The reaction scheme shown below is an example of a chain
reaction.

(i) Br, — 2Br’ initiation step

(i) CH +T—>CH'+U

(i) V + Br, » C,HBr + W

(iv) Br'+ Br' - X

(v) CHS+ CH/ —>Y

(vi) C,H,+ Z— C,HBr

(a) Write down the species represented by the letters T to Z in

the reaction scheme. 3
(b) In step (i), the initiation step, explain if the process is
exothermic or endothermic. 1
(¢) (i) What name is given to the process represented by steps
(ii) and (iii)? 1
(i) What name is given to the process represented by steps
(iv) to (vi)? 1

(d) Why is the reaction shown referred to as a chain reaction? 1

(7)
The electronic arrangement for carbon is 1s°2s°2p?.
(a) Based on this information alone, how many unpaired
electrons will carbon have? 1
(b) Explain why carbon is able to form four bonds. 2

(¢) The C-C bond strength is 346 kJ] mol! and the C=C bond
strength is 602 kJ mol™'. In terms of bonding types explain
why the C=C bond is not twice as strong as the C—C bond. 2

(d) Draw a molecule of ethene showing all the overlapping
atomic orbitals. 1

(6)
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3. Haloalkanes are extremely versatile organic compounds and are
widely used in syntheses and preparations, as indicated in the
following flow diagram.

carboxylic acid

hydrolysis
. CN- OR-
nitrile «———— haloalkane T» ether
NH 2 (©)
. oxidation
amine alcohol ——— carboxylic acid
R = alkyl group
(a) Name the type of reaction involved in reactions ® to ,, . 1
(b) Why can haloalkanes take part in the type of reaction in (a)? 1
(¢) How is the reagent OR™ obtained from an alcohol? 1

(d) 1-bromopropane was used as the starting material for the
preparation of carboxylic acids. Name the carboxylic acid

formed:
(i) via route ,
(ii) via route e . 2
SY/93
(5)

4.  Haloalkanes are suitable compounds from which to synthesise
other compounds. The flow diagram below shows how different
compounds can be prepared from 2-bromopropane.

2-bromopropane reagent X » C,HCN
reagent Y H'(aq)
4
compound P R C H.COOH
C,H,0H i 37
concentrated concentrated

H,SO, H,SO,
140°C 60°C

compound Q compound R
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(a) Draw the structural formula for 2-bromopropane. 1
(b) Which single term is used to describe reagents X and Y? 1
(c) The equation for the reaction that produces compound
Qi
H H

H—(lt—H H—(|?—H
2CH,OH —» H—IC —o0— lC—H + HO
H—(:I—H H—:C—H
H H

compound Q

To which class of organic compound does Q belong? 1
(d) Draw the structural formula for an isomer of Q that

belongs to a different homologous series. 1
(e) Draw the structural formula for compound R. 1
() Describe briefly how to distinguish between compounds Q

and R. 1

(g) Name the organic compound produced on oxidising
compound P with acidified potassium dichromate
solution. 1

SY/99
(7)

Consider the reaction sequence outlined below.

A .
CHOH —2—» CHO
I
O an ether
B In
a secondary alcohol —» CHCI
(a) Give the name of ion (I). 1
(b) Name:
(i) reagent A
(ii) reagent B. 2
(c) Draw the full structural formula for compound (II). 1
SY/97
(4)
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6.  Study the organic reactions below.

C,H,OH CH,=CH,

'QW

C,H.Br
|®
C,H.CN
l(4)
C,H,COOH

27

C,H,COOCH, C,H,COONH,  CHHO

The reagents necessary to bring about the conversions are
numbered. Copy the numbers into your book and alongside each
number put:

(a) the type of reaction occurring 7
(b) the appropriate reagent to bring about the conversion. 7
SY/90
(14)
7. Examine this organic reaction sequence:
CH, concentrated nitric# CHON reduction CHN
and sulphuric acids
A B C
(a) Give possible structural formulae for B and C. 2
(b) What type of reaction is involved in the conversion of
A to B? 1
SY/91
3)

8. A synthetic route to the analgesic compound D is shown below.
The percentage yield for each step is given below each arrow.

OH
ethanoic
anhydrlde
—>
65% 95% 80%
step 1 step 2 step 3 N
A B C \ 4 \
CH,
D
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(a) Name reactant A. 1
(b) What nitrating mixture would be used to react with A in
step 1? 1
(c) Which type of reaction takes place in step 2? 1
(d) Calculate the mass of analgesic that would be formed starting
from 43.6 g of compound C. 3

(e) Draw the structure of the organic compound formed when
compound C is reacted with:

(i) dilute hydrochloric acid 1
(i) sodium hydroxide solution. 1
SY/98

(8)

Benzene is one of the most important aromatic feedstocks in the
chemical industry. It can be made during the catalytic reforming of
the naphtha fraction from crude oil and separated from the
mixture of products. The diagram below shows four of the
industrially important synthetic routes from benzene.

C12H25
Qo

T CH=CH,
©O——0 — 08
cyclohexane i

g
(a) What do you understand by the term ‘catalytic reforming’? 1
(b) The preparation of compound e can be achieved in a single
step. Compounds , and f require more than one step in
their preparation, but the first step involves the same type

of reaction as that for the preparation of compound e .
Name the type of reaction involved and name the type of

organic compound used along with benzene. 2
(c) Name the type of reaction involved in the conversion of

benzene to compound , . 1
(d) Compound e is used as a feedstock for making an

important domestic product. Name the product. 1

ADDITIONAL QUESTIONS (AH CHEMISTRY) H:



:_ ORGANIC CHEMISTRY

(e) Compounds ,

and f are used in making plastics.

(i) Draw the structure of part of a polymer made by
linking three molecules of compound , .
(ii) Compound f reacts with methanal to form a plastic.
Name the type of polymerisation involved.

SY/94
(8)

10. Two aliphatic compounds A and B, which contain carbon, hydrogen
and oxygen only, are isomers. They can both be oxidised as

follows:

A

oxidation
e

C

oxidation

The table below shows the wavenumbers of the main absorptions in

the infra-red spectra caused by the functional groups in

compounds A to D between 1500 and 4000 cm™ (absorptions
caused by C-H bonds in alkyl components have been omitted).

Compound Wavenumber(s)/cm™
A 3300
B 3350
C 2750 1730
D 1700

In answering the following questions, you are advised to consult
the data on page 13 of the Data Booklet.

(a) Examine the table above and identify the functional groups

present in:
(i) AandB
(ii) C

(iii) D.

(b) Describe a chemical test you could use to provide support
for your answers to (ii) and (iii) of (a).

(c) Compound C will undergo further oxidation to produce

compound E. Estimate the wavenumbers of the main infra-

red absorptions caused by the functional groups in

compound E (only those between 1500 and 4000 cm™).

SY/93
(8)
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11.

Compound X contains, by mass, 69.77% carbon, 11.63% hydrogen
and 18.60% oxygen and has a relative molecular mass of 86.

Compound X is a neutral, colourless liquid that reacts slowly with
sodium to produce hydrogen gas. X does not immediately
decolourise bromine water but decolourises acidified potassium
permanganate solution, producing compound Y.

Y reacts with 2,4-dinitrophenylhydrazine to produce a bright
yellow solid. This yellow solid can be purified by recrystallisation
from hot ethanol. The infra-red spectra of X and Y are shown
below.

Infra-red spectrum of compound X

100
80
54
g
£ 60
=
W
g 40
S
F
S 20

3500 3000 2500 2000 1800 1600 1400 1200 1000 800

Wavenumber/cm™!

Infra-red spectrum of compound Y

100
80

8

g

£ 60

g

g 40

—

H

s 20

3500 3000 2500 2000 1800 1600 1400 1200 1000 800

Wavenumber/cm™!
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12.

(@)
(b)
(©)

(d)

(e)
¢y

Calculate the empirical (simplest) formula for compound X. 2

Which functional group is present in compound X? 1
Write the molecular formula for compound X and give its
systematic name. 2
Which functional group, not present in X, is responsible for a
major absorption peak in the infra-red spectrum of Y? 1
Draw the structural formula for Y. 1
Identify an impurity that may have been removed from
the yellow solid by the process of recrystallisation. 1
SY/99
(8)

Grignard reagents have the general formula RMgX, where R = an
alkyl group and X = a halogen atom. Preparation involves reacting
an alkyl halide with magnesium in dry ethoxyethane (an ether) to
prevent hydrolysis occurring. The Grignard reagent methyl
magnesium iodide, CH,Mgl, was reacted with carbon dioxide:

CH,MgI + CO, —» CH,COOMgI

This was followed by hydrolysis with dilute sulphuric acid.

CH,COOMgl + H,0 - Y + Mg(OH)I

The organic product Y dissolves in the ether and the magnesium
compound dissolves in the dilute acid, giving two immiscible
layers.

(@)
(b)

(©)

Suggest how Y can be isolated. 1
Give one advantage and one disadvantage of using an

ether as a solvent for chemical reactions. 2
The infra-red spectrum for a pure sample of Y shows a broad

absorption band in the range 3500-2500 cm™ and at least one
other characteristic absorption band, apart from those due to
C-H bonds.

Use the information above and on page 13 in the Data
Booklet to:

(i) identify Y 1
(i) suggest the wavenumber range of the other main
absorption band. 1
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(d) Explain why in a Grignard reagent the methyl group acts as a
nucleophile, whereas in methyl iodide the methyl group acts
as an electrophile. 2

SY98
(7)

13. Essential fatty acids are found in plant sources. They are always cis-
isomers. Transfatty acids tend to interfere with metabolic
processes, since these are usually based on enzymes.

(a) (i) Name the structural feature in fatty acids that gives rise
to these stereoisomers. 1
(i) What name is given to this kind of stereoisomerism? 1
(b) (i) Using a suitable notation, show the structural

arrangement of these two isomers. 1
(ii) Explain why the structural feature in (a) (i) leads to
isomerism. 1
(¢) Explain why transfatty acids interfere with metabolic
processes. 1
(5)

14. A simple test such as determining the melting point can help to
distinguish between different isomers, e.g. between pentane and
2,2-dimethylpropane or between maleic acid and fumaric acid.

(a) (i) Draw the structural formulae for pentane and

2,2-dimethylpropane. 2
(i) Use these structures to help explain which isomer
will have the higher melting point. 2
(b) (”) (”)
C C
H~ -~ 15 O N
h - o o
b Neo o H O\C/ ~H
I |
(0] (0]
maleic acid fumaric acid

(i) What are the systematic names for maleic acid and

fumaric acid? 2

(i) By referring to their shapes explain which isomer
has the higher melting point. 2
(8)
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15. Glucose and fructose both contain six carbon atoms

H H H OHH H
HO—C—t—b— b ”
—Le—Lv—L—0L—L™ N
I 1 1 |1 | 7o
H OHOHH OH

glucose

Loy
HO—C—|C—C—C—C—C—OH
| N
H OHOHH O H

fructose

(a) Only four of the carbon atoms in glucose are chiral.

Identify the two carbon atoms that are achiral. 1
(b) How many carbon atoms in fructose are achiral? 1
(2)
16. CH, CH,
N /
CH—CH
/ N
CH, CH,
(a) (i) Name this molecule. 1
(ii) Name the straight-chain isomer. 1
(b) Does the molecule shown have an optically active carbon?
Explain your answer. 2

(c) Draw the structural formula for a molecule that has one
more carbon atom than the above molecules and also has
a chiral carbon atom. 1

(5)

17. Lactic acid, CH,CH(OH)COOH, extracted from milk, was found to
rotate the plane of polarised light, but another sample of lactic
acid, which was synthesised in the laboratory, did not affect
polarised light.

(a) Give a systematic name for lactic acid. 1
(b) (i) Draw the full structural formula for lactic acid. 1
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(ii) Place an * on the carbon atom that is said to be

asymmetric (i.e. the chiral centre). 1
(¢) Explain why the sample synthesised in the laboratory was
not optically active. 2
(5)
18. (a) Draw the structures of two isomers of butan-2-ol that are
non-superimposable mirror images. 1
(b) In comparing these isomers what difference would you
expect in:
(i) physical properties (e.g. melting points) 1
(i) chemical properties (e.g. ease of oxidation) 1

(c) A solution of one of these isomers was found to rotate plane
polarised light to the left by 10°.
(i) What rotation would you expect for a solution of the
same concentration of the other isomer in the same

polarimeter tube? 1

(ii) Suggest a reason why a bought sample of butan-2-ol
was found to be optically inactive. 2
(6)

19. Stereoisomerism includes both geometric isomerism and optical
isomerism.

(a) Which of the above types of isomer can be studied in a

polarimeter? 1
(b) Give the essential structural requirements for a substance to

exhibit:

(i) geometric isomerism 1

(ii) optical isomerism 1

(c) Identify a suitable substance from those given on the next
page to illustrate:

(i) geometric isomerism 1
(ii) optical isomerism. 1
(5)
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ﬁ ? H H
AN
§+?—O—H Cc=C
H H H7C3 C4H9
A B
H
0
Cl—C—C
| NO—H
H
C D
CH,CH(OH)CH, CH,CH,CH(OH)CH,
E F
CH,CH,CH(OH)CH,CH, CH(OH)C(OH)CH,
G H

20. Ants release chemicals to send warnings to fellow members of the
colony. Two of these chemicals are:

C,H,CH=CHCH,CHO and C,H,CH(CH,)COC,H,
Molecule A Molecule B

(a) Describe two tests that could be used to distinguish

molecule A from molecule B. 2
(b) Molecule A can exist in two structural isomers. Draw these
two structures and name each one. 2
(c) (i) Explain, with the help of a structural formula, why
molecule B is optically active. 2

(i) Explain why the same chemical as molecule B made
in the laboratory by oxidising the corresponding

secondary alcohol would not be likely to be optically
active. 1

(7)
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21.

STRUCTURAL ISOMERS STEREOISOMERS
different shortened same shortened
I O B structural formula
examples
|
| |
_ CH—
CH;~ CH—CH, (i)
cH,
GEOMETRIC ISOMERS OPTICAL ISOMERS
different geometrical mirror image
arrangement of atoms due molecules due to
to the presence of e.g. the presence of
______ iy N )
examples
|
(\l/) u | u examples
7777777777 \
/C:C
Br Br
[
H |
| o)
C.
SN
Hooc. ) CH
0)
(a) Provide words or formulae to correspond with (i) to (vi). 6
(b) Draw the structural isomer of 1,2-dichloroethane. 1
(c) Draw the geometric isomers of but-2-ene. 1
(d) Draw a structural formula for the lightest alkane molecule
containing a chiral carbon atom. 1
)

22. 0.315 g of an organic compound containing C, H and O was
completely burned in oxygen and was found to produce 0.630 g of
carbon dioxide and 0.258 g of water. Calculate the empirical
formula for this compound. (4)
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23. A sample of a compound was known to be a short-chain alkanol.

24.

The sample was treated as follows:

sample burned in excess oxygen.
\2

the gases passed through a tube packed with CaCl,

l

remaining gases passed through concentrated KOH solution.

Experimental results:

(i) 0.508 g sample burned

(i) CaCl, tube increased in mass by 0.610 g

(iii) Volume of gas reduced by 610 cm?® on passing through the
KOH(aq).

The molar volume on the day of the experiment was 24.0 litres.

(a) Use the experimental results to identify the alkanol. 5
(b) State why this experiment is best carried out in duplicate. 1

(6)
The mass spectrum of a molecule of empirical formula CH,O is
shown below.
100% 31
29 32
Relative
abundance
3 30
| |
m/z
(a) Suggest a formula for an ion for each peak in the above
spectrum. 2
(b) What is measured by the peak height in the above
spectrum? 1
(c) Occasionally two electrons can be removed from each
fragment produced. Where will these peaks appear in the
mass spectrum? 1
(4)

ADDITIONAL QUESTIONS (AH CHEMISTRY)




25.

When an organic compound is passed through a mass
spectrometer some of its molecules are broken down into
fragments. The simplified mass spectrum of an organic compound
is shown below.

105

100%
° 77

134

Relative
abundance
29

Mass/change

The molecule was known to be either:

@/C\ @/ CHz\ /CH3
CH or C
s I
0]

(a) Suggest which fragments of the molecule could be
responsible for each peak in the mass spectrum. 2

(b) By referring to your answer in part (a) decide which of the
molecules could have given rise to the spectrum. Explain
your choice. 2

(4)

26. After chlorinating benzene a sample of the product was subjected

to mass spectral analysis:

100

-
77

HFelatve
abumndance ] 114
=] |

Mass/change
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(@)
(b)
(©)
(d)

Draw the structure of the product. Give a reason for your

answer. 2
There is evidence for two isotopes of chlorine in the sample.
Identify this evidence. 1
By reference to the above spectrum, state what is meant by a
molecular ion. 1
The most intense fragment ion occurs at 77.
(i) What is a fragment ion? 1
(i) What evidence is there that the ion at 77 contains no
chlorine? 1
(iii) Suggest a formula for the ion at 77. 1
(7)

27. 1If a very thin sample of an organic compound is subjected to
energy from the infra-red region of the electromagnetic spectrum,
specific frequencies of radiation are absorbed.

(@)
(b)

(©)

28. (a)

)
(©)

What kind of movement is induced in the molecules when

infra-red radiation is absorbed? 1

What can be deduced about a molecule by examining its

infra-red spectrum? 1

How could infra-red be used to show that a sample

produced after distillation was pure? 2
(4)

Nuclear magnetic resonance (NMR) spectroscopy is a
non-destructive method of analysis. Explain what is meant

by this statement. 1

Name another non-destructive method of analysis. 1

Can the technique of atomic absorption spectra be

classified as non-destructive? Explain your answer. 2
(4)

29. NMR, infra-red and colorimetry involve absorption of energy by
samples. What part of the electromagnetic spectrum does each
involve? (3)

30. The hydrogen atoms in a molecule spin about their axes.

(@)

What property does this confer on these atoms that is useful
in NMR analysis? 1
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(b) If a magnetic field is applied to the molecule then these
hydrogen atoms take up one of two orientations.
(i) Describe these orientations. 1
(ii) Explain which of these is of lower energy. 1
(c) Electromagnetic energy (high frequency radio waves) is
now applied and many of the hydrogen atoms ‘flip’.
What is meant by ‘flip’? 1
(d) Since more atoms started in the lower energy state there
is a net energy change. Explain whether this is absorption or
an emission of energy. 2
(e) The immediate surroundings of the hydrogen atoms in the
molecule will determine whether it flips or not at a certain
radio frequency. The NMR spectrum of the molecule
consists of a number of peaks.
(i) What can be deduced from the positions of the peaks? 1
(i) What can be deduced from the areas of the peaks? 1

(8)

31. Tetramethylsilane (TMS) is used as a reference in proton NMR.

(a) How many hydrogen atoms are there in TMS? 1
(b) All the hydrogen atoms in TMS are said to be in the same
chemical environment. Explain. 1
(c) What is the numerical value of the chemical shift for the
peak(s) produced by TMS? 1
(3)

32. The 'H NMR spectrum of ethanol (C,H,OH) is shown below.

33
22
C

A
B
J TMS
I}
5 4 0

T I I
3 2 1
Chemical shift (8)/ppm
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a)  Which chemical produced the peak named TMS and what

is its purpose? 2
b) Give two reasons for the chemist deciding that peak C was
due to the CH, group. 2
¢) Link peaks A and B to the hydrogen atoms in ethanol.
(Give two reasons in each case.) 2
(6)

33. A hydrocarbon liquid, of empirical formula C.H
'H NMR analysis:

was subjected to

10?

Chemical shift (8)/ppm

(a) What is peak D? 1
(b) (i) What name is given to the line above each peak? 1
(i) How do the values shown relate to the number of
hydrogens in the molecule? 1

(c) Suggest a structural formula for the molecule and justify
your choice. 2
(5)

34. An alcohol has a molecular formula of CSHSO.

(a) Suggest two possible isomeric structures for this

compound 2
(b) The 'H NMR spectrum for one isomer showed four peaks.
(i) Which isomer does this indicate? 1
(i) How many peaks would the other isomer have? 1
(ili) Comment on the relative integrals (i.e. the areas
under the peaks). 1
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(c) Predict the number of peaks observed in the spectrum of
the isomeric ether. 1

(6)

35. An 'H NMR spectrum was recorded for each of these straight-chain
hydrocarbons: CH,, C,H,, CH, and CH
(a) (@) Which of the compounds would show only one peak? 2
(ii) Explain your choice by reference to all the structural

formulae. 2
(b) How many peaks would you expect for both the isomers of
CH,? 2
(¢) A compound of formula C,;H , also shows only one peak.
Suggest a structural formula for this isomer. 2
(8)

36. The following electron density map was obtained from an aromatic
compound with molecular formula C.H,CL,0.

(a) Explain why the hydrogen atoms do not show up clearly in

the electron density map. 1

(b) Draw the full structural formula for this compound. 1
(c) Draw the electron density map that would be obtained for

methanoic acid. 1

H/96

3)
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37.

38.

In the late 1950s and 1960s, Dorothy Hodgkin was the first person
to unravel the structures of big molecules like vitamin B12 (still
injected as a cure for pernicious anaemia) and insulin (a molecule
with over 800 atoms).

(a) What technique did she pioneer in solving these structures? 1
(b) Suggest a reason why it was a breakthrough to know the

structure of vitamin B12. 1
(¢) (i) In what way would a carbon atom differ from a chlorine
atom in an electron density map? 1

(i) Explain why hydrogen atoms cannot be easily detected
by this technique.
(d) The electron density map for an organic molecule is shown
below. 1

(i) Suggest the structural formula for this molecule. 1
(ii) State where the nuclei of the carbon atoms are to be
found in the above diagram. 1
(iii) Draw a similar diagram for the molecule
monochlorobenzene. 1
(7)

Some medicines operate by binding to receptors. Such medicines
can act as agonists or antagonists.

(a) What type of molecule is a receptor and where is it normally

situated? 1
(b) What function does a receptor have? 1
(c) What effect does an agonist have when it binds to a
receptor? 1
(d) What effect does an antagonist have when it binds to a
receptor? 2
(5)
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39. In 1997, aspirin (acetyl salicylate) was 100 years old. All the
compounds shown below are related in structure to aspirin and
have the ability to relieve pain.

COOH COOH COOH* COOH
o) OH OH O _CH,
@/ \Glucose ©/ ©/ ©/ ﬁ
0]
salicin salicylic sodium acetyl
acid salicylate salicylic
acid

Identify the pharmacophore that is responsible for the pain-
killing effect. (2)

40. When designing a drug for a particular illness, chemists normally
start from a molecule that is already pharmacologically active.
This molecule can be modified to make derivatives, which are
exhaustively tested.

(a) Explain the terms in bold type. 2
(b) By comparing the derivatives that are pharmacologically
active, the pharmacophore can be identified. Explain. 2

(c) Suggest how these derivatives may be ‘exhaustively tested’. 2
(6)

41. Drug discovery in the first half of the twentieth century owed much
to good fortune and good observation. For example,
sulphonamides were discovered when it was found that certain
dyes had antibacterial activity. Penicillin was discovered when
Alexander Fleming returned from holiday and noticed a fungal
contaminant on an old petri dish had antibacterial activity. Since
the Second World War, thousands of sulphonamide derivatives and
penicillin derivatives have been made. Moreover, completely new
antibacterial drugs have been discovered from a variety of sources.

(a) Suggest examples of the ‘variety of sources’ that have
provided new antibacterial drugs. 1
(b) (i) State what is meant by the term ‘pharmacophore’. 1
(ii) Explain why it is possible to make thousands of
sulphonamide derivatives all having antibacterial
activity. 2

(4)
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42. Thalidomide was marketed as a non-addictive sedative for pregnant
women in the 1950s. It was banned in 1961 when it was discovered
that one optical isomer of the drug led to severe deformities in the
foetus.

(a) Identify the chiral center in the thalidomide molecule with
an asterisk (you need copy only a small part of the

molecule). 1
7 O 0
,C C
O |
N—CH NH
C Ve N ﬁ/
b
Thalidomide

(b) Suggest an additional aspect to drug testing that has since
been introduced. 1

(2)

43. Many drugs fit into complex receptor sites around the body, just
like keys fitting into locks.
(a) What analytical technique is used to find the structural

features in the receptor? 1

(b) (i) What name is given to the active part of the drug? 1
(i) State why the shape of the drug molecule is

important. 1

(c) Computers can reduce the time and hence the cost of finding
suitable drugs. Suggest two facilities that computers possess
that are helpful. 1

(4)

44. Enzymes are biological catalysts that are so specific that most
organisms contain thousands of different enzymes.
(a) What is meant by ‘specific’ in this context? 1
(b) Enzymes are globular proteins, each of which has a
characteristic notch or groove on its surface called the active

site.
(i) Explain the significance of the surface shape of an
enzyme on its ability to act as a catalyst. 2
(i) Explain why an enzyme can continue to act as a
catalyst time after time. 1
(4)
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