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Catalyst: …………………………………………………………………………………………………………………………………………………………….
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Catalyst: …………………………………………………………………………………………………………………………………………………………….

Equation: ……………………………………………………………………………………………………………………………………………………………
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(d) (i) Infra-red spectroscopy can be used to distinguish between esters and carboxylic
acids. Identify an absorption that would enable you to distinguish between
‘methyl benzenecarboxylate and its isomer 4-methylbenzenecarboxylic acid.
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(i) State how infra-red spectroscopy can be used to show that an unknown ester is
definitely methyl benzenecarboxylate.
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(a) State the meaning of each of the terms rate of reaction and catalyst.




image10.png
(b)  For cach of the following processes, suggest a catalyst and write an equation for the
overall reaction.

(i) the cracking of octane o form 2,2-dimethylbutane and one other product
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(i) the removal of nitrogen monoxide from the exhaust gases of a petrol engine
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(iii)) - the acylation of benzene.
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(a) Describe, by giving reagents and stating observations, how you could distinguish
between the compounds in the following pairs using simple test-tube reactions.

® HC—0—C—H wmd HC—C—O—H
I I
o o

P Q
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(i) CH;CH,COCl  and CH;CH,Cl

R s
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(b) (i) Give the reagents needed for the reduction of nitrobenzene to form phenylamine.
Wite an equation for the reaction. Use [H] to represent the reductant.
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(ii) Name the type of mechanism for the reaction between phenylamine and
bromomethane. Draw the structure of the product of the reaction of phenylamine
with a large excess of bromomethane.
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(a) () Give the meaning of the term Bronsted-Lowry base.

(1 mark)

(@ (i) State which of ammonia and butylamine (CH;CH,CH,CH,NH) is the stronger
base. Explain your answer.

Stronger base ..

Explanation .

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

(1 mark)




image19.png
©)

©

@

(i)

Draw the structure of the species formed when the amine CHs(CHz)17NH, reacts
with an excess of CH3Br

(1 mark)

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

Type of compound

Use.

(2 marks)
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(@ () Name compound Z shown below.

Il
CH;—C—NHCH;
z

(1 mark)
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(d) (i) Name and outline a mechanism for the reaction in which Z is formed from
CH;NH, and CH;COCI

Name of mechanism

Mechanism

(5 marks)
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CHy
|
() Conside the amino acid alanine  H;N—C—COOH

H
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)
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(a) Give reagents and conditions and write equations to show the formation of
nitrobenzene from benzene.

Name and outline a mechanism for this reaction of benzene.
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(b) Compounds R, S and T are shown below.

NO, NH, NH,
NO, NH, NH,
R s T

Name R and give reagents for the conversion of R into S. Wite an equation for this
reaction using [H] to represent the reductant.

Explain why S is a weaker base than T.
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(¢) Draw the repeating unit of the polymer formed by the reaction of $ with hexanedioic
acid.
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(a) Each part below concerns a different pair of isomers.
Draw one possible structure for each of the compounds A to J.
Use Table 2 on the Data Sheet where appropriate.
(i) Compounds A and B have the molecular formula CoH»

Both have only one peak in their proton n.m.. spectra.
A has an absorption at 1650 cm™" in its infra-red spectrum but B does not.

A B
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(ii) Compounds C and D have the molecular formula CsH;O and both have only
1wo peaks in their proton n.m.r. spectra.
C forms a silver mirror with Tollens’ reagent but D does not.

C D

Compounds E and F have the molecular formula C3HgO, and both have only a
quartet, a triplet and a singlet peak in their proton n.m.r. spectra.

E gives an effervescence with aqueous sodium hydrogencarbonate but F does
not.

E ¥
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(iv) Compounds G and H have the molecular formula CeHy>
G shows geometrical isomerism but not optical isomerism.
H shows optical isomerism but not geometrical isomerism.

G H
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(v) Compounds I and J have the molecular formula CsH;,0
T cannot be oxidised by acidified potassium dichromate(V) but can be
dehydrated to form an alkene.
J can be oxidised by acidified potassium dichromate(VI) but cannot be
dehydrated to form an alkene.

1 J

(10 marks)
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(a) The table below shows the results of three experiments to investigate the rate of
reaction between compounds A and B. Al three experiments were carried out at the

same temperature,

Experiment | | Experiment2 | Experiment 3
Initial concentration of A/mol dm™* 390107 7.80x 107 7.80% 107
Initial concentration of B/mol dm 9.60x 107 240% 107 120107
tial rate/mol dim 5.00% 107 5.00%10° 250% 10

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 10 A

Order with respect 1o B

(2 marks)
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(b) Consider the compound below.

CH;
a | b
HyC— C — C— CH,— CH,— C—OH

OH O l‘)

(i) Predict the number of peaks in its proton n.m

spectrum.

(i) The protons labelled a and b each produce a peak in the proton n.m.. spectrum.
Name the splitting pattern for each of these peaks.

Splitting pattern for the protons labelled a

Splitting pattern for the protons labelled b

(3 marks)
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‘Three sections of the proton n.m.r. spectrum of CH;CHCICOOH are shown below.

120 110 100 46 45 44 43 18 17 16
S/ppm S/ppm S/ppm
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(a) Name the compound CH;CHCICOOH

(1 mark)
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(b)  Explain the splitting patterns in the peaks at 8 1.72 and & 4.44

Peakat §1.72 .

Peak at §4.44 .

(2 marks)
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(¢) Predict the splitting pattern that would be seen in the proton n.m.r. spectrum of the
isomeric compound CICH,CH,COOH

(1 mark)
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(d) The amino acid alanine is formed by the reaction of CH;CHCICOOH with an excess
of ammonia. The mechanism is nucleophilic substitution. Outline this mechanism,
showing clearly the structure of alanine.

(5 marks)
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(¢) The amino acid aspartic acid has the structure
H

|
HOOC—CHy—C— COOH
NH,

Draw structures to show the product formed in each case when aspartic acid reacts with

(i) an excess of aqueous HCI,

(i) an excess of aqueous NaOH,
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(iii) another molecule of aspartic acid.

(3 marks)
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Consider the reaction shown below.
H

j CHCH,
CHCH,—C—CHOH ——  C=CH,
L, CHy
J K

(@) (i) Name compound J

(ii)  Compound J exists as a pair of stereoisomers. Name this type of
stereoisomerism.

(2 marks)
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() (i) Name the type of mechanism for this reaction.

(ii) Draw the repeating unit of the polymer formed by K and name the type of
polymerisation involved.

Repeating unit

Tpe of polymerisation

(ifi) Draw the structure of an isomer of K which shows stereoisomerism.
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(b) The reaction between compounds C and D at a given temperature is first order with
respect to C and second order with respect o DD,

(i) ‘Write a rate equation for this reaction.

(ii) When the initial concentration of C is 2.50 x 102 mol dm ™ and the initial
concentration of D is 6.65 x 102 mol dm ™, the initial rate of reaction is
145 x 10*mol dm ™", Calculate the value of the rate constant at this
temperature and deduce its units.

Calculation

Units of rate constant

(4 marks)
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(iv) Draw the structure of an isomer of K which has only one peak in its proton
n.m.r. spectrum.

(5 marks)
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Compound U is shown below.
0

CHCH,CH,~C,
a

(a) Name compound U.

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

(i) Give the m/z values of these two peaks.

(2 marks)
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(¢) Name and outline a mechanism for the reaction of U with CH;OH

Name of mechanism

Mechanism

(5 marks)
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‘The ester methyl benzenecarboxylate (CéHsCOOCH;) can be prepared by the reaction of
methanol with benzenecarbonyl chloride, CgHsCOCI

(a) Name and outline a mechanism for this reaction.




