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Cambridge Pre-U Example Candidate Responses

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge Pre-U, and to show
how different levels of candidates’ performance relate to the subject’s curriculum and assessment
objectives.

Cambridge Pre-U is reported in three bands (Distinction, Merit and Pass) each divided into three grades (D1,
D2, D3; M1, M2, M3; P1, P2, P3).

In this booklet a range of candidate responses has been chosen to illustrate as far as possible each band
(Distinction, Merit and Pass). 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 has been adopted:

C Mark Scheme )
Example Candidate
Response
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 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.

Teachers are reminded that a full syllabus and other teacher support materials are available on www.cie.org.uk.
For past papers and Examiner Reports please contact CIE on international@cie.org.uk.
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Components at a Glance

Cambridge Pre-U Example Candidate Responses

Component ComponentTitle Duration ng/:r )t ng Type of Assessment
Part A Multiple .

Paper 1 Choice 1 hour 15 Written paper, externally set and marked

P. 2 Part A Written 2 hours 35 Written paper, externally set and marked
SR 15 minutes paper. Y

P 3 Part B Written 2 hours 35 Written paper, externally set and marked
g 15 minutes paper, Y

Paper 4 Practical 2 hours 15 Practical exam, externally set and marked

This booklet contains a selection of example candidate responses and examiner comments for Papers 2, 3

and 4.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Paper 2 Part A Written

Question 1 Mark Scheme

(a) ethanol: 46 g mol™
octane: 114 g mol™
1 mark if both numbers correct
no penalty for incorrect sig. figs. [1]

(b) density in g cm™ =2 g mol™ / 24000 cm® mol™" = 8.3x10° g cm™
no penalty for incorrect sig. figs. [1]

(c) zero (by definition)
award this mark if the zero is just entered in the table [1]

(d) —285.8 kJ mol™
the mark is given for indicating that it is the same as the enthalpy of formation given in the
question [1]

(e) CsgHis(l) + 25/20,(g) — 8CO,(g) + 9H2O(1) (1)
equation must be per mole of octane and correctly balanced for the first mark
correct state symbols for octane, oxygen, carbon dioxide and water (1) [2]

(f) AH° (octane) = 8AH® (CO,) + 9AH® (H,O) — AH® (octane)
= {(8 x —393.5) + (9 x —285.8) — (-250)} kJ mol™’
={-3148.0 — 2572.2 + 250.0} kJ mol™’
= -5470.2 kJ mol™ (3)
AH®(CO3) and AH®(H,0) multiplied by 8 and 9, respectively (1)
correct signs (1)
2 marks given if all correct apart from an arithmetical slip
2 marks given for 5470.2 kJ mol™ [max 3]

(9) (i) methanol: =726.0 kJ mol™ /32 g mol™ =-22.69 kJ g [1]

(ii) hydrogen: —285.8 kJ mol™ /2 g mol™ =-142.9kJ g
accept from 2 to 5 sig. figs.
no penalties for missing units or forgetting minus sign
—1 for each wrong answer
-1 if sig. figs. outside the allowed range (only penalise once) [1]

H www.cie.org.uk/cambridgepreu
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(h) (i) ethanol: =1367.3 kJ mol™" x 0.789 g cm™ /46 g mol™
=-23.5kJ cm™ [1]

(ii) octane: —-5470.2 kJ mol™ x 0.703 g cm™/ 114 g mol™
=-33.7kJ cm™
accept only 2 or 3 sig. figs.
no penalties for missing units or forgetting minus sign
—1 for each error
-1 if sig. figs. outside the allowed range (only penalise once)
where working is correct but final answer is inexplicably wrong, allow the mark [1]

(i) the enthalpy change of combustion value for hydrogen is for standard conditions, and so
relates to gaseous hydrogen, not to liquid hydrogen
OR no account taken of different temperatures / latent heat of vaporisation of hydrogen
allow comment about how the value of the density of liquid hydrogen is unsuitable for the
calculation of energy per unit volume for gaseous hydrogen
allow just a reference to the different state of hydrogen [1]

[Total: 14]
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Example Candidate Response — Distinction (D1)

1 Table 1.1 gives some data on four fuel sources: methanol, ethanol, hydrogen and octane.
Octane can serve as a rough approximation of petrol.

Table 1.1
name formula molar mass density AH® (298K) | AH® (298K)
/g mol™! /gem= /kJ mol! /kJ mol~

methanol CH,OH 32 0.7932 ~726.0 -239.1
ethanol C,HzOH Lb 0.7897 -1367.3 -277.1
liquid H, 2 0.0711%
hydrogen
octane CeHig & 0.7032 v ~250.0

4 At 298K and 1 bar pressure.

b At 20K and 1 bar pressure.

(a) Insert the missing molar mass values in the table. [1]

(b) Calculate the density of gaseous hydrogen at 298K and 1 bar pressure.
Assume 1mol of any gas occupies 24 dm?® at 298K and 1 bar pressure. Give your answer

in gcm™, \ 24
- - Yy
46 gt ToaP 2 S.12x0
(1
2.4 mol JM-LQ i “ O
“ - ~4
W 5‘2'1"09 cm™3[1]
0

(c) What s the value of the standard enthalpy of formation of hydrogen gas, H,?
o )
.......................................... AL YA |

(d) - Use the information in Table 1.2 to give the value of the standard enthalpy of combustion

of hydrogen.
Table 1.2
name AH® (298K)
/kJ mol™1
water —-285.8
carbon dioxide -393.5 ‘

............... "15533'5 S |
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(e) Write down the chemical equation that represents the standard enthalpy of combustion
of octane. Include state symbols. 16
(Y] L) ) W) , L
C.H 1.5y - $C, "'TH" (&)
€ ' \¢ (L) (q)

(f) Use the enthalpy of formation data in Table 1.1 and Table 1.2 to calculate the standard
enthalpy of combustion of octane.

v 18 —s ke, + 18 KO
2. C 5 Hls 0 G (s) (s ( $)
\)k’X-uML /'_ 343.$x1é
i -195.93%x13 '
gc{,’+ O-L ,,’Q-qM“Lh)d_ u __5‘1-’0-1W/ 3
(.'sq's.sxu. -us.hﬁ) + 500 : ~jpgra. kS T :
Ao .

................. e ke

(g) An important property of a fuel, especially when the fuel has to be lifted (such as in
aviation), is the energy released on combustion per gram of fuel.

Calculate the enthalpy change of combustion per gram of fuel at 1 bar pressure and
298K for methanol and hydrogen gas.

(i) methanol “724 ATt ™ . =122.61 }L’SS"

i né...(’

(i) hydrogen gas v
558 Aimd

-t

LﬁM

"
r
)
5
N
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(h) Another important characteristic of a fuel, especially when there is a fuel tank of limited
size, is the energy released on combustion per cm® of fuel.

Calculate the enthalpy change of combustion per cm® of fuel for ethano! and octane.

(i) ethanol ) ) : -~1367.3 kSm&"xuoﬂMcﬁd
= s el ; = =23.45 v~ .
bbb 5 138 en -3 ; l
- o,ul’i Mm' ......... '135]"3(*" ............... gt
(il) octane s b o
W10 ~1 Cv—
- AL L W3z ] ~ EHT
g.‘m‘;scn 7 0.00‘17 Mnl(pn- = -Yoqs .
# 33.77
W4 yul P

(i) Explain why, given the data in the question, it is not strictly possible to make a fair
comparison of the energy released per cm? of liquid hydrogen with the other fu %. {

e deaihly. of bfoogee guitn. ook 20K rablar Ban/Bss i, .
xﬂnwumu”b&m@bn ................................................ 1]

otal: 14]

Examiner Comment

The candidate was able to complete almost all of the calculations correctly but failed to read (b) with
sufficient care.
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Example Candidate Response — Distinction

1 Table 1.1 gives some data on four fuel sources: methanol, ethanol, hydrogen and octane.
Octane can serve as a rough approximation of petrol.

Table 1.1
name formula molar mass density AH® (298K) | AH? (298K)
/g mol™! /gem™3 /kJ mol~1 /kJ mol™"!
methanol CH,OH 32 0.7934 -726.0 —239.1
ethanol C,H-OH Lo 0.7894 -1367.3 —277.1
liquid H, 2 / 00711
hydrogen /)
4 |octane CaHiyg e V| 0708 2500

a8 At 298K and 1 bar pressure.
b At 20K and 1 bar pressure.

(a) Insertthe missing molar mass values in the table.

(b)
ingem,
dw = —asg
I)Qn%‘b Vatums,
F—3 a oo
A
= 83'5 acﬂ:%

Calculate the density of gaseous hydrogen at 298K and 1 bar pressure.
Assume 1mol of any gas occupies 24 dm? at 298K and 1 bar pressure. Give your answer

Mege -(1 Ha ¥ ot ARk

(1]

= Ixd
=

(c) Whatis the value of the standard enthalpy of formation of hydrogen gas, H,?

(d)

of hydrogen.

U« 0L~ 257

"\ A

#o

?—5\3 .Y f"’

Table 1.2
sy name AH? (298K)
/kd mol™!
water —285.8
carbon dioxide -393.5

www.cie.org.uk/cambridgepreu
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(e) Write down the chemical equation that represents the standard enthalpy of combustion
of octane. Include state symbols.

%CeHmm*szza{r"QCO%;*'?H:.O(‘%/Q] }

(f) Use the enthalpy of formation data in Table 1.1 and Table 1.2 to calculate the standard
enthalpy of combustion of octane.

He.
C—%F'na ) T 272. 0:.(3) "d" gt.o;_,j, ~+ 9 H,_a (v

'\-2.‘5‘0.0 ro f b f-& 5.8x9 .
§0ce “"72'-01‘-5’ + AH s eqy | ///

alhe = (-250.0) « (3335 )¢ (24 54
= ~S¢Fo.2 !:.{mal"

(g) An important property of a fuel, especially when the fuel has to be lifted (such as in
aviation), is the energy released on combustion per gram of fuel.

N

Calculate the enthalpy change of combustion per gra’r} .of fuel at 1 bar pressure and
298K for methanol and hydrogen gas.

(i) methanol

-'-'h-ﬁ .© ?—Smﬂﬂ

(i) hydrogen gas 3’ .
—28%8 kTnat” /&f/é

= ~285.8x )A /

” -5-:’.._;(2[3-' %&“Yflklrihq[z]

i

i
b
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(h) Another important characteristic of a fuel, especially when there is a fuel tank of limited
size, is the energy released on combustion per cm?® of fuel.

Calculate the enthalpy change of combustion per@m2oPfuel for ethanol and octane.
. i
(i) ethanol Mo ¥

~361.3 P-Imot" \)C-i’«f/é b sf.

~ 13613 %94 x 0.989 x L6

= 3
(i) octane l

—5kFo0. & I mol™ / %

= "'S"V-_'[-O.a x 0. Fo% x (I <
- 93908 Ko G Lkp) —%5333%&%%\[2]

(i) Explain why, given the data in the question, it is not strictly possible to make a fair
comparison of the energy released per cm? of liquid hydrogen with the other fuels.

Uﬁwdhbd’n&'sdmtg“mmmﬁ Lo k.. oracnasiller.
72««{;#9\‘]&&,89%%2500#9 wpseatale,. i V28 Loy s [1] (

n

Examiner Comment
The candidate showed a good understanding of the principles involved in most of the calculations but in (b)

failed to convert dm?® into cm® and made a careless error in (g). Also a lack of appreciation of significant
figures was shown in (h).
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Question 2 Mark Scheme

(a) 178/(178 +32) x 100% = 84.8% [1]

(b) correct plotting of point in van Arkel triangle (1)
the point has coordinates (2.39, 2.45) half a gradation of leeway either side, i.e. 0.05 on the
scale, is acceptable
it is an insulator (1) [2]

(c) itis ionic [1]

(d) reaction 1: HfO, + 4HCI — HfC1, + 2H,0 (1)
reaction 2: HfCl, + 2Mg — Hf + 2MgC1l (1)
ecf incorrect hafnium chloride formula in step 2 from step 1 [2]

[Total: 6]
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Example Candidate Response — Distinction

2  The Intel® super-fast 45 nm Core 2 processors are based on Penryn technology. This involves
the use, for the first time in computer chips, of an oxide of hafnium.

(a) This oxide of hafnium has the formula HfO,. Calculate the percentage of hafnium by
mass in this oxide.

r\v &‘\Q‘-‘ \73 ‘
__,,_‘.25-4 z 0.Gulk 100 gl 76 /0

Nns i ¥ P
O — 48 \/ % [1]
(b) Table 2.1 provides the electronegativity data for O and Hf.
Table 2.1
element electronegativity 3.41-Ub= Lys
0 3.61 3.6 - 1.3
Hf 1.16 ]

Computer chips contain electrical conductors, semiconductors and insulators. On the
van Arkel triangle mark the point corresponding to the oxide of hafnium and use this
point to deduce its electrical properties. Ring the correct option.

The oxide of hafnium is

conductor semiconductor insulator ”

N Cc

w
o
T
1
K]
|
T
|
|

g
o

sy
o

difference in electronegativity —
i} + 1
I
1
]
1

o
o
>
-
w
1

o

1 2 3 4
average electronegativity —

[2]
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(c) Use your van Arkel plot to decide whether the oxide of hafnium is best described as
ionic, covalent or metallic. Ring the correct.option below.

The oxide of hafnium is best described as \/
covalent metallic -~ [1]

(d) Elemental hafnium has neutron-absorbing properties that are useful in nuclear reactors.
It can be extracted from the oxide, HfO,,, by the following reactions.

reaction 1 reaction with hydrochloric acid
reaction2  reduction of a product of reaction 1 with magnesium

Write balanced equations for these reactions.

equation for reaction 1
................... UEO, ..k WML =2 HLCL, . . ZH,0 v/
equation for reaction 2 / 2—-—-

[Total: 6] é

Examiner Comment

A Distinction level candidate would be expected to achieve full marks on this question.
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Question 3 Mark Scheme

(a) CsF [1]

(b) clear that a Cs electron is in the F outer shell (1)
charges shown on the ions (1)
allow a Cs ion with 8 electrons shown in the outer shell
no marks awarded if there is sharing of electrons [2]

(c) largest possible difference in electronegativity between its two constituent elements owtte [1]
(d) high boiling point / low vapour pressure / does not evaporate easily [1]
(e) wide separation of charges / large ions AND low charges both needed for mark [1]

(f) high surface tension (1)
(relatively) high melting and/or boiling points or liquid at rtp (compared to analogous
compounds) or high specific thermal capacity (1)
less dense as a solid than as a liquid (owtte) or greatest density at 4° C (1) [max 2]

(g) H bond drawn between hydrogen on one molecule and oxygen on another (1)
oxygen lone pair drawn at the start of one of the H bonds and both ends of a dipole shown
on each molecule (1)
bond angle of 180° around an H-bonding hydrogen — shown explicitly or looks like 180°
intended (1) [3]

(h) two H bonds shown between two amine groups on melamine and the carbonyl oxygens on
PTCDI, and an H bond shown between the NH group on the PTCDI and the —N= atom on
melamine that is between the two H-bonding amine groups. (2)
for both marks the H-bonds from the amine groups must be from one of the two hydrogens of
each amine in particular, rather than just from —NH, otherwise just 1 mark is given
ecf from (g) if the notation for an H-bond is incorrect
no marks if all three H bonds aren’t correctly identified
small errors in copying down the structures should not be penalised as long as they don’t
affect the H-bonding interaction [2]

[Total: 13]
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Example Candidate Response — Distinction (D1)

3 The compound whose bonding most resembles pure ionic bonding is caesium fluoride.

(a) Write down the formula of caesium fluoride. /
CsF

(b) Draw a dot-cross diagram to show the bonding in caesium fluoride. Show outer electrons \
only.

—

[”‘ o [:-F-"] Vi

(2]

(c) Explain why caesium fluoride is the compound whaose bonding most closely resembles
pure ionic.

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

www.cie.org.uk/cambridgepreu
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(d) Virtually all ionic compounds are solids at room temperature and pressure. However,
researchers have designed ionic compounds whose ionic bonding is so weak that they
are liquids under these conditions. lonic liquids are often easy to handle as solvents as
they are non-volatile; they have also recently found use in solar cells for this reason.

Explain what is meant by non-volatile.
.....T.!\.o.»d...els:...0.@....%&992{?}?&..?.@5!3 ................................................................................ [1] (

(e) In the pure ionic bonding model, the ionic bond energy is proportional to the charge
on each ion and inversely proportional to the distance between the charges, which are
considered to be located at the centre of ions.

The structure of an ionic substance which is a liquid at room temperature and has been
used in thermometers (reported in Green Chemistry, 2008) is shown below.

0
HO-—— ~—OH I

DL HEc—0—8—0"
HO

CH
8 o)

Suggest two features of these ions that account for the compound having such a low

melting point. / bA
low v

1. Thee § Q lm:ge amount efsfaric hindmace between the d«w&@d resuting in A.Bead w

ore
2. Tt shacges.on. ench on, AL ool ¢ andt U7 redfeciio qelingtie, enkc benel, iopniei1]

-----------------------------------------------

(f) Hydrogen-bonding is weaker than ionic or covalent bonding, but accounts for many
important intermolecular attractions.

State two anomalous properties of water that are the result of hydrogen-bonding. /

2. Mgher bolling poick thon oll dther Grop 16 hydlrogen compouncld Y. 2]

(g) Draw a second molecule of water and a hydrogen-bond between the two molecules.
Indicate the bond angle around the hydrogen atom involved in the hydrogen-bond.
Include all relevant lone pairs and dipoles.

- !

g §~
W8y

[
H

(3]
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(h) Hydrogen-bonding is directional (i.e. a specific link between two atoms can be drawn)
and has many applications in linking together molecules in an organised way. This
linking has been put to use recently by researchers designing self-assembling surface
networks for applications in nanotechnology (reported in Nature, 2008).

NH, 1,3,5-triazine-2,4,6-triamine
(melamine)

O perylene-3,4,9,10-

O
O O tetracarboxylic diimide
PTCDI
) O -
O (0}

Fig. 3.1

The two molecules in Fig. 3.1 were chosen for the self-assembling network. A molecule
of melamine and a molecule of PTCDI attach together strongly via three hydrogen bonds.
Suggest where these three hydrogen-bonds form by drawing the melamine below in the
correct orientation, with the hydrogen-bonds connecting the relevant atoms.

O
P4 o
@]

. W T

07 >N
e o0
yob 2
"IN\]/N YNH [Total: 13]
NQM
HVH
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Examiner Comment

A Distinction candidate would have probably scored 10/11 marks, with marks for (h) being the most difficult
to score.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Question 4 Mark Scheme

(a) allow either the repeat fragment or the notation with it in brackets
brackets must be used if a skeletal formula is used to represent the repeat unit
only two carbons in the backbone should be shown in the fragment or between the brackets
allow any unambiguous structural formula

(1]

(b) the monomer should show a C=C double bond between the two backbone carbons from the
repeat unit, and an amide in place of the N-chloroamide
the C=C double bond must be explicit rather than implied

i
1
H

C
N

(e) () () (1]
(i) (+)1

ecf from (c)(i), i.e. answer to (c)(ii) should be the same as (c)(i) [1]

(iii) oxidation: 2I" — I, + 2e™ (1)
reduction: C/O™ +2H" + 2e” —» C/™ + H,O
or HOC! + H' + 2™ — CI™ + H,0 (1) 2]

(iv) starch [1]

(v) 12.50 cm?® x 0.100 mol dm™ = 0.00125 mol
no sig. figs. or unit penalties [1]

(vi) 0.00125 mol / 2 = 0.000625 mol
no sig. figs. or unit penalties
ecf from (v), i.e. answer from (v) should be divided by 2 [1]

(vii) 0.000625 mol x 35.5 g mol™" x 100 cm®/ 10 cm® = 0.222 g (2)
1 mark for multiplying answer to (vi) by 35.5 g mol™
1 mark for scaling up by 10, even if this isn’t explicitly explained.
no sig. figs. or unit penalties
ecf from (i) [2]

[Total: 11]
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Example Candidate Response — Distinction

4 Chemists have recently found a way of making the strong, light-weight and thermally
stable polymer, Keviar®, to be antibacterial (reported in Industrial & Engineering Chemistry
Research, 2008). This was achieved by coating it with another polymer, a fragment of which
is shown in Fig. 4.1.

0 /=0 /=0
HN  HN  HN
. %, N
ct ¢ ci
Fig. 4.1

(a) Draw the repeat unit of the polymer structure shown in Fig. 4.1.

X | O

[1]

(b) The polymer shown in Fig. 4.1 is made by the following reactions:
reaction 1 an addition polymerisation reaction of a mono'mer known as MAA
reaction 2  the substitution of a hydrogen atom in the polymer with a chlorine
atom using bleach

Draw the structure of the monomer MAA.

A

(1]

(c) ‘Not all the nitrogen atoms in the polymer end up bonded to a chlorine atom. The quantity
of chlorine actually present in the polymer can be determined using reactions 3, 4
and 5.

A known mass of polymer (written as XCONH-C!) is hydrolysed to convert the chlorine
content of the polymer to chloric(l) acid, HOCL

www.cie.org.uk/cambridgepreu
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reaction 3 XCONH-CI+ H,0 —> XCONH, + HOC!
(where X = remainder of polymer)

The chlorine content is then ‘converted’ to iodine:

reaction4 HOCI+ 2KI + H* —> I, + KCI+ H,0 + K*

The quantity of iodine is determined using a titration with sodium thiosulfate:
reaction5 I, + 2Na,S,0, — 2Nal + Na,S,0,

(i) State the oxidation number of the chlorine in HOCL /

(i) Given that reaction 3 is a hydrolysis reaction, state the oxidation number of chlorine

in the polymer. ’
........................... + [[1]
(iii) Write ionic half equations for the oxidation and reduction processes in reactiy('
‘oxidation ZI—_}'I?- ....... o 2 6- .......... L T - — l
reduction ........ CL++2€. ........ __?a-* ................................................. [2]'

www.cie.org.uk/cambridgepreu
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In the analysis of a sample of polymer, 1.00g of the polymer was hydrolysed (reaction 3).

The resulting mixture was reacted with excess acidified potassium iodide (reaction 4)
and then made up to 100 cm?® with distilled water.

10.0cm? of this solution reacted with exactly 12.50cm? of sodium thiosulfate solution of
concentration 0.100moldm™ (reaction 5).

(iv) Name a suitable indicator for this titration.

g\
A
£

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

(v) Determine the amount (in moles) of sodium thiosulfate used in the tltra:7

IT- 5O
mol = x O- 100 , \
o Y T '. 25"'0 .................. mol [1]
(vi) Determine the amount (in moles) of iodine, 1, in the titration. /
~3
FCERID =€ = ' e 2 _ ,
....... GZSKlO mol [1]
(vil) Determine the mass of chlorine presgfit in the sample of polymer.
s 5 ST ><3§/i5_ \

QO:C‘LTOF‘\("J"_S IYE . C( 'fs I;‘ ------- ::-;:: ................................
-%
so GTS*I0  ml

Examiner Comment

In (a) the candidate was unable to draw the repeat unit of the polymer. The reduction reaction in (¢) (iii) was
targeted at the most able candidates. A scaling factor of 10 was missed in (c) (vii).
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Example Candidate Response — Merit

4 Chemists have recently found a way of making the strong, light-weight and thermally
stable polymer, Kevlar®, to be antibacterial (reported in Industrial & Engineering Chemistry
Research, 2008). This was achieved by coating it with another polymer, a fragment of which
is shown in Fig. 4.1.

0 /=0 /=0
HN  HN  HN
\

N K
Cl Clt Ci
Fig. 4.1

(a) Draw the repeat unit of the polymer structure shown in Fig. 4.1.

[1]

(b) The polymer shown in Fig. 4.1 is made by the following reactions:
reaction1  an addition polymerisation reaction of a monomer known as MAA
reaction2  the substitution of a hydrogen atom in the polymer with a chlorine
atom using bleach

Draw the structure of the monomer MAA.

/

K |0

Na (1]

C (c) Not all the nitrogen atoms in the polymer end up bonded to a chlorine atom. The quantity
of chlorine actually present in the polymer can be determined using reactions 3, 4
and 5.

A known mass of polymer (written as XCONH-C!) is hydrolysed to convert the chlorine
content of the polymer to chloric(l) acid, HOCL
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reaction 3 XCONH-CI+ H,0 — XCONH, + HOCI
(where X = remainder of polymer)

The dhlori ne content is then ‘converted’ to iodine:
reaction4 HOCI+ 2KI + H* — I, + KCI+ H,0 + K*
A 9 A 5 ~ 2~ +
The quantity of iodine is determined using a titration with sodium thiosuifate:
reaction5 I, +2Na,S,0, —> 2Nal + Na,S,04
“____._——-i
(i) State the oxidation number of the chlorine in HOCL /

(ii) Given that reaction 3 is a hydrolysis reaction, state the oxidation number of chlorine
in the polymer.

...................... 1"[11 (

(iii) Write ionic half equations for the oxidation and reduction processes in reaction 4.

oxidation .2...'.,.' ......... poemy 2"'1‘“" .......................................... {
+
reduction ............. Cl*—?@f .. — ]-X ....... [2]
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In the analysis of a sample of polymer, 1.00g of the polymer was hydrolysed (reaction 3).

The resulting mixture was reacted with excess acidified potassium iodide (reaction 4)
and then made up to 100 cm?® with distilled water.

10.0cm? of this solution reacted with exactly 12.50cm?® of sodium thiosulfate solution of
concentration 0.100moldm™ (reaction 5).

x (iv) Name a suitable indicator for this titration. x

(v) Determine the amount (in moles) of sodium thiosulfate used in the titration. l/

S .

volxeone |.28=107% (1] l

(vi) Determine the amount (in moles) of iodine, L, in the titration.
-5
6-LSx(0 ol [1]

(vii) Determine the mass of chlorine present in the sample of polymer. | @

Examiner Comment
The candidate scored on most of the lower level questions although they failed to attempt (¢) (iv) which

tested basic knowledge. The overall standard of the answer was improved by scoring in (c) (ii) and for the
oxidation half-equation in (¢) (iii).
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Question 5 Mark Scheme

(a) 292-122=170 (1]
(b) 9 (1]
(c) 18

ecf from part (b), i.e. the number of elements wide = twice the number of orbitals [11
(d) 4p 5s 4d 5p 6s 4f 5d 11
(e) 6d, 7p, 8s and 5g should be added to the diagram as below [11

1s 28 3s 4s 5s 6s 7s 8s
2p 3p 4p 5p ©6p Tp
3d 4d 56d 6d
4f 5f

5g

(f) two g electrons (1]
[Total: 6]
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Example Candidate Response — Pass

5 The scientific community was shocked at the recent claim of the discovery of an isotope of a
new element with a mass number of 292 (published in arXiv, 2008): this is over 50 mass units
higher than uranium, the heaviest known naturally-occurring element. There is a possibility
that there is an ‘island of stability’ beyond the known Periodic Table at some very high atomic
numbers.

. (@) The authors of this claim suggested that the atomic number of the element is 122. How
many neutrons are there in this isotope? /
[1]

.--.1..-unn-"....-u"

(b) Ifthis elementreally existsthenitwill require anewblock of the periodictable, corresponding
to the occupancy of another type of subshell, beyond the s, p, d and £. This would be a
g subshell, which is predicted to be found in the 5th shell of an atom, i.e. the 5g
subshell.

Based upon the sequence of subshells in the Periodic Table, s, p, d, f, predict how many
orbitals there are in a g subshell.

(c) Predict how many elements there would be in the first row of the g-block. \/

Below is a scheme of the 17 lowest energy subshells, which can be used to show the order
in which the subshells are filled by electrons (the Aufbau principle).

1 2
’ *ff’/
2p

4d 5d Gol %
st st 6f
(d) List the order of filling subshells from 4p to 5d. O

Yprspres. —&of x ST ¢

(e) The subshells in the scheme above are those that are occupied by the elements up to
uranium. Add to the above diagram the next four subshells that would be expected to be O
filled. ]

(f) Following the Aufbau principle, how many electrons in the 5g subshell would element

122 be expected to have? o

[Total: 6, %‘
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Examiner Comment

The candidate was able to use their knowledge of atomic structure and s, p, d, forbitals and extend it to a
new element containing a g subshell scoring the marks for (a), (b) and (e). However, the candidate was
unable to apply the Aufbau principle to this new element which would have raised their level of achievement.

Question 6 Mark Scheme

(a) 5 signals [1]
(b) 3isomers [1]

(c) any oxidising agent, e.g. manganate, dichromate, chlorate
ignore omission of acidification where necessary
oxidising agents that lack an oxygen atom need to be indicated as (aq)
if a formula is given it must be correct to earn the mark
if an oxidation number is quoted it must be correct to earn the mark [1]

(d) Grignard (reagent) [1]

(e) 1: (nucleophilic) substitution allow hydrolysis (1)
5: hydrolysis (1)
6: dehydration / elimination allow reduction as FGL of functional group carbon has
decreased by 1 (1) [3]
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(f) A: benzyl alcohol (phenylmethanol) (1)

OH

3

B: benzaldehyde (1)

o)

X

H

C:. benzylmagnesium bromide (1)

MgBr

2

D: PhCH(OMgBr)CH,Ph (1)

OMgBr

5

E:  PhCH(OH)CH.Ph (1)

H

;
Q

allow all structural and displayed formulae as long as structure is unambiguous
penalise repeated systematic or trivial errors only once [5]

[Total: 12]
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Example Candidate Response — Pass

6 A survey in 2008 of the 24 million known organic compounds identified the most common
structural motifs. The 3rd most popular shape (after the hexagon and pentagon) was based
on the 1,2-diphenylethane molecule.

(a) How many signals would there be in the carbon-13 NMR spectrum of the

1,2-diphenylethane molecule? .

(b) If one of the hydrogen atoms on one of the phenyl‘groups of 1,2-diphenylethane is
substituted with a chlorine atom, how many possible isomers would there be?
Lt

sasnes
-

A closely related compound to 1,2-diphenylethane is 1,2-diphenylethene, commonly known
as stilbene. _ _ :

Stilbene can be synthesised from (bromomethyl)benzene according to the scheme below.

The reactions are labelled 1 to 6 above the reaction arrows. The benzene ring does not take '
part in any of these reactions.

" Br '
@—/ + NaOH Mﬁ* A + NaBr
A« o) SEUM2L. & o« H,0
Br
@_/ 3 ’F\MQX reaction 3 ¢
reaction 4

B +C — D

D + H,0 OO . B MQQ’rOH

E reaction 6 O \
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(c) Reaction 2 is a partial oxidation. In the equation [O] represents the oxygen atom
provided from some suitable reagents. Suggest such a reagent.

........ it Lebuiinn. Qernshsueels. ke V1 | [/

(d) What is the name of the type of compound produced in reaction 3?
| _ - '
................... .,h(’%“"l’“l‘l"a&'d* S [1] O/

(e) - Classify the type of reaction in 1, 5 and 6..

reaction 1 ................ .S“‘Ljhk‘l""" ............................................................... “; .11
reaction 5 ‘(‘0“\”['{}5‘.’) ....................... R S— - [1] 2‘_//
reaction 6 ......... Coﬂdmc"}‘“‘ .................... }( ....... [1]

(f) Draw the structures of unknowns A to E.

A -
’ [1]
B
[1]
g o
S
ms~ .
D
[1]
E
[1]
[Tojal: 12]
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Examiner Comment
The candidate showed some knowledge and understanding of the chemistry of halogenoalknes and alcohols

in recognising the types of reactions 1 and 5, identifying the products of reactions 1 and 2, and recalling a
reagent to oxidise product A.

Question 7 Mark Scheme

(a) 6+ ontheland &—ontheN

OR correct use of arrow nomenclature 1]
(b) (i) NH;z;+ 3F, > NF; + 3HF [1]
(ii) 2NF3 — Ny + 3F, or with stoichiometry 1:1/2:3/2 [1]

(iii) correct dot-cross diagram, including lone pairs on the fluorines (1)
shape = pyramidal (or trigonal pyramidal) (1)
bond angle indicated as anything from 102 to 107° (1)
(actual bond angle is 102.3 degrees: there is weak bonding pair-bonding pair repulsion
due to the electron density in the N-F bonds being shifted towards the electronegative
fluorine atoms) [3]

(iv) stronger N-F bonds / higher activation energy
allow: since the F—F bond is weaker than the C/~CI bond the thermal decomposition of
NF; will be less exothermic than for NCl [1]

(c) (i) N20s+ H,O — 2HNO; (]

(i) 12HNO; + P4O49 — 6N;05 + 4H3PO;4 (2)
accept 6HN03 + PzOs — 3N205 o 2H3PO4

1 mark for correct formulae but incorrect balancing [2]
(iil) NO‘Z+ N03_ or N02N03 [1]
[Total: 11]
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Example Candidate Response — Distinction (D1)

7 Nitrogen forms a variety of oxides and halides.

(a) Nitrogen triiodide, NI,, is an explosive that detonates with a snap even when only
touched lightly. Given that the electronegativity value for nitrogen is 3.07 and for iodine
is 2.36, indicate below the dipole in an N-I bond.

-

(b) (i) Nitrogen trifluoride, NF,, can be prepared by reacting ammonia with fiuorine. In this
reaction the fluorine oxidises the nitrogen in ammonia while the oxidation number
of hydrogen is unchanged. .

Give the equation for this reaction.
“3 -B sy

3

(ii)) Nitrogen ftrifluoride is used to etch silicon in microelectronics. It is decomposed to
its elements and the fluorine is used to attack the silicon.

Give the equation for the decomposition of nitrogen trifluoride. /
[1]

(iil) Nitrogen trifluoride is a molecule that has attracted controversy recently for its
possible potent contribution to the greenhouse effect. Draw the dot-cross diagram
of this molecule; only include outer electrons. State the shape and the bond angle.

shape ﬁ‘j@iﬂiﬁ%??«ran‘um ‘//

bond angle .............. AT e, [3]

(iv) Whereas nitrogen trifluoride is reasonably easy to handle, nitrogen trichloride is
an extremely dangerous explosive. Suggest why nitrogen trifluoride is more stable
than the other nitrogen trihalides:

-------------------------------------------------------------------------------------------------------------------------------
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(¢) N,O; is a less well-known oxide of nitrogen.

(i) N,O; is the anhydride of nitric acid, which means that it reacts with water to produce
the acid. Write an equation for N,O; reacting with water. /

(i) N,O; can be made by reacting nitric acid with a dehydrating agent such as
phosphorus(V) oxide. Bearing in mind that phosphorus(V) oxide is the anhydride of

phosphoric acid, H;PO,, write an equation for the: reaction between nitric acid gnd
phosphorus(V) oxide //

(iii) In the solid state N, O, is an ionic compound. Given that N,O. is sometimes knewn
as ‘nitronium nltrate wrlie the ionic formula representation of ?\120 /

................................................ NOLNOEO, (1] {

[Total: 11]

|0

Examiner Comment

Although the overall performance on this question was excellent the candidate made a serious error in the
basic chemical knowledge required for (b) (i).
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Example Candidate Response — Merit

7 Nitrogen forms a variety of oxides and halides. For
. Examiner's

(a) Nitrogen triiodide, Nl,, is an explosivé that detonates with a snap even when only | Us
touched lightly. Given that the electronegativity value for nitrogen is 3.07 and for iodine
is 2.36, indicate below the dipole in an N-I bond. -

aE /
5 o m'[/

(b) (1) Nitrogen trifluoride, NF,, can be prepared by reacting ammonia with fluorine. In this
reaction the fluorine oxidises the nitrogen in ammonia while the oxidation number
of hydrogen is unchanged. A

Give the equation for this reaction. i - _ /
Sy A 2, N ST AL S RS .- [1] !/

L4

(i) Nitrogen ftrifluoride is used to etch silicon in microelectronics. It is decomposed to
its elements and the fiuorine is used to attack the silicon.

Give the equation for the decomposition of nitrogen trifluoride. 7, | ‘/

b

(iii) Nitrogen trifluoride is a molecule that has attracted controversy recently for its
possible potent contribution to the greenhouse effect. Draw the dot-cross diagram
of this molecule; only include outer electrons. State the shape and the bond angle.

01§~ 2:8 =107
L{\"f"*-\"“w"\ g Meofu

Ae]
bond angle ..... \0-1 .................... [3]
(iv) Whereas nitrogen trifluoride is reasonably easy to handle, nitrogen trichloride is

an extremely dangerous explosive. Suggest why nitrogen trifluoride is more stable
than the other nitrogen trihalides.

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

moce  ghal e
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(¢) N,O; is a less well-known oxide of nitrogen. . (O,

(i) N,O is the anhydride of nitric acid, which means that it reacts with water to produce
the acid. Write an equation for N,O, reacting with water. l/
[1]

N‘? QS Jr H'},O@) .......... 24 lﬁZL/\'lNoj(,w) ........................ ,/

(i) N,Og can be made by reacting nitric acid with a dehydrating agent such as
phosphorus(V) exide. Bearing in mind that phosphorus(V) oxide is the anhydride of
phosphoric acid, H;PO,, write an equation for the reactlon between nitric acid and

F’hosphorus(V) oxnde | ;
........... 302 03 =3 (04 ¥’ 2—7<[2] %

(i) In the solid state N, O, is an ionic compound. Given that N205 is sometimes known
* as ‘nitronium nitrate’ write the ionic formula representation of N,O,.

Noy SOy [Total: 11]

Examiner Comment

The candidate showed an understanding of electronegativity values and correctly predicted the dipole in

an N-I bond. In (b) (i), (b) (ii) and (¢) the candidate was able to write the balanced equations using the
information given but was not able to write the more difficult equation in (¢) (ii). Part (b) (iii) was targeted at
the lower grades but the candidate only scored 2/3 marks. The candidate showed an understanding of bond
lengths/strengths in a covalent compound but was unable to use the information in (c) (iii) to write an ionic
formula, the more accessible and widely scored mark.
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Question 8 Mark Scheme

(a) cis (or Z) [1]

(b) ictadeca-6,9,12,15-tetraenoic acid
accept tetrenoic instead of tetraenoic

accept without the hyphens or with hyphens instead of commas. [1]1
(c) 2° = 32 geometric isomers [1]
(d) instantaneous dipole — induced dipole forces [1

(e) the 3rd from last carbon atom from the COOH functional group is the final one
in a C=C double bond (owtte) [1]

(f) BrCH,CHBrCH; (1)
accept any unambiguous structure that is correct.
1,2-dibromopropane (1)
don’t penalise errors with commas, spaces or hyphens [2]

(g) (i) amount of C=C bonds in 100 g =6 x 100 g / 328 g mol™' = 1.83 mol (1)
mass of iodine required = 1.83 mol x 254 g mol™' = 465 g (1)
ecf for second mark if correct calculation with wrong number of C=C bonds.
1 mark lost for not quoting final answer to 3 or 4 sig. figs.

no penalties for missing units [2]
(ii) oleic acid CigH340, (1]
(h) (i) the I-Cibond has a (permanent) dipole [1]

(ii) use of cervonic acid in calculation (as it reacts with the most ICI) (1)
vol of 25% excess ICI
=1.25x (6 x 0.100 g/ 328 g mol™") / 0.100 mol dm™ = 22.9 cm® (1)
give this mark if a correct calculation has been performed with another fatty acid.
excess IClto be used = 25.0 cm® (1)
ecf for rounding up the volume of IC! to a pipette size (10 cm?®, 20 cm® or 50 cm?)
transferred using a pipette (1) [4]
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(iii) transfer sample directly to stoppered flask (1)
250 cm?® flask (1)
transfer using 1,1,1-trichloroethane washings (1)
leave for 30 minutes after adding Wijs’ reagent (1)
measuring cylinder used for adding KI (1)
measuring cylinder used for adding water (1)
Na,S,0; dispensed from a burette or use of the word “titrate” or “titration” (1)
starch indicator (1)
blue-black to colourless (1)
white tile (1)
shaking of (stoppered) flask after Na,S,0; additions (“swirling” not enough) (1)
working with 1,1,1-trichloroethane in a fume cupboard (1) [max 8]

(iv) vol NayS;05(aq) x 0.100 mol dm™ = amount Na,S,0s(aq) (1)
amount Na;S,03(aq) = 2 x amount ICI (excess) (1)
amount ICI (reacted) = amount ICI (initial) — amount ICI (excess) (1)
compare this amount ICI (reacted) with n(C=C bonds) x 0.100 g / molar mass for each
fatty acid (in order to identify the fatty acid, which will be the one that most closely
resembles the experimental value.) (1)
loss of 1 mark for confusing I, with ICL [4]

[Total: 27]
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Example Candidate Response — Distinction (D1)

8 Evidence is accumulating that omega-3 oils help to protect us from schizophrenia and
depression, and even improve learning and memory. Omega-3 oils are glyceryl esters of
omega-3 fatty acids.

One omega-3 fatty acid is cervonic acid.

Ho)k/\_/\_/\z/\:/\ L T

cervonic acid

(a) Which configuration of the C=C double bonds is present in this molecule? ‘/ l

The systematic name of cervonic acid (ignoring geometric isomerism) is docosa-
4,7,10,13,16,19-hexaenoic acid. “Docosa” indicates that there is a 22-carbon chain. The
numbers indicate the carbon atom where the C=C double bonds start, counting from the
carboxylic acid (~COOH) functional group. “Hexaen” indicates that there are six double bonds
in the chain. Two other omega-3 fatty acids are stearidonic acid and timnodonic acid.

(o]
HO = = = o—
stearidonic acid
@)
)“\/\/‘_ﬂ/:\/ \/_ﬂ/
HO ' T

timnodonic acid

(b) “Octadeca” indicates that there is an 18-carbon chain. Write down the systematic name
for stearidonic acid. !gnogs the geometrlc |sgm?r|sm. , O

(¢) How many geometric isomers are there of timnodonic acid, including the molec

‘shown?
(d) What is the name of the intermolecular force that will operate between the hydrocarbon
chains? Ring the correct option. [1]

permanent dipole-permanent dipole

hydrogen bonding

@ntaneous dipole-induced dipole )
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(e) Another fatty acid that is believed to have beneficial heaith effects is oleic acid.

o}

HO
z 5 | i l i 1 “ "(-\

“Omega” is the last letter of the Greek alphabet. By comparing oleic acid, which is not
an omega-3 acid, with the omega-3 fatty acids in part (a), suggest what “omega-3"
relates to in the structure of these oils and fatty acids.

_ hod -me,rc’,"_::g)“ o (fOuéfz, é@ncﬂ 3T arbons a% {
oo e C’/‘Gp Og e L@ @Cﬁfém Cﬁﬂ'f‘ TR RS o

(f) Itis possible to differentiate between different types of fatty acids and oils in the laboratory
by measuring the degree of unsaturation in the hydrocarbon chains. Halogens react with
alkenes in an addition reaction.

Draw the structure of the product when propene reacts with Br, and name it
systematically.

structure B

<
%g
g
i\

name |, 2 di-komoplonane vV
C [2]

(g) Table 8.1 shows information about various fatty acids.

Table 8.1
fatty acid molecular formula molar mass number of C=C
/g mol™ double bonds
cervonic acid C,,H3,0, 328 6
stearidonic acid C,gH260, . 276 4
timnodonic acid CoHarO2 |/ 302 5
> | oleicacid CieMue ) /| oee 1

qSH:*»‘I-OZ () The degree of unsaturation in a fatty acid is commonly expressed by the mass

G{ Al le.&.’éfc) of iodine that reacts with 100.0g of the acid. Use the information in Table 8.1 to
calculate the mass of iodine that would react with 100.09 of cervonic acid. Use an
appropriate number of significant figures in your answer.

Reacls vl € Ty G*O-"SO%C? e o+ ((‘Z?"?l%/ 2~
[«

o acid = oo, O SO
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(i) Write the molecular formula of oleic acid in Table 8.1. 1] ‘

(h) The interhalogen compound ICI also reacts with alkenes in an addition reaction. It is
commonly used as Wijs’ reagent, a 0.100moldm™ solution of ICI in glacial ethanoic
acid. IC! reacts faster with alkenes than the pure halogens and so can be used to
determine volumetrically the unsaturation in fatty acids and oils.

(i) Suggest why ICI reacts with alkenes faster than the pure halogens, CL, Br, and

IC(. has, é dioke. .. _’m‘b &+ K e T i ”Jf Y.

4 cnomufa&e, e(ecﬂopt. f:c. acﬁ !-.;ﬂ ﬂ“@&; JZ“- ,

C‘ C 600(0 me& tﬂfiﬁn ‘o.\m., oo & poﬁ', So.. d;ﬂ’ ﬂo‘! ]
Mmjﬂ 0o cfec(fo /H- 1A ms.

For the volumetric determmation, 30 minutes is reqmred for the reaction between the fatty

acid and Wijs’ reagent to go to completion. A common solvent for Wijs’ reagent and the fatty

acids is 1,1,1-trichloroethane.

You are to design an experiment using Wijs' reagent to identify an unknown fatty acid that is
one of cervonic acid, stearidonic acid or timnodonic acid. You have 0.100g of the unknown
acid dissolved in 20cm? of 1,1,1-trichloroethane.

You should aim to produce data that is as accurate as possible using conventional laboratory
methods.

You sho_uld use the information in Table 8.1.

(i) The first part of the experiment involves adding an accurately known excess of
Wijs’ reagent to the fatty acid solution. The amount of Wijs' reagent should be at
least 25% greater than the maximum amount that could be required to react with
the fatty acid.

Work out a suitable volume of Wijs’ reagent to add to the fatty acid solution and
explaln how you wou

d
A et

e gl = L soswo ol
QJ{ necxf £x.3:98x10" mol. “;5;" N

N&QS’ |$ 1 M(’Jf /rfM

 atmmake sl (@'sxfo"') Ol fo.

ooz dm’ /.
sesEssEEEEEsSIEsEIEEEEEREE RS e ..-|‘ Ig 3 Cn\ SesssrassasAREeRIstassERsERIRERRRERIRENT
’ZSZ XS = a-f"easi !8’3»:!?8 %ol 9 ey,

2.8 & ZSC b\'f?ﬁ p,v{{, o ZS'CM g
JL.s $ mosl ac.cma

‘JO& '!5 mlaswre
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-After this reaction is complete, 10cm?® of a 2.0moldm= aqueous solution of KI is added to
the non-aqueous fatty acid solution to convert the excess ICI to iodine, I,.

ICl+ KI—> 1, + KCI

This quantity of Ki(aq) should be a large excess. Next, 100cm? of deionised water is added
to the mixture. The iodine is distributed between the aqueous and non-aqueous phases.

(iii) The second part of the experiment involves determining the amount of iodine
generated by the excess ICL This is done using a 0.100 mol dm™2 solution of sodium
thiosulfate, Na,S,0;.

I, + 2Na,S,0, —> 2Nal + Na,S,0;

The whole mixture is reacted with sodium thiosulfate in one batch since the iodine
is distributed between the phases. In this reaction considerable shaking is needed
to ensure adequate mixing of the phases.

Write out a method for both parts of the experiment that a fellow student could
follow. The original fatty acid solution comes in a small sample bottle that is nearly
full. Include safety considerations.

Using o zsen piefle , onsber. TS of fhe Wi
) # . *
i o M ..&@9@@0..4....:fs?...f.ff:....{@sﬂ@..gsf.fﬂ sollion.... Sl f

e® dots o aloss od,

; Aen Jeave Soc 3O oudiries Afler his
@nical ﬂaSL J add | S KZ ohdign >
' M, | NamSSUENE ROl ~1 B RO)

measuted wilh a_oasatng,

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

ef!@ffe anical sk, .

Usino, @ measucing u

e Gosk, ke e

---------------------------------------------------------------------------------------------------------------------------

Sk s..soil e condents. Thee vill appes o Bl flack.
colowe. P o buckeAsO)  oll. sdun Diosolobate

ond_beon o Aol AM e, Hhissulpbode, in lor®

6@40&05@c\‘de@@@tﬁdaeo@“on,pfwgéw&
e doo. o Mle. Sask . shake. o

et

................................................................................................................................
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e o ol chooce fhal some. of fhe gacko

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

Jngface. vhen_shakioey . ..o goggles.. o prlee!
£ some... waclants. b ascapg....:..ﬂ%..wgé..@...fiff{%if

oc

........... a‘fﬂqrsspquﬁaimﬂfdﬂ,dﬁs{/od

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

(iv) Explain how you would work out the identity of the fatty acid given the volume of
thiosulfate obtained from the experiment.

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

----------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

oy Lo hoo deen gisell andl dere. is e some, mol K as Ty
iy ﬁommfm’&usc&cg%ﬁ’mfw/foﬁ@h’&fmof?lpﬂf"(‘?)

’Eﬂl subliacd Jhe. mol L Ie§] over of Vhe, Q"MJ .(‘&e, samMe

--------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------

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

--------------------------------------------------------------------------------------------------------------------------------

ol aocesoond . le. number o double. boods i Mo acid =
kches do aw] His ol be e GI‘CfC! umﬂ- E& o 1:€ ralo of

-----------------------------------------------------------------------------------------------------------------------------

Jable. -1 | acfcﬂ . mol fC( shans 9 réqhéfc, 6;?0(05 A QEM.:__}%LL

[To-t[;ﬁ 27] (@
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Examiner Comment

This good Distinction candidate has only dropped 2 marks. Writing ‘butaenoic’ in part (b) was a common
error even at Distinction level. Part (h) (iv) was targeted at the most able candidates and gaining 3 out of

the 4 marks here was a good achievement.
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Example Candidate Response — Distinction

8 Evidence is accumulating that omega-3 oils help to protect us from schizophrenia and

depression, and even improve learning and memory. Omega-3 oils are glyceryl esters of
omega-3 fatty acids.

One omega-3 fatty acid is cervonic acid.

O

m— — — ¥ s
HO 7T H

cervonic acid

The systematic name of cervonic acid (ignoring geometric isomerism) is docosa-
4,7,10,13,16,19-hexaenoic acid. “Docosa” indicates that there is a 22-carbon chain. The
numbers indicate the carbon atom where the C=C double bonds start, counting from the
carboxylic acid (-COOH) functional group. “Hexaen” indicates that there are six double bonds
in the chain. Two other omega-3 fatty acids are stearidonic acid and timnodonic acid.

srsssssssannnan

(a) Which configuration of the C=C double bonds is present in this molecule? l/ {
(1]

O
{ 3 = — ;
HO Y b}g‘tto" r-;.l!t?lr‘tsl*'nﬂ
stearidonic acid
& g € 0 29
1T e
(| . o
C T 1 timnodonic acid
(b) “Octadeca” indicates that there is an 18-carbon chain. Write down the systematic name
¥ \ for stearidonic acid. Ignore the geometric isomerism, '
cT ........Q&Mm:..(-:.,.3.,,l.a.,15.:..bmtmqig..c.mgk.................,.................Xum
T c ——
Cc (c) How many geometric isomers are there of timnodonic acid, including the molecule
shown? .
Lk o 7( O
L e
Cec ¢ (d) What is the name of the intermolecular force that will operate between the hydrocarbon
o :
cTT chains? Ring the correct option. [1]
BET

' permanent dipole- anent dipole
(W en
Te R X 0
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(e) Another fatty acid that is believed to have beneficial health effects is oleic acid.

oleic acid

“Omega” is the last letter of the Greek alphabet. By comparing oleic acid, which is not
an omega-3 acid, with the omega-3 fatty acids in part (a), suggest what “omega-3”
relates to in the structure of these oils and fatty acids.

Thece. s b, ok et 3. o Donds. (C2C) . T O

(f) Itis possible to differentiate between different types of fatty acids and oils in the laboratory
by measuring the degree of unsaturation in the hydrocarbon chains. Halogens react with g
alkenes in an addition reaction. 3

/‘Crzé -C‘r- ;C:C.: '_'-C"'C T
Draw the structure of the product when propene reacts with Br, and name it
systematically.

structure o %r

2]

(g) Table 8.1 shows information about various fatty acids.

Table 8.1
fatty acid molecular formula molar mass number of C=C
/g mol™! double bonds
cervonic acid CyyHg50, 328 Q)
stearidonic acid CigHogOyr . 276 4
timnodonic acid CuoHa005 302 5
oleic acid CigH3 O, 282 1

(i) The degree of unsaturation in a fatty acid is commonly expressed by the mass
of iodine that reacts with 100.0g of the acid. Use the information in Table 8.1 to
calculate the mass of iodine that would react with 100.0g of cervonic acid. Use an
appropriate number of significant figures in your answer.

Cervorie. otk + 6 I, —=

n= 0.30% K(, ‘/\‘/ 2_/
N = (00 =182 |
324 Mags = (0P Yo 6q o
= ¥6%
= 0.30¢ A2 (.""’ l‘Ll)) [Turn over
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(ii) Write the molecular formula of oleic acid in Table 8.1. 1] l

(h) The interhalogen compound ICI also reacts with alkenes in an addition reaction. It is
commonly used as Wijs’ reagent, a 0.100moldm~2 solution of ICI in glacial ethanoic
acid. IC! reacts faster with alkenes than the pure halogens and so can be used to
determine volumetrically the unsaturation in fatty acids and oils.

(i) Suggest why ICI reacts with alkenes faster than the pure halogens, CL, Br, and
l2.

SO0 s, ?ﬂ[“f‘, w‘dhdé(}ﬂ, 1o0s. MMO.&%M . m?vl&‘mmvhwd/
,%m-‘?owﬂéﬁfﬂ\w\ San. odask alkene. Ti.-.hond,. (ﬂbt%

i Lo L s taciforee, Do..... 1)
Ly G- Olo AL~/ ok s
For the volumetric determination, tes is required for the reaction between the fatty
acid and Wijs' reagent to go to com n. A common solvent for Wijs’ reagent and the fatty
acids is 1,1,1-trichloroethane.

S
————

You are to dggign an experimgnt using Wijs’ reagen;lo identify an unknown fatty acid that is
one of cervonic acid, stearidonic acid or timnodonic’acid. You have 0.100g of the unknown
acid dissolved in 20cm?® of 1,1,1-trichloroethane.

You should aim to produce data that is as accurate as possible using conventional laboratory
methods.

You should use the information in Table 8.1.

(i) The first part of the experiment involves adding an accurately known excess of
Wijs' reagent to the fatty acid solution. The amount of Wijs' reagent should be at
least 25% greater than the maximum amount that could be required to react with
the fatty acid.

Work out a suitable volume of Wijs' reagent to add to the fatty acid solution and
explain how you wodld add this quantity in the laboratory.

Leronic ok has. mmmfnm»hrr%%,gﬁ .

ot AT il bs..sthﬂnnm
n(,Ctrvmasw\)=‘gi&_"3°‘f”‘(°ﬂ
A(IE) = 1ax3ogxio¥ =3 e6xtZml

WVo(o-f-IQLfrmmm=°'m-ld:~? l

L0.036F ogm;
_36.58S o’

gu#nhL Unlwon... = 5(«&'3‘5'— . % (J" 23 7)
= B (80 85Dt
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After this reaction is complete{10cm? of a 2.0moldm-2.afueous solution of KI is added to
the non-aqueous fatty acid solution to col excess IClto iodine, L.

ICI+KI—> 1, + KCI
. defate.
This quantity of Kl(aq) should be a large excess. Next, @_@onised water is added
to the mixture. The iodine is distributed between the aqueous and non-agueous phases.

(iii) The second part of the experiment involves determining the amount of iodine
generated by the excess ICL This is done using a 0.100moldm™ solution of sodium
thiosulfate, Na,S,0. [Ceh +Ty

I, + 2Na,S,0, —> 2Nal + Na,S,0,

The whole mixture is reacted with sodium thiosulfate ir@uce the iodine
is distributed between the phases. In this reaction considerable shaking is needed
to ensure adequate mixing of the phases.

Write out a method for both parts of the experiment that a fellow student could
follow. The original fatty acid solution comes in a small sample bottle that is nearly
full. Include safety considerations.

[ 2 % 2
Q). U{S'r_g & pipshis.. wﬁ\mmm:f él°¢rm . A0.con pf‘ﬁ“‘)
%&‘F‘*‘\ 3 > [ hbﬁ@.,.'kv al cnmm&-ﬂqa&; Ags T
100 em

Q) Mmj..%{_bmﬂ:'c\'%. mlth..afaalm:&'... SRS af-low’,. wm
o kg rengect. it fhak. Tots. Snfly M*—m

Mimbma:biow\sﬂmdunm&mrmﬁenhwd%
....Lbafvmwa-u—] n-fu;x

......... Sea .- -.dwma,bmk,hm.. L Cor A,
C‘E)u&rj o\m«rj Mw (e, KL (4"".) nasd aolef

LTe ot Shektsntdl ke, aascs rragdt

(5) (AS"j %0100, ’V\WW et [22em?. Gﬁmwdtn{

. ovadar. Ao rovectveton. LAna. A0, allo Redii. . v tpelubowes pod=,
(11 Uﬂaj b, 100, bt 853 (nstpd b Soada, T oy
M&,os,%dmr%ﬁmfm,wmfma
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(Crimek frer wwxm)
Mmmmm\xw%,—ﬁm&mmhmw

@)Mlmf,me&m&MW&T:mnmmj

i )
o BT Solahin .. MR, S hend o forn. P

6. reorth Rk 2 e s rsredbit ool onfbssdndi e, é

(60 Rk sl ot s of o i

R T R L~ S 8]

(iv) Explain how you would work out the identity of the fatty acid given the volume of
thiosulfate obtained from the experiment.

Wk=0(mbbv:§'fw0=1¥!°

..... Mole... ot No¥2) ‘-'—"Q_l‘

........... ShenddAinie. oast]

----------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

............................................................. IS
© [Total: 2
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Examiner Comment

The candidate performed well in part (h) (iv) suggesting how a relevant but unfamiliar calculation could be
carried out but was unable to do the more accessible calculation in part (h) (ii). An incorrect answer was
given to part (d) which would not have been expected at this level.
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Paper 3 Part B Written

Question 1 Mark Scheme

Question Max
Nurmber Expected Answer Marks Rationale
1 (a) (i) | (Aand B)H'+COs* > HCOy 1 1/2 for overall equation
(i) | (Cand D)HCO; +H" = H,0 + CO; 1 1/2 for both non-ionic
(b) (i) | methyl yellow 1
(i) | pK; of indicator matches pH change at equivalence 1 allow pK; on vertical section of graph owtte
(iii) | from Yellow to Red 1
(c) 18.8 x 0.200 / 1000 = 3.76 * 10" mol of HNO; allow 9.96
so amount Na,CO; = 3.76 x 10/ 2 = 1.88 x 10 mol 1 do not allow 10/10.0
so conc = 1.88 x 10 x 1000 / 20 = 0.094 mol dm® 1 ecf
=0.094 x 106 = 9.964 g dm* 1 ecf
(d) (i) | H:O==H"+OH/2H,0= H;0" + OH' 1
(i) | K= [H'J[OH[H:0] 1
[H20] const 1
negligible dissociation / equilibrium left 1 allow water is in large excess
(iii) | [H']=v51.3 x 10™ =7.16 x 107 (mol dm™®) 1 allow 6.14
pH=-log 7.16 x 107 =6.15 1+1
(iv) | (endothermic) [H'] higher at higher temperature 1
so equilibrium moves right with increased temperature /
increased temperature favours endothermic change 1 allow ecf from (d)(iii)
(e) 5x1/1000 =5 x 10™ mol of H' 1
0.1 % 1.00 x 10™* = 1 x 10°° mol of HCI in soln 1
1x10°+5x10%in 105 cm®
=5.01 x 10/ 0.105 = 0.0477 mol dm™ 1
pH = -log 0.0477 = 1.32 1 1.32 = 4 marks
calculation of initial pH = 4.77 1
after addition of HCI; 0.01 + 5 x 10° = 0.015 mol
=0.015 * 1000 / 105 = 0.143 mol dm™® CH,COOH 1
and 0.01 -5 x 10” = 0.005 mol
=0.005 x 1000 / 105 = 0.0476 mol dm™® CH;COO 1
pH = pK, - log [acid] / [salt]
=477 -log 0.143 /0.0476 = 4.17 1 4.17 = 4 marks
[25]
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Example Candidate Response — Distinction

1 Fig. 1.1 shows the pH changes during the addition of 0.200 moldm=3 HNO, to 20.0cm? of a solution
of sodium carbonate, Na,CO,. '

14.0

12,0 - ,

10.0 \
\
8.0
6.0

4.0

\ \

0.0 5.0 100 150 20.0 25.0
volume of 0.200 mol dm™ HNO3 /cm?®

Fig. 1.1

(a) Write ionic equations for the reactions which occur in the solution between point A and
point B on the graph and between point € and point D on the graph.

(i) ionic equation for the reaction occurring between A and B

— - A
........................... 1 v—“/VOJ"’ AR

(ii) ionic equation for the reaction occurring between C and D
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(b) Table 1.1 gives some information about seven different indicators.

r Table 1.1
indicator pK, acid form base form
thymol blue 1.6 yellow blue
methyl yellow. 3.3 red yellow
chlorophenol red 6.0 yellow red
bromothyrpol blue 71 yellow blue
cresol purple 8.3 yellow purple
thymolphthalein 9.9 colourless blue
alizarin yellow 11.0 yellow red
(i) From the information given in Table 1.1 choose the indicator that would be/fost suitable
for determining the end-point occurring between points D and E on the gfaph.
................ W‘/z\o’y"j%k} . ,

(i) Explain your choice.

wrthin
(nm'fﬂ{uﬁdfmmmf) AN O, (

(iif) What colour change will be seen with this indicator at the end-point?
.......................................... Mk/""')f‘-&r’( .

(¢) Calculate the concentration, in gdm=, of sodium carbonate present in the original solution,
given that the end-point between D and E occurs after 18.80cm?® of HNO, have been added.

LIty & Nay iy —22Na Wy ¢ 0oy * A
/8'?&-‘;

moco ) Undye QX 0
P %36,// franse
i}%‘ﬂo wo]

[ 887107 sl =2 Niny L0y

(2309 (13) = (0
fol » 1.8E x 1072 = n~e?)
= 919928

0. 19928
& T8,

(B
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(d) (i) Write an equation for the dissociation of water.
— Y -
....................... erﬂ{oﬂ A £ ]

(i) Use the equation in (d)(i) to write an expression for the equilibrium constant, K, for
this reaction. Use this expression to show that K, = [H*][OH"]. Justify and explain your

reasoning.
£ i
} G
Wy = (4L /‘Wﬂ/
" e ’
/40“""‘{’4/*‘4&( At J{ﬁ*am’ ...m'«'@ ..... W“‘f‘*""—"{fv .......
4 _ - Lonentiatim re
A K8 s ... emanibtnced].. o trd...tinct...comeitted 3]

(iii) At 373K the ionic product of water, K,, has a value of 51.3 x 10~"*mol?dm. Use
this information to calculate the pH of water at 373K. Give your answer to 3 significant
figures.

st3vw0™ . [w]”
CH(]: Dbt - x0T
- -l i

. b 4YY... // -
e/ 5

--------------------------------------------------

ﬂf\f«'f‘?ﬁ%ué@kAhmﬁfmﬂvaOJﬁf&mw,fa
il (M) r...bactaded,. Aok Jorvteds. corutelvn... .....[2) @
s@ut%aﬂl o AL gt be WAWW'.X
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(e) Calculate the final pH, at 298K, after a 5.00cm?® portion of 1.00 moldm~ hydrochloric acid is
added separately to

(i) 100cm? of a solution of 1.00 x 10~*moldm™ hydrochloric acid.

—
Hed & 47 <~
IS M o o 5ia) st ] (Ctel e

G (o 4 # O

S0t w0’
-——ﬁ:""_" = 0047714 -
iy / /
[)I“r’ L"au T / 4’

pH - [4]

(i) 100cm? of a solution that contains 0.100 moldm™ ethanoic acid and 0.100 mol dm™3
sodium ethanoate.
(K, for ethanoic acid is 1.70 x 10-5moldm= at 298K)

Cihyerol > e < M7

(4" J [k 00

pH = pha *‘/va 6“4{

=/

pH = pla (t,m-ﬂw-»,f( Ao tiim,

Tedyeott] ¥ *
1 oto” . G vo- - b @7
o-f
(Ms LT mpf/o(»‘-«)
bondlca - @/ 3rw” e oo {
'9 W ; Cove pH = I,ng [4]

2 wno'_ roleX

[Total: 25]

e 00’} ¥ID" ]
&p b '3

TGTZJ%.?Z /Qluu.c"*’ I8 PH_}—(‘? (afo?lﬂ--—)
Koo
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Examiner Comment

The salvage mark for an overall ionic equation was earned in (a) with full marks in (b) and (c). Part (d) was
generally answered well but confusion between rate and equilibrium lost marks in part (iv).

As with many candidates, part (e) (i) earned full marks but the buffer calculation in (e) (ii) proved more
challenging, although 1 mark was earned here for the initial pH calculation.

Example Candidate Response — Distinction

1

Fig. 1.1 shows the pH changes during the addition of 0.200 mol dm™3 HNO, to 20.0cm? of a solution
of sodium carbonate, Na,CO,. _

14.0

12.0 A

10.0 \
\
8.0
- c\
6.0
D

2.0
EL F

0-0 L) 1 ] 1 ]
0.0 5.0 10.0 15.0 20.0 25.0

volume of 0.200 mol dm™3 HNO3 / cm?

Fig. 1.1

(a) Write ionic equations for the reactions which occur in the solution between point A and
point B on the graph and between point C and point D on the graph.

(i) ionic equation for the reaction occurring between A and B

............... ZHY +..Cov =2 WO 4 cO
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(b) Table 1.1 gives some information about seven different indicators.

Table 1.1
indicator pK, acid form base form
thymol blue 1.6 yellow blue
methyl yellow 3.3 red yellow
chlorophenol red 6.0 yellow red
bromothymol blue 7.1 yellow blue
cresol purple 8.3 yellow purple
thymolphthalein 99 colourless blue
alizarin yellow 11.0 yellow red
(i) From the information given in Table 1.1 choose the indicator that would be mgsf suitable
for determining the end-point occurring between points D and E on the gr
ﬂ'l?—”‘yl ..... L SO < N [1] /

(ify Explain your choice.

TLLﬂ—meJA33;MMMmWf ...... sesher...... /
ob e e b dudvwetn oM 2 A Y e, [1]

(ili) What colour change will be seen with this indicator at the end-point?
.......... OBy 00100 80 B M /

(c) Calculate the concentration, in gdm™3, of sodium carbonate present in the original solution, -
given that the end-point between D and E occurs after 18.80cm?3 of HNO, have been added.

2|  ecuhe of WO, o Na, O,

i?-? (_m-s ]+N03 &\_*— 0.'2#«0!54,“'3

“« 0.2 x 0,019 * 3.76 x 1073 mel Mo,

3.7¢ x93 mol Ne, o,

| mol = ¥ 4 gz & V¥ 3xl("|0€9
0.3986 modl premt (d4sF)
in 20em? of solu bion

O ) olin?
20an? = 4

19.9 (34) 54"-)
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(d) (i) Write an equation for the dissociation of water.
H;_l_o%""l H ¢ "+ OH’

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

(ii) Use the equation in (d)(i) to write an expression for the equilibrium constant, K., for
this reaction. Use this expression to show that K, = [H*][OH"]. Justify and explain your

reasoning.
k c B} ﬁiﬂ% I_‘oH'J%
Ly, 01 “
elfech
.@1,..1;1:!7.93% ..... f.-‘a....'..?.X.mm......m.tm....é..ivm@.....Ahmfm ..... ok...add .
Loty o7 LD LOM D e S 18] . /

(ili) At 373K the ionic product of water, K,, has a value of 51.3 x 107"*mol?dm™C. Use
this information to calculate the pH of water at 373K. Give your answer to 3 significant

- figures.
K= [w*] Ton]
v [wd®
L Cu¥])= AU 2 Mol blr®
% 2162 o7 (Gs)
pH= -logo TH']
= Pty big 3D B

(iv) At 298K the pH of water is 7.00. Use this information to state whether the dissociation of
water is endothermic or exothermic and explain your answer.

Y Sowand ok bithar. Fomp.. 5. Mace lnce..... Lol cese Vos... bavaved.
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(e) Calculate the final pH, at 298K, after a 5.00cm? portion of 1.00 moldm= hydrochloric acid is
added separately to

() 100cm? of a solution of 1.00 x 10~*moldm™ hydrochloric acid.
| x 1077 mel p et

0.005. mol WL addid

g a S.ol xl(?-}mol HUL persat  fa O. 105 oo 3
g 009771 matd® 5 HU  (4oF)

U hlky clissoc iautes
% 0. 04771 fq,r)-moth} of Madnyd

f” = _w) o C M"j /
R W AL [4]
(i) 100cm® of a solution that contains 0.100 moldm= ethanoic acid and 0.100 mol dm=

sodium ethanoate.
(K, for ethanoic acid is 1.70 x 10~°moldm= at 298K)

K [w*]L CHy Cy 007

(T _
CCUz (tbow]

2_ .
N ) cH*3

Ly coon) o.|

CH+3Z
O\

1.7 xio™? =

Vo 7 xm"": cw )t

T8I = 1. 30% (%) A 57 i O
[4]

0 -0 mol BOI elolord
le 0.©00% mol * adk oA [Total: 25]

”5'-304 k'ﬁﬂqmof +o-OoS‘X %

5130 (%) no‘gmo[

ot W

"

r

~%
. 1304 | 4886 (%) aglls’
. > 0.0
watj ﬁb@’., «1;1;;’

~ Loy, Ce*)= ). 3w ()
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Examiner Comment
This question is from a script earning a solid Distinction overall.

As with many candidates part (a) proved tougher than expected and this became a high level discriminator.
A mark was allowed here for the overall equation but two separate steps were needed.

Part (b) was correct and the only mark lost in part (¢) was for the incorrect ratio. This was careless given the
equation in (a) and ecf was allowed from there on.

In part (d) surprisingly few candidates recognised the reason for leaving [H,O] out of the K expression and
the suggestion here (that its concentration is 1) was often seen. Correct calculations in parts (iii) and (iv)
gained full marks.

Most candidates were correctly able to calculate the pH in part (e) (i) but part (e) (ii) was another high level
discriminator with many candidates failing to recognise the context of a buffer calculation.

The clarity of exposition in part (d) (iv) gives evidence of solving chemical problems and rationalising
unfamiliar material while the clear calculation in part (e) (i) also gives evidence of good problem solving.
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Question 2 Mark Scheme

2 (a) (i) | high temperature and ethanol as solvent 2 one mark for each solvent and third mark for any
appropriate mention of temperature
(i) | (lower temperature) and water as solvent 1
(b) (i) | molecule with non-superimposable mirror-image form / do not allow molecules
molecule with 4 different groups attached to the same (C) 1 allow atoms in place of groups
atom / no plane of symmetry
(i) | equimolar mixture of two enantiomers / optical isomers q
(iii) | sterecisomers that are not enantiomers / non- 1
superimposable mirror images
(iv) Tr l|3r
Gl wC 2
s el Sen
3~ CHLCH;  HiC-CH, ~™
() (i) Br, 1 OH
1
Y —
qo. /CHJ..,H /Cll"l"CHZCHa 4
HiC CH,CHg HaC™ H1 for inverted
structure
(ii) | S+(+)-butan-2-ol 2 R-(+)- butan-2-ol/S-(-)-butan-2-o0l/S-(+)-propan-2-ol all =
1/2
(d) (i) | RX = 1* order: Expt 1 to 2 [RX] x3 = rate x3 so directly 1
(i) | proportional 1
(iii) | OH = 1* order: Expt 1 to 3 doubling [RX] would double rate
to 8.0 x 10 so doubling again due to doubling [OH] so also
directly proportional (2) 6

rate = k[RX][OH] (ecf) (1)
4.0 x 10* =k % 0,050 x 0.10 (1)
k = 4.0 x 10/0.005 = 0.08 (1) dm® mol"' s (1)

(iv)

[23]
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Example Candidate Response — Merit

i U

I LI
-C-¢C-c-c
L

2 2-bromobutane reacts with potassium hydroxide by either elimination or nucleophilic substitution
depending on a combination of factors.

(a) State the conditions needed to bring about each of these reactions.
(i) elimination

-----------------------------------------------------------------------------------------------------------------------------------------

(b) 2-bromobutane is a chiral molecule and, when it is prepared by the reaction between
but-1-ene and hydrogen bromide, a racemate is formed. The enantiomers in the racemate can
be converted to diasterecisomers by covalent derivatisation with suitable chiral reagents. Pure
samples of each of the enantiomers can then be obtained by simple separation techniques as
the diastereoisomers have different physical and chemical properties.

Give definitions of each of the words in italics.

@) chiral. 5P ofoo..... Cabon e s

....................................................
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(iv) Draw suitable diagrams of the two different enantiomers of 2-bromobutane.

3 %\'
C .rﬂ,“ “|c'
firg, o
W, C / ‘ AN L W k\ CH

@i C,H / C, Hs

(2] ﬂ

(c) When R-(-);2-bromobutane undergoes nucleophilic ‘substitution with potassium hydroxide
under appropnate conditions the reaction proceeds predominantly by the Sy2 mechanism.
When the progress of the reaction is followed in a polarimeter the optical activity is seen to
change gradually from —23.1° via zero to +13.5°.

(i) Draw a curly-arrow mechanism for the reaction that is taking place. Show the 3-D
structures of the reactant and product clearly.

1 Jangidreoa
&+ i _ thle

- \'5 | - 3{ o °\“
\)<;C"' i oﬂ.c\Q a € . X y KB,

",
hyc$ /l f%“ cy Ol / lq"'u
.. . By ¢ J
G B,
[4] ﬂ
(ii) Give the systematic name of the organic product.
oo w1

-y -
1
-
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(d) The kinetics of the reaction of a different bromoalkane (RBr) with aqueous alkali were

investigated at 323 K. The results are shown in Table 2.1.

Table 2.1
experiment [RBf]/moldm™2 [OH"]/moldm™2 initial rate/moldm3s~1
1 0.05 0.10 40x 107
2 0.15 0:10 1.2x 102
3 0.10 0.20 1.6 x 1073

(i) Deduce the order of reaction with respect to RBr and with respect to the hydroxide
ion, OH".

Give reasons for each of your answers.

' (i) - Calculate the value of the-rate const'ant, k, at 323K and give its units.

1 .?\nﬂo\kw}&’ta"f'“.wl-l: 3

4oxe = k [o-05) [0:03"
Vi

........... K ”—,\_.-_42../\[3]

(iv) Draw the skeletal formula of RBr, which is an isomer of 2-bromobutane.

K= )¢
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Examiner Comment
Overall this script fell in the low Merit band.

Many candidates failed to remember the crucial distinction between elimination and nucleophilic substitution
of halogenoalkanes being in the choice of solvent and temperature.

The more familiar definitions were remembered in part (b) but, again as with many, the less familiar
diastereoisomers caused problems and was confused with enantiomers. It was rare to see such clear 3-D
diagrams in part (iv) but 2 marks were earned in this case.

Clear use of curly arrows and unambiguous representation of inversion were the keys in part (¢) (i) but there
was no inversion shown here and, in part (ii) the clue in the stem failed to stimulate the correct response of
a full systematic name with appropriate prefixes.
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Question 3 Mark Scheme

3 (a) (i) | for CO change is from 2 moles of gas to 1 mole gas and 1
mole solid whereas for SiO change is from 2 moles of gas to
2 moles of solid owtte 1
decrease in disorder / randomness is greater with SiO 1
(i) | 2 moles of solid produce 2 moles of solid owtte 1
very little change in disorder 1
(b) (i) | AS = ZSproducts = ESreactants = (31.1 + 55.3) — (2 x 50) 2 +36.4 = 1/2 (not x2)
=134 (JK' mol™) -29.5 = 1/2 (reversed 55.3 and 55)
(ii) | AG®= AH - TAS = -126.8 — (298 x —3.4 / 1000) —118 ecf from 36.4 / —137.6 ecf from —29.5
=-122.8 (kJ mol™") 2 allow —123
(-22800 J mol ™) do not allow —122
units not required but must be consistent
(c) (i) |AG®=-RTInK,so InK,=AG® /-RT 3.72 x 10%' = 1/ 2 (used 122.8 from 3(b)(ii))
=-120.1 x 10°/ (-8.31 x 298) = 48.50 2 1.05=1/2(no x 10°
s0 K, = 1.15 x 10%' ignore units
(i) | AG®=0=AH-TASso AH=TASand T = AH/AS 9 allow 981 K
=-172500/-175.9 = 980.7 K
(iiii) | activation energy / kinetic barrier too high 1
[13]
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Example Candidate Response — Distinction

3 The elements of Group 14 can all form monoxides and dioxides. The stabilities of the monoxides,
with respect to disproportionation into the element and the dioxide, vary. The equations for the
disproportionation reactions are given in Table 3.1 together with some thermodynamic data for the

reactions.
Table 3.1
disproportionation equation / f;_?jglﬁ) ﬁs r(:zil() ﬁ:j r(r? ;§1K)

2C0O(g) — C(s) + CO,(g) -175.9 -172.5 -120.1
25i0(g) —> Si(s) + SiO,(s) -362.9 7115 -603.4
2GeO(s) — Ge(s) + GeO,(s) . e |
28n0O(s) — Sn(s) + SnO,(s) -9.200 -9.100 —-6.360
2PbO(s) — Pb(s) + PbO,(s) —-4.000 +157.2 +158.4

(a) Explain why the entropy change for the disproportiona_tiqn of

(i) SiO is so much bigger than for CO,

-,t:. - VJ”M J!‘S L L1 TP, O R d M
%“,:ﬁ ﬁwgy Joszie.. e (AT Jfo C/‘\An‘)éa ........ Lo A 9 ........
w 2R... Gy odoriiho..... 5. % wwﬁwumuh ........ [2] O

-bey et boks Lage chone.
(i) PbO is so close to zero. P el a e

%"""Fﬂﬁ” 4‘(«- Lestin. Lo k... ,d.r/cmd,/ .............. [2] }

A?Z:w no CAMJ( an Ao b oF msles
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(b) Table 3.2 gives the standard molar entropies for germanium and its oxides.

Table 3.2
name standard molar entropy at 298K, S€(298K)/J K~ mol™
germanium, Ge(s) 31.1
germanium monoxide, GeO(s) 50.0
germanium dioxide, GeO,(s) 55.3

(i) Calculate the standard entropy change, A S®(298K), for the disproportionation of
germanium monoxide.

0257'00 = Ge TG ‘-‘0"@ :

'3{.)3(4-'3‘5"—3 *(5“7'0”1.’) ‘/

(i) Calculate the standard free energy change, A G®(298K), for the same reaction.

Abs 4H - TAS
-y - (1az) (-134) ///ro/mf 7
X
""’7—3@ .............. 2]

(c) Use data from Table 3.1 to calculate

(i) the value of the equilibrium constant, K, for the disproportionation of carbon
monoxide, CO,

Db Rk
AW - X0y =~ §-3) xl’tﬁ’fuk //
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(ii) the temperature above which the disproportionation of carbon monoxide ceases to be
favourable.

0 pymew = s ion) - T s (1759)

m‘?@/k , 2

(d) Explain why carbon monoxide does not spontaneously disproportionate at room
temperature.

l".l-. slsssFua

S )

’ﬂ"b [0“‘@ Aao A very) Atﬂ‘/ oelvertdrn  enern.] / [Total: 13]
ﬂ’“’ e /,yuh Al *'fi-yfb. bowod (0

Examiner Comment

A Distinction level response; albeit one that started poorly. Clear references to states of matter and molar
quantities were needed with the general advice being to be as specific as possible with references to given
data.

A slip in part (b) (i) was the only other source of lost marks in this response with the calculations clear and a
recall of the concept of the activation barrier in part (d).
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Example Candidate Response — Distinction

3 The elements of Group 14 can all form monoxides and dioxides. The stabilities of the monoxides,
with respect to disproportionation into the element and the dioxide, vary. The equations for the
disproportionation reactions are given in Table 3.1 together with some thermodynamic data for the

reactions.
Table 3.1
disproportionation equation / Jsz_ﬁﬁgl'_? A';';z r(ﬁ 3'91'() /ij r(r? ;iK)

2C0(g) —> C(s) + COL(g) ~175.9 -172.5 ~120.1
2Si0(g) —> Si(s) + SiO4(s) -362.9 -711.5 -603.4
2GeO(s) —> Ge(s) + GeO,(s) .. I
28n0(s) = Sn(s) + SnO,(s) ) 9.20 | -9.100 } —6.3
2PbO(s) = Pb(s) + PbO,(s) ~4.000 +157.2 +158.4

(a) Explain why the entropy change for the disproportionation of

() SiOis so much bigger than for CO,

P Zderss... 510, prdosss.. 2. 5 seberes. L0,
étseafwfﬂwfagm» 64@.&' Mos...neb.. Lidh. Lality.... 520 O M.
es'ﬁ%afa. cﬁmae .......................... X ............................................................. a O

(i) PbOis so close to zero. »
(W QW ... MWGMM?’M
%Lva.ém %mnifvﬁéﬁm MM%W ......................................... 2] I
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(b) Table 3.2 gives the standard molar entropies for germanium and its oxides.

Table 3.2
name standard molar entropy at 298K, $©(298K)/J K=' moi™*
germanium, Ge(s) . 31.1
germanium monoxide, GeO(s) 50.0
germanium dioxide, GeO,(s) 55.3

() Calculate the standard entropy change, A.S®(298K), for the disproportionation of
germanium monoxide. '

26e0 — 6-¢01 e
(3!14;;-3)—6‘0-01:9 < /
7

-t A
LB Tkl 2 Z
(ii) Calculate the standard free energy change, A G®(298K), for the same reaction.

AG= OQH-TAS
= ~f26 ﬁa)e -I-éQXk-rg-g)

= ~(227¢72 // Q

(c) Use data from Table 3.1 to calculate

(i) the value of the equilibrium constant, Ky for the disproportionation of carbon

monoxide, CO, & ﬂé— . - ?T &, k
- 120106 = — 33| w22as xinfk

by-s = AnkR.
ékp: 15 w6 |~!s"s«lb“// " %

-----------------------------------
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(i) the temperature above which the disproportionation of carbon monoxide ceases to be

favourable. 1_\(, _ ﬂ H T ﬁ 5
N Fhawe = - 72500 " Té< 115 lefy N0

% [72500 = T (75
¥s7 T T | | /
BT K l

(d) Explain why carbon monoxide does not spontaneously disproportionate at room
temperature.

[Total: 13]

Examiner Comment

Overall an outstanding Distinction level script, which therefore shows what a high level discriminator
question 3 (a) proved to be. This candidate only earned 1/4 here as, although the end result was mentioned
in part (a) (i), for each reaction there was no mention of the change involved.

Again, the key to success here is a specific, detailed description of the state changes that occur.

A slip in transposing data in part (c) (ii) was the only other source of a lost mark in this question but does
illustrate the need for care at all levels.

www.cie.org.uk/cambridgepreu



Cambridge Pre-U Example Candidate Responses

Example Candidate Response — Merit

3 The elements of Group 14 can all formi monoxides and dioxides. The stabilities of the monoxides,
with respect to disproportionation into the element and the dioxide, vary. The equations for the
disproportionation reactions are given in Table 3.1 together with some thermodynamic data for the

reactions.
Table 3.1
disproportionation equation ?US:_szrggiﬁ} A'ﬂz r(rfglg‘K) A’ﬁ:; if §§1K)

2C0(g) —> C(s) + CO,(g) -175.9 -172.5 -120.1
2Si0(g) —> Si(s) + SiO(s) -362.9 7115 ~603.4
2GeO(s) —> Ge(s) + GeO,(s) | 1288 e
2Sn0(s) —> Sn(s) + SnO,(s) -9.100

2PbO(s) —> Pb(s) + PbO,(s) +1572 +158.4

"

(a) Explain why the entropy change for the disproportionation of

(i) SiO is so much bigger than for CO,
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(b) Table 3.2 gives the standard molar entropies for germanium and its oxides.

Table 3.2
name standard molar entropy at 298K, S©(298K)/J K=" mol~*
germanium, Ge(s) 31.1
germanium monoxide, GeO(s) 50.0
germanium dioxide, GeO,(s) 55.3

- (i) Calculate the standard entropy change, A.S®(298K), for the disproportionation of

germanium monoxide.

260yt (Lt Ge 0 )
AS = AS potisko= AS reeto s

:('?,f-l } fg"&B*- 2(503 //

= ~1%6b

-----------------------------------

(i) Calculate the standard free energy change, A G®(298K), for the same reaction.

A®= AH® _TAS®

= 24-g ¥l -2 4816 1267k o)
= - JU @RS mo™ ¥ 40ST - §Tmol™’
= —120F 4 LB Tmol? | / /

= =122 kol "

122 KTl

-----------------------------------

(c) Use data from Table 3.1 to calculate

the value of the equilibrium constant, Kp for the disproportionation of carbon
monoxide, CO,
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@ the temperaturé above which the disproportionation of carbon monoxide ceases to be
favourable.

“lOOKX o O

(d) Explain why carbon monoxide does not spontaneously disproportionate at room
temparatura

.................. o is becqun A valus o AG* 'slus e o
winemiony X O

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

o ‘ [Total: 13)

¥ 4

Examiner Comment

In part (a) there was no evidence of any recall of the key principles governing the sign and magnitude of
entropy and the candidate seemed to be confused between entropy and enthalpy.

The calculations in part (b) were done well but, in part () (i) the candidate failed to convert A G to Joules
and, in (¢) (ii) defining A G as zero and proceeding from there was not seen.

The candidate also failed to recognise the concept of the activation energy barrier in part (d).

Consistent use of appropriate significant figures throughout part (b) provide evidence of a concern for
accuracy and precision.
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Question 4 Mark Scheme

4 ( Pt I N H
4037 5259 580 124 (1)
195 127 14 1
0207 0414 0414 124 (1)
0207 0207 0.207 0.207
1.00 2.00 2.00 5.99 .
50 EF = PtI;N;Hs EFM = 483 = M, 50 MF = Pti;N;Hs (1) S, | musteeelnkotEiM e oM
HgN /NHS
/Pl\ (1) and trans (1)
I |
bond Angle = 90° 1 ecf
(b) (octahedral) e.g. Co(H,0)s** angle = 90° 3 both angles needed for third mark
(tetrahedral) e.g. CoCl,* angle = 109-110° NB CoCl, doesn't exist
(c) lobes of two orbitals directed along cartesian axes 1
lobes of three orbitals directed between cartesian axes 1
results in split of energy levels of d orbitals 1
promotion of electrons between orbitals absorbs in visible
region 1
[13]
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Example Candidate Response — Distinction

4 The complex compound diamminedichloroplatinum(Il) has two isomeric forms, one of which

can be prepared from potassium tetrachloroplatinate(ll) as shown in the reaction sequence in
Fig. 4.1.

K,[PtCI,] = Ky[Ptl,] = X = [Pt(H,0),(NH,),J(NO,), — diamminedichloroplatinum(Il)
Fig. 4.1

Compound X has the composition by mass Pt 40.37%, 1 52.59%, N 5.80% and H 1.24% and a
relative molecular mass of 483.

(a) Calculate the molecular formula of X, draw its two possible structures and indicate the
ligand-platinum-ligand bond angle.

?L 1 N l’\ fn:\-ft.f.nu\ bd‘ mk& ("'r \“‘
% |wo-37 |St54 | &0 | V¥ ¥ _
'fy o.t0%F | 04\ m FIRT)  eazenda WiueBet
e e r—
’u:uf& \ T 2 S .q /
\7 7’

>
i
. [6]b

(b) Cobalt forms both octahedral and tetrahedral complexes. Give the identities of one complex
ion of cobalt with each shape and, in each case, state the ligand-cobalt-ligand bond angle.

octahedral ( Co (0"\)5 -‘1" x tetrahedral ((o ctq—\ N

, : ]
UL e — bond angle ... \0%:S.ovvove. i3]

(c) With reference to the 3-D orientation of d orbitals in an octahedral transition metal complex
explain why such complexes are usually coloured.

w“'*‘*\*‘*“t\tow\cxu‘-e*%"oml\

i)*l Suwshells.. l"!r h\meq

“M' Mg— m *‘"‘- M\—") ‘y—{? "6 ‘E‘N-f—‘v\ “\a\\- w\nut.rt.i %
1\\-\' W‘L\ kl’ Q\OC\\‘LLA L g"ua“-t& “'\M-\. \'\.L e,\q_c_\-l'ah.; nouR. 4]
W

bk B el atal: 13]
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Examiner Comment

This was a good Distinction level script with this response exemplifying the overall standard.

In part (a) the development of the empirical formula to the molecular formula using the relative molecular
mass was clearly shown and the only mark lost was for a slip in the structures — possibly the ‘squashed up’

molecular formula hindered back checking.

Part (b) again highlighted the need for specific recall of some example ions whilst part (¢) was again only
marred by an explanation couched in terms of emission.

The quality of responses to part (a) and part (¢) suggest an understanding of chemical reactions, structure
and the use of a model for describing colour of complexes.
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Example Candidate Response — Merit
4 The complex compound diamminedichloroplatinum(ll) has two isomeric forms, one of which
can be prepared from potassium tetrachloroplatinate(il) as shown in the reaction sequence in
Fig. 4.1.
K,[PtCL,] —> K,[Pt,] = X — [Pt(H,0),(NH,),](NO,), —> diamminedichloroplatinum(I)
Flg. 41

Compound X has the composition by mass Pt 40. 37%, 152.59%, N 5.80% and H 1.24% and a
relative molecular mass of 483.

(a) Calculate the molecular formula of X, draw its two possible structures and indicate the
ligand-platinum-ligand borid angle.

o33

o e M3 \"IL\‘W = |Bt
%3 wARY = 5L Y I/

%é) s g1z WY < LN
L4 - T < bW
Ixmey - DAL b
m* - leendgr rewds = g wh‘)z}'lfll\ 6] ¢

(b) Cobalt forms both octahedral and tetrahedral complexes. Give the identities of one complex
ion of cobalt with each shape and, in each case, state the ligand-cobalt-ligand bond angle.

octahedral [_CG (NLO)QTT/ tetrahedral [CU ((.Lt]kx

bond angle Q‘QQ \/bond angle ‘\Qel'sa 3] %

(c) With reference to the 3-D orientation of d orbitals in an octahedral transition metal complex
explain why such complexes are usually coloured.

It gkednl transition pofad W«W 3«5/
S ﬁrh’m fot s 50 .
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Examiner Comment

Overall this script was at the level of a high Merit and this question in itself was around the Distinction
boundary.

The empirical formula was calculated correctly but the candidate failed to justify a molecular formula or to
draw the isomers, which may have been due to not reading the question carefully.

An incorrect charge for CoCl,* cost a mark in part (b) whilst a generally good account of colour in part (c)
was only marred by a reference to emission of coloured light as the promoted electron ‘dropped’, when
what is required is a reference to absorption leaving the complementary colour.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Example Candidate Response — Merit
4 The complex compound diamminedichloroplatinum(ll) has two isomeric forms, one of which
can be prepared from potassium tetrachloroplatinate(ll) as shown in the reaction sequence in
Fig. 4.1.
K,[PICL] = K,[PHL,] = X = [Pt(H,0),(NHy),I(NOg), — diamminedichloroplatinum(iI)
Fig. 4.1

Compound X has the composition by mass Pt 40.37 %, 1 52.59%, N 5.80% and H 1.24% and a
relative molecular mass of 483,

(a) Calculate the molecular formula of X, draw its two possible structures and indicate the
ligand-platinum-ligand bond angle.

T N T
0-20F 04k 0-4u I-z4/ I/ "
"L adlacder formde PEI‘!.N'LH‘ 1 X

/N

[6]

(b) Cobalt forms both octahedral and tetrahedral complexes. Give the identities of one complex
ion of cobalt with each shape and, in each case, state the ligand-cobalt-ligand bond angle.

octahedral RD(OH " ](n,,o)*TX tetrahedral Co(OHQzX

10 .. . .. 3] ,

bond angle ...........t e, bond angle ....

(c) With reference to the 3-D orientation of d orbitals in a octahedrgl transition metal complex
explain why such complexes are usually coloured. c\*‘ff anfiet
o2 (M/d)

mm&” oréflwi: i wm,[ﬂ)mmmw&u ﬂ.\m ‘3} :Hvz-tm.e_
e m‘” K-.rfjl\l'_dmmo‘)g w‘tl"kﬂqfl*i' ch'fw‘w "LQ lowas N.r’)t F-"Q A
%MMM’\'\-M\MW Mw_-%aiﬂ“‘w\ﬂﬂ
gl ooy "f\""\ M l" '“"" ‘-‘M\‘M 'vh”‘;[ m\mM

[Tt I:13]
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Examiner Comment
Overall a Merit level script with this response on a par with the overall performance.

Again there was no progression from the empirical formula to the molecular formula shown in part (a) and
unfortunately this candidate failed to recognise that N,H, represented two NH, groups so was unable to
make a sensible suggestion for the structure.

Part (b) illustrates the need for candidates to remember some example material for reference in questions.
The concept of split energy levels was remembered in part (c) but then the origin of colour was explained in
terms of emission rather than absorption.
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Example Candidate Response — Pass
4 The complex compound diamminedichloroplatinum(ll) has two isomeric forms, one of which
can be prepared from potassium tetrachloroplatinate(ll) as shown in the reaction sequence in
Fig. 4.1.
K,[PtCL] —> K,[PtL,] — X —> [Pt(H,0),(NH,),](NO,), — diamminedichloroplatinum(ll)
Fig. 4.1

Compound X has the composition by mass Pt 40.37 %, 1 52.59%, N 5.80% and H 1.24% and a
relative molecular mass of 483.

'(a) Calculate the molecular formula of X, draw its two possible structures and indicate the
ligand-platinum-ligand bond angle.

% X ¢ o ¥
box7 . 5259. 5% . 1%
. . "“-l-.

g 127 40
0-207: o4t ol ~ I Zl{// & NI‘I: &%/
I

‘ | ¢ 2 2 i g // “&”[P!- g P}\l&i

4 “ Ny

NS wEY
[6] 9

(b) Cobalt forms both octahedral and tetrahedral complexes. Give the identities of one complex \T
ion of cobalt with each shape and, in each case, state the ligand-cobalt-ligand bond angle.

octahedral tetrahedral

EO(”P%] A [eocic) -

[ ] L]
bond angle . N bond angle W dOU N

o,

With reference to the 3-D orientation of d orbitals in an octahedral transition metal complex
explain why such com Iexes are usually coloured.

éis\maﬁw ...

m'm 70 ;EM «;';;;"L?m
&a it e S b A e Lo Lonelog L. [410

[Tolai 13]
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Examiner Comment

Overall this script was just below the Merit borderline and this response exemplified the overall
performance.

Specific recall of some platinum complex ion chemistry is expected (syllabus B2.4 (d)) but the candidate
represented the complex as tetrahedral. The presence of only two different groups should also have served
as a clue that a representation of optical isomerism would be inappropriate here. The other mark lost was
for failing to show that the molecular formula was the same as the empirical formula, by reference to the
relative molecular mass.

Omission of charges in part (b) was costly and part (¢) required the specific recall of a principle that needs
committing to memory.
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Question b Mark Scheme

5 (a)

CsH/NO;

(b)

x=120"y = 104.5°

allow 104 — 105 for y

(c)

1 = carboxylic Acid Level
3 = carboxylic Acid Level

2 = hydrocarbon Level

three = 2
two =1

(d ()

donates pair of electrons to form covalent bond

141

(i)

H CO,C:Hs H CO,C:Hs H CO,CoHs

i || ..
—C—C c—C cC—

[ L] kol

H CN H CN H CN

(e)

Q = CH2=C(CH2NH2)CH20H

R = CH3:CH,OH

S = CH,=C(CH;NHOCCH;)CH,OCOCH;

T = CH;CH,OCOCH;

U = CH3CH(CH2NH)CO,CH;CH;3

Reactions of Q and R with ethanoyl chloride:

2:1 ratio with Q as both NH; and OH acylated/

1:1 ratio with R as only one OH group acylated (1)
Reaction with NH, produces (secondary) amide (+HCI) (1)
Reaction with OH produce ester (+HCI) (1)
'HNMR of T:

three signals indicate / due to 3 H environments (1)
triplet @ ~1.3 is protons on CH; adj to CH; (1)
quartet @ ~ 4.1 is protons on CH; (adj to CH3) (1)
singlet @ ~ 2.0 is protons on CH; on C=0 (1)

C NMR of T:

two signals near 20 = Cs in the two CH; groups (1)
signal at ~ 60 is C in CHz (1)

signal at ~170is C in C=0 (1)

'H NMR of U:

six signals indicate / due to 6 H environments (1)
disappearing signal due to labile protons on NH, (2)

T NS T (T

-

max 3

-

1+1

do not allow ‘peptide’

'H NMR marks are independent of structures drawn
except first mark

3C NMR marks are independent of structures drawn

[26]
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Example Candidate Response — Merit

5 Cyanoacrylate is the generic name for cyanoacrylate based fast-acting glues such as ethyl
2-cyanoactrylate. The skeletal formula of ethyl 2-cyanoacrylate is given in Fig. 5.1.

Gl N, 0,

CN ¢(ch)e ol

Fig. 5.1

(a) Give the molecular formula of ethyl 2-cyanoacrylate.

(b) Give the bond angles labelled x and y.
Q
bond angle x .’7\0 (
~0
LAY .
{c) Write the names of the functional group levels of the carbon atoms numbered 1, 2, and 3.

1...(?9.(?’2@(311.(, ...... dud.... leved....

2 ...‘(?an.bmyl ........ Y —— K/ (

(d) Ethyl 2-cyanoacrylate rapidly undergoes addition polymerisation in the presence of a suitable
nucleophile to form long, strong chains which join the bonded surfaces together. The presence
of moisture can therefore cause the glue to set, so exposure to moisture in the air can cause
a tube or bottle of glue to become unusable over time.

bond angle y

(i) Explain what is meant by the term nucleophile.

Alone/mwdma*r

OO .

(ii) Draw the structure of part of the polymer chain that would be formed, showing three
repeat units.
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(e) The reduction of ethyl 2-cyanoacrylate with LiAlIH, in ether produces two compounds, Q
and R. Q reacts with ethanoyl chloride in a 1:2 molar ratio to form S$. R reacts with ethanoyl
chloride in a 1:1 ratio to form T. The 'TH NMR spectrum of T is shown in Fig. 5.2 and the
13C NMR spectrum of T is shown in Fig. 5.3.

P il If ethyl 2-cyanoacrylate is instead reduced with hydrogen using a nickel catalyst then there is
& _ C, only a single product, U.The 'H NMR spectrum of U has six signals, one of which disappears
# ~H on shaking with D,0.
[
¢

Draw the structural formula of each of the compounds Q, R, S, T and U. Explain the reactions
and the forms of the spectra in Fig. 5.2 and Fig. 5.3. This should include the identification of
the atoms or groups of atoms responsible for each signal.

C=N

A

'H NMR spectrum of T 8/ppm

Fig.5.2

¢/°
e

13C NMR spectrum of T

Fig.5.3
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N
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Structural formulae JN =4 *511 .
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Examiner Comment

Parts (a) — (d) were generally well answered as was the case for most candidates. A Distinction level
candidate would have been able to identify all three functional group levels in part (¢) and both bond angles
in part (b).

Part (e) was definitely a high level discriminator. Only 2 marks were gained for the structures and they came
from ecf from incorrect original structures as the true nature of the reduction process was not recognised.
Failing to distinguish between a peptide bond and an amide cost a mark early on in the description.

References to NMR spectra need to be clear and specific and the most often seen problem with references
to °C spectra was, as here, with candidates who seemed to be referring to bonds as being responsible

for the spectrum rather than to carbon atoms/nuclei. This could have been due to confusion with UV
spectroscopy or simply poorly phrased answers.
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Example Candidate Response — Merit

5§ Cyanoacrylate is the generic name for cyanoacrylate based fast-acting glues such as ethyl
2-cyanoacrylate. The skeletal formula of ethyl 2-cyanoacrylate is given in Fig. 5.1.

Fig. 5.1
(a) Give the molecular formula of ethyl 2-cyanoacrylate. /

W ...... C LH;NOQJM ...................................................................................... (11

(b) Give the bond angles labelled x and y.

bond angle y 'O?’o .......................................

(c) Write the names of the funTlonal group levels of the carbon atoms numbered 1, 2, and 3.

[2]

[2]

(d) Ethyl 2-cyanoacrylate rapidly undergoes addition polymerisation in the presence of a suitable
nucleophile to form long, strong chains which join the bonded surfaces together. The presence
of moisture can therefore cause the glue to set, so exposure to moisture in the air can cause
a tube or bottle of glue to become unusable over time.

(i) Explain m;nj\ant by the term nucleophile.
An_cdular W .JWMW%@ (
M?MM .......................................................................................................... [2]

(ii) Draw the structure of part of the polymer chain that would be formed, showing three
repeat units.

www/jx«ﬂvo)%/ﬁ”% Ao
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(e) The reduction of ethyl 2-cyanoacrylate with LIAIH, in: ether produces two compounds, Q
and R. Q reacts with ethanoyl chloride in a 1:2 molar ratio to form S. R reacts with ethanoyl
chloride in a 1:1 ratio to form T. The '"H NMR spectrum of T is shown in Fig. 5.2 and the
13C NMR spectrum of T is shown in Fig. 5.3.

If ethyl 2-cyanoacrylate is instead reduced with hydrogen using a nickel catalyst then there is
only a single product, U. The 'H NMR spectrum of U has six signals, one of which disappears
on shaking with D,0.

Draw the structural formula of each of the compounds Q, R, S, T and U. Explain the reactions
and the forms of the spectra in Fig. 5.2 and Fig. 5.3. This should include the identification of
the atoms or groups of atoms responsible for each signal.

L

L L LT
8 7 6. 5 4 3 2 1 0

"H NMR spectrum of T 5/ppm
Fig. 5.2
A A
T I L) I L I L} I Li l ] I T I T ] T l T ]
200 180 160 140 120 100 80 60 40 20 0
' 3/ppm
13C NMR spectrum of T
Fig. 5.3

www.cie.org.uk/cambridgepreu



Cambridge Pre-U Example Candidate Responses

Structural formulae
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Examiner Comment

As with many candidates a reasonable attempt was made at parts (a) — (d) although the clue in the stem of
referring to addition polymerisation was overlooked as this candidate attempted some form of condensation

polymer in part (d) (ii).

Correct identification of R in part (e) should have led to a correct structure of Q but a mistake was made
with regard to the chain length.

The explanations incorrectly referred to an acyl group as a carbonyl group and again lacked specificity when
referring to proton NMR although the *C NMR was well explained.
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Paper 4 Practical

Mark Scheme

Skill Total marks | Breakdown of marks Qu.1 |Qu.2 | Qu.3
Manipulation, 17 marks Successful collection of 13 marks | 2 8 3
measurement and data and observations
observation
Quality of measurements | 2 marks 2 0 0
or observations
Decisions relating to 2 marks 0 2 0
measurements or
observations
Presentation of data | 6 marks Recording data and 2 marks 2 0 0
and observations observations
Display of calculations 2 marks 2 0 0

and reasoning

Data layout 2 marks i 0 1
Analysis, 17 marks Interpretation of data or 5 marks 5 0 0
conclusions and observations and
evaluation identifying sources of

error

Drawing conclusions 10 marks | 1 6 3

Suggesting improvements | 2 mark 2 0 0

MMO = manipulation, measurement and observation
collection = successful collection of data and observations
quality = quality of measurements or observations
decisions = decisions relating to measurements or observations

PDO = presentation of data and observations
recording = recording data and observations
display = display of calculations and reasoning
layout = data layout

ACE = analysis, conclusions and evaluation
interpretation = interpretation of data or observations and identifying sources of error
conclusions = drawing conclusions
improvements = suggesting improvements
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The examiner is to check (and correct if necessary) all subtractions on the Supervisor and candidate
scripts where accuracy marks are concerned.

When awarding accuracy marks in Question 1 the candidate's value for the ratio of corrected mass
water: corrected mass residue should be listed on the blank page of the Supervisor script or on a
sheet of paper securely attached to it.

Where Supervisor results are considered to be suspect (fewer than half the candidates score more
than 1 mark), a value derived from the consistent results of the candidates may be used.

Question 1 Mark Scheme

Sections Learning outcomes Indicative material Mark
1 [(a) PDO layout Use the appropriate All balance readings clearly [1]
presentation medium to shown in a single table including
produce a clear mass of residue and mass of
presentation of the data water lost
PDO recording Record raw readings of a All values of mass given to the [1]
property to the same same number of decimal places
degree of precision
PDO recording Use column headings that | All masses are labelled clearly [1]
include both the quantity with units. Must use solidus,
and the unit and that brackets or describe units fully in
conform to accepted words.
scientific conventions
MMO collection | Follow instructions given in | Final masses within 0.05 g [2]
the form of written (Award 1 mark if readings within
instructions or diagrams 0.10g)
ACE Calculate other quantities Calculates correctly the mass of [1]
interpretation from data water and mass of residue
(Examiner to note corrected
values)
MMO quality Make accurate and Examiner to check/calculate the [2]
consistent measurements ratio of corrected mass water:
and observations corrected mass residue.
Award 2 marks if difference is
within £0.05 of Supervisor value
Award 1 mark if difference is
within £0.10 of Supervisor value.
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(b) PDO display Show their working in Mass of residue/120.4 1]
calculations, and the key
steps in their reasoning
PDO display Show their working in Mass of water/18.(0) [1]
calculations, and the key
steps in their reasoning
ACE Calculates other quantities | Calculates ratio of moles [1]
interpretation from data water to moles of magnesium
sulfate
ACE conclusion | Draw conclusions from States x as an integer [1]
interpretations of
observations, data and
calculated values.
(c) (i) | ACE Estimate, quantitatively the | £ 0.005 g (or 0.0005 g) [1]
interpretation uncertainty in quantitative (Allow £ 0.01g (or 0.001g) as
measurements long as this value is not
doubled in (ii))
(c) (ii) | ACE Express such uncertainty in | Value from (c)(i) x 2 [1]
interpretation a measurement as an ANS / mass of water x 100 [1]
actual or percentage error
(d) ACE Suggest modifications to an | Any sensible answer with [1]
improvement experimental arrangement | explanation. [1]
that will improve the e.g. more gentle heating or
accuracy of the experiment | use of lid during the early
stages of heating to reduce
loss of solid
[Total: 17]
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Example Candidate Response — Distinction

1

Epsom salts occur naturally and are a hydrated form of magnesium sulfate, MgSO,,.xH,0.
In the following experiment you will determine the value of x.
Read all of the following instructions before you start any experimental work.

You are provided with the following:

FA 1 hydrated magnesium sulfate, MgSO,,.xH,0O

Method

1. Weigh a clean, dry crucible.

2. Inthe crucible place the entire sample of Epsom salts, FA 1.

3. Reweigh the crucible.

4. Place the crucible in a pipe-clay triangle on top of a tripod.

5. Heat the crucible gently for about 1 minute and then more strongly for a further 4

&

(a)

minutes.

Allow the crucible to cool for about 1 minute and then use a pair of tongs to place the
crucible on a heat proof mat.

Leave the crucible to cool for approximately three minutes, then reweigh the crucible
and its contents.

Repeat the cycle of heating and weighing, as described in steps 4 to 7, until consecutive
recorded masses do not differ by more than 0.05g.

In a suitable table, record all masses.

Calculate the mass of the residue and the mass of the water lost. Record both of these
masses in the table.

weats o ccneele | wass o< AT S &c
+ residue /A reaidoe [/ ‘,mgé{%
T 22.04 0.0 it
not heaked 24,60 15 3 >, 00
heaked owce A, &I ol i ©.71%
keoked Ewric® 22 . &L O A5 6. A%
[eabed L Eimes 19, G2 OAS e S
‘ﬁfﬂ&wﬁg g s e e
S\
o
o
&
°
%
[8)
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(b) From the measurements you have made, determine the value of x in the formula
MgSO,.xH,0.

Show your working.
m (H10) 2 0.3 % /
£D VL(H C)) W‘- (H"’-O) oA% s .
2 oy Rkt 0,04%% A
A\Aal (f‘m?u-;dl%) a O5.X% ?‘L(ML‘LU\-L) - 6’ (m\“‘di'ﬂ.

el . owHG
" (re,ncb..uz_) qu M(fl’_.nr{r..t.?_-)ilml o< = m%&;s::}.[@ o 8
Ty —

= —%/[4] LI,

(c) (i) State the uncertainty in the measurement of each mass in this experiment.

uncertainty = =+ O‘of}g'd[ﬂ ]

(if) Calculate the percentage error in the mass of water that is lost.

Show your working.

(’ o«
el 1o = 0. 8% 7

.Y /

C.8%\. Lo ol ‘

(d) Suggest an improvement that a student might make to the experiment and explain why
this would lead to the determination of a more accurate value of x.

. ‘ [Total: 17]
.ld”'g g 'E.’,_ CAZC N f‘(\)%,e_, C’,(M We_{e_ @
e ol s Tl wra S es Q()\/\ u_i_ovg; (’l e~ wo{

w-':LO\.‘kux_re_,uL ode;w(_,O\ e WAoo nLr_((ch\)cL
ek Eliy woeulel Leacl  q oo (s

l‘?_xb’f‘i/k. _n% Q}L-&,C—U\.r‘(x(/(:s (A-‘L?k&e.u\__ %d‘(%‘bﬂ
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Examiner Comment

(a) The candidate scored all 8 marks in the opening part although it was not necessary to record the
mass of residue and the mass of water lost following each period of heating as was done here.

(b) Again the candidate gained full marks here. Although they do not state the relative formula mass
of MgSO,, they have clearly shown how the value is obtained and gain the mark.

(c) The correct uncertainty was given in part (i) but the candidate did not double this value in part (ii)
as it was not appreciated that two masses were needed to work out the mass of water lost, these
being the combined mass of the crucible and FA 1, along with the combined mass of the crucible
and the residue.

(d) This answer was too vague to merit any credit. The candidate goes someway to suggesting the
use of a higher precision balance but this does not merit credit.
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Example Candidate Response — Distinction

1 Epsom salts occur naturally and are a hydrated form of magnesium sulfate, MgSO,.xH,O.
In the following experiment you will determine the value of x.
Read all of the following instructions before you start any experimental work.

You are provided with the following:
FA 1 hydrated magnesium sulfate, MgSO,.xH,O

Method

EASNE AR S

—
20
Nt

Weigh a clean, dry crucible.

In the crucible place the entire sample of Epsom salts, FA 1.

Reweigh the crucible.

Place the crucible in a pipe-clay triangle on top of a tripod.

Heat the crucible gently for about 1 minute and then more strongly for a further 4
minutes.

Allow the crucible to cool for about 1 minute and then use a pair of tongs to place the
crucible on a heat proof mat.

Leave the crucible to cool for approximately three minutes, then reweigh the crucible
and its contents.

Repeat the cycle of heating and weighing, as described in steps 4 to 7, until consecutive
recorded masses do not differ by more than 0.05g.

In a suitable table, record all masses.
Calculate the mass of the residue and the mass of the water lost. Record both of these

masses in the table.
Nass /9

Crucible 29 .2¢

A - hydruk .
R s 5

UyOraled MaSOy .S 2.

(GJ.th&hlgjll%-IO 2%:10 | 2%-09

Anhyorous | )
Mg SOw | O- 15 f‘)ﬁo @ %
: 0O
Wader a.79 2

MNass o nhydrouy MgSOw =

(Cr\ACLbLQ. + MgSOy LOH(NLQOJM‘Q]) Lm(mé%
4.0
0. 73(5 0)

)\

__ _ (Voun o hydrated Mg S0 - (Moss k- anhydrus gy
Mo &Y WaKf: e O hyo g 2

'23 = o 1 9

= O.‘TQ9 8]
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(b) From the measurements you have made, determine the value of x in the formula ,
MgSO,.xH,0. Examiner's

/ Use
Show your working. M lﬂ’(

A0 = m(U0) - O3 w04 & n(UO) | 7. 2% 8,

. -\ N NS - |
me(U20) | &gmol™ O L
2 9 n(MgG0 ) (WSl )

A (MgSOW) = m(MgSO™) = .13 o B ylo“‘smm
Wy (MQSO\B 120+ Lrg moL”

o m9 Ou. TU,O (o nearenst whole rumber ) /

N e ol G

(c) (i) State the uncertainty in the measurement of each mass in this experiment.

o

uncertainty = * QQSg [1]

(ii) Calculate the percentage error in the mass of water that is lost.

Show your working.

00 (100 = 6.33%

0-1G \@

(d) - Suggest an improvement that a student might make to the experiment and explain why
this would lead to the determination of a more accurate value of x.

[Total: 17]

(15
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Examiner Comment

(a) The candidate scored all 8 marks on the opening part. All the results were clearly displayed in
a single table including the mass of residue and that of water lost. The data was noted to an
appropriate level of precision. The headings were clear and units given. In addition, the final
masses lie sufficiently close together and the results are in excellent agreement with those of the
Supervisor.

(b) The second mark for showing the mass of water lost divided by the relative formula mass of water
given despite the slip of quoting the answer as 0.439 rather than 0.0439. The ratio was allowed
despite the incorrect rounding of the answer which uses the two calculator values for the amount
of water and residue rather than the values noted in the working.

(c) As the candidate was using a balance that read to two decimal places, the answer should have
been given as £0.005 g. Another mark was lost by not doubling the value from part (i) in the
following calculation. The candidate did not appreciate that two masses are required to work out
the mass of water lost.

(d) An excellent suggestion for an improvement and furthermore, the candidate gave a clear
explanation of why the suggested improvement would lead to a more accurate value of x.
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Example Candidate Response — Merit

1 Epsom salts occur naturally and are a hydrated form of magnesium sulfate, MgSO,.xH,0.
In the following experiment you will determine the value of x.
Read all of the following instructions before you start any experimental work.

You are provided with the following:
FA 1 hydrated magnesium sulfate, MgSO ;.xH,O

Method

Weigh a clean, dry crucible.

In the crucible place the entire sample of Epsom salts, FA 1.

Reweigh the crucible.

Place the crucible in a pipe-clay triangle on top of a tripod.

Heat the crucible gently for about 1 minute and then more strongly for a further 4

minutes.

Allow the crucible to cool for about 1 minute and then use a pair of tongs to place the

crucible on a heat proof mat.

7. Leave the crucible to cool for approximately three minutes, then reweigh the crucible
and its contents.

8. Repeat the cycle of heating and weighing, as described in steps 4 to 7, until consecutive

recorded masses do not differ by more than 0.05g.

bl ot ol e

o

(a) In a suitable table, record all masses.
Calculate the mass of the residue and the mass of the water lost. Record both of these
masses in the table.

Mass, ol crouble =196 "rﬂ-ﬁ

Moy oy c,(uubhz,* A\ =28° l?_\j
\Fm.\ merss= (43S

NN

I Tiwafmins | Moss f.‘.}bj Mas[il;?l-: O ¥8 o
13 aaking o | zouzi il = 060
'Z.M\ hoo R g 4 lcj___s_‘_‘-_c‘ . A -\
- % a:33 4 G
3 \'\.9.0\-*'\ 3 ) 8 e ,___,l__ .___.}_ﬁ_ - . S L0 0(.1
4 has Wy 27 isaE S

(8]
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(b) From the measurements you have made, determine the value of x in the formula
MgSO,.xH,0.

Shov.{ your working.
IA\HQ-\ MO S% D\_ F A\ = | 4’-':".'}3

Final  mawoy FA| = 064ly /
Mass Loy b= 0 kg Z.6:1'% alio ohautsr,

' u\b\.bb \"\'
W\DU-BO}. “2_02 O 786 70.0435 & g (\.ILN:S '8':‘1%“
T K= = My 8048 , O

Mwo}%m*:wwﬂi .......... =8 / ....... [4) L}‘“

(c) (i) State the uncertainty in the measurement of each mass in this experiment.

X
uncertainty = + .05 g[1] O
(ii) Calculate the percentage error in the mass of water that is lost.
Show your working. L. ©'©S
Lo Mass Loy = © .3363 2, Mmasslogt=0 7 353 | G664 ~0'Fb
0 T3k : ‘ Al
Molsol K0 = 0836 = 6.0064 T Bl ’

1 € O F4\ =0 00618 )<><
moleso) Ma04= 0-6%) _ gooste| 1o 5 ' 1

P =.0:F8 Lo . 2

frabe = | : ®'72 follo = 11664

(d) Suggest an improvement that a student might make to the experiment and explain why
this would lead to the determination of a more accurate value of x.

Lo shewieg wlan b haadia . 00 is onshunk, o | O

XX

[Total: 17]
NB: You could jacresye \ae MaNS e % but assoma C7
Wt Fal a\l UN ot Yev coanne T do Flay

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Examiner Comment

(a)

(b)

(c)

(d)

The candidate scored both recording marks by recording the mass to the appropriate number of
decimal places and by including the correct units in the column headings. The column recording
the time was superfluous. Two further marks were awarded for the candidate recording final
masses after heating that fell within 0.05 g of one another. The final mark achieved for this section
came from the level of agreement between the candidate’s ratio of mass of water lost to mass of
residue with that of the Supervisor’s value. The agreement was not sufficiently close to award the
second available mark. The candidate did not record all their results in a single table nor did they
calculate the mass of the residue.

The candidate used their values from part (a) to correctly calculate an integer value of x. They have
also clearly shown their working and so gained all 4 marks.

(i) The candidate may have interpreted this question as asking for the uncertainty in a single
recording of mass or the uncertainty in the value of one of the masses. Acceptable answers
for this candidate, who used a balance that read to three decimal places, would be either
+0.0005 g or £0.001 g.

(i) The candidate approached the question incorrectly by working out the maximum and
minimum values of x that would arise from their quoted uncertainty in the mass of water lost.

The candidate’s final comment was correct in that a more accurate value of x could be obtained by
increasing the mass of FA 1. However, an incorrect answer had already been given in suggesting
that accuracy could be improved by heating for shorter periods of time.

www.cie.org.uk/cambridgepreu




Cambridge Pre-U Example Candidate Responses

Example Candidate Response — Merit

1 Epsom salts occur naturally and are a hydrated form of magnesium sulfate, MgSO,.xH,0. | For
In the following experiment you will determine the value of X, ) Examiner's
Read all of the following instructions before you start any experimental work. Use

You are provided with the following:
FA 1 hydrated magnesium sulfate, MgSO,.xH,O

4,12 .

Weigh a clean, dry crucible. 6.7 L*E‘(

In the crucible place the entire sample of I;:\psom salts, FA 1.

Reweigh the crucible. 13- 5%

Place the crucible in a pipe-clay triangle on top of a tripod.

Heat the crucible gently. for about(1 mtn@e and then more strongly for a@t@

mmutes)

Allow the crucible to cool for about ]fmmute}nd then use a pair of tongs to place the

crucible on a heat proof mat.

7. Leave the crucible to cool for approximately {hree munul%then reweigh the crucible
and its contents. '

8. 'Repeat the cycle of heating and weighing, as described in steps 4 to 7, until consecutive

recorded masses do not differ by more than 0.05g.

Method

A L S

o

(a) In a suitable table, record all masses.
Calculate the mass of the residue and the mass of the water lost. Record both of these

masses in the table.
Mags GQ_ Ave | Mess ,(- He cruoeMe Mess tP‘ MreCrueda + PN il \‘&TX\‘NS o,
ij\%gon\\( 0rd AL %fme =20 ‘s | 28
XY
lo Ry 15.23% (Ul | e é
Mose, G /
(vt e G vy 1413 022 | 0. %

N\

mass (j Mii}u > 07’8
A " uah! =07T§ O

g
ro\f‘io = |-0Y%

6_\

(8]
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(b) From the measurements you have made, determine the value of x in the formula
MgSO,.xH,0.

Show your working.
Mags & Mq SOy =X o = B23 =lb AWy = |-443q
o A Mo SO4=TA Y 22 -\ 4 (ap)= V20U
Mods cpc Mooy -xH20 oMer repest & \x.q'ﬁ..\‘ux.‘. U6 6.0 = oq{%

o 0= 18
Meses Ananqe = Luas - o0N8 = O AXYT 4

(U, 0) mole = .2 < Qii:oy«{_-
R is \,/’

(c) (i) State the uncertainty in the measurement of each mass in this experiment. 3

(ii) Calculate the percentage error in the mass of water that is lost. i
Show your working.

~ .06 P/o

oAy 0.0b4y 7o (?~3-Q-\\/,__

o=ttt
- 0.06Y 7. I
(d) Suggest an improvement that a student might make to the experiment and explain why
this would lead to the determination of a more accurate value of x.

Lo
epeat... e . peninest. ..o Ru.oves . B ol 50,

Nou heve b mawt wave Qor X T dhey roud up or

. % 5 Wi
dou o d@(‘?ﬁ\ Ao DE™ amﬁh\»:\ S wleng Lot o ﬁg;;”n l ‘

a\s0, T eoew-i¢ T verted for dnorter Alne + Loould \ave

oot ot Ao o—d Nu:;?\re cccortta.  vesoMs, Wy Frowm Ao '\\
e, T oseems  Anal al GRS vepour alveady evaporated \ | / )
even Weloe  reperting e procedve e 3 o qel 20 \

ddton . H@di-«a(& -S;\\cﬁ.qr e LR e W= etk ideo.
e wmass & Ma&'&x. gy B Con Lop(\ OUN Waove Geeu @S

vdue o % ‘ XX
%
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Examiner Comment

(a) This candidate did not record the mass of water lost as instructed and so did not gain the
first mark. This also meant that they were unable to gain the sixth marking point for correctly
calculating the mass of water lost and the mass of residue. The marks for recording all mass
readings to an appropriate level of precision and with the correct units were awarded, as were the
marks for heating to near constant mass. This candidate also scored both marks for the quality of
their data compared to that of the Supervisor.

(b) The candidate’s method was correct but at one stage the candidate rounded the number of moles
of magnesium sulfate to just one significant figure which leads to an incorrect ratio using the data
from part (a).

(c) The uncertainty was correctly given in part (i) but the candidate did not appreciate that in order to
work out the mass of water lost, two measurements of mass are required and so the uncertainty
must be doubled before being used in the calculation in part (ii).

(d) The suggestion to repeat the experiment was a response given by a number of candidates but did
not merit any credit as it does not necessarily lead to a more accurate value of x.
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Question 2 Mark Scheme

FA 2:NaOH FA3:K,CrO;, FA4: H,SO, FAS5: BaCL FA6: Pb(NOs3),

2 |(a) MMO collection | Use their apparatus to Observation for FA 2:
collect an appropriate white ppt with FA 6 [1]
quantity of data or (award only if no reaction
observations, including recorded with FA 3, FA 4 and
differences in colour, FA 5. Ignore slight ppt if
solubility or quantity of recorded with FA 5)
materials
ppt is soluble in excess [1]
Observations for FA 3:
turns orange in FA 4 [1]
yellow ppt with FA 5 [1

bright yellow ppt with FA 6 [1]
(must have a comparison
between the 2 yellow ppts)

Observations for FA 4
white ppt with FA 5 [1]
white ppt with FA 6 [1]
Observation for FA 5:
white ppt with FA 6 [1]
(b) ACE conclusion | Draw conclusion from H":FA 4 [1]
interpretation of CrOs:FA 3 [1]
observations SO, :FA4 [1]
Pb*": FA 6 [1]
Ba*:FA 5 [1]
OH™: FA 2 [1]
(c) MMO decision Identify where confirmatory | Heat with hydroxide and [1]
tests are appropriate and aluminium foil and test gas
the nature of such tests with damp red litmus paper [1]

No pale brown gas liberated
by dilute acids

[Total: 16]
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Example Candidate Response — Distinction

2 FA 2, FA3, FA 4, FA 5 and FA 6 contain a number of different ions. By making observations
when each pair of solutions is mixed it is possible to determine which solution contains which
ion. The following ions are present: H*, CrO,2-, SO,2-, Pb*, Ba®* and OH".

(a) Complete the following table by recording your observations on mixing each pair of
solutions.

FA 3 FA 4 FA 5 FA 6

&\w‘n.n s\-tu,s No b\,w\lw\.' \J\’\'.\'C. @ f’k wk-ll"‘ Wl ’}“ﬁd{//

e sane 9‘“"‘” S\edien lemain {-(M ,{: NP W SITATZR
FA 2 (o\od(- ‘ﬁ“’" “ : Cn\ﬁ\-"\e” , D:‘J"\V” a“‘f atnu |‘r imaed i\“.‘[)
P Sli'jL* -"D(dﬂu o, M L‘w Mh“\.g; \,, j‘ P A

4 o ol oo :\\..L'\, (lo\ wWe &Wl\ (owr\ers AN

.So\u.\l.n \J(i\-l ‘:‘)e\\ "“'Aﬂ’!" Bf‘jl'\l' 30‘?7

s\ins wt

-‘[ro"“ Ry , e\gs-iono-pr
FA 3 e do | ot \/ ;pk frrmed

orubc e {-\ouf

\J\,\"\w Dgh&' Aoy w h I“'Q

. formed | el ahtaons
FA 4 S e &

‘(o:m

e prk/

2N
FA 5 «f'f

(8]
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(b) From your observations, identify which of the solutions contain the following ions.

ion H* cro,2 | SO Pb2* Ba?* OH~
solion | FA4 |[FA 3 |FA 4 | FAC | FA 5 | FA®B 2
‘// // / A W W 6

(6]

(c) FA 6 is an aqueous solution of a nitrate. Explain how you would confirm the presence of
the nitrate anion. Do not carry out any experimental work.

Neuh

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

[Total: 16]

&

Examiner Comment

(a) Overall this is a very good answer with clear recordings of all observations and sound use of
the appropriate technical terms. The only mark not to be awarded was the one for noting that
the white precipitate formed by mixing FA 2 with FA 6 was soluble in an excess of FA 2. It was
apparent from this candidate’s answer that they added too much FA 2 in the first place so their
initial white precipitate dissolved almost at once.

(b) All the ions were correctly assigned.

(c) As occurred on many of the scripts only the first mark could be awarded here. The second mark
in this part relied on candidates realising that both nitrate and nitrite salts evolve ammonia on
warming with aluminium and sodium hydroxide solution. To be certain that a nitrate was present
it would be necessary to note that no pale brown gas was liberated when the sample was treated
with dilute acid.
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Example Candidate Response — Merit

2 FA 2 FA3, FA 4, FA5 and FA 6 contain a number of different ions. By making observations
when each pair of solutions is mixed it is possible to determine which solution contains which
ion. The following ions are present: H*, CrO,2~, SO,?, Pb?*, Ba?* and OH".

(a) Complete the following table by recording your observations on mixing each pair of
solutions.

FA 3 FA 4 FA 5 FA 6
g%@@r Lol | Pl oA | Seldion
fon ‘ _
(;(;rzf""f @rﬂt&h/rxf (Wf”e"7maa) &fﬁﬁ ,,\/M

harge o , | hamge ™ | Ly iory

e
FA 2

ey | ’
e Ol

RN e
BT ]|l el

FA 4

A
S
<

(o oplom o

FA 5 ﬂ%@%ﬂfﬁwﬁ

3
&
><\.

(8]
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(b) From your observations, identify which of the solutions contain the following ions.

ion H* CrO 42' SO 42‘ Pb2* Ba?* i

soution | A /‘f/ FAS. | FAX| FAGA FACAF /4%2/

(6]

(c) FA 6 is an aqueous solution of a nitrate. Explain how you would confirm the presence of
the nitrate anion. Do not carry out any experimental work.

Examiner Comment

(a) The candidate observed the correct initial products when combining FA 2 with the other unknown
solutions but does not go on to note that the white precipitate formed on mixing FA 2 with FA 6 is
soluble in an excess of FA 2. No precipitate results from the mixing of FA 3 and FA 4 as recorded
by the candidate and only shades of yellow were acceptable as descriptions for the colour of
barium chromate, formed by mixing FA 3 and FA 5. Despite not being awarded the mark for the
colour of barium chromate, the use of bright to describe the colour of lead chromate was sufficient
to merit the mark for the comparison of the two shades of yellow. Overall the candidate uses
slightly confusing terms to describe the observations. For example, it is not necessary to describe
a precipitate as being opaque although this did not mean the loss of any marks. In the final
part, however, with the mixing of FA 5 and FA 6, the candidate stated that a white saturate was
produced which was deemed insufficient to convey the sense of a precipitate.

(b) All ions were correctly assigned.
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(c) The second mark in this part relied on candidates realising that both nitrate and nitrite salts evolve
ammonia on warming with aluminium and sodium hydroxide solution. To be certain that a nitrate
was present it would be necessary to note that no pale brown gas was liberated when the sample
was treated with dilute acid.

Example Candidate Response — Merit

2 @'2 L3, A, FA 5 and FA 6 contain a number of different ions. By making observations
when each pair of solutions is mixed it is possible to determine which solution contains which
ion. The following ions are present:##, Ci,2~, SO,*" ,bz‘/e *and OH~.

(a) Complete the following table by recording your observailons on mixing each pair of

solutions. %
o= /oﬂ’
FA 3 (HKEn g B FA 6
Y The FA3 NO chawy e f{(“
Sh
- o\l v emnant (g L\ 1N
v p‘

FA 2 on ack Yoy ;;rwuec e
e Sy toht \g ‘///
emulsion Fowd p(’ t\

\\& c\'fSSc\p e, ?{_,(‘(Y‘.Q(. {.?\
. (e & \lme_q'mgn .
@ coouved | liwe—grero 3 sy \lewy”
= o= © D 1/) F’ 3 /
FA 3 omulsien CONELS g7
s ‘f—ovmd Sfo-\'\nf d. &'(W AV
« R oY)
i\’\\@_ B%WW\'U\G
"C\"“e‘, b
Cf"Q(-kW\u
e\ﬂ-tt\ﬁl oy Qe fony .)

Fomaen | enpegren

EA# u’b\\.g ?)?-l S’—m e\
ﬁlo(w?\/ whnle ?UUM
'jor{\\ol //
FA5

/
pump&c e //

Fo o\ Y

o

(8]
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(b) From your observations, identify which of the solutions contain the following ions.

For
Examiner's
Use
ion H* CrO,2- SO,2- Ph2+ Ba2* OH~
FA= _ Pz
solution | FAY- FAS = ﬁ-é) e 4
Fa 2

‘// l// “ A '// X)’\'

(6]

(c) FA 6is an aqueous solution of a nitrate. Explain how you would confirm the presence of
the nitrate anion. Do not carry out any experimental work.

s b eral ed

[Total: 16]

Examiner Comment

(a) All the marks were awarded for the observations of FA 2 with each of the other unknowns, apart
from the solubility of lead hydroxide in an excess of FA 2. For the observation on combining FA 3
and FA 4, although the colour was given correctly, the description of the solution as an emulsion
meant that the mark was not awarded. The candidate also described the colour of barium
chromate as lime green which is incorrect. The mark for noting the colour of lead chromate was
awarded as the candidate has recorded it as being different to the colour of barium chromate.

(b) The candidate incorrectly assigned the barium ion to FA 2 despite noting correctly that FA 2 did

not form a precipitate with FA 3 which was correctly identified as containing the chromate ion.

The candidate also incorrectly assigned the sulfate ion to FA 5 despite having correctly assigned

FA 4 as containing H* which would not have given a white precipitate on mixing with sulfate. The

source of these errors lies in the observation of a white precipitate with FA 2 and FA 5 which can

occur if the solutions are not pure.

(c) The candidate failed to pick up either mark here. They forgot to note that aluminium as well as
sodium hydroxide solution must be added before warming if ammonia gas is to be liberated. The
second and much more challenging mark was for noting the need to distinguish between nitrate
and nitrite which the candidate does not do.
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Example Candidate Response — Merit

2

FA 2,?@{
when-€ach

ion. The following ions are present: H*, CrO,?-, SO,%", Pb?*, Ba?* and OH".

FEA‘4, EX'5 and 91’6 contain a number of different ions. By making observations
pair of solutions is mixed it is possible to determine which solution contains which

(a) Complete the following table by recording your observations on mixing each pair of

solutions.
(‘_,OL i ' "y i B
FAS FA4 o FAS5 D FAG (b
The solulien | No -uLsLBQ— The solubtion | Formedion 6f
remaias llou] checnuge. Solu] goes miley. | q white
FA2 |no visih tien stays  |formedtion o Pf{’_,(,(.rdﬂi‘y
chounse - colewrlon, | uﬂultat i
. & Fn?,t_t_.r)uf.‘a- e
. The solulien The voluction | i f;r(,jf\;t
Q”Lﬂﬂﬁﬂo CDLCUJ‘ Loty QA | Iaml.,lj
FA 3 o orange. geLlowd prec | oo ipc
‘/ P ctote. \/ fomu.
A whute A whete
FA 4 focrus. Form.
FA 5
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(b) From your observations, identify which of the solutions contain the following ions.

ion H* cro2 | 802 | Po2 Ba2* OH-

solution FA UL FADS | FA L o 6 FAS + FAS
V/ V/ . l// \// X 4‘
' [6]

(c) FA 6is an aqueous solution of a nitrate. Explain how you would confirm the presence of
the nitrate anion. Do not carry out any experimental work.

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

Chmues L3
The g coming off should Girn TThe ot #aper e, [Total: 16] l '

Examiner Comment

(a) Two marks were not awarded in part (a). The candidate did not test the solubility of the precipitate
of lead hydroxide, formed by mixing FA 2 and FA 6, in an excess of FA 2 and so did not observe
that it was soluble. On mixing FA 5 and FA 6 the candidate records a milky solution rather than a
white precipitate or white solid.

(b) The candidate assigned the hydroxide ion to be present in FA 5 despite noting correctly that FA 4
and FA 5 when mixed give a white precipitate. FA 2 was stated as containing sulfate ions. This
error arose from not having noted the solubility of the lead hydroxide in an excess of hydroxide
solution which would rule out the white solid as being lead sulfate.

(c) The candidate correctly describes a positive test for nitrates or nitrites but then does not go on to

say how adding dilute acid and looking for the presence of brown fumes can distinguish between
them.
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Question 3 Mark Scheme

interpretation of observations

Must refer to positive test
with dichromate and no
reaction with Tollens’

FA 7 is batanal

Sufficient to refer only to
positive result with Tollens’
so long as positive test was
observed with dichromate
and no other positive tests
for Tollens’ were observed

FA 9 is butanone
Sufficient to refer only to
negative result with
dichromate so long as no
reaction with Tollens’ was
observed and no other
negative results are
recorded for dichromate.
No ecf. Explanation must be
based on correct
observations

FA 7: butanal FA 8: butan-1-ol FA 9: butanone
3 [(a) PDO layout Use the appropriate Draws up a clear table [1]
presentation medium to showing at least 3
produce a clear presentation | observations
of the data
MMO collection Use their apparatus to collect | Observations for FA 7: [1]
an appropriate quantity of colour change to green with
data or observations, acidified dichromate
including differences in (not green ppt)
colour, solubility or quantity AND
of materials silver mirror / black or dark
brown solution or ppt with
Tollens’
(1]
dichromate Tollens' Observations for FA 8:
FA 7 co!oE.lr change to green with
Kitaiiel v ¥ acidified dichromate
FA 8 (not green ppt but do not
butan-1-ol v X penalise again if mentioned
FA O ;i;:h:%ﬁ for FAT) [1]
X X
butanone no reaction with Tollens’
Observations for FA 9:
no reaction with either
reagent
(b) ACE conclusion | Draw conclusion from FA 8 is butan-1-ol [1]

(1]

(1]

[Total: 7]
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Example Candidate Response — Distinction

Before starting question 3, half-fill a 250cm?® beaker with water and heat it with a Bunsen
burner to between 50°C and 70°C. You will use this as a hot water-bath in this question.
Turn off the Bunsen burner.

3 FA7,FA8and FA 9 each contain a single compound which could be putan-1-ol, butanal or -
butanone. By reacting each of the compounds first with acidified potassium dichromate(VI)
and then with Tollens’ reagent you should identify each of the three samples.

Tollens’ reagent must be prepared immediately before use.
Method

Test with acidified potassium dichromate(VI)

Into separate test-tubes, to a depth of approximately 1cm, pour FA 7, FA 8 and FA 9.
Add approximately 1cm depth of dilute sulfuric acid to each test-tube.

Add a few drops of aqueous potassium dichromate(VI).

If no initial reaction is seen, warm the test-tube in the hot water-bath.

il o h

Preparation of Tollens' reagent

Pour aqueous silver nitrate into a boiling tube to a depth of approximately 2cm.

Add approximately 0.5cm depth of agueous sodium hydroxide.

Add aqueous ammonia a little at a time with continuous shaking until the brown
precipitate just dissolves. Be careful not to add an excess of aqueous ammonia.

N,

"Test with Tollens’ reagent
8. Into separate, clean, dry test-tubes, to a depth of approximately 1cm, pour FA7, FA 8
and FA 9.
Add a few drops of Tollens’ reagent.

10 If no initial reaction is seen, warm the test-tube in the hot water-bath. ‘/// /

(a) Record all your observations in a single table

| Obsavyions with
Procacliurt FA> l Fo s FA 9

Tu"uib{" Mixhee Com : ;M_M;J S’ruyjs Misdrae A’a-oi OTormg
a:.:infv«o( pdp iu: j/ Omv L.ugfr!(-l(' Q‘\l'ﬁ-:.. O'JL&M\ W

, Cry O f-uj"ﬁ-' o t,.y._"‘ir :
1 “2Y7 R s(on |“ 1 o » bﬂ}{"

@%pu@ uens graen/Bo
i

~-Ing |a w\(w- ? ! j
el " :
st 4--'

———————r s e ———

TQ.SL Iun; Parms bta.ru NO obmrvab(!- No ob ,w‘,.wh "'antv‘!ﬁh!
| Hr, Sama i Rodion avia | Bde uien breied |

TOU&.. 1 (vjerc(k C.U‘J?! b'-)L'"‘ ‘\F»(_QJ re In w’ju b@‘::"\ .
Rb%e"‘&' e bror, @ 1wt by

o
¥
=
"
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(b) Identify each sample. In each case explain the observations leading to your conclusion.

FA . 9 contains butan-1-ol.

explanation .. Becanse 5.8, Q?“"(‘Qﬂ:i.é;l
ol romert compct aidig b

FA ..2 ... contains butanal.

explanation ..BEEENs...

FA ...ﬂ .. contains butanone.

explanation RQ“'M Géa,e S.no W’”{“—ﬁ“‘ V‘{?L -ﬂié&v o{,cl.mJ:n

Q’ﬁaﬂnS*eo@%“‘fOfL@*ﬂn“é&.Mh’f‘:W r*7'7\«-1[11
[Total: 7]

\(\_..__

Examiner Comment

(a) The candidate set out the results in a very clear format. It was not necessary to note the colours
both before and after warming each solution with acidified dichromate but so doing clearly
indicates a student who is observing closely and working carefully through the series of tests. All
observations were correct so the candidate gained full marks for this part.

(b) The identities were given correctly and there was a sound explanation of how each assignment
matches the observations made in the opening part.
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Example Candidate Response — Merit

Before starting question 3, half-fill a 250cm?® beaker with water and heat it with a Bunsen
burner to between 50°C and 70°C. You will use this as a hot water-bath In this question.
Turn off the Bunsen burner.

3 FA7, FA 8 andFA 9 each contain a single compound which could be butan-1-ol, butanal or
butanone. By reacting each of the compounds first with acidified potassium dichromate(VI)
and then with Tollens’ reagent you should identify each of the three samples.

Tollens’ reagent must be prepared immediately before use.
Method

Y

Test with acidified potassium dichromate(VI)
Into separate test-tubes, to a depth of approximately 1cm, pour FA 7, FA 8 and FA 9.
Add approximately 1 cm depth of dilute sulfuric acid to each test-tube.

Add a few drops of aqueous potassium dichromate(VI).

If no initial reaction is seen, warm the test-tube in the hot water-bath.

ol ol e

Preparation of Tollens’ reagent

Pour aqueous silver nitrate into a boiling tube to a depth of approximately 2cm.

Add approximately 0.5cm depth of aqueous sodium hydroxide.

Add aqueous ammonia a little at a time with continuous shaking until the brown
precipitate just dissolves. Be careful not to add an excess of aqueous ammonia.

Nen

‘Test with Tollens’ reagent
8. Into separate, clean, dry test-tubes, to a depth of approximately 1cm, pour FA7, FA 8
and FA 9.
9. Add a few drops of Tollens’ reagent.
10. If no initial reaction is seen, warm the test-tube in the hot water-bath.

(a) Record all your observations in a single table.
il ed Povossu oo /
Akl Potasium [ Tollomss BRanpt

FA .
Mr.ltuluyjs o dapoy:
R‘Aa\,\j %Ll»u ij *
?-
Wars byass .

bue caaas byt uk A:

N/

5
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(b) Identify each sample. In each case explain the observations leading to your conclusion.
FA ? contains butan-1-ol.
explanation O\\w\u\ﬁ ...... oack Vo Vo L. O QARSA N [
FA .. 7T. contains butanal.
explanation becstko ........ A'WVQMWW;W
...... lewhlﬂmhh\w“m,\n ]
FA 1 contains butanone.
explanation ... iko\i'%wo"v-h}'-d"ﬂuhﬂu

Mba?wué}f»}-awﬂws\\*- oy g Skt 1] l
M[Total:?]

Examiner Comment

(a) The candidate constructed a clear table for the results and so gained the first mark. Although
the observation was correct for FA 7 and Tollen’s reagent, it appears that there was no reaction
between FA 7 and the acidified dichromate solution. Here the candidate’s background knowledge
let them down as clearly none of the possible compounds could give such a result. The other
observations with acidified dichromate were correct although no detail was given about whether
the change happened before or after warming. The use of N/A to indicate no reaction is not
recommended when describing what happens on mixing each reagent with Tollen's solution.

(b) The assignments were correct but credit can only be given when they are supported by the correct
observations. Hence, it is insufficient to say that FA 8 is an alcohol simply because it reacted with
the acidified dichromate as this would also be true for the aldehyde. The assignment of FA 7 is not
supported by the observation of no reaction with acidified dichromate in part (a). Consequently,
only the mark for assigning FA 9 to the ketone was awarded.
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Example Candidate Response — Unclassified

Before starting question 3, half-fill a 250cm? beaker with water and heat it with a Bunsen
burner to between 50°C and 70°C. You will use this as a hot water-bath In this question.
Turn off the Bunsen burner.

3 FA7, FA8 and FA 9 each contain a single compound which could be butan-1-ol, butanal or
butanone. By reacting each of the compounds first with acidified potassium dichromate(VI)
and then with Tollens' reagent you should identify each of the three samples.

%

Tollens’ reagent must be prepared immediately before use.
Method

Test with acidified potassium dichromate(VI) VT sl

Into separate test-tubes, to a depth of approximately 1cm, pour FA 7, FA 8 and FA 9.
Add approximately 1cm depth of dilute sulfuric acid to each test-tube.

Add a few drops of aqueous potassium dichromate(V1).

If no initial reaction is seen, warm the test-tube in the hot water-bath.

nall ol g

Preparation of Tollens’ reagent

Pour aqueous silver nitrate into a boiling tube to a depth of approximately 2cm.

Add approximately 0.5cm depth of aqueous sodium hydroxide.

Add aqueous ammonia a little at a time with continuous shaking until the brown
precipitate just dissolves. Be careful not to add an excess of aqueous ammonia.

Noo

‘Test with Tollens’ reagent

8. Into separate, clean, dry test-tubes, to a depth of approximately 1cm, pour FA 7, FA 8
and FA 8.

9. Add a few drops of Tollens’ reagent.

10. If no initial reaction is seen, warm the test-tube in the hot water-bdth.

{p) Record ali your observations in a single table. VXXX
Obsenokize w Ouervakion W
Pogsiom ook | Tollerd picap

Ciresg Gomaries 24 o Mok;{-

1 bwrns o @ bha b golow~ J’c;lu.ho-\.
FAT T b o e s L) SRS
i w Buu% - gormd.

- e,

O“‘*‘-ﬁa S0 bwbio

Fhg  E . e s

a G/‘&{U SDMV‘\

remains (no W

|
hn}‘bﬁ X,I .
BT I s TG_ vy
| | Bl o geiy VI Lo o
’: ' ¢olowr ; “':"g:d“ﬁm% J. l
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(b) Identify each ple. In each case explain the observations leading to your conclusion.

FA. 7. ins butan-1-ol.

explanation ......04... il 5&"“‘“"{ o A?""Auﬁ/“?’ ..... ‘-" ‘ﬂ .......

K. Méﬂzm Aisdnonals... ’4“""““3 s g

hich A a Mm% Mc.wkg[,
FA . %.Ycoptains butanal.

explanation ........ bcaws  Hae o ,M&«Am ’(““‘f 2.

FA.. Q tains butanone.
explanatlonﬁ W TR d‘*”’w’d’a‘b ,.a[ A‘W{
.. {'IQ‘SJAHG. de{fs il b T S oo 1| o

Examiner Comment

(a) The first mark was awarded for presenting the results in a single table. The candidate did not gain
any of the 3 remaining marks as one of the pair of observations for each unknown was incorrect.
The candidate’s background knowledge was clearly unsound as the observations for FA 9 could not
be true for any of the possible unknowns.

(b) No marks could be awarded here as in each case the assignment does not match the observations
made in the opening section.
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