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SECTION A

Answer all questions in the spaces provided.

1 The rate of the reaction between substance A and substance B was studied in a series of
experiments carried out at the same temperature. In each experiment the initial rate was
measured using different concentrations of A and B. These results were used to deduce the
order of reaction with respect to A and the order of reaction with respect to B.

(a) What is meant by the term order of reaction with respect to A?

(b) When the concentrations of A and B were both doubled, the initial rate increased by a
factor of 4. Deduce the overall order of the reaction.

(c) Inanother experiment, the concentration of A was increased by a factor of three and the
concentration of B was halved. This caused the initial rate to increase by a factor of nine.

(i) Deduce the order of reaction with respect to A and the order with respect to B.
Order With TeSPECE [0 A ..ottt ettt ettt se et et esaesseeeeneens
Order With TeSPECE 10 B .......oooueoeeeeeeieeeeeeeeeeeeete sttt sse e sessesseessensens

(i) Using your answers from part (c)(i), write a rate equation for the reaction and
suggest suitable units for the rate constant.

RATE CQUATION ...ttt sttt sttt s

UNILS fOT The TALE CONSTANL ..ottt ettt ettt

(4 marks)
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Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-39
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550
O—H (acids) 2500-3000
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2  When a mixture of 0.345mol of PCl; and 0.268 mol of Cl, was heated in a vessel of fixed
volume to a constant temperature, the following reaction reached equilibrium.

PCl3(g) + Cl(g) == PCls(g) AH®=-93kJmol™

At equilibrium, 0.166 mol of PCls had been formed and the total pressure was 225 kPa.
(a) (i) Calculate the number of moles of PCl; and of Cl, in the equilibrium mixture.
MOLES OF PClL3 ettt sttt st ettt et st aes
MOLES Of CLo ettt ettt ettt ettt e b et e e

(i) Calculate the total number of moles of gas in the equilibrium mixture.

(b) Calculate the mole fraction and the partial pressure of PCl; in the equilibrium mixture.

MOLE FraACIION Of PCI3 oottt ettt ettt ettt e

(3 marks)

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

(i) The partial pressures of Cl, and PCls in the equilibrium mixture were 51.3kPa and
83.6 kPa, respectively, and the total pressure remained at 225kPa. Calculate the
value of K, at this temperature and state its units.

(4 marks)
(d) State the effect on the mole fraction of PCl; in the equilibrium mixture if
(i) the volume of the vessel were to be increased at a constant temperature,

(i) the temperature were to be increased at constant volume.

(2 marks)
Turn over p>
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3 (a) At50°C,the ionic product of water, Ky, has the value 5.48 x 10 mol*dm™.
(i) Define the term Ky
(i) Define the term pH
(iii) Calculate the pH of pure water at 50°C. Explain why pure water at 50 °C is still
neutral even though its pH is not 7.
CAICULALION ...ttt
EXPIARALION ...ttt ettt
(5 marks)
(b) At 25°C, Ky, has the value 1.00 x 10" mol’dm™. Calculate the pH at 25°C of
(i) a 0.150moldm™ solution of sodium hydroxide,
(ii) the solution formed when 35.0cm® of this solution of sodium hydroxide is mixed
with 40.0cm’ of a 0.120mol dm™ solution of hydrochloric acid.
(8 marks)
APW/0203/CHM4
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(¢) Ina0.150mol dm™ solution of a weak acid HX at 25°C, 1.80% of the acid molecules are
dissociated into ions.

(i) Write an expression for K, for the acid HX.

(5 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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4 (a) Outline a mechanism for the reaction of CH;CH,CH,CHO with HCN and name the
product.

Mechanism

INAINE OF PTOAUCT ..ottt ettt ettt e et e bt et e s e s aeene et e nseeneeneeneas
(5 marks)

(b) Outline a mechanism for the reaction of CH30H with CH3CH,COCI and name the
organic product.

Mechanism

Name Of OFGANIC PFOAUCE ......co.eocueiuiiiiiiiieieeteeeeet ettt ettt ettt et ettt ees
(5 marks)
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(c) An equation for the formation of phenylethanone is shown below. In this reaction a
reactive intermediate is formed from ethanoyl chloride. This intermediate then reacts
with benzene.

AlCI
+ CH;cOCl ———» COCH; + HCI

(i) Give the formula of the reactive intermediate.

(i) Outline a mechanism for the reaction of this intermediate with benzene to form
phenylethanone.

(4 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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10

5 (a) The hydrocarbon M has the structure shown below.

(i)

(ii)

(iii)

(iv)

CH3CH2 - (E == CH2
CH;

Name hydrocarbon M.

Draw the repeating unit of the polymer which can be formed from M. State the
type of polymerisation occurring in this reaction.

Repeating unit

TYPE Of POLYMICTISALION ..ottt ettt ae e nes
The reaction between M and benzene in the presence of HCI and AlCl; is similar
to the reaction between ethene and benzene under the same conditions. Name the
type of mechanism involved and draw the structure of the major product formed
in the reaction between M and benzene.

INAME Of MECAANISII ...ttt

Major product

Draw a structural isomer of M which shows geometrical isomerism.

(6 marks)

(b) Draw the repeating unit of the polymer formed by the reaction between butanedioic
acid and hexane-1,6-diamine. State the type of polymerisation occurring in this reaction
and give a name for the linkage between the monomer units in this polymer.

Repeating unit

TYPE Of POLYIICTISALION ...ttt ettt ettt

INAIE OF LINKAGE ...ttt et ettt et e b e et eae et e se st eneeneas

APW/0203/CHM4

(4 marks)
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11

SECTION B

Answer both the questions in the space provided on pages 12 to 16 of this booklet.

6 Use the data given on the back of the Periodic Table on page 3 of this booklet to help you
answer this question.
Compounds A to G are all isomers with the molecular formula C4H;,0,

(a)

(b)

(©)

(d)

APW/0203/CHM4

Isomer A, C¢H,0,, is a neutral compound and is formed by the reaction between
compounds X and Y in the presence of a small amount of concentrated sulphuric acid.

X and Y can both be formed from propanal by different redox reactions.

X has an absorption in its infra-red spectrum at 1750 em ™.

Deduce the structural formulae of A, X and Y. Give suitable reagents, in each case, for
the formation of X and Y from propanal and state the role of concentrated sulphuric
acid in the formation of A. (7 marks)

Isomers B, C, D and E all react with aqueous sodium carbonate to produce carbon
dioxide.

Deduce the structural formulae of the three isomers that contain an asymmetric carbon
atom.

The fourth isomer has only three singlet peaks in its proton n.m.r. spectrum. Deduce the
structural formula of this isomer and label it E. (4 marks)

Isomer F, C¢H{,0,, has the structural formula shown below, on which some of the
protons have been labelled.

a b ?
CH;—CH,;—O—CH,—CH,—C—CHj;

A proton n.m.r. spectrum is obtained for F. Using Table 1 on page 4 of this booklet,
predict a value of 0 for the protons labelled a and also for those labelled b. State and
account for the splitting patterns of the peaks assigned to the protons a and b.

(6 marks)

Isomer G, C¢H,0,, contains six carbon atoms in a ring. It has an absorption in its
infra-red spectrum at 3270 cm™! and shows only three different proton environments in
its proton n.m.r. spectrum. Deduce a structural formula for G. (2 marks)

Turn over p>
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7 (a) Outline a mechanism for the formation of ethylamine from bromoethane. State why the
ethylamine formed is contaminated with other amines. Suggest how the reaction
conditions could be modified to minimise this contamination. (6 marks)

(b) Suggest one reason why phenylamine cannot be prepared from bromobenzene in a
similar way. Outline a synthesis of phenylamine from benzene. In your answer you
should give reagents and conditions for each step, but equations and mechanisms are not
required. (5 marks)

END OF QUESTIONS
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