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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 below shows the production of hexane from fractional distillation of
crude oil followed by cracking, reforming and isomerisation.
compound
A

. fractional cracking
BT - +
crude oil distillation hexane
propene
isomerisation reforming

branched
alkanes cyclohexane

(a) The cracking of hexane produces propene and compound A.

(i) Complete a balanced equation for this cracking of hexane.
CeHyy — F e e s [1]
(i) Name compound A. ..o e s e e e (1]
(b) The reforming of hexane produces cyclohexane.

Write a balanced equation for this reforming.

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

In the boxes below show the structural formulae and names of two of these branched
isomers.
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(d) State why hydrocarbons such as hexane are both reformed and isomerised by oil
companies.

(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.

-----------------------------------------------------------------------------------------------------------------------------------

{Total ; 11]
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Halogenoalkanes are useful synthetic reagents for the preparation of many important
chemicals. Three reactions of bromoethane are shown below.

reaction 1 reaction II
heat with NaOH heat with NaOH
dissolved dissolved
in water H H in ethanol

L

H—C—C—H

H Br
TEAYENE i
reaction 111
CONAIIONS ettt stber s e e e e e eravas
H H

|

H—C—C—H

H NH,
ethylamine

(a) (i) Identify the organic products in reactions I and II by writing their structural
formulae in the relevant boxes. 2]

(ii) Name the type of reaction involved in
(050 o110, T8 PR O PP
(=7 Tox (10 1 10 1 IR U OO [3]

(b) Write, in the space provided in the reaction scheme above, the reagent and conditions
required to convert bromoethane into ethylamine in reaction II1. 2
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(c) (i) 2-bromobutane can react with ethanolic NaOH to form two structural isomers,
each with a molecular formula of C,Hg.

Draw and name each of the isomers.

isomer

= 1 = TS

(if) One of the isomers in (¢) (i) can have cis and trans forms. In the boxes below, draw
these cis and trans isomers.

cis isomer trans isomer

[2]

(iii) State two key structural features required for cis-trans isomerism to exist.
T ettt e e bt et ea e m e s et s v e sraesaaeebeeseesteeshsensasn b et beneenreeneeas
e e e ee e et s an e bt eetaeenae e sreebessesattas [2]

(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 CH H C,H,
S S S
A
{i) Drawaéirclearoundthe repeat unit. [1]
(ii) State the type of POIVMEIISAON. .o.iivvieiiie e ee et e et e e e (1]

(iii} Identify which of the isomers in (c)(i) formed the polymer.

[Total : 18]
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A student was given the following instructions for the oxidation of an alcohol, C,HgO.

To 20cm? of water in a flask, carefully add 6 cm?® of concentrated sulphuric acid, and set up
the apparatus as shown below. ‘

Na;gCr207(aq) + CaHgO(l)

ice/water bath

Make up a solution containing 39.3g of sodium dichromate(vi), Na,Cr,O,, in 15 cm? of
water, add 18.0g of the alcohol, C,H O, and pour this mixture into the dropping funnel.

Boil the acid in the flask. Add the mixture from the dropping funnel at such a rate that the
product is slowly collected.

Re-distil 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.

[2]
(b) The baianced equation for the reaction is:
3C,HgO + Na,Cr, 0, + 4H,50, —3C,H;0 + Na,S0, + Cry(SO,); + 7H,0

(i) The mass of Na,Cr,0O, Lised was 39.3g. Calculate how many moles of Na,Cr,0,
were used. (The molar mass of Na,Cr,0, is 262 gmol™)

ANSWET ...ooiniiiienieereceneecnrneee 1]
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(ii) The amount of C;H,O used was 0.300 mol. Explain whether C,HgO or Na,Cr,0,
was in excess.

............................................................................................................................... 1]
(iii) State the colour change that the student would observe during the reaction.
FrOM Lo (o OO [2]
(c) The student obtained 5.22 g of the carbony! compound, C,HO.
(i} Calcutate how many moles of C;H,O were produced in the experiment.
[2]

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

ANSWEL ..o [1]
(d) An impure sample of C,H,O obtained by a student was analysed using infra-red
spectroscopy. The infra-red spectrum contained an absorption between 1680 and

1750¢cm~". It also contained a broad absorption in the region 2550 to 3300 cm™' due to
the impurity.

Refer to the Data Sheet provided.

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

............................................................................................................................... [1]
(i) What does the broad absorption in the region 2550 to 3300 cm™ indicate?
............................................................................................................................... i1}
(ili) ldentify which of the alcohols in (a) was used by this student. Explain your answer.
The alcohol USed WAS ..o
0= Tox LU 11 OO OO

[Total : 12]
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An organic compound A was analysed and found to have a relative molecular mass of 62
and a compaosition by mass: C, 38.7%; H, 9.7%; O, 51.6%.

(a) (i) Calculate the empirical formula of compound A.

2]

(ii) Deduce the molecular formuia of compound A.

(1]

(b) The infra-red spectrum of compound A showed an absorption between
3230-3550cm™".

State the functional group indicated by this absorption.

(c) One molecule of compound A can react with an excess of ethanoic acid, CH,COOH, to
produce the compound shown below.

O H H O
\ L Vi
/C—o*c—c——o—c\

L Do,

Deduce the identity of compound A.

(d) Suggest why compound A has an unusually high boiling point of 198 °C.

[Total : 6]
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Chlorine reacts readily with ethene in the dark but does not react with methane unless
sunlight or another source of ultra violet light 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 fission that the CI-Cl bond undergoes in each of the mechanisms.

In this question,1 mark is available for the quality of written communication.

(12]

QWG [1]

[Total : 13]
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