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SECTIONA
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 Which of these gases would have the greatest standard molar entropy?

0 A NH,
0 B H,
0 C N,
0 D so,

(Total for Question 1 = 1 mark)

2 What is the standard entropy change of the system, in J K" mol™, for the reaction

between nitrogen and hydrogen to form ammonia?

N, + 3H, > 2NH,

Standard molar entropy / J K" mol™

H, 130.6

N, 191.6

NH, 192.3
[] A -1988
] B -129.9
] € +129.9
[] D +198.8

(Total for Question 2 = 1 mark)
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3 The enthalpy change of solution of sodium sulfate, Na,SO,, may be calculated using
three pieces of data. Which of these pieces of data is not required?

lattice energy of Na,SO,

enthalpy change of hydration of Na*

enthalpy change of formation of Na,SO,

0 I N R
O N w »

enthalpy change of hydration of SO;"

(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 A graph of pH against volume of acid added for an acid-base titration is shown.

14
12
10
pH 8
6
4
2

Volume of acid added

(a) Which acidic solution was used in the titration?

0.1 mol dm™ CH,COOH
1.0 mol dm™ CH,COOH

5 B R O
n @ >

0.1 mol dm™ HCl

O

D 1.0 moldm™HCl

(b) Which basic solution was used in the titration?

NH,
LiOH
Ba(OH),

O O 0O O
o N w >

NaOH
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VIdY SIHLNIEILIIM LONOG

YISV SIHENEILIEM TON O

YISV SIHLENEILIIM 1ON-OC



DO NOTWRITEIN THIS AREA DO NOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS AREA

(c) A student suggested five indicators that might be used in this titration:

thymol blue
methyl orange
bromophenol blue
bromocresol green
phenolphthalein

How many of these indicators would be suitable? Use your Data Booklet.

(Total for Question 4 = 3 marks)
5 The halogenoalkane 2-bromo-2-methylbutane was hydrolysed with
sodium hydroxide solution, NaOH(aq).
Which suggestion about the mechanism of this reaction is correct?
Type of mechanism Number of steps in mechanism
0 A S2 one —
1 B S\2 two —
0 ¢ Syl one —
[ D Syl two —

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

5



6 Nitrogen monoxide and hydrogen react together to form nitrogen and water.

2NO + 2H, —> N, + 2H,0
The steps in the mechanism of the reaction are
Step1  2NO = N,O, fast
Step2 N,O,+H,—> N,O+H,0 slow
Step3 N,O+H,—>N,+H,0 fast
Which statement about the reaction is correct?
[J A Step 3is the rate determining step and the overall order is 2
[J B Step 3is the rate determining step and the overall order is 4
[J € Step2isthe rate determining step and the overall order is 2
I D

Step 2 is the rate determining step and the overall order is 3

(Total for Question 6 = 1 mark)

The Arrhenius equation can be shown as

E, 1
Ink=- R X ; + constant

A graph is plotted of In k against 1/T for a reaction.
The activation energy, E,, of this reaction equals

[ A -gradient+R
[J B +gradient+R
[J € -gradientxR
[0 D

+ gradient X R

(Total for Question 7 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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8 The compound menthol has the structure shown.
Some of the carbon atoms are labelled P, Q, R and S.

menthol

OH
S

(@) What is the number of chiral centres in a molecule of menthol?

O 0O O

A
B
C

O

D

(b) Which of the carbon atoms is responsible for a peak at 72 ppm in the

1
2
3

4

*C NMR spectrum of menthol?

O o oo
O N @ »

p
Q
R
S

P 6 4 6 2 6 A 0 7 3 2
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(c) Four groups of students warmed samples of menthol with sodium dichromate(VI)
in acid. They purified the reaction mixture and carried out a series of qualitative
tests on the organic product.

The findings of each group in the class are shown in the table.

menthol

OH

Quialitative test

e . Add _ Wartn with. Add
2,4-dinitrophenylhydrazine Fehling’s solution PCls
One v x v
Two v x x
Three 4 v x
Four x x v

A tick (v') shows a positive result, a cross (x) shows a negative result.
Which group recorded the results you would expect?

One
Two

Three

0o o o o
O N ® »

Four

(Total for Question 8 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 The substance known as PHBV is a biodegradable polymer formed from
3-hydroxybutanoic acid and 3-hydroxypentanoic acid.

OH ) OH 0)
)\)1\ OH \)\)L OH

3-hydroxybutanoic acid 3-hydroxypentanoic acid

(@) Which of these is the repeat unit of the polymer?
0 A %OWO o\}
| \(\ﬂ/
o8 /P OWO
o o
H C h/\”/o O+
O \E\ﬂ/
/U‘\ o
O O/\[

(b) What reaction occurs when PHBV biodegrades to its monomers?

O 0O oo

A
B
C
D

condensation
hydrolysis
hydration

hydrogenation

(Total for Question 9 = 2 marks)

P 6 4 6 2 6 A 0 9 3 2
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10 Which reagent reacts at room temperature with methylamine, CH;NH,, to form the
compound N-methylethanamide?

o N w >

CH;COCH;,

CH,;COOH

CH;COOCH;

CH,COoCl

(Total for Question 10 = 1 mark)

11 This question is about chromatography.

(@) A spot caused by an amino acid has moved 42 mm from the baseline of a
paper chromatogram.
The R; value for the amino acid under these conditions is 0.62.

What is the distance moved by the solvent?

(|
(|
(|
(|

Nn @ >

D

680 mm
68 mm
42 mm

26 mm

(b) In gas chromatography, GC, which of these would be the most suitable
carrier gas?

O o oo

Use this space for any rough working. Anything you write in this space will gain no credit.

10

A
B
C
D

argon
hydrogen
methane

oxygen

(Total for Question 11 = 2 marks)
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12 The high resolution mass spectrum of a compound X has a molecular ion peak at
m/z =44.0632. Accurate relative atomic masses are given in the table.

Relative atomic mass

1.0079

12.0000

15.9949

Which of these compounds, with a relative molecular mass of 44, gives rise to

Element
Hydrogen
Carbon
Oxygen
this peak?
O A O
'
H ‘ :
\C/ \H
H
O B T
C OH
) - \c -
H
0 ¢ H
H ‘ H
H ‘ C/ H
C C\
| |
H H
[0 D OQ——C———o0

P 6 4 6 2 6 A 0 1 1 3 2

(Total for Question 12 = 1 mark)
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13 How many optical isomers does this molecule have?

Br OH

TX

cl

O N w >
o o w N

(Total for Question 13 = 1 mark)

14 Which of these structures is not identical to the others?

OH H.C OH OH

3

‘ Cl\ _aCHH, ‘ ‘
C C

cl ‘ “CH,CH, c” \\CHZCH3 H,CH,C ‘ a
CH, OH CH, H.C
Structure A Structure B Structure C Structure D
[J A Structure A
[ B StructureB
[ € StructureC
[l D StructureD
(Total for Question 14 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
12
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

15 The standard enthalpy change of solution for ammonium nitrate,
NH,NO;, is +25.7 kJ mol™.

(a) Calculate the value for the standard entropy change in the surroundings,
ASSroundingss When ammonium nitrate dissolves in water at 298 K.
Include a sign and units with your answer.

(b) Explain what can be deduced from your answer in (a) about the sign and
the value of the standard entropy change in the system, ASJ;..,, when
NH,NO; dissolves.

(Total for Question 15 = 5 marks)

13
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16 A student investigated the kinetics of the reaction between bromate(V) ions and
bromide ions in acidic conditions.

BrO;(aq) + 5Br(aq) + 6H*(aq) — 3Br,(aq) + 3H,0(l)

(@) In the first experiment, the student measured the initial rate of the reaction
at five different concentrations of bromate(V) ions, BrO;. In each case, the
initial concentrations of bromide ions and hydrogen ions were constant and in
large excess. The results obtained are shown.

Initial concentration of Initial rate of reaction
bromate(V) ions / mol dm™ /mol dm™s™
0.030 417 x 107
0.060 8.34x 107
0.090 1.25x10°°
0.120 1.67 x 10°°
0.150 2.09x10°

(i) Use the results to plot a suitable graph that can be used to show that the
reaction is first order with respect to bromate(V) ions.
(3)
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(i) State how your graph shows that the reaction is first order with respect to
bromate(V) ions.

(b) In the second experiment, the student determined the initial rates of the same
reaction starting with different concentrations of the reactants.

Run [BrO;] ) [Br] ) [H] ) Initial rate of |_'ea_ction
/ mol dm~ /moldm™  /moldm™ /moldm™s™
1 0.062 0.21 0.40 1.52x 107
2 0.31 0.21 0.20 1.90 x 107
3 0.062 0.63 0.40 456 x 107

(i) Use these results and your answer to (a) to deduce the orders with respect to
Br ions and H" ions.

(i) Write the rate equation for the reaction.

(iii) Use the results for Run 1 and your rate equation from (b)(ii) to calculate the
value for the rate constant, k. Include units in your answer.

15
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(c) The presence of bromate(V) ions in drinking water is harmful to humans.
Bromate(V) ions can be converted to less harmful bromide ions by passing the
water through palladium with a reducing agent.

oN 0

Describe how a heterogeneous catalyst, such as palladium, increases the
rate of a reaction.

w
ML

L1y

L &
=

(Total for Question 16 = 13 marks)

SR _ZE‘ o
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55

$O0
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16

P 6 4 6 2 6 A 0 1 6 3 2



BLANK PAGE

v/ ~04 - 1:

, %0000\ %%

Yie#d
KK K
ttﬁ
‘N’

Avs .\A,

B AR S
00\/“00

17

Turn over »

1 7 3 2

P 6 4 6 2 6 A 0



17 This question is about an ester, Y, with the molecular formula CgH,¢0,.

(@) Y contains 66.7% carbon, 11.1% hydrogen and 22.2% oxygen by mass. Show that
these data are consistent with its molecular formula.

(2)

LNI3

I IIIIIIIAAAAAK
XX

(b) The structure of compound Y is

CH

3

CH

CH o C/ |
P

Ke T‘ CH, CH,

0]

H

(i) Give the IUPAC name of Y.

(ii) Draw the structures of two organic compounds that would react
together to form Y.

(1)

SERECK,

e
\./

X
D
g
fog
&

R85

X e sesesotess
IVCF NEERIN
LI S

QO

X
<

8L

QR
X -
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(c) The high resolution proton NMR spectrum of compound Y was obtained.

(i) Label the three remaining hydrogen environments B, C and D on
the structure.

(ii) Complete the table.

Hydrogen Splitting pattern Relative
environment of peak peak area
A triplet 3
B
C
D

(1

(3)

(Total for Question 17 = 9 marks)

P 6 4 6 2 6 A0 1 9 3 2
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*18 The table shows the theoretical and experimental (Born-Haber) lattice energy data for

oa

two metal halide compounds, sodium chloride and magnesium iodide. i
Lattice energy / kJ mol™ g\
S
, , Experimental e
Metal halide Theoretical Bl 3”’:%'\
X L
Sodium chloride -770 -780 %\
e 23
Magnesium iodide ~1944 —2327 {f;%;ﬁl
\'\"T#/"
00
Using the data, compare and contrast the type and strength of bonding g,‘ S
in these compounds. S

KKK,
2005008

Give reasons for your answers.
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(Total for Question 18 = 6 marks)
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19 The compound lactic acid can be synthesised from ethanal in two steps.

H H
" | |
/ Step 1 Step 2
HC—C — HC C CN > HC—— C — COOH
\OKCN and HCN ‘ ‘
OH OH
ethanal lactic acid

(@) (i) Give the mechanism for Step 1. Include curly arrows, and any
relevant lone pairs and dipoles.

(ii) A student predicted that the product of Step 1 would rotate the
plane of plane-polarised light.

Comment on this prediction.

P 6 4 6 2 6 A 0 2 2 3 2
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(iii) Complete the table that summarises information about Step 2.
State symbols are not required for the equation.

< (4)

o)

z

7 Conversion of CH;CH(OH)CN to lactic acid

T

=

Z

o :

= Reaction type

=

(o)

=

)

Q

: Reagent

Conditions

/ Equation
= (b) Sodium hydrogencarbonate, NaHCO;, has been used by some athletes to help
/Sé prevent lactic acid causing muscle pain during exercise.
/§/ Write an equation for the reaction between sodium hydrogencarbonate
\ and lactic acid.

VDA A OO R0 0 .
Turn over »
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(c) Sodium hydrogencarbonate is part of a buffer in the body that controls the
pH of blood. Two of the equilibria involved in this process are shown.

Equilibrium 1 HCO; + H;0" = H,CO; + H,0
Equilibrium 2 H,CO; = CO, + H,0

(i) Use the equilibria to explain how the buffer keeps the pH of blood nearly
constant when a small increase in the concentration of hydrogen ions occurs.

(ii) The pH of a blood sample was found to be 7.41.
Calculate the ratio of the concentration of HCO; to H,CO; in the blood sample.

H,CO; + H,0 = HCO; + H,0"

K,=4.50x 107 mol dm™

(Total for Question 19 = 18 marks)

TOTAL FOR SECTION B =51 MARKS

P 6 4 6 2 6 A 0 2 4 3 2

24

YISV SIHENEILIEM TON O VIdY SIHLNIEILIIM LONOG

YISV SIHLENEILIIM 1ON-OC



DONOTWRITE IN.-THIS AREA

DO'NOTWRITE IN-THIS'AREA

OTWRITE INTHIS'AREA

DON

SECTION C

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

20 The reversible reaction between hydrogen chloride and oxygen produces
water vapour and chlorine.

4HCl(g) + O,(g) = 2H,0(g) + 2Cl,(g) AH =-114kJ mol™

(a) Explain what effect, if any, each of the following changes has on the yield of
chlorine at equilibrium and on the equilibrium constant, K,,.

(i) Anincrease in the total pressure

25
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(b) 0.850 mol of hydrogen chloride was mixed with 0.600 mol of oxygen and allowed
to reach equilibrium in a closed flask.
At equilibrium the total pressure was 1.50 atm and there was 0.250 mol of
chlorine in the flask.

4HCl(g) + 0,(g) = 2H,0(g) + 2CL,(g)

(i) Complete the table.

(3)
Substance Initial amount Equilibrium amount Mole f'rf‘:\ct'ion
/ mol / mol at equilibrium
HCl 0.850
o, 0.600
H,O 0
CL, 0 0.250 0.189
Total moles at equilibrium =
(ii) Write the expression for the equilibrium constant, K.
(1)

26
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(i) Use your answers to (b)(i) and (b)(ii) to calculate the value for K. Give your
answer to an appropriate number of significant figures, and include units.

(3)

(iv) Use your answer to (b)(iii) to calculate a value for the total entropy change of
the reaction, AS,.. .

<«
HX
0©
=<
4.
o
k=
Z
il
E
o
=
b=
()
Z
o
Q

(2)

XRXXXXK

SRRRRRIIKRIIIIRIIIKL
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(c) Draw a sketch of entropy against temperature for water to illustrate the
entropy changes as temperature increases, including when water changes state.

A scale is not required for the vertical axis
(3)

Entropy

T T T T 1
0 100 200 300 400 500

Temperature / K

(Total for Question 20 = 19 marks)

TOTAL FOR SECTION C =19 MARKS
TOTAL FOR PAPER =90 MARKS
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