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SECTION A

Answer all questions in the spaces provided.

1 In this question you are required to calculate the pH values of some acidic solutions.
Give all values of pH to 2 decimal places.

1 (a) Calculate the pH of 0.0380 mol dm™ hydrochloric acid.

1 (b) Calculate the pH of the solution formed when 100 cm? of pure water are added to
100 cm” of this 0.0380 mol dm™ hydrochloric acid.

1 (c) HX s a weak Brgnsted—Lowry acid.

1 (c) () Explain the terms weak and Brgnsted—Lowry acid as applied to HX.

1 (c¢) (1) Write an expression for the dissociation constant, K,, for the acid HX.
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Gas constant R = 8.31 J K~ mol™

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
CcC—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000

0 &4
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1 (c¢) (i) The pH of 0.0630 mol dm™ solution of HX is 3.48
Calculate the value of K, for HX.

(6 marks)

1 (d) An aqueous buffer solution which contains 0.0550 mol of a different weak acid, HA,
and 0.0250 mol of NaA in 100 cm? of solution has a pH of 4.20

The value of K, for the acid HA is 2.87 x 10> mol dm™ at 25 °C.

1 (d) (@) Deduce the pH of the solution formed when 100 cm’® of pure water are added to
100 cm? of this buffer solution.

1 (d) (i) Calculate the pH of the solution formed when 10.0 cm’ of 0.130 mol dm™>
aqueous sodium hydroxide are added to 100 cm? of the original buffer solution.

(6 marks)

Turn over p
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2 (a) The table below shows the results of three experiments to investigate the rate of
reaction between compounds A and B. All three experiments were carried out at the

same temperature.

Experiment 1 Experiment 2 Experiment 3
Initial concentration of A/mol dm™ 3.90 x 107 7.80 x 107 7.80 x 107
Initial concentration of B/mol dm™ 9.60 x 107 2.40 x 107 1.20 x 107
Initial rate/mol dm™s™! 5.00x 107 500 % 107 2.50 % 107

Use the data in the table to deduce the order of reaction with respect to A and the order
of reaction with respect to B.

Order with respect to A

(2 marks)

Order with respect to B

2 (b) The reaction between compounds C and D at a given temperature is first order with
respect to C and second order with respect to D.

2 (b) (i) Write a rate equation for this reaction.

2 (b) (ii) When the initial concentration of C is 2.50 X 102 mol dm™ and the initial

concentration of D is 6.65 x 1072 mol dm‘3, the initial rate of reaction is
1.45 x 10 *moldm™s~!. Calculate the value of the rate constant at this
temperature and deduce its units.

COICULATION oottt e e e e s e e e e et eaarraeseseeeteeasaaaeseseaenenes

(4 marks)

3 The equation for the catalytic decomposition of hydrazine into its elements is shown below.
NoH4(g) == Na(g) + 2Hx(g)
3 (a) A sample of hydrazine and a catalyst were placed in a container and heated to a given

temperature. In the equilibrium mixture of gases produced at a total pressure of
150 kPa, the mole fraction of hydrazine was 0.22

0 6
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3 (a)
3 (a)
3 (b)
3 (b)
3 (b)
3 (0

(i) Calculate the partial pressure of hydrazine under these conditions.

(1)) Hence, calculate the partial pressure of nitrogen and the partial pressure of
hydrogen in the mixture.

Partial preSSure Of NITFOZEN ........cccuieecueeeeiieeeiieeeieeeeiee et ete e aee e aee e saeeseasee e

(5 marks)

A different mixture of hydrazine, nitrogen and hydrogen was prepared and allowed to
reach equilibrium in the presence of a catalyst at a temperature 7. In this new
equilibrium mixture, the partial pressure of hydrazine was 75.0 kPa, the partial
pressure of nitrogen was 27.0 kPa and the partial pressure of hydrogen was 48.0 kPa.

(i) Write an expression for the equilibrium constant, K, for the decomposition of
hydrazine.

(ii) Calculate the value of K}, at this temperature and deduce its units.

COALCULATION <o e et e e e et e e e e et e e e e e ere e e e e ere e e e enaeeeaaaens

The gas mixture from part (b) was transferred to a different container of half the
original volume. When equilibrium was re-established at temperature 7, the partial
pressure of hydrazine had more than doubled. Explain why halving the volume has
not simply doubled the partial pressure of hydrazine.

(2 marks)
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4 (a) A polymer is formed when propane-1,3-diamine reacts with pentanedioic acid. Name
the type of polymerisation reaction which occurs and draw the structure of the
repeating unit of the polymer formed.

TYPE Of POLYMEFISALION ...ttt ettt et e

Repeating unit

(3 marks)

4 (b) The repeating unit shown below represents the polymer commonly known as
poly(vinyl acetate) or PVA.

— CH,— CH—

4 (b) (1) Draw the structure of the monomer which is used to make PVA.

4 (b) (i) Draw the repeating unit of the polymer formed when PVA reacts with an excess
of aqueous sodium hydroxide.

(2 marks)

APW/Jun08/CHM4
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(¢) The amino acids alanine and serine are shown below.

H H
HoN— (lf — COOH HoN— (lj — COOH
(|3H3 (linOH
alanine serine

(c) (1) Draw the structures of the two dipeptides formed by the reaction of alanine with
serine.

(c) (i1) Draw the structure of the zwitterion of serine.

(c) (ii) Draw the structure of the organic compound formed when alanine reacts with
methanol in the presence of a small amount of concentrated sulphuric acid.

(c) (iv) Draw the structure of the organic compound formed when one molecule of
serine reacts with two molecules of ethanoyl chloride.

(6 marks)

09
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5 Consider the reaction sequence shown below.

H
Reaction 1 a | b Reaction 2 |
C4Hg - CH; —C—CH,; — CHj; - CH; —C—CH,; — CHj;
HBr | NH; |
Br NH,
E F G
5 (a) (1) Name the mechanism for Reaction 1.
S (a) (i) Compound F is the only product formed in Reaction 1. Deduce the structure of
compound E.
(2 marks)
5 (b) Name and outline a mechanism for Reaction 2.
INAME Of MECHANISTIL ...cooveeeeiiie ettt e e et e e s st e e e s abaee s s aseeeeeenns
Mechanism
(5 marks)
5 (c¢) Compound G is a primary amine with molecular formula C4H|N
In Reaction 2, the percentage conversion of F into G is 53.4%.
5 (¢) (i) Calculate the mass of G formed in Reaction 2 from 10.0g of F.
i
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S (c¢) (i) Suggest a reason, other than experimental technique, for the relatively low
percentage conversion of F into G in Reaction 2.

(4 marks)
S (d) Predict the total number of peaks in the proton n.m.r. spectrum of F. State the splitting
pattern of the peak for the protons labelled a and the splitting pattern of the peak for
the protons labelled b.
TOtAL NUMBET Of PEAKS .....eveeeeeeeieieeeeee ettt ettt s e e s e s nseeeaseesnneas

Splitting pattern of the peak for the protons labelled a ....................cccueeeeecvereeeccrneaaannne.

Splitting pattern of the peak for the protons labelled b ..................cccceeviiiiniiiiniecnncen.
(3 marks)

5 (e) Draw the structure of the following isomers of G.

S (e) (i) The isomer which is a primary amine and has two peaks in its proton n.m.r.
spectrum.

S (e) (i) The isomer which is a secondary amine and has four peaks in its proton n.m.r.
spectrum.

S (e) (iii) The isomer which is a tertiary amine.

(3 marks)

Turn over p
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SECTION B

Detach this perforated sheet.
Answer both questions in the space provided on page 12 and pages 15-20 of this booklet.

6 Propanoyl chloride, CH3CH,;COClI, reacts with water and with benzene.
6 (a) Write a balanced equation for the reaction of propanoyl chloride with water.
Name and outline a mechanism for this reaction.
(6 marks)

6 (b) Write a balanced equation for the overall reaction of propanoyl chloride with benzene.

Identify a suitable catalyst for this reaction. Write equations to show how this catalyst
reacts and how it is regenerated.

Name and outline a mechanism for the reaction involving benzene.
(8 marks)

Turn over for the next question
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7 ()
7 (a)
7 ()
7 (a
7 (b)
7 (¢

Describe, by giving reagents and stating observations, how you could distinguish
between the compounds in the following pairs. Use one simple test-tube reaction for

each pair.
) @ and
P
) /CH3
(i1) H3C—C and
@)
R
T
(ii1) H;C— (|: —CHj3 and
CH,0OH
T

Compound T in part (a)(iii) has a mass spectrum with a peak at m/z = 57

Draw the structure of the ion responsible for this peak and write an equation for the
fragmentation of the molecular ion of T to produce this species.

Identify a solvent used for samples in proton n.m.r. spectroscopy.

Give the names of compounds V and W, shown below, and describe how they can be
distinguished using their proton n.m.r. spectra.

0
Y
Hyc —c”
o
H,C— L
ShEERS N
Yo
\

END OF QUESTIONS

N\, 7
C/

SN

8

Q

OH
H3;C— C\\

N

™
H;C— CI_ CH,CH;
OH

U
(9 marks)

(3 marks)

O

O

(4 marks)
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