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Answer all the questions.

1 This question is about the compounds A—F below.

H H
y \ /
_C\ /H H H H H H H H H
c—¢ L L
/ \ H H—C—C—C—C—OH HO—C—C—C—C—OH
H c R N I
/\H H H H H H H H H
A H B c
H\ /H
T R W SN
H—C—C—C—C—H H—C—C—C—C—H ~c c—
I T SN /N
H H H H H H OHH H H H H
D E F
(a) Answer the following questions by referring to the compounds A—F.
(i) What is the molecular formula of compound D?
............................................................................................................................... [1]
(ii) What is the empirical formula of compound C?
............................................................................................................................... 1
(iii) Which two compounds are structural isomers of each other?
....................................................... AN Lo 1]
(iv) Which two compounds are cis-trans isomers of each other?
...................................................... and ... 1]

(b) Compound E can be dehydrated to form compound A. Complete a balanced equation
for this reaction.

L
H— ——c—c—clz—-H —>
H H

I—O—I

b
[1]

2812 Jun04

For
Examiner's
Use



3 For
Examiner's

(c) Compound C can be dehydrated to form a new compound, G, with the molecular v

formula, C,H,. Suggest a structural formula and a name for G.

[Total: 7]
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Halogenoalkanes, such as 1-chlorobutane, are hydrolysed with hot aqueous alkali, OH™(aq),

to form alcohols.

(a) Describe, with the aid of curly arrows, the mechanism of the hydrolysis of
1-chlorobutane with OH™(aq) ions to produce butan-1-ol. Show any relevant lone pairs
of electrons and dipoles.

| |
CHgCHQCHQ""“C_CI % CHsCHQCHQ‘—C_OH +
H H

(4]

(b) Another halogenoalkane, H, has a relative molecular mass of 127 and has the following
composition by mass:
C, 37.8%; H, 6.3%; Cl/, 55.9%.

(i) Show that the empirical formula of compound H is C,H,C/.

(2]

(i) Deduce the molecular formula of compound H.

(1]

(iii) Compound H can also be hydrolysed with hot aqueous alkali to form
butane-1,3-diol. Draw the structure of butane-1,3-diol.

(1]

(iv) Deduce the structure of compound H.

(1]
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(c) 1-Chlorobutane can also react with OH™ ions to form but-1-ene.

(i) State a suitable solvent for this reaction.

............................................................................................................................... [1]
(ii) Name the type of reaction.
............................................................................................................................... [1]
(iii) Draw the structure of but-1-ene.
(1]
(iv) Write a balanced equation for the reaction.
............................................................................................................................... [1]

(d) But-1-ene can undergo polymerisation. Draw a section of the polymer that can be
formed from but-1-ene. Show two repeat units.

[2]

(e) Amphetamine is a pharmaceutical that acts as a stimulant. It increases the heart rate
and dilates the air passages in the lungs. A possible reaction scheme for the
preparation of amphetamine is shown below.

CH, Br CH, NH,
N N
CH 4 reagentd ———— CH + product K
CH, CH,

(i) Identify reagent J.

............................................................................................................................... [1]
(ii) Identify product K.

............................................................................................................................... (1]
(iii) Suggest suitable conditions for this reaction

............................................................................................................................... [1]

[Total: 18]
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(a) Many organic molecules show structural isomerism. State what is meant by the term
structural isomerism.

..........................................................................................................................................

(b) lIsomers 1, 2 and 3, shown below, are unsaturated structural isomers of CgHyo

For
Examiner's
Use

H H H H H,C H
\ / \ / \ /
cC=¢C C=C C=—C
/ \ / / \
CH4;CH,CH, H CH,CH, CH; CH;CH, H
isomer 1 isomer 2 isomer 3

(i) Complete the boxes by drawing two other unsaturated structural isomers of CsHyp

(2]
(i) Name isomer 3.
............................................................................................................................... (1]
(iii) Draw the skeletal formula of isomer 2.
[1]

2812 Jun04




7 For
Examiner's
. Use
(c) There are several cycloalkanes that are structural isomers of C;H, .

(i) Complete the boxes by drawing two other structural isomers of C.H, that are also

cycloalkanes.
CH, /CH3
/ \ H,C
H,C CH, |
\_/ CH
H,C™ CH, /\
H,C—CH,
isomer L ethylcyclopropane
(2]
(ii) Name isomer L drawn in (c)(i).
............................................................................................................................... [1]
(iii) Draw the skeletal formula of isomer L.
(1]

(d) Isomer L, C.H,,, reacts with C/, in the presence of UV light to produce the organic
product C,HyC/. The reaction takes place in three stages: initiation, propagation and
termination.

(i) The reaction is initiated by the fission of C/,. State the type of fission involved.

............................................................................................................................... 1]
(i) Write an equation to illustrate the fission of Ci, in (d)(i).
............................................................................................................................... 1
(iii) The fission of C/, leads to a chain reaction involving two propagation steps.
Complete the equations for the two propagation steps.
CsHio + ... - CHy v L (1]
CeHo  + .. = o [1]
[Total: 14]
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Lavandulol, C1OH180, is a fragrant oil which is found in lavender. The structural and the
skeletal formulae of lavandulol are shown below.
CH,
| Ho Ho
Ca — U
ch/ ~c CH OH AN
! | H OH
H C /
.
He o C N
\
H
structural formula skeletal formula
(a) (i) Identify two different functional groups in lavandulol.
....................................................... AN e[ 2]
(ii) Why does lavandulol not have cis-trans isomerism?
............................................................................................................................... [1]

(b) Lavandulol, C,,H,40, also reacts with bromine to form a saturated organic product.

State what you would see in this reaction and deduce the molecular formula of the
organic product.

ODSEIVALION ...ttt et e et e e rr e s er e e e e e e et e e e eeeeeaeas 1]

(c) Lavandulol could be converted into an ester X, which is also found in lavender oil.

ester X

State a reagent and a catalyst that could be used to form ester X from lavandulol.
L= Lo [ | R [1]

CALAIYST .o ettt ettt te et e eaea [1]
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(d) Lavandulol can be oxidised to produce either compound Y or compound Z.

AN

CH,OH S CHO N

AN AN AN

lavandulol compound Y compound Z
CyoH1s0 CyoH160 C10H160;
(i) Write a balanced equation for the oxidation of lavandulol to produce compound Z.

(ii)

Use the molecular formulae given above and use [O] to represent the oxidising
agent.

An infra-red spectrum of either compound Y or compound Z was obtained and was
found to contain an absorption between 1680-1750cm™~!. However, there was no
broad absorption between 2500-3300cm™.

By referring to your Data Sheet, use this information to deduce whether the infra-
red spectrum was of compound Y or of compound Z. Show your reasoning.

The infra-red spectrum was of compound .......... DECAUSE ..uvvevieiiiriiieeeeecicee

...................................................................................................................................

[Total: 12]
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In this question, one mark is available for the quality of written communication.

Alkanes can be separated from crude oil because they have different boiling points.

10

The table below shows the boiling points of some alkanes.

alkane boiling point/°C | M,
ethane -89 30
propane —42 44
butane 0 58
pentane 36 72
2-methylbutane 28 72
2,2-dimethylpropane 10 72

Explain the variation in boiling points of the alkanes shown.

Explain why, in industry, alkanes such as octane are processed by isomerisation.

[5]
(3]

lllustrate your answers by referring to suitable examples. Write equations where appropriate.

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

Quality of Written Communication [1]

END OF QUESTION PAPER
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