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SECTION A

Answer all questions in the spaces provided.

1 The following reaction scheme shows the formation of two amines, K and L, from

methylbenzene.
CH; CH;
Step 2
_—
Step 1
N NH
CH, O, 2
K
CH,Cl1 CH,NH,
Step 3
Step 4
_—
L

(a) (i) Give the reagents needed to carry out Step 1. Write an equation for the formation
from these reagents of the inorganic species which reacts with methylbenzene.

REAGEILS ..ottt ettt ettt ettt e be e be et b e b e be e b e bt e seeaean
EQUATION ..ottt ettt ettt sttt et et et

(ii) Name and outline a mechanism for the reaction between this inorganic species
and methylbenzene.

INAIE OF MECHANISIN ...ttt ettt ettt et st

Mechanism

(7 marks)
(b) Give a suitable reagent or combination of reagents for Step 2.
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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, 3.1-3.9
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

APW/0105/CHM4
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(c) (i) Give the reagent for Step 4 and state a condition to ensure that the primary amine
is the major product.

REAGENL ...ttt ettt et ettt naeen

CONAITION ettt ettt sttt b b st et ae e
(ii) Name and outline a mechanism for Step 4.

INAINE Of MECHANISII ..ottt ettt ettt ee e

Mechanism

(7 marks)
(d) Explain why amine K is a weaker base than ammonia.

(2 marks)

(e) Draw the structure of the organic compound formed when a large excess of
bromomethane reacts with amine L.

(1 mark)

(f) Draw the structure of the organic compound formed when ethanoyl chloride reacts with
amine L in an addition—elimination reaction.

(I mark)

Turn over p
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2 The amino acid alanine is shown below.

CH;
H,N— C — COOH

H

(a) A sample of alanine is dissolved in water.

(i) Draw the structure of the main alanine species present in this aqueous solution
and give the name of this type of species.

Structure

TYDE Of SPECIES .ottt ettt ettt sttt b ettt sesaeeaen

(ii) Draw the structure of the alanine species formed when an excess of hydrochloric
acid is added to the solution.

(3 marks)
(b) Alanine molecules may be reacted together to form a polypeptide. Give the repeating
unit of this polypeptide and name the type of polymerisation involved in its formation.

Repeating unit

TYPE Of POLYIICTISALION ...ttt ettt e se et s e st eneesenseeneeneensas
(2 marks)
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(c) The repeating unit of a polyalkene is shown below.

|
CH; CH,CHj3

Give the name of the alkene which is used to form this polymer.

TURN OVER FOR THE NEXT QUESTION

Turn over p
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3 Each of the parts (a) to (e) below concerns a different pair of isomers.

Draw one possible structure for each of the species A to J, using Table 2 on the Data Sheet
where appropriate.

(a) Compounds A and B have the molecular formula CsHy
A decolourises bromine water but B does not.

A B

(2 marks)

(b) Compounds C and D have the molecular formula C,H,0O,
Each has an absorption in its infra-red spectrum at about 1700cm™" but only D has a

broad absorption at 3350cm™

C D

(2 marks)

(c) Compounds E and F are esters with the molecular formula CsH;(,O,
The proton n.m.r. spectrum of E consists of two singlets only whereas that of F consists

of two quartets and two triplets.

E F

(2 marks)
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(d) Compounds G and H have the molecular formula C3HgCl,
G shows optical activity but H does not.

G H

(2 marks)
(e) Compounds I and J have the molecular formula C¢Hy,
Each has an absorption in its infra-red spectrum at about 1650cm ™' and neither shows

geometrical isomerism. The proton n.m.r. spectrum of I consists of a singlet only
whereas that of J consists of a singlet, a triplet and a quartet.

I J

(2 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p

APW/0105/CHM4



10

4 (a) The following table shows the results of three experiments carried out at the same

temperature to investigate the rate of the reaction between compounds P and Q.

Experiment 1

Experiment 2

Experiment 3

Initial concentration of P/mol dm_3 0.50 0.25 0.25
Initial concentration of QQ/mol dmf3 0.36 0.36 0.72

.. -3 -1 -3 -3 -3
Initial rate/moldm s 7.6 x 10 1.9x 10 3.8x 10

Use the data in the table to deduce the order with respect to P and the order with respect

to Q.

Order with respect to P

Order with respect to Q

(b) In areaction between R and S, the order of reaction with respect to R is one, the order
of reaction with respect to S is two and the rate constant at temperature 77 has a value
of 42 x 10 mol2dm®s™.

(i) Write arate equation for the reaction. Calculate a value for the initial rate of reaction
when the initial concentration of R is 0.16 moldm™ and that of S is 0.84 moldm™.

(ii)

APW/0105/CHM4

Rate equation

Calculation

and that of S is 0.98 mol dm™.
temperature 75.

(2 marks)

In a second experiment performed at a different temperature, 75, the initial rate of
reaction is 8.1 x 10 moldm s when the initial concentration of R is 0.76 moldm™
Calculate the value of the rate constant at

(6 marks)
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5 Tetrafluoroethene, C,Fy, is obtained from chlorodifluoromethane, CHCIF,, according to the
equation:

2CHCIF,)(g) == GC,F4(g) + 2HCl(g) AH®=+128kImol”

(a) A 1.0mol sample of CHCIF; is placed in a container of volume 18.5dm’ and heated.
When equilibrium is reached, the mixture contains 0.20 mol of CHCIF,

(i) Calculate the number of moles of C;F4 and the number of moles of HCI present
at equilibrium.

Number of MOLEs Of CoFy ..ottt
Number of MOIes Of HCL .......o.oocuoveiiiiiiiiiiiieeeeeeteeete ettt

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

(iii) Calculate a value for K and give its units.

(@071 (6171 71770 £ AR

(6 marks)

(b) (1) State how the temperature should be changed at constant pressure to increase the
equilibrium yield of C,F4

(i) State how the total pressure should be changed at constant temperature to
increase the equilibrium yield of C,F,

(2 marks)

(c) G,F4is used to manufacture the polymer polytetrafluoroethene, PTFE. Name the type
of polymerisation involved in the formation of PTFE.

Turn over p
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6 Compound U is shown below.
//O
CH3CH2CH2—C\
Cl

(a) Name compound U.

(b) (1) State why the mass spectrum of U contains two molecular ion peaks.

(c) Name and outline a mechanism for the reaction of U with CH;0H

INAIE OF MECHANISIN ..ottt ettt sesse e s essesseeneeneas

Mechanism

APW/0105/CHM4
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(5 marks)
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SECTION B

Detach this perforated sheet.
Answer both questions in the space provided on pages 15 to 19 of this booklet.

7 (a) Describe how propanal, CH3CH,CHO, and propanone, CH3COCH3;, can be distinguished
using

(i) achemical test and
(i) the number of peaks in their proton n.m.r. spectra.

(5 marks)

(b) Compound Z can be produced by the reaction of compound X with compound Y as
shown in the synthesis outlined below.

Step 1
CH;CH,CHO ———— > X
Step 3 //O
CH3CH2 —C CHS
\ /
O—C—H
tep 2 N
CH;COCHj5 Y CH;
Z

Identify compounds X and Y.
For each of the three steps in the synthesis, name the type of reaction involved and give
reagents and conditions. Equations are not required.

(10 marks)

Turn over p
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8 This question concerns the weak acid, ethanoic acid, for which the acid dissociation constant,
K,, has a value of 1.74 x 10 moldm™ at 25°C.

[H*][CH;COO]
[CH;COOH]

In each of the calculations below, give your answer to 2 decimal places.

(a) Write an expression for the term pH. Calculate the pH of a 0.150mol dm™ solution of

ethanoic acid.
(4 marks)

(b) A buffer solution is prepared by mixing a solution of ethanoic acid with a solution of
sodium ethanoate.

(i) Explain what is meant by the term buffer solution.

(i) Write an equation for the reaction which occurs when a small amount of hydrochloric

acid is added to this buffer solution.
(3 marks)

(c) In a buffer solution, the concentration of ethanoic acid is 0.150 moldm™ and the
concentration of sodium ethanoate is 0.100 mol dm™.

(i) Calculate the pH of this buffer solution.

(i) A 10.0cm’ portion of 1.00 moldm™ hydrochloric acid is added to 1000cm? of this
buffer solution.
Calculate the number of moles of ethanoic acid and the number of moles of
sodium ethanoate in the solution after addition of the hydrochloric acid. Hence,

find the pH of this new solution.
(8 marks)

END OF QUESTIONS
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