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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.

1 The graph shows how the concentration of a reactant changes with time as a
reaction proceeds.
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(a) Which is the half-life of the reaction in seconds?

0.0007
0.0025
70

0o o o o
O N w »

200

NN 00 O A mor
P 7 9 1 3 6 A 0 2 3 2

Y3adY SIHLNEILIHM 1ION Od V3HY SIHLENEILIHM 1ON Od

Y3HY SIHL NI ILIEM 1ON Od



DONOTWRITE IN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

(b)

EEOEC

Which graph shows how the rate changes with reactant concentration for
this reaction?

0O A Rate

[Reactant]
0 B Rate

[Reactant]
0 ¢ Rate

[Reactant]
0 b Rate

[Reactant]

(Total for Question 1 = 2 marks)
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2 Which measurement could be used to obtain rate data for the reaction shown?

H.(9) + I(9) — 2HI(g)

The change in

N

(|
(|
(|

A
B
C
D

colour intensity

pH

pressure in a fixed volume
volume at a fixed pressure

(Total for Question 2 = 1 mark)

3 The rate equation for the hydrolysis of a halogenoalkane is shown.

rate = k[(CH;),CHBr]

Which row is correct?

o N w >

Class of halogenoalkane Reaction mechanism
primary Sy
primary Sy2
secondary Syl
secondary Sn2

(Total for Question 3 = 1 mark)

4 A two-step reaction is shown.

H,O,(agq) + I(ag) — H,O() + OI(aq)

H,O,(aq) + OI'(aq) — H,O(l) + O,(g) + I(aq)

(@) What is the role of I"(aq) in the overall reaction?

O o oo

heterogeneous catalyst
homogeneous catalyst

oxidising agent

O N w >

product
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(b) Which is the equation for the overall reaction?

L]
L]
L]
L]

A 2H.,0,(aq) + I'(aq) + OI'(aq) — 2H,0(l) + OI(aq) + I'(aq) + O(9)

B 2H,0,(aq) + OI'(aq) — 2H,0(l) + OI'(aq) + O.(q)
C 2H,0,(aq) — 2H,0() + O,(g)
D 2H,0,(aq) + 2I(ag) — 2H,0(l) + OI(aq) + I(aq) + ¥20,(q)

(Total for Question 4 = 2 marks)

5 Which expression relates entropy and equilibrium constant?

N

0
0
0

A

B
C
D

ASoea = -R INK
AS.o = R INK
AS,s =-RInK
AS,s =R InK

(Total for Question 5 = 1 mark)

6 What is the equation for the first electron affinity of sulfur?

N

0
0
0

A

B
C
D

S(g — S(g) + e
S(g) + e —> S(9
S(@ + 2 - S*(g)
S(g) + e — S*(g)

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Which ionic compound would be predicted to have the least exothermic

lattice energy?

Assume that the bonding is 100% ionic.

calcium sulfide
lithium fluoride

magnesium oxide

o N w >

sodium chloride

(Total for Question 7 = 1 mark)

8 The equation for a reversible reaction is shown.

2NO(g) + Bry(g) = 2NOBr(qg) AH=-16.1kJmol™

(@) What is the K. expression for this reaction?

0 A x INOFIBr

° [NOBrP

_ INOJ[Br,]

1 B K.
[NOBr]

0 ¢ Kk = [NOBr]
[Br,]INOJ?

0 b K = [NOBr]
[Br,1INO]

(b) Which row shows the changes that occur when the temperature is decreased?

Value of K.
LI A increases
1 B increases
I « decreases
I D decreases

Yield of NOBr
increases
decreases
increases

decreases

(Total for Question 8 = 2 marks)
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9 Which concentration of aqueous calcium hydroxide has a pH of 12.32?

N

0
0
0

A

B
C
D

479 x 10" moldm™

1.04 x 102 moldm™

2.09 x 102moldm™

2.09 x 10”moldm

(Total for Question 9 = 1 mark)

10 The structure of the sweetener aspartame is shown.

(@) How many chiral carbon atoms are there in a molecule of aspartame?

(b) How many hydrogen atoms are there in a molecule of aspartame?

O

O 0O O

O 0O oo

A
B
C 3
D

4

A 12
B 16
c 17

D 18

H

H,N \N

HO>—>—< 0
0o o
\

O

(Total for Question 10 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11 Compound X has been detected in human red blood cells.

The structure of X is shown.

(@) Which compound is formed when X reacts with lithium tetrahydridoaluminate(lll)?
(1)

HO 0)

—0
-
O/ o)

OH
e
O/ OH

OH

o
HO OH
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r 2
e reacted with xcess phosphorustyy chloricer
What is the structure of the final organic product? .
0
5 A Cl>_2—OH
o/ 0
0
5 B Cl>_>— OH
o/ cl
0
H c Cl>_2— cl
o/ 0
0
9 b Cl>_>— cl
o/ cl
y
9
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(c) Which could be the low resolution proton NMR spectrum for X?

Use your Data Booklet.

o

O @)

T T T T T T T T T T T
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o/ ppm
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LI A
[ T
12.0
1 B
[ T
12.0
b ¢
[ T
12.0
1 D
[ T
12.0

T T T T T T T T T T T
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o/ ppm
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(d) What is the splitting pattern of the peak due to the protons of the CH, group in
the high resolution proton NMR spectrum of X?

singlet
doublet

triplet

O o oo
O N @ »

quartet

(Total for Question 11 = 4 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 The structure of compound Z is shown.
HO OH
(@) How many peaks are there in the "*C NMR spectrum of Z?
(1)
0 A 3
[l B 4
[0 C 6
[l D 8
(b) The diol reacts with ethanedioic acid to form a polyester.
What is the structure of the repeat unit of this polyester?
(1)
o)
A
= —E—O 0]
0]
[l B
0] 0]
0]
0 ¢ / : : b ; }
0]
o)
O
1 D _E_{{ : : b
0]
(Total for Question 12 = 2 marks)
TOTAL FOR SECTION A =20 MARKS
.
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
13 This question is about nitrogen monoxide.

(a) Nitrogen monoxide reacts with oxygen to form nitrogen dioxide.
2NO + O, —» 2NO,

Some initial rate data are shown.

Experiment [NO] / moldm™ [0,] / moldm™ Initial rate / moldm™s™"
1 0.00100 0.00100 0.00802
2 0.00100 0.00200 0.01604
3 0.00400 0.00200 0.25664

(i) Deduce the rate equation. Justify your answer.

(i) Calculate the rate constant for this reaction.
Include units in your answer.

13
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(iii) The reaction of nitrogen monoxide with oxygen is thought to be a
two-step reaction mechanism.
The first step of a proposed mechanism is shown.
2NO = N,0O,

Suggest an equation for the second (rate-determining) step of the
mechanism. Justify your answer using your rate equation from (a)(i).

(b) The rate constant for the reaction of nitrogen monoxide with oxygen was
determined for a range of temperatures to find the activation energy of the
reaction. A graph is shown.

9.50 ~

9.40

9.30

ln k

9.20

9.10

9.00 , , :
1.60x 107 1.65x 107 1.70x 1073 1.75x 107

(1+7)/K"
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4 )
Calculate the activation energy, E,, for this reaction, using the Arrhenius equation.
(3)
E,
ln k=-—=% + constant
RT
Include a sign and units in your answer.
(c) Nitrogen monoxide reacts with oxygen and water to form a single product
with K, = 4.0 x 10*moldm™.
Deduce the identity of the product. Justify your answer.
(2)
(Total for Question 13 = 14 marks)
. J

15
am NN RO
P 7 91 3 6 A 0 1 5 3 2 Turn over

>



14 This question is about ionic compounds of magnesium.

(@) Anincomplete Born-Haber cycle and relevant data for magnesium oxide

are shown.
Mg*(g) + 0*(g)
A
Mg™(g) + O(g) + 2¢”
8 P
Mg'(g) + O(g) + e
y
Mg(g) + O(g)
y
M + %20
99+ 7019 L mg(s)+10,(9)
Q
1 MgO(s) i
Energy change Value / kmol™
Lattice energy of magnesium oxide —-3795
First electron affinity of oxygen -141
Second electron affinity of oxygen +798
First ionisation energy of magnesium +738
Second ionisation energy of magnesium +1451
Enthalpy change of atomisation of oxygen +249
Enthalpy change of atomisation of magnesium +148

(i) Give the formulae and state symbols of the set of particles labelled ‘P:
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( )
(iii) Calculate the value of Q.
You must show your working. Include a sign and units in your answer.
(2)
(iv) The values of the experimental and theoretical lattice energies for
magnesium oxide are very similar.
However, the values for magnesium sulfide are significantly different.
Explain these two statements.
(4)
\ y,
17
. N U R R -
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(b) lonic compounds may be soluble or insoluble in water.

(i) Write an expression that could be used to calculate the enthalpy change of
solution for an ionic compound.

(i) The enthalpy change of hydration of the chloride ion can be calculated from
the data in the table.

Energy change Value / kJ mol™
Enthalpy change of solution of magnesium chloride -155
Lattice energy of magnesium chloride —-2526
Enthalpy change of hydration of the magnesium ion —-1956

Calculate the enthalpy change of hydration of the chloride ion.

(Total for Question 14 = 11 marks)
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15 The Haber process is used to manufacture ammonia.

An equation is shown.
%BN,(g) + 1%H,(g) = NH;(g) AH =-46 k) mol™

(a) Write the K, expression for the reaction shown in this equation.

(b) An equilibrium mixture contains 20.0 mol of nitrogen, 80.0 mol of hydrogen and
50.0 mol of ammonia at 195 atm.

Calculate the mole fraction of hydrogen in the equilibrium mixture.
Give your answer to 3 significant figures.

(c) Calculate the value of K, using your answers to (a) and (b), for the reaction under
these conditions.
Include units in your answer.
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(d) A system at equilibrium may be affected by changes in reaction conditions.

(i) Explain the effect, if any, on the equilibrium composition (or yield) of the
Haber process when

« the temperature is increased
« the pressure is increased

+ acatalystis added

(i) Explain the effect, if any, on the equilibrium constant, K,,, of the
Haber process when

« the temperature is increased
+ the pressure is increased

« acatalystis added

(Total for Question 15 = 11 marks)
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16 Buffers are very important in biological systems.

(@) Describe how a carbonic acid-hydrogencarbonate buffer system maintains the pH
of blood as the concentration of dissolved carbon dioxide changes.
Include relevant equations in your answer.

oNOd.
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(b)

EEOEC

Within body cells the pH is maintained by a different buffer system.
An equation for this is shown.

H,PO, = H' + HPO; K,=6.21x 10°moldm™

Scientists studying cells prepared a buffer solution with the same pH as

that inside a specific type of cell. They dissolved 29.48 g of NaH,PO, in
3.18dm’ of 0.0800 mol dm™ Na,HPO, solution and made it up to 5.00dm’ with
deionised water.

Calculate the pH of the buffer solution formed.

[Data: M, NaH,PO, = 120.0]

(Total for Question 16 = 10 marks)
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*17 Some reactions are always feasible, some reactions are never feasible and some
reactions are feasible in the right conditions.

Discuss how these different possibilities are determined by the values of the
entropy changes.

( )
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X
X
%%

(Total for Question 17 = 6 marks)

TOTAL FOR SECTION B =52 MARKS

J
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

18 Scientists have isolated a volatile compound responsible for the special smell of
babies. This has been identified as alpha-isomethylionone.

0]

é{\(u\
alpha-isomethylionone

M, =206

(@) The mass spectrum of alpha-isomethylionone is shown.

100

80

Relative 1
intensity

40 H

20

0 - l |I N || i .|I
25 50 75 100 125 150 175 200
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(ii) The most abundant peakisatm/z=136.

Draw a possible structure of the fragment of alpha-isomethylionone causing
the peak at m/z =136.

(b) Alpha-isomethylionone can be synthesised in the laboratory.
One mole of geranial reacts with one mole of butanone in this synthesis.

)
W /ﬁ\/
@)
geranial butanone

(i) Calculate the maximum mass of alpha-isomethylionone that can be produced
from 25.0 kg of butanone.

(i) Calculate the atom economy for the reaction.

27
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(c) Scientists have also isolated some of the compounds responsible for the smells
produced by teenagers.
The samples were collected from many individuals, separated by chromatography
and identified by mass spectrometry.

Many compounds were present in both infant and teenager sweat, but in
different ratios. Some compounds in teenager sweat were not found in infant
sweat. These compounds included the molecules A and B.

P 7 9 1 3 6 A 0 2 8 3 2
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(i) A high-performance liquid chromatography (HPLC) column is packed with
material that has amine groups attached as shown.

NH,
NH,

NH,

State which of the molecules, A or B, would take longer to move through the
column. Justify your answer.

<
LRI
BreTaess
2 \\.
e o
o
LW
B
=
e
© 3
o
o %5
a

(ii) Name a different column chromatography technique that could be used to
separate A and B.

R

OO

 DONOTWRITEINTHIS AREA
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(d) Some of the compounds isolated only from the teenagers were carboxylic acids.
The solubility in water of two of these acids is shown.

Name of isolated acid Solubility in H,0 at 20°C / gdm™
4-ethyloctanoic acid 0.13
3-methylbutanoic acid 25.00

(i) Explain how the structures of the acids affect their solubility in water.

(ii) The K, for 3-methylbutanoic acid is 1.58 x 10~ moldm™at 298K.

Calculate the pH of a saturated solution of 3-methylbutanoic acid.

P 7 9 1 3 6 A 0 3 0 3 2

EEmC

V3HY SIHLENEILIHM 1ON Od

N.Od

Y3adY SIHLNEILIHM 1O

Y3HY SIHL NI ILIEM 1ON Od



DO NOTWRITEIN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

(e) One of the compounds present in samples from both teenagers and infants
was 6-methylhept-5-en-2-one.

(i) Draw the skeletal formula of 6-methylhept-5-en-2-one.

(i) The infrared spectrum of 6-methylhept-5-en-2-one is shown.

100
Transmittance
/ % 501
O LI | LI | LI | LI | T T T T | T T T T | T T T T |
4000 3000 2000 1500 1000 500

Wavenumber /cm™

Give the bond and wavenumber range of three absorbances in the spectrum
that are not in the fingerprint region.
Use your Data Booklet.

(Total for Question 18 = 18 marks)

TOTAL FOR SECTION C = 18 MARKS
TOTAL FOR PAPER =90 MARKS
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