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Answer all questions'

The refined fractions of crude oil are used to make many organic compounds' In turn' these

compounds are used to manufacture a great variety of products'

The reaction sequence berow shows the production of hexane from fractional distillation of

crude oil followli ov cracking, reforming and isomerisation.

fractional t
disti l lation

isomerisation reforming

branched
alkanes

cyclohexane

(a )Thec rack ingo fhexaneproducesp ropeneandcompoundA.

( i )Comp|e teaba |ancedequa t ion fo r th i sc rack ingo fhexane .

CuH., 4 
-+ + t1l

.t1 l
(i i) Name compound A'

(b) The reforming of hexane produces cyclohexane'

Wr i teaba|ancedequat ionfor th is re forming.
. . t1 l

(c) The isomerisation of hexane produces four branched alkanes'

ln the boxes below show the structural formulae and names of two of these branched

isomers.

cracking
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(d) State why hydrocarbons such as hexane are both reformed and isomerised by oil

companies.

. t1 l

(e) Crude oil and its fractions are described as non-renewable fossil fuels. To reduce the

demand for fossil fuels ethanol can be mixed with petrol. Ethanol is an example of a

renewable biofuel.

(i) Explain what is meant by a biofuel.

""12)

[Total : 1 1]
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Halogenoalkanes are useful synthetic reagents for the preparation

chemicals. Three reactions of bromoethane are shown below'

reaction II

of many imPortant

reaction I
heat with NaOH

dissolved
in water

heat with NaOH
dissolved
in ethanol

reaction III
reagent

condi t ions. . . . .

(a) (i) ldentify the organic products in reactions I and II by writing their structural

formulae in the relevant boxes' tzl

(ii) Name the type of reaction involved in

react ion I ,  ' . . . -

reaction II. 
""t31

(b) write, in the space provided in the reaction scheme above, the reagent and conditions

required to convert bromoethane into ethylamine in reaction III. l2l

H H
l l

H - C - C - H

l l
H B r

H H
l l

H - c - _ c - H
l l

H NH,

ethylamine
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(c) (i)

5

2-bromobutane can react with ethanolic NaOH to form two structural isomers,
each with a molecular formula of CoHu.

Draw and name each of the isomers.

rsomer

name

(ii) One of the isomers in (c) (i) can
these cis and trans isomers.

l4l

have cis and trans forms. In the boxes below, draw

c,s rsomer trans isomer

t2l

(iii) State two key structural features required for cis-trans isomerism to exist.

1 .  . . .

2 . . . .  . . . . . . . 121

(d) Each of the isomers drawn in (c)(i) can form a long-chain polymer. The structure below
shows a section of one of these polymers.

H C^H- H C^H. H C^H-
l l ' " l l " l l ' "_ c _ c  c - c - c -
t l l l l l

H H H H H H

(i)  Draw a circ le around the repeat uni t .  t1 l

( i i )  State the type of polymerisat ion . . . . . t11

(i i i) ldentify which of the isomers in (c)(i) formed the polymer.

. .  . . . . t1  l

[Total : 18]
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A student was given the following instructions for the oxidation of an alcohol, CrHuO-

To 20 cm3 of water in a flask, carefutly add 6 cms of concentrated sulphuric acid, and set up

the apparatus as shown below.

Na2Cr2Oz(aq) + C3HsO(l)

water out

I
H2SOo(aq)

t
HEAT ice/water bath

Make up a solution containing 39.3g of sodium dichromate(Vl), NarCrrOT iry 15c.nf of

water, add lB.0g of the alcohol, CrHuO, and pour this mixture into the dropping funnel.

Boit the acid in the ftask. Add the mixture from the dropping funnel at such a rate that the

product is slowly collected.

Re-distit the product and collect the fraction that boils between 48 "C and 50 "C.

(a) ldentify the possible isomers of the alcohol C.H'O.

I
er  inwat

l2l

(b) The balanced equation for the reaction is:

3CaHBO + NarCr zOt + 4H2SO4 -+3C.H.O + NarSOo + Crr(SOo), + TH.O

(i) The mass of NarCrrO, used was 39.3g. Calculate how many moles of NarCtzOt

were used. (Theho'lar mass of NarC rzOt is 2629 mol-1)

2812 Jun02
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(ii) The amount of CaHsO used was 0.300mol. Explain whether CaHBO or NarCrzO,
was in excess.

. . t1  l

(i i i) State the colour change that the student would observe during the reaction.

f rom to l2l

(c) The student obtained 5.229 of the carbonyl compound, C.H.O.

(i) Calculate how many moles of C.H.O were produced in the experiment.

(i i) The theoretical yield of C.H.O is 0.300 mol. Calculate the percentage yield
CaH6O obtained by the student.

Answer  . . . . . . . t 11

(d) An impure sample of C3H6O obtained by a student was analysed using infra-red
spectroscopy. The infra-red- spectrum contained an absorption between 1680 and
|751cm-1. l i  also contained a broad absorption in the region 2550 to 3300 cm-1 due to
the impurity.

Refer to the Data Sheet Provided.

(i) What does the absorption at between 1680 and 1750 cm-1 indicate?

(i i) what does the broad absorption in the resio" 255; ;; ;;;; ' ;-; ;; :;," ; 

" '  11l

. . t1  l

(i i i) ldentify which of the alcohols in (a) was used by this student. Explain your answer.

The alcohol used was

because

. . t1  l

t2l

of

[Total : 12)
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An organic compound A was analysed and found to have a relative molecular mass of 62

and a composit ion by mass: C, 38.7%; H,9.7"/" ;  O, 51.6%.

(a) ( i )  Calculate the empir ical  formula of  compound A.

( i i )  Deduce the molecular formula of  compound A.

t 1 l

(b) The inf ra-red spectrum of compound A showed an absorption between

3230-3550 cm-1.

State the functional group indicated by this absorption.

. . . t 11

(c) One molecule of compound A can react with an excess of ethanoic acid, CH3COOH, to

produce the comPound shown below'

tzl

H Ho \ | L  , / o' b - O - C - C - O - C .

'/ | | tar.
H t c H H !

Deduce the identity of compound A.

t1l

(d) Suggest why compound A has an unusual ly high boi l ing point  of  198'C.
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5 Chlorine reacts readily with ethene in the dark but does not react with methane unless
sunlight or another source of ultra violet l ight is present.

State and describe, with the aid of suitable equations,

. the mechanism of the reaction between chlorine and methane,

. the mechanism of the reaction between chlorine and ethene,

. the type of f ission that the Ct-Ctbond undergoes in each of the mechanisms.

ln this question,l mark is available for the quality of written communication.

112l

owc [1]

[Total : 13]
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