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SECTION A

Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $¢ and then mark your new answer

with a cross [X.

A simplified Born-Haber cycle for the formation of lithium iodide is shown.

+520kJ mol™

+160kJmol™

Li*(g) +

I(g) Z73%kmol )

electron

affinity

Li(g) +

Li(s) +

................................... -270kJ mol™

+107 kJmol™

(a) The enthalpy change of atomisation of iodine (+107 kJmol™) is given by
the equation

O o oo

A
B
C
D

Y2l5(g) — 1(9)
Valy(s) — 1(9)
g0 — 2l(9)
I,(s) — 2l(g)

(b) Use the information in the cycle to calculate the electron affinity of iodine.

O o oo

O N w >

-298kJ mol™
-242kJmol™
+242kJmol™

+298kJ mol™

(Total for Question 1 = 2 marks)
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SatNessseteet

LI

K
5K
<

2 Some energy changes are given in the table.

QCICIRIEICIAIIA

2L
X
55

35
53

&
o

oegelsss

255K

%
9%

<
2o%
<

KRHOKARAAXARAAXARAA S

K
s
PR
-
25

£y
5"
e

IS8
SRS
o

CXXs

K
RRLRKLLS

Energy change Value /kJmol™

fotess

o)
A

203,

%
el

<X
5
X5
"o

SR

Lattice energy for CaCl,(s) -2258

Enthalpy change of solution of CaCl,(s) -120

Enthalpy change of hydration of Cl'(g) -364

K
oorete
Vels % N
30,
58

G
2920058
<]

5

Use these data to calculate the enthalpy change of hydration of Ca**(g).

] -1410kJmol™

%
R
SRS
SIS
25

'S
S5

-1650kJ mol™

N
S
O000%0,
KL
SR
ERRRE

%% %
CREARRK
éb’ 2%

RS
5
2R

0
KR
S
J0S
RRRRSKE

K
LKL
dotetetels
KK
fogevesstes
2%

S

A
0 B
[0 C -2014kJmol™
0 D -3106kJmol™

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The reaction shown is at equilibrium. The forward reaction is endothermic.

C(s) + COyg) = 2CO(g)

(@) Which will increase when the temperature is lowered?

N

(|
(|
(|

the mole fraction of carbon dioxide
the partial pressure of carbon monoxide

the rate of the backward reaction

O N w >

the value of K|, for the forward reaction

(b) At680°C and 1atm, 52.6 % of the molecules in the gas mixture are carbon
monoxide. What is the partial pressure of carbon dioxide, in atmospheres?

N

(|
(|
(|

0.237
0.263

0.474

O N w >

0.526

(Total for Question 3 = 2 marks)

4 The equation for the precipitation of lead(ll) chloride is shown.

Pb*(aq) + 2CI(aq) = PbCl,(s)

What are the units of the equilibrium constant, K.?

N

(|
(|
(|

O N w >

dm’mol
dm®mol™
mol>dm™
mol>dm™

(Total for Question 4 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 An example of a diprotic acid is cis-butenedioic acid. Titration of this acid using
sodium hydroxide solution gave the titration curve shown.

14
12

KA
SRR
Ry
NSTHIS
Ntttz !

S8
SN
% 6
X3

SRR

e
T E
9%
S

pH

0 T T T T
0 20 40 60 80

Volume of sodium hydroxide solution / cm’

Which indicator would be most suitable for measuring the end-point of the
neutralisation of the proton in cis-butenedioic acid which has a pK, = 6.33?

0006
é&gﬁvo‘%
!
%

3 54
AR
olodnloboluia it ootetetet
R

K
RS
.
K
L

Use your Data Booklet.

X
X
GRS
K
%
<

[J A bromocresol green

bromothymol blue

X
IR
VAR IET

5
pZo%e

EWNREKE]
RN ’:0 (o ode!

XK
SESSE
A
NG
MK
SRRKKS

o%
of
N
¥
&

CLRKLLRLERL AXX LTRSS
CREARRLIRKS:

0 B
L] C litmus
[ D phenolphthalein

S
S
DO

R
PRI

(Total for Question 5 = 1 mark)
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6 At 25°C, the pH of pure water is 7.00 and at 100 °C, the pH of pure water is 6.14.
What can be deduced from this information?

O0Gotess
Sogs

0%
o
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(G5
Dosede!

<X
<

TNt
RIS
RXLLRS
25
boes
55

<
e
B

%
0%

<
o

S
5
<5
5
3K

Enthalpy change of
dissociation of water

2
o

Concentration of hydrogen ions

endothermic higher at 100°C than at 25°C
endothermic lower at 100 °C than at 25°C

exothermic higher at 100°C than at 25°C

O o oo
O N @ »

exothermic lower at 100°C than at 25°C

(Total for Question 6 = 1 mark)
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7

7 The anti-inflammatory drug ketoprofen has the structure shown.

e} OH

What is the molecular formula of ketoprofen?

L] A CsHp,0s
] B GCeHis0s
] € GCeH0s
] D GCeHyy0s

(Total for Question 7 = 1 mark)

SLRRK

) R
XXX
KL

8 Menthol has a number of medicinal uses. It can be extracted from the
peppermint plant.
The structure of menthol is

OH

How many chiral centres are there in one molecule of menthol?

O N W >
w

(Total for Question 8 = 1 mark)
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9 Which of these reactions does not result in the formation of a racemic mixture?

SR

SRS
55
%

[ A but-2-ene with HCI
but-1-ene with HCI

propanal with HCN

0
0
0

%
B
LB P
e <}
02
O Nn w

propanone with HCN

IR
20

hoes

O
o

(Total for Question 9 = 1 mark)

-
| 2
_4

10 When a single enantiomer of 2-iodobutane reacts with sodium hydroxide,
the product is a mixture of enantiomers. This is because

[J A thereaction is a nucleophilic substitution

<535
SRS
SSRARRKS
Rolotototolotorotolets

0
RIS
SRR
odelodetototetodst
RS

the reaction proceeds via a negatively charged transition state

%
9%
a0
LKL
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S
bose%s

X8
29
5

X
258
5

S

KIS <
SRR, 5
RRELRS S e el ate

] B
[J € the reaction proceeds via a carbocation intermediate
] D

the reaction rate depends on the concentration of 2-iodobutane

(Total for Question 10 = 1 mark)

11 How many structural isomers with the molecular formula CsH,,0 react
with Tollens’ reagent?

LI A2
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0SS
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(Total for Question 11 = 1 mark)
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12 Propanone reacts with iodine in both acidic and alkaline conditions.

(@) The products of the reactions under the stated conditions include

O o oo

O n @ >

(1)

Acidic conditions

Alkaline conditions

CH;l

CH;COO™

CH;COCl;

CH;COO™

CH;COCH,I

CH;l

CH;COCH,I

CHI;

(b) The rate equation for the reaction between propanone and iodine
in acidic conditions is

rate = k[H]J[CH;COCH;]

The reaction was carried out at two different pH values, all other conditions
remaining unchanged.

In the first reaction pH = 2.0

In the second reaction the rate was found to be 5 of the original value.

What was the pH of the second reaction, to 1 decimal place?

N

(|
(|
(|

O Nn W >

0.7
1.5
2.5

2.7

(1)

(Total for Question 12 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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13 But-2-ene-1,4-diol may be converted into 2-oxobutanedioic acid in a two-step
synthesis through an intermediate compound W.
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X
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steam and H,SO,

Step 1 Step 2
but-2-ene-1,4-diol P P
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2-oxobutanedioic acid
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Identify the intermediate compound W and the reagent for Step 2.

OO
poiotetesetets
Y % % ba

)

Compound W Reagent for Step 2
HOCH,CH(OH)CH,CH,0OH LiAlIH, in dry ether

HOOCH,CH=CHCOOH LiAIH, in dry ether

A
B
C OHCCH(OH)CH,CHO hot acidified K,Cr,0,
D

O 0O oo

HOCH,CH(OH)CH,CH,OH hot acidified K,Cr,0,

(Total for Question 13 = 1 mark)

14 Compound X, C,H,,0, is oxidised to form compound Y.

Compound Y reacts with ethanol in the presence of concentrated sulfuric acid to give
an ester, Z.

Which of these could be the formula of Z?

0%
SRS
TN
(&3
Aot
XX

[J A CH;COOC(CH,);

OO
ool
YN

o

5

N

AS

‘v’
S8

o2
"

%

CRIIARIKIA

g
K RIRRKRKARIRAARK AN

SRS
¥
T
K2

CH;CH,COO(CH,);CH;

AR
%

potele’
S v
Sogosesotedets

6
<X
%
550

%
o%%
%
qp
6%

5
oo

%
XL

i
bogoseresss
bofolotesesss
RS
Sooteses
bttt

%
<

1 B
[J € (CH,),CHCOOCH,CH;,
[J D CH,CH,COOCH,CH(CH;,),

5
CKKS

S
58
X
%
2K
952t

o~
oo
555
2R
55

3
<5

(Total for Question 14 = 1 mark)
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15 Which of these compounds is a product of the hydrolysis of CH;COOGC;H, by refluxing

with aqueous sodium hydroxide?

CH;0OH
GH,0OH
CH,COOH

O N W >

C;H,COONa*

(Total for Question 15 = 1 mark)

16 In gas chromatography, a gas containing a mixture is passed over a liquid
stationary phase. The main reason a mixture is separated into its components is

because they have different

] A boiling temperatures

forces of attraction to the liquid

[l B
[J] C relative molecular masses
(] D

volatilities

(Total for Question 16 = 1 mark)

17 In HPLC, the mobile and stationary phases are

P 6 9

Mobile phase Stationary phase
L] A gas liquid
] B gas solid
1 ¢ liquid gas
] D liquid solid
(Total for Question 17 = 1 mark)
TOTAL FOR SECTION A = 20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

18 Bromate(V) ions, BrO;, oxidise bromide ions, Br’, in dilute acid.

BrOs;(aq) + 5Br(ag) + 6H"(aq) — 3Br,(ag) + 3H,0O(l)

Experiments to determine initial reaction rates were carried out using
different initial concentrations of the three reactants.

The results are shown in the table.

Experiment
number

[BrOs (aq)]
/moldm™

[Br (aq)]
/moldm™

[H"(aq)]
/moldm™

Initial rate of reaction

/moldm3s™

0.10

0.25

0.30

336x 107

0.10

0.25

0.60

1.34x 10"

0.15

0.50

0.30

1.01 x10™

0.15

0.25

0.60

2.01x10™"

(@) The reaction is first order with respect to bromate(V) ions.

(i) Deduce the rate equation for the reaction.

Justify your answer using the data.

(4)
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(ii) Use the data from Experiment 4 and your answer to (a)(i)
to calculate the rate constant for the reaction. Include units in your answer.

(3)
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(b) Give one possible reason why the rate equation shows that the reaction cannot
proceed in one step.
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(Total for Question 18 = 8 marks)
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19

Propanal reacts very slowly with HCN at 298 K. To increase the rate of reaction
potassium cyanide, KCN, is added.

(@) (i) Complete the mechanism for this reaction by adding curly arrows, and
relevant lone pairs and dipoles to Step 1 and Step 2.

H H H H H

H
]

Step 1 H—C—C—C\ —_— H—C—C—C—0O
1 |

H H H H C=N

intermediate

TN H—C=N

Step 2 H—C—C—C—0 ——>  products

]
H H (=N

intermediate

(i) Explain why the reaction between propanal and HCN in the absence of KCN is

very slow, referring to the value of K,. No calculation is required.

[For HCN, K, = 4.9 x 10" moldm™]

(4)
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(iii) KCN is a homogeneous catalyst in this reaction.
Justify this description by referring to the mechanism.

(b) The organic products of this reaction are enantiomers.
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20 This question is about compounds with the molecular formula C¢H;,0,.
(@) Hexanoic acid, CsH;,COOH, is a weak acid.

(i) Write the equation for the acid dissociation constant, K,, of hexanoic acid.
(1)

(ii) Calculate the pH of a 0.100 moldm™ solution of hexanoic acid.

[pK, of hexanoic acid = 4.88]
(4)
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(iii) The solubility of hexanoic acid in water is 1.08 g per 100g of water.
The isomer of hexanoic acid, butyl ethanoate, CH;CO,C,H,, has a solubility of

0.689g per 100 g of water.

Explain the differences in these data in terms of the hydrogen bonding
between hexanoic acid and water, and between butyl ethanoate and water.
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(b) (i) Compound A is thought to be another isomer of hexanoic acid.

10g of compound A is found to contain 6.21 g of carbon and
1.03 g of hydrogen, with the remainder being oxygen.
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(i) State how you might use your answer to (b)(i) and a mass spectrum of
compound A to prove that compound A is an isomer of hexanoic acid.
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*(

iii) A series of tests was performed on compound A.

Test Observation

addition of phosphorus(V) chloride misty fumes

addition of 2,4-dinitrophenylhydrazine orange precipitate

addition of Benedict’s or Fehling’s reagent solution remains blue with no precipitate

addition of acidified potassium dichromate(VI) | solution remains orange

test using polarimetry

plane of plane polarised light is rotated

Deduce the structure for compound A.
Justify your answer by using all the test results.
(6)
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(c) Compound B, another isomer with the molecular formula C¢H,,0,, contains
a ring of six carbon atoms.

The carbon-13 NMR spectrum has only two peaks, one of which is at 69 ppm.

Draw the structure of compound B.

(2)

(Total for Question 20 = 20 marks)
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21 Esters are used in flavourings and perfumes.
They can be made by reactions involving alcohols.
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(@) A flask containing a mixture of 0.200 mol of ethanoic acid and 0.150 mol of
ethanol was left at 25 °C, in the presence of a catalyst, until equilibrium had
been established.

CH;COOH() + GHsOH(l) = CH;COOCHs(I) + H,O(l)

The ethanoic acid present in the equilibrium mixture required 34.8cm’ of a
2.50 moldm™ solution of sodium hydroxide for complete neutralisation.

(i) Calculate the value of the equilibrium constant, K, for this reaction at 25 °C.
(4)
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(i) The enthalpy change for this reaction is small.
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Explain, by reference to the type and number of bonds being broken
and made, how this might have been predicted.
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(b) An ester which smells of raspberries can be formed by either of two
different reactions.

Reaction 1
catalyst
HCOOH + (CH5),CHCH,OH = HCOOCH,CH(CH;), + H,O

Reaction 2

HCOCl + (CH;3),CHCH,0OH — HCOOCH,CH(CH;), + HCI

(i) Name the carboxylic acid, alcohol and catalyst used in Reaction 1.
(2)

HCOOH catalyst ...
(CH3),CHCH,OH e

(i) Explain one advantage and one disadvantage of using Reaction 2 rather than
Reaction 1.

(Total for Question 21 = 12 marks)

TOTAL FOR SECTION B = 50 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.
22 The equation for the formation of ammonia in the Haber Process is shown
“Nag) + 1%H(g) = NHy(g)

(a) At 298K the standard entropy change of the system, ASS e, = =98 JK ' 'mol™.
Calculate the standard entropy of one mole of ammonia.

Use the value of AS . and the data in the table.

Substance = Standard molar entropy, S /JK " mol™

N, 192
H, 131
(2)
(b) The value of the total entropy change, AS ., varies with temperature.
Data for the value of AS,, at different temperatures but at standard pressure of
100 kPa are given for this reaction.
Temperature / K 1/T/K! AS o / kJ K" mol™
250 4.00x 107 8.27 x 107
375 2.67x107 2.25x 107
500 2.00x 107 -0.764 x 107
625 1.60 x 107 -2.57 %107
750 1.33x 107 -3.77 x 107
. J
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( ik
(c) The relationship between AS,, and 1/T can be found by combining the
two equations:
AStotal = ASsurroundings + ASsystem
and ASsurroundings = _AH/T
to give
AStotal =-AH/T+ AS system
(i) Determine the gradient of the line plotted in (b), including units in
your answer.
(1)
(i) Identify the thermodynamic quantity that can be obtained from this gradient. :
(1)
(iii) Determine the temperature at which the reaction ceases to be
thermodynamically feasible at a pressure of 100 kPa.
(1)
§ J 5
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(d) The industrial synthesis of ammonia
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is carried out at pressures of about 20000 kPa and temperatures between 700K
and 750K. These temperatures are higher than the answer to (c)(iii).

(i) State the relationship between the total entropy, AS ., and
the equilibrium constant, K.

(ii) Calculate the value of the equilibrium constant K at 750K.

[Astota| at 750 K = _37.7J I<_‘I m0|_1]
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(iv) State how the Haber Process is made economically feasible at 750K even
though the total entropy change is negative.

(e) Ammonia from the Haber Process reacts with acids.
With phosphoric acid, H;PO,, a number of products are formed in solution.
One of these is the fertiliser diammonium hydrogenphosphate.

(i) Write an equation for the production of this fertiliser.
State symbols are not required.

(i) Write an ionic equation to show that ammonium ions are acidic in
aqueous solution.
State symbols are not required.

(2)
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(iii) A solution containing both ammonia and ammonium ions acts as a buffer.
Explain, using a relevant ionic equation, the effect of adding a small amount
of acid to this buffer.

(3)
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