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1 (a) The initial rate of the reaction between the gases P and Q was measured in a series of
experiments at a constant temperature and the following rate equation was determined.

rate  =  k[P][Q]2

1 (a) (i) Complete the table of data below for the reaction between P and Q.

Expt Initial [P] / mol dm–3 Initial [Q] / mol dm–3 Initial rate / mol dm–3 s–1

1 1.2 × 10–3 2.0 × 10–3 1.8 × 10–5

2 2.0 × 10–3 2.7 × 10–5

3 0.60 × 10–3 6.0 × 10–3

4 1.8 × 10–3 0.30 × 10–5

(3 marks)

1 (a) (ii) Using the data from Experiment 1, calculate a value for the rate constant, k, and
state its units.

Calculation ...............................................................................................................

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

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

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

Units .........................................................................................................................
(3 marks)

SECTION  A

Answer all questions in the spaces provided.

(02)
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Table 1
Proton n.m.r. chemical shift data

Type of proton δδ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1

(04)
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1 (b) The decomposition of compound R is a zero order reaction.

On the axes below sketch a line to show the relationship between the initial rate of
reaction of R and the initial concentration of R at constant temperature.

Initial rate

Initial [R]
(1 mark)

Turn over for the next question

Turn over �

APW/Jun09/CHM4
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2 Dinitrogen tetraoxide dissociates into nitrogen dioxide as shown in the equation below.

N2O4(g)          2NO2(g)

2 (a) In an experiment, 1.20 mol of dinitrogen tetraoxide were sealed in a flask and heated to
a given temperature.  The equilibrium mixture formed at this temperature contained
0.36 mol of nitrogen dioxide.

Calculate the mole fraction of nitrogen dioxide present in this equilibrium mixture.

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

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

.............................................................................................................................................
(3 marks)

2 (b) In a second experiment, a different equilibrium mixture was established at a different
temperature.  In this mixture, the mole fraction of nitrogen dioxide was found to be
0.28 at a total pressure of 180 kPa.

2 (b) (i) Write a general expression to show how the partial pressure of a gas is related to
its mole fraction.

...................................................................................................................................
(1 mark)

2 (b) (ii) Calculate the partial pressure of nitrogen dioxide in this mixture and hence
deduce the partial pressure of dinitrogen tetraoxide.

Partial pressure of nitrogen dioxide .........................................................................

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

Partial pressure of dinitrogen tetraoxide ..................................................................

...................................................................................................................................
(2 marks)

(06)
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2 (c) In a third experiment at a given temperature, an equilibrium mixture is formed in
which the partial pressure of NO2 is 49.6 kPa and the partial pressure of N2O4 is 
132.0 kPa.

2 (c) (i) Write an expression for the equilibrium constant, Kp, for this equilibrium.

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

...................................................................................................................................
(1 mark)

2 (c) (ii) Calculate a value for Kp for this equilibrium at this temperature and give its
units.

Calculation ...............................................................................................................

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

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

Units ..........................................................................................................................
(3 marks)

Turn over for the next question

Turn over �
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3 In this question, give all values of pH to 2 decimal places.

3 (a) (i) Write an expression for the term pH.

...................................................................................................................................
(1 mark)

3 (a) (ii) A 5.0 cm3 sample of 0.135 mol dm–3 hydrochloric acid is added to 995 cm3 of
water.  Calculate the pH of the solution formed.

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

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

...................................................................................................................................
(2 marks)

3 (b) At 298 K, the value of the dissociation constant for the weak acid 2-chloropropanoic
acid (CH3CHClCOOH), Ka = 1.48 × 10–3 mol dm–3.

3 (b) (i) Write an expression for the dissociation constant, Ka, for 2-chloropropanoic acid.

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

...................................................................................................................................
(1 mark)

3 (b) (ii) Calculate a value for the pH of a 0.350 mol dm–3 solution of 2-chloropropanoic
acid at this temperature.

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

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

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

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

...................................................................................................................................
(3 marks)

(08)
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3 (c) The dissociation of 2-chloropropanoic acid in aqueous solution is an endothermic
reaction.  Predict how the pH of an aqueous solution of 2-chloropropanoic acid would
change, if at all, when the temperature of the solution is increased.  Explain your
prediction.

Effect on pH .......................................................................................................................

Explanation ........................................................................................................................

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

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

.............................................................................................................................................
(3 marks)

3 (d) Name the type of stereoisomerism shown by 2-chloropropanoic acid.  State how you
could distinguish between separate samples of its stereoisomers.

Type of stereoisomerism .....................................................................................................

How to distinguish between stereoisomers.........................................................................

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

.............................................................................................................................................
(3 marks)

3 (e) A buffer solution has a pH of 4.69 and contains 0.15 mol of propanoic acid and 
0.10 mol of sodium propanoate.  Use these data to calculate a value of Ka for
propanoic acid.

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

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

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

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

.............................................................................................................................................
(3 marks)

Turn over �

APW/Jun09/CHM4
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4 (a) (i) Give the meaning of the term Brønsted–Lowry base.

...................................................................................................................................
(1 mark)

4 (a) (ii) State which of ammonia and butylamine (CH3CH2CH2CH2NH2) is the stronger
base.  Explain your answer.

Stronger base ............................................................................................................

Explanation ..............................................................................................................

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

...................................................................................................................................
(3 marks)

4 (b) Draw the structure of the tertiary amine which is an isomer of butylamine.

(1 mark)

4 (c) (i) Draw the structure of the species formed when the amine CH3(CH2)17NH2 reacts
with an excess of CH3Br

(1 mark)

4 (c) (ii) Name the type of compound formed in part (c) (i) and give a use for such
compounds.

Type of compound .....................................................................................................

Use.............................................................................................................................
(2 marks)

4 (d) (i) Name compound Z shown below.

...................................................................................................................................
(1 mark)

(10)

CH3 C NHCH3

O

Z
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4 (d) (ii) Name and outline a mechanism for the reaction in which Z is formed from
CH3NH2 and CH3COCl

Name of mechanism .................................................................................................

Mechanism

(5 marks)

4 (e) Consider the amino acid alanine

Complete the table below to show the structure of the species formed when alanine

dissolves in water

reacts with hydrochloric acid

reacts with methanol in the
presence of a small amount of
concentrated sulphuric acid.

(3 marks)

Turn over �

APW/Jun09/CHM4
(11)
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5 Poly(phenylethene) can be manufactured from benzene and ethene as shown below.

5 (a) (i) Identify two other substances needed to carry out the reaction in Step 1.

Write an equation for the reaction of these two substances with ethene to form
the reactive intermediate CH3CH2

+

Substance 1 ..............................................................................................................

Substance 2 ..............................................................................................................

Equation ...................................................................................................................
(3 marks)

5 (a) (ii) Name and outline a mechanism for the reaction of this intermediate with benzene
in Step 1.

Name of mechanism ..................................................................................................

Mechanism

(4 marks)

5 (b) An alternative way of making ethylbenzene from benzene uses chloroethane instead of
ethene.  Give one reason why ethene is the preferred reagent.

.............................................................................................................................................
(1 mark)

(12)

H2C         CH2

Step 1 Step 2 Step 3

CH2CH3

ethylbenzene phenylethene

poly(phenylethene)

CH         CH2
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5 (c) Draw the repeating unit of poly(phenylethene) and name the type of polymerisation
involved in its formation.

Repeating unit

Type of polymerisation .......................................................................................................
(2 marks)

Turn over for the next question

10
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...............................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

...............................................................................................................................................................
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6 Compounds A to F are all isomers of C6H10O4

6 (a) Isomer A (HOOC(CH2)4COOH) is used to make nylon 6,6

Name A and draw the repeating unit of nylon 6,6

Draw the structure of the anhydride formed when one molecule of water is lost by one
molecule of A (4 marks)

6 (b) Draw the structure of Isomer B (C6H10O4), a dicarboxylic acid which contains two
chiral centres. (1 mark)

6 (c) Isomer C is a propyl ester which also contains a carboxylic acid group.

Draw the structure of C (1 mark)

6 (d) Isomer D is the diester shown below.  Some of the protons have been labelled.

Deduce the number of peaks in the proton n.m.r. spectrum of D

Use Table 1 of the Data Sheet to predict the δ range of the peaks produced by the
protons labelled a and b. (3 marks)

6 (e) Isomer E is the dicarboxylic acid shown below.  Some of the protons have been
labelled.

The protons labelled c and d each produce a peak in the proton n.m.r. spectrum.

Name the splitting pattern of the peak due to the protons labelled c and name the
splitting pattern of the peak due to the proton labelled d. (2 marks)

6 (f) Isomer F is shown below.

The mass spectrum of Isomer F contains major peaks at m/z = 45 and m/z = 29

Draw the structure of the fragment which causes the peak at m/z = 45

Write an equation for the fragmentation of the molecular ion to produce the fragment
which causes the peak at m/z = 29 (3 marks)

Turn over for the next question

SECTION  B

Detach this perforated sheet.
Answer Questions 6 to 8 in the space provided on page 14 and pages 17 to 20 of this booklet.

H3C
a b

C O O CCH2CH2

O O

CH3

H3C
c

H
d

C

H

CH3

C

COOH

COOH

CH3CH2 CH2CH3O OC

O

C

O
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7 Consider the reaction sequences shown below.

Reaction 1 is an elimination.

Reaction 3 is a substitution.

Identify compounds X and Y.

Give reagents and conditions for each of Reactions 1, 2, 3 and 4. (9 marks)

8 An aqueous solution contained both sodium carbonate and sodium hydrogencarbonate.

A 25.0 cm3 sample of the solution was transferred into a conical flask.  After the addition of
a few drops of phenolphthalein, 0.150 mol dm–3 hydrochloric acid was then added from a
burette.

The indicator changed colour when exactly 20.80 cm3 of the 0.150 mol dm–3 hydrochloric
acid had been added to the conical flask.  This end-point showed that the reaction in Stage 1
had been completed.

Stage 1 CO3
2– +  H+ → HCO3

–

A few drops of methyl orange were then added to the conical flask.  A further 33.25 cm3 of
0.150 mol dm–3 hydrochloric acid were required before this second indicator changed colour.
This end-point showed that the reaction in Stage 2 had been completed.

Stage 2 HCO3
– +  H+ → CO2 +  H2O

8 (a) Use the data about Stage 1 to calculate the concentration of sodium carbonate in the
original solution. (3 marks)

8 (b) State why the volume of hydrochloric acid used in Stage 2 is greater than that used in
Stage 1.  Hence calculate the concentration of sodium hydrogencarbonate in the
original solution. (4 marks)

END  OF QUESTIONS

(16)

CH3CH2CH2Br

Compound X CH3CHBrCH3
Reaction 1

Reaction 3

Reaction 2

Compound Y CH3CH2COOH
Reaction 4
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