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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
Cc=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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SECTION A

Answer all questions in the spaces provided.

1 (a) The initial rate of the reaction between substances P and Q was measured in a series of
experiments and the following rate equation was deduced.

rate = k[P]’[Q]

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

Experiment | Initial [P]/moldm™ Initial [Q]/moldm™ | Initial rate/moldm™s™!
1 0.20 0.30 48x107
2 0.10 0.10
3 0.40 9.6 x 107
4 0.60 192 %107

(i) Using the data from experiment 1, calculate a value for the rate constant, k, and
deduce its units.

(6 marks)

(b) What change in the reaction conditions would cause the value of the rate constant to
change?

Turn over p>
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2 Nitrogen dioxide dissociates according to the following equation.
2NOx(g) == 2NO(g) + Ox(2)

When 21.3 g of nitrogen dioxide were heated to a constant temperature, 7, in a flask of
volume 11.5 dm?, an equilibrium mixture was formed which contained 7.04 g of oxygen.

(a) (i) Calculate the number of moles of oxygen present in this equilibrium mixture and
deduce the number of moles of nitrogen monoxide also present in this equilibrium
mixture.

Number of moles of Oy at eqUILIDFIUM ..........cc.cocoueimineniiiiinieieceeeeeeee e
Number of moles of NO at eqUIlIDFIUM .........cccceeuiiiiiiiniiiiieiieeeeeeetee e
(i) Calculate the number of moles in the original 21.3 g of nitrogen dioxide and hence
calculate the number of moles of nitrogen dioxide present in this equilibrium

mixture.

Original number of MOLes Of N Oy ...c.ooeovuiiiiiiiiiiiiieeeeeetee ettt

(4 marks)
(b) Write an expression for the equilibrium constant, K., for this reaction. Calculate the
value of this constant at temperature 7 and give its units.

EXPTESSION fOT K oottt ettt ettt b e et eteebeenteeens

(4 marks)
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(c) The total number of moles of gas in the flask is 0.683. Use the ideal gas equation to

determine the temperature T at which the total pressure in the flask is 3.30 x 10° Pa.
(The gas constant R=8.31JK 'mol™)

(3 marks)

(d) State the effect on the equilibrium yield of oxygen and on the value of K. when the same

mass of nitrogen dioxide is heated to the same temperature 7, but in a different flask of
greater volume.

Yield of oxygen

Value of K.

(2 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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3 The sketch below shows the change in pH when a 0.200 moldm™ solution of sodium hydroxide
is added from a burette to 25.0 cm® of a 0.150 mol dm™ solution of the weak acid
HA at 25°C.

Volume of 0.200 moldm= NaOH/cm?3

(a) The volume of sodium hydroxide solution added at the equivalence point is x cm?.
Calculate the value of x.

(2 marks)

(b) (i) Define the term pH.

(3 marks)

APW/0103/CHM4
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(c) The value of K, for the weak acid HA at 25°C is 2.75 x 10 moldm™.

(i) Explain the term weak as applied to the acid HA.

(iii) Calculate the pH of the 0.150 mol dm™ solution of acid HA before any sodium
hydroxide is added, i.e. the pH at point a.

(5 marks)

(d) Calculate the pH of the solution formed when X/, cm?® of the 0.200mol dm™ solution of

sodium hydroxide are added to 25.0 cm® of the 0.150moldm™ solution of HA, i.e. the pH
at point b.

(3 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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4 The structures of the amino acids alanine and glycine are shown below.
o i
HZN—(ll—COOH HZN—(ll—COOH
H H
alanine glycine
(a) Give the systematic name for alanine.
(1 mark)
(b) Alanine exists as a pair of stereoisomers.
(i) Explain the meaning of the term stereoisomers.
(ii) State how you could distinguish between the stereoisomers
(4 marks)
(¢) Give the structural formula of the species formed by glycine at pH 14.
(I mark)
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(d) When two amino acids react together, a dipeptide is formed. Give the structural
formulae of the two dipeptides which are formed when alanine and glycine react
together.

Dipeptide 1

Dipeptide 2

(2 marks)

(e) Give the structural formula of the organic compound formed when glycine reacts with
methanol in the presence of a small amount of concentrated sulphuric acid.

(1 mark)

Turn over p>
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12

5 The proton n.m.r. spectrum of compound X is shown below.
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Compound X, C;H;,03, contains both a ketone and an ester functional group. The measured
integration trace for the peaks in the n.m.r. spectrum of X gives the ratio shown in the table

below.
Chemical shift, 8/ppm 4.13 2.76 2.57 2.20 1.26
Integration ratio 0.8 0.8 0.8 1.2 1.2

Refer to the spectrum, the information given above and the data on the reverse of the Periodic
Table provided to answer the following questions.

(a)

(b)

(©)

(d)

(e)

()

How many different types of proton are present in compound X?

at 02.20.

The peaks at 64.13 and 61.26 arise from the presence of an alkyl group. Identify the
group and explain the splitting pattern.

ALRYL GFOUD .ottt ettt ettt et et et e e st et et e e seententenseeneeneensenes

EXPIATIALION ...ttt ettt et ettt e s et e s e e st ess e s e sseensensansesseensensans

(3 marks)

Draw the part of the structure of X which can be deduced from the splitting of the peaks
at 02.76 and 02.57.

(2 marks)

Turn over p>
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6 (a) Methylamine is a weak Brgnsted—Lowry base and can be used in aqueous solution with
one other substance to prepare a basic buffer.

(i) Explain the term Brgnsted—Lowry base and write an equation for the reaction of
methylamine with water to produce an alkaline solution.

BY@NSIEA—LOWFY DASE ...ttt
EQUATIOT ..ottt ettt ettt sttt st et e st e st e e sabaesbaesaaeenaneenns

(i) Suggest a substance that could be added to aqueous methylamine to produce a
basic buffer.

(iii) Explain how the buffer solution in part (a)(ii) is able to resist a change in pH when
a small amount of sodium hydroxide is added.

(b) Explain why methylamine is a stronger base than ammonia.

(2 marks)

(c) A cation is formed when methylamine reacts with a large excess of bromoethane. Name
the mechanism involved in the reaction and draw the structure of the cation formed.

INAIE Of MECHANISII ...ttt sttt ettt ettt ees

Structure

(2 marks)
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SECTION B

Answer both questions in the space provided on pages 16 to 20 of this booklet.

7 A possible synthesis of 1,4-diaminobenzene is shown below.

NH, NHCOCH;3 NHCOCHj3
Step 1 Step 2
_ _
NO,
Step 3
NH, NH,
Step 4
%
NH, NO,

(a) Identify a suitable reagent or combination of reagents for Step 1. Name and outline a
mechanism for the reaction. (6 marks)

(b) Identify a suitable reagent or combination of reagents for Step 2. Name and outline a
mechanism for the reaction. (6 marks)

(c) Identify a suitable reagent or combination of reagents for Step 4. Draw the repeating
unit of the polymer formed by reaction of 1,4-diaminobenzene with pentanedioic acid.
(3 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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8 (a) Describe, by giving reagents and stating observations, how you could distinguish
between the compounds in the following pairs using a simple test-tube reaction for each

pair.
@) C|H3 C|H3
H3C—(|?—OH and H3C—C|—CHO
H H
A B
(ii) H3C B _CH3
and L=C
H;C CHj;
C D
(iii) CH;COOCH;3;  and CH;CH,COOH
E F

(8 marks)

(b) State how compounds E and F in part (a)(iii) above could be distinguished by their
infra-red spectra, without using the fingerprint region. Explain how fingerprinting is
used to identify a compound. (3 marks)

(c) Suggest the structure of the fragment responsible for the major peak in the mass
spectrum of compound E and state its m/z value. Write an equation showing the
formation of this fragment from the molecular ion. (4 marks)

END OF QUESTIONS
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