions,
Total [15]

General comment

This was a complex data set using negative log data that was handled reasonably by most candidates.
Most mark loss was in the detail e.g. not quoting data to three significant figures. The reasons given for
anomalies were often inadequate. For example, stating the 'time was wrong' or even 'time was too long'
are not explanations. Such a reason would need to be related to an experimental action such as 'the clock
was stopped after opacity was reached'.
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Example candidate response — grade A
2  Chemical reactions oceur mona rapidly as the temperature of the reaction mixlura incraases.

The mathematical ralationship that summarises this is
“Ea
18T

where E, iz the activation energy of the reaction and T is the absolute temperature in
Kelvin and the rate of reaction can be taken as the reciprocal of the ime taken In saconds
(1/time).

An experiment was carried oul 1o investigata this relationship using dilute hydrochlorlc acid
and agueous sadium thiosulfate.

»  20em® of dilute hydrechleric acid was placed in a boiling tube contained in a waler bath.
»  20cm? of aguecus sodium thiosulfate was added to the dilute hydrochloric acid, whila
stirring and a stopwatch started.,

The temperature of the watar bath was recorded,

After a period of time the liquid became cloudy (opague) due o the formation of a
precipitate of sulfur.

As soon as this cloudiness {opacity) appeared the time was recorded.

The temperature of the water bath was raised and the whole expariment repaatad,

kg, (rate of reaction) =

{a) The resufts of several such axpenments are recorded below,

Process the results in the table to calculate log,, (rate of reaction), the reciprocal of
the absolute temperature (1/T) and the ‘rate of reaction’ (1time). You should expect the
values of log,, (rate of reaction) to be negative.

Record these valuas to three significant figures in the additional columns of the table.

Label the columns you use. For each column you use include units where appropriata
and an expression 1o show how your values are calculated.

You may use the column headings A 1o F for these expressions (e.g. A-B). (3]
A B c D E F
temperalure | absolute time Vedpe o H:nh bog, (s o ‘f:"?;E‘E:

i temparature /s Fentiion ool | hient. & ok
1K ) (lna B) ) /i
| 200 293 60.3 0-9i66 [—I'¥+F ' |0-003%AN
30.0 303 46.8 Droatd [—vEF ' [EBobhiiee
400 313 416 ©.0%40 |—|-62 '|Honij
i‘ 45.0 318 31.6 Qo6 [ =180 o [UDodiy.
| 500 323 268 |powkt |-1%6 - p0sto
| 550 328 25,1 Do [—V40 ¢ a-nbigse
60.0 333 210 | D046 | —122 2 B03nnd
65.0 238 204 E}lﬁq':“:} = 'l'it,ﬁ 3 Etﬁj—ﬁi: i
e S . 181 | D559 [ =126 | 6-be2la,
80.0 353 | 154 B-06La ~\- 18 SR N
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{bj Piota graph to show the relafionship between log,, (rate of reaction) and the reciprocal of
the absolute temperatura. You ars reminded that the values for log,, (rate of reaction) ars
L 0 Draw the line of best fit,
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{c) Circle and label on the graph any point(s) you consider 1o be anc:nn‘larh:-us. For aa;h
anomalous point give a different reason why it is anomalous, clearly stating which point
you arg describing.

B The aonmimes Jord oh [g:00300, —| 32) e e e e, S,
Shppins g S puasdith,

N, Ne, e sassanader betee e o Minte. 28 SV

Tl namdea --.‘31,*319.:‘.1....&ff'&.....i.*&:.‘?ﬁ.'f".".h.:.'!f ""::' Jseg e et esorgmtte
.‘%ﬁ?if?ﬂi....%r:__k"ﬁzf..wn?r&h.....ai;ﬁ.-...;ah.a...ﬁla@:mm.@:a....ht:.é....ﬁﬁ!f:.m.gér.'i:é‘muv

FRASESRE |

{d) Comment on whether the resulls cbtained can be considerad as reliable.
jl!'?ﬁ....'i.f..‘%:'."-.“.&,h,.,.Eﬁh'??.ﬁ«?nﬁ}.-.-.iﬁm‘s...‘.*m..&:r&‘:&e.sxé....?«.'.-..‘."9.1-3;1;,..‘. M dietaaie Here
b4 -
T YT L TR SN LW SO 0 1L S £ SRR ||

{e) Determine the slopa of the graph. Mark clearly on the graph any construction lines and
ghow chearly in your calculation how the values from the intercepts were used In the
calculation of the slopa.

m.?‘r E__ - E':-.njm'iu..;’kr ok EH-"-LHL-:E_ — -_—l"'n"ll "'E'_ I Et'-t“i \_,r’

b ) b DeRS = non X

« 5%
‘:l-w_-— i

[2]

(f) Using the value of the slope of your graph calculated in (¢ calculale a value for the
activation energy, E,. Gorrect use of the equation will produce an answer in kJmal” Y

LI I~ _—%q—}{ gxm

Ea~ — 26 |y el
]|

~Ep oz VOB AT
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(g) By considering the movamant of particles in the reaction axplain wihy the rate of reaction
increases with increasing temperatura.

hers 15 Seamise a5 ofordere  Totreasel, g Wimakic £afing GF Mg bl

Wekiente Lt i ye—aile —phpep il fell e gl K | #5

A kv o ‘E“?r.ﬂ;|J Lt 41my Yipsy %o (Gl rmare eawckive (ol 'F'm::rl.'ni

bod  wb gearkioa alfe TALIESIET L’*

[l

Examiner comment — grade A

(a) The table headings were all correct, but the data had one error (0.00342 should have been 0.00341).
Candidates were allowed two data errors without penalty.

(b) The plot was very well presented.

(c) Both the anomalies were correctly identified and the reason for each was correct as would be expected
from a grade A candidate.

(d) The candidate's plot showed eight points exactly on the line, or only slightly off, so the candidate’s
response should have recognised that within acceptable experimental errors these results were reliable.

(e) The candidate had reasonable construction lines (including one to a point on the line) and read the
intercepts correctly. However the data was crossed over in the calculation.

-1.14-(-1.67) -1.14-(-1.67)
0.0033-0.0028 Shouldhave been 5545670 0033

This would have given a slope of -1060, the negative sign reflecting the direction of the plot.

(f) The candidate calculated a value for E, which (although incorrect) was allowed in terms of error carried
forward.

(g) The candidate made a good response to the question based on kinetic energy and effective collisions.
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Example candidate response — grade C

2 Chemical reactions occur more rapidly as the tempearatura of the reaction mixture increases.
Tha mathematical relationship that summarises this is

. _EA.
og,q (rate of reaction) = —oz

where E, |s the activation energy of the reaction and T is the absolute temperature in
Kelvin and the rate of reaction can be taken as the reciprocal of the fime laken in seconds
(1/time).

An experiment was caried out 1o investigata this relaticnship using dilute hydrochioric acid
and agusaous sodium thiosulfate,

(a)

2icm® of dilute hydrochlonic acid was placed in a boiling tube contained in a water bath.
20cm® of agueous sodium thiosullate was added to the dilute hydrochloric acid, while
stirring and a stopwalch started.

The temparature of the water bath was recordad.

Aftar a paricd of time the liquid became cloudy (opaque) due to the formation of a
pracipilate of sulfur.

As soon as this cloudiness (opacity) appearad the lime was recorded.

The tempearature of the water bath was ralsed and the whole experiment repeatad.

The results of several such expenments are recorded balow.

Process the results in the table o calculate log,, (rate of reactien), the reciprocal of
the absolute temperature (1/T) and the ‘rate of reaction’ (1/time). You should expect the
values of log,, (rate of reaction) to be negative.

Reocord these values to three significant figures in the additional columns of the table.

Label the columns you use. For each column you use include units where appropriate
and an exprassion to show how your values are calculated,

You may use the column headings A to F for these expressions (e.g. A-B). [3]
A B c b | E [
' : LT =i | log, §rake
.tarn;?ﬁ:r:a e taﬁ?;::ttﬁm “:'T {r,;.IIT “E I.Iff I‘IIW !'I"'. t t.,iléhﬁ:ﬂﬁhﬂ}
1K B g) /(') Cleg £
20.0 293 603 [2-Mixw 0.0 .
30.0 aa | 488 [23eviortlop2l Ly 6E s |
40,0 313 | 416 |3Mwied b0 16 -
45.0 318 | 316 | FMxie- ) !::3-1311_ -\ 4]
50.0 323 | 288 [2io¥\vt [p.03F LM
550 | az8 251 |2bbxip looke LB
60.0 333 210 |3Cokw ™ | b-0HS ~vBL
65.0 338 204 |2-9€x\o ¥ 004 [-1.20
?'_uu 343 18.1 g__ﬁ?xﬁ:-l ¢ 055 126
800 353 151 |2.%2%0 | p.o6l &
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=

~Uo

T3

718

Ao

the absciute temperature, You are reminded that (e values for log,, (rate of reaction) ars

nagative.
Dirawy he Bna of bast fit.
-0

(b} Plot & graph fo show the ralationship betwsen lag,, (rate of reaction) and ihe reciprocal of
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(e} Circle and label on the graph any paint(s) you consider 1o be anomalous. Eur each
anomalous point give a different reason why It is anomalous, clearly stating which p.-!:gdnl
you are describing. ;

flt‘ixtﬂzf—lﬂﬁjf’]i&{nthfkmﬁ
ol ook \ess b e wovwedia s

v [3]

A
(e) Determine the slope of the graph. Mark clearly on the grapp any mnatrrh{tinn ines and
show clearly in your calculation how the values from the inlercepls ware used in tha

calculation of the slops. ‘/1}3}3 5‘1-‘-'5.! | 1E) l/g' Y = 7]
Mo~ 3 - (-1 1) g e i
Ayl aleh (2-83% w¥) ML,:J o (0192u) 2520012
S A L ¢ —29.9%

¢ -Fyus Vo,
(2]

() Using the value of the siope of your graph calculated In (@ calculate a w.r_alua fior _t1hre
activation energy, E,. Comect use of the equation will produce an answer in kJ mol™,

Jqﬁj (-\) - rEf_

| G
|
CA = agin -4 kj‘mr[‘:
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{g) By considering the movemaent of particles in the reaction explain why the rate of reaction

increasas with increasing temperature, _
Fﬂl"’Hf!EJ (jﬂ.ll'-* EHEH-JL.'JF-E-:LJ'EH Hfl_ﬂ'ﬁ ﬂ-rﬁ-}wq;}'ﬂ'gﬂ
E"'*Em o Thax?  er€  pnt ff'é’.iud-u f :Fd-:"ﬁf#i"

i fff?{rﬁr" e bl T
[2]

Examiner comment — grade C

(a)

(b)

(c)

(d)

(e)

(f)

(g)

The candidate scored both marks for the table headings but not for the data. The 1/T data was good
but the 1/time data was recorded to 2 significant figures rather than 3. This led to errors in the third
significant figure in three values in log, (rate) leading to the loss of the third mark.

Full marks were awarded for a well plotted graph.

Whilst data may contain more than one anomaly, it was acceptable for only one to be identified provided
that it was the most anomalous point as was the case here. However, the reason given was unrelated
to the experiment.

This was a very good comment on reliability which required a statement about the points being on the
line.

There were no construction lines so intercepts could not be read from the graph. The candidate picked
out values from the table. Points on the line could be used provided they had construction lines to
them. In this case the subsequent calculation was incorrect; it gives a value of the gradient as -1017.24.

The candidate attempted to calculate E, by substitution not by using the slope previously calculated in
(e) as required by the question.

The candidate made a good response to the question based on kinetic energy and frequency of collision.
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Example candidate response — grade E

208

Chemical reactions occur more rapidly as the temperature of the reaction mixture increases. |
The mathamatical relationship that summarises this is

N -

where E, is the activation energy of the reaction and T is.the absolute temperature in
Kalvin and the rate of reaction can be taken as the reciprocal of the time taken in seconds

(1timae).

An expariment was carried out to investigate this relationship using dilute hydrachioric acid
and agueous sodium thiosultate.,

(&)

20cm® of dilute hydrochloric acid was placed in a boiling tube contained in a water bath.
20em? of aqueous sodium thiosulfate was added to the dilute hydrochloric acid, while
stirring and a stopwatch started.

The tamperature of the water bath was recorded.

After a period of time the liquid became cloudy (opaque) due to the formation of a
precipitata of sulfur,

As soon as this cloudiness (opacity) appeared the time was recorded.

The temperature of the water bath was raised and the whole expariment rapeated.

The results of several such experiments are recorded balow.

Pracess the results in the table 1o caloulatellog,, (Fate of reaction), the reciprocal of
the absolute temperature (1/T) and the ‘rate of reaction’ (TAtime). You should expect the
values of log,, (rate of reaction) to be negafive.

Record these values to three significant figures in the additional columns of the table.
Label the columns you use. For sach column you use include units where appropriate

" and an expression to show how your values are calculated,

You may use the column ha;cﬂngs A to F for these EIPFEHI:]% E:;g{ ?J_%ﬂl—faﬁl}ﬂ
A B /| € D \E F
temperature absolute/ IJ;na Ugmm?—t %hgi
[ ¥ l,nnm;:am s Wﬁ IN_H ﬁ?ﬂﬂic.]
20,0 203 603 |o.c03yy | ~1"78 '
30.0 303 468 |6:00330| -1:6F
40.0 313 416 D00 219 ~1bZ
45.0 318 ME | or0p3lYy|.—150
50.0 323 288 | 0000 | —Lyb ]
55.0 328 251 000 305 | b 40
60.0 333 210 |['o-00300| —1.%2%
65.0 338 204 |00 296 | —1+3|
70.0 343 181 |'g 002 |'—r2b
B0.0 363 151 (D023 |.=11%

E o Boh
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(b)) Piat a graph 1o show the relationship bebwaean {rate of reaction) and tha reciprocal of

bﬂ ¢ ral€ o the absolute lemparaties. You are reminded that the values for log,, (rate of reaction) are

T ., e -h.H
reach Diraw the line of best fit e Pﬁf%n%ﬁfﬁﬂ (':I'T' )
- g |

lH]I'H___ =.-'_;=“;-_$u_ M:Ji::%é : T _;i_

T TR T T

sacdEs e e
- T 1 i | : ]
- ||
5 " L
. -.-EL : _ HH
0% | : # JRRRE -i,- 1 | i
i b mme
¢ r
-4 .__- 3 L1 L
H-HHH- A 1] EH ]
l_-ﬂ. 1 .-_-_ [ ! ”
P - = A ENEE 1
A 4
T -
HH [
|| - : EEE - :- = TT
q ] H Il
= b AN ] ; =
il AN u i
1)
5 1] i . § ]
- 1 .
! y §
S - i
EE ¥
T RERE R : -
: i ; i R
Vi | = - J
H- - I 1 i
13 - 111 _‘_____'_' H:ﬁ
-4 | I o
EEEE ] !—- :ﬁ]
. "
" 'l INEn N L1 1
. . 1
i ! T :
- - = | ]
. g SIEIEEE, r
] 'i R 3
- -_ s L 1 ) .'
e !
- - 1] H._-_ 1] i B . -
1 - i I I i H
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{¢) Circla and label on the graph any peint(s) you consider to be anomalous. For each
anomalous point give a different reason why it is anomalous, clearly stating which point
you are describing. Veci P,nmd albgsolute

(0: 90813 Pk 71:82) JThe  magss tempemtert wac low

{0: 831 Ty =l .

at e Sopmekh wxeo stedfsc bofore 0. A
acd wa¢ = odded,

.

. R
ihe  veipeal ...E’h?ﬂm"&.‘&n"}‘i{.,..h!ﬂ..‘:?.-..ﬁ.% Go Shapedabch

[;Em.f,gjaw,,g et vead  ofter 8o acd was added
e LT . e | L --.h‘.{:... e e RIS e

P maintQindd oy
(d) Comment on whether the results obtained can ba considered as reliable.

Yot =~ aE = ot wﬂiﬂ,mﬂt Dn%j ome point Rt .

bhe  lne  theougn e ongin .
(e) Determine the slope of the graph. Mark clearly on the graph any construction lines and
show clearly in your calculation how the values from the intercepts were used In the
calculation of the slope.

oro08t0, ~130) (0.0031, ~i150) /
m= —-S0 ~ (90 . =0k

“oiooi|} - 0000290 0+p003 |
_qoqs 09 X

(0:00283 —I13)

—

- -%04 2]

() Using the value of the slope of your graph cakculated in @ calculate a value for the
activation energy, E,. Correct use of the equation will produce an answer in kJ mot.

S

og crale of wachon). —EF

~h§o & :-EBl . % (1]

14x
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{g) By considering the movemeant of particles in the reaction explain why the rate of reaction
increases with increasing temparatura.

A tempecati®  Incroases, e [Fequonty of
%Emﬁxﬂlifﬂﬂ alie increaser wiTh

'rn{?rEﬂslnc? tjrﬂlfi{;/e’hﬂﬁd ar  the  engrgy I

h‘am* “+han Hr achva Ronr Epﬂfﬂﬂ ; Gi

Examiner comment — grade E

(a) The column headings did not receive credit. Column D was missing its unit ( /K"). Column E had a
conflict with two different headings. The two columns of data were correctly calculated and reported
for the third mark.

(b) The mark for axes was not awarded since the plot did not cover at least half of the available grid in the
x-axis direction. The plotting was correct so gained the middle mark. Given the points as plotted, the
line should have been twisted to the right to encompass the majority of points so did not gain the final
mark.

(c) Two anomalies were correctly identified but the reasons were inadequate. The reasons offered were
those of the plotted data and not on the experimental reasons behind them.

(d) Since most of the points on the candidate's plot were not on the line as drawn, this answer was
accepted.

(e) The candidate drew construction lines (if over a small scale), so gained the first mark. However, there
was an error in reading the intercept; 1.30 should have been 1.29 so the gradient calculation was wrong.

(f) To calculate E,, the gradient needed to be equated to its expression (-E,/19) extracted from the equation
which was not attempted.

(g) The candidate made a good response to the question based on kinetic energy and frequency of collision.
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