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SECTION A

Answer sl questions in the spaces provided.

1 The alkanes form an homologous series of hydrocarbons. The first four straight-chain alkanes
are shown below.

methane CH,

eihane CHACH;
propane CHCH,CH,
butane CH3CH,CH,CH;

{a)y (i) State what is meant by the term Aydrocarbon.
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(ii) Give the general formula for the alkanes.
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(b} Each homologous series has its own general formuia. State twe other characteristics of
an homologous series.

- . - . - /
A s;m:a;c;@?&@m.ﬁ}.m.éaﬁ"#i‘:‘@.@&‘v . Beme ey f Sawme chamsiy, .
e é" @?@f%@ﬁﬂ ,,,,,,, B camane© esmsepassomes
vvvvv w&awm?“%@m\ propecnen. o8 speaBisd brsed L by
. ) Iy ey
B Same Guackonal arsep e AT
H

) NOT Some relRmas Fevenla, . ,
{c} Branched-chain structural isomers are possible for alkanes which have more than three

carbon atoms.

{i) State what is meant by the term structural isomers.
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(i)

(iii)

Name the tweo isomers of hexane shown below.

Isomer I
CH;

5 N L 1Y
H3C—CH~CH,CH,CH; Penchise mefR 2he.
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Give the structures of twe other branched-chain isomersgf hexane.
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(d) A bydrocarbon, W, contains 92.3% carbon by mass. The relative molecular mass of W

is 78.0
Con
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(i) Calculate the empirical formula of W.
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(ii) Calculate the molecular formula of W.
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(a) Propene reacts with hydrogen bromide by an electrophilic addition mechanism forming
2-bromopropane as the major product.
The equation for this reaction is shown below.

Br H

H3C\ /H | ¢
C=C_ + HBr — H3C——(I?—-CE-—H

H ' ’ HH

(i) OQOutline the mechanism for this reaction, showing the structure of the intermediate

carbocation formed. "
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(ii) Give the structure of the alternative carbocation which could be formed in the
reaction between propene and hydrogen bromide.
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(b) A substitution reaction occurs when 2-bromopropane reacts with agueous sodium
hydroxide.

(i} Draw the structure of the organic product of this reaction and give its name.

Structure
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{(iiy Name and outline the mechanism for this reaction. \Mﬁ ? =
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{c} Under different conditions, 2-bromopropane reacts with sodium hydroxide to produce

ropene. . A
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(iiy State the role of sodium hydroxide in this reaction.
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3 {(a} Ethanpol can be manufactured by the direct hydration of ethene and by the fermentation
of sugars. Cow
laynere * te the feadren
(i) State what is meant by the term hydration.
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(ify Give ome advantage and ome .disadvantage of manufacturing ethanol by
fermentation rather than by hydration.
Do met include energy consumption or cost.
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(b} Ethanol can be oxidised to an aldehyde and to a carboxylic acid.
(i} Draw the structure of this aldehyde and of this carboxylic acid.
Structure of aldehyde Structure of carboxylic acid
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(ity Give a suitable reagent and reaction conditions for the oxidation of ethanol m
form the carboxylic acid as the major product. :
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{¢) (i) Draw the structure of an alcohol containing four carbon atoms which is resistant
to oxidation.
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(ii) Draw the structure of an alcohol containing four carbon atoms which can be
oxidised to a ketone.
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(d) In the presence of a catalyst, ethanol can be dehydrated to ethene.
(i) Give a suitable catalyst for use in this reaction. EneTe sak
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(i) Complete the mechanism for this dehydration reaction.
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4 (a) (i) Write an equation for the formation of epoxyethane from ethene, showing the

structure of the product.
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(i} Explain why the epoxyethane moﬁeeuie is highly reactive. R
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(iiiy Give the structure of the product formed by the reaction of one molecule of
epoxyethane with one molecule of water. Give one use for this product,
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(b} But-2-ene can exist in two isomeric forms. Give the structures of these two isomers and
name the type of isomerisem. _
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Section B

Cuestion S

5(a) CHy, + 20, —> CO; + 2H,O (1)
CH, + 1¥20, —— (O + 2ZH0 {1) {or2x)
CHy + Gy, — C +  2ZHO {1)

Penalise equations for other alkanes or incorrect formulae {e.g. CHy)
Ignore eguations with S

Two pollutants (1} + (1) and Two linked effects (1) + (1)

e.g. 50, only toxic or acid rain {or its effect)
Penalise incorrect answers e.g. sulphur oxides, sulphur monoxide (or SG), but
mark on and credit correct effect for SO,
Penalise SOs, Hu80, etc. if given as alternative answers or as additional
answers unless in an obvious sequence from SO, but mark on.

OorR CO 1OXiC
or explanation of effect on oxygen transport
{ignore greenhouse effect)

orR C asthma or bronchial problems

OR  Hydrocarbon greenhouse gas

NOT CO; (ignore) Mo credit for “harmful” or “dangerous” as effect

NOT NOx (ignore) ‘

Ignore references to the ozone layer {7 marks)

5(b) Initiation (1)

uv or T2500°C or hLigh temperature )
(1gnore subsequent reference to temperature after uv)
Ch ey 2CH ey
Propagation {1}
CH:Cl + O —— CHCP  + HC (1)
CHXE + Ch —s CHCL + CIF (1)

Penalise incorrect use of arrows (credit correct half arrows)
ignore preliminary mechanism/reaction of CHy to CHaCl
Ignore subsequent mechanism/reaction of CH,Cl, to CHCE; ete.

2CH,C" > CHCICH(] (1)
{OE’ CzHﬁCiz)
Penalise absence of radical dot once only
Ignore other termination steps {7 marks)

Total 14 marks
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Post-Standardising Scheme for CHM? January 2003 Questions 5 and &
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Fractional distillation
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The separation depends on boiling point or a similar phrase

Boiling point depends on A/ size of molecules / chain length (1)

Specified temperature gradient or difference (stated) on column / tower

OR explained e.g. hotter at the bottom of column (or cooler at the top) (1)
Lower M, / lower b.p. / shorter chains / smaller fractions / more volatile at the top
{or higher etc. at botiom) (1
{4 marks)

Thermal cracking
Any T (or range) in range 400 - 900°C orhighT (ignore pressure) (1)
C — C bond or the carbon chain splits/breaks or homolytic or (free) radical (H
Uses the naphtha fraction or uses any C7 to Cy4 alkane (stated or in an equation) (3]
A balanced equation to make an alkene from any alkane H
eg CHg — CHy + H;

CsHis —> Cetlis + Gy

CigHzs ——> CioHaz + CoHy

Cidyy —— CiocHaa + 2CH,

CigHsg —— CioHa + CHy + Hp

Credit a correct sequence of mechamistic steps which give a balanced eguation
Larger molecules / hydrocarbons — smaller molecules / hydrocarbons
OR higher M, alkanes —— lower M, alkanes + alkenes (+H) (1}

{5 marks})

Polymerisation

Shori-chain{ed molecule)s/monomers join/combine o make long-chain{ed molecule)s

OR
smazll molecules join/combine to make long/long chained/big molecules (1) {(QoL)




	
	
	
	
	
	
	
	
	
	
	
	
	
	



