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SECTION A

Answer all questions in the spaces provided.

1 (a) Butane, C4Hjg,is a hydrocarbon which is used as a fuel.

(i) Explain what is meant by the term hydrocarbon.
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(ili) Write an equation for the complete combustion of butane.
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Cv\—\‘l‘\" iv)  Write an equation for the incomplete combustion of butane to prod@ce carbon

monoxide and water.
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(v) Under what conditions would you expect incomplete combustion to occur
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(b) Three different carbocations are formed by breaking C — C bonds in separate molecules
of butane during catalytic cracking. One of these structures is shown below. Give the
structures of the other two carbocations.

Structure 1 Structure 2 Structure 3
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(c) Ethane can be cracked in the presence of a catalyst to produce ethene and hydrogen.

_ ' _ . ' CHy=CM, wNoT Q\.kz.C\-’c?_
(i) Write an equation for this reaction. W,c=CW,
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TURN OVER FOR THE NEXT QUESTION

Turn over B
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2 When chlorine reacts with trichloromethane, tetrachloromethane, CCly, is formed.
(a) (i) Write the overall equation for this reaction.
SN €4 1 U O @ P St W =« .58 W O
(i) State one essential condition for this reaction. mox Vv = \opo’<
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(b)} The mechanism for the chlorination of trichloromethane is free-tadical substitution,

(c)
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which proceeds by a series of steps. Write equations for the steps named below in this

chlorination.
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(i) A chloroalkane, W, was shown to contain 37.2% carbon and 55.0% chlorine by
mass. The remainder of the compound was hydrogen. Calculate the empirical

w

" formula of compound W. Can o
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(11) What additional information would be needed to calculate the molecular formula 2222

of compound W?
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3 (a) Compounds with double bonds between carbon atoms can exhibit geometrical
isomerism.

(i) Draw structures for the two geometrical isomers of 1,2-dichloroethene.

Isomer 1 e‘\\_\ o é Isomer 2
~ |
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(ii) What feature of the double bond prevents isomer 1 from changing into isomer 2?
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(b) When 2-chloropropane reacts with sodium hydroxide, two different reactions occur.
Each reaction produces a different organic product.

Reaction 1 CH3———'CH~CH3 + NaOH —> CH;——(IIH—CH3 + NaCl
Cl OH

Reaction 2 CH3-{CH—CH3 + NaOH — CH;—CH=CH, + NaCl + H,0
Cl

(i) Outline a mechanism for Reaction 1 and state the role of the hydroxide ion in this
reaction.
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(i) Outline a mechanism for Reaction 2 and state the role of the hydroxide ion in this

reaction. w\b s MY oM v mc,,;%\r
Mechanism roloo\\owe um\ess RE e G) )
S ozw@ :7_\ & oz U WA PYSA ?m\\se \y
LNORL

\ —cwCW ‘\”E\e-\— W,0
W— glc_.—(‘_“} _— W, C= 3 2

Yoo

Ny

2 . \— m C\v M3 @“
M3 os
Mz m»\r\}Q ‘o CBﬂQC\\\‘: \C)(-—C W\* L
o . )
M\ .mos\'\sa Yo cocres i watvansm W—C¥Xc —cn,
b ™ cud M2 via coxeoc - \ @
Ceed CO by OV ] W
(o waics stiac cug ot & €O =3
Role of the hydroxide ion ..........foeeooee 2 X200 Nt
(7 marks)

TURN OVER FOR THE NEXT QUESTION

|
!
Turn over B

APW/0203/CHM3/W 27



—

(a) Four isomers with the formula C;H9OH are given below.

4
r Isomer Name
CH;CH,CH,CH,OH butan-1-ol
: CIZH3
CHB—(I:—-CH3 2-methylpropan-2-ol
OH

NOoT

CH;

OH
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(i) Complete the naming of the isomers in the table above.

(i) Name the type of isomerism shown by these four 1somers.

(3 marks)
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(b) One of the isomers in part (a) is resistant to oxidation by acidified potassium
dichromate(VI).

< SO s (i) Identify this isomelr\. -
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" (ii) This isomer can be dehydrated. Give a suitable dehydrating agent and write an
\ X equation for this dehydration reaction. \SV\O(Q o%_;ﬂm\ é‘%
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(c) (i) ldentify the isomer in part (a) which can be oxidised to a ketone. Give the

structure of the ketone formed. i\_my_ aXk nmg}\Ta\o\e—l
LoNTRa \Somar Isomer \DUA"M-'ZPO\QQ‘\'\QCSW\X""“Q ..... O
= ce Structure of the ketone
CU,CWOICEn; O
&)
(i1) Identifv one of the isomers in part (a) which can be oxidised to an aldehyde. Give
LSTENR A \Gemal the structure of the aldehyde formed. {\,_oc,\g,\- nama i lalle |
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(iii) Give a reagent that can be used in a test to distinguish between a ketone and an

aldehyde. State what you gvould
(QMS ("o_naﬁk\' &évgos
. No W\- Reagent .M.
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(d) Butan-1-ol can be oxidised to form a carboxylic acid. Using [O] to represent the

oxidising agent. write an equation for this reaction and name the product.
Cy kg QOO d ®
CW 0N, C,au,08 4 210) —= O aWel, coant + B
Cu b aOW
Equation u-\—\r-\ .............................................................................................................................

Name of product &WXFMG\CQC\AQ ....................................
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SECTION B

Answer the question below in the space provided on pages 13 to 16 of this booklet.

5 Ethene can be converted into a variety of useful products as illustrated below.

(a)
(b)
(c)

(d)

CH;CH,0OH
ethanol

Reaction 1
acid catalyst

HzC: CH2
ethene

Reaction 2 Reaction 3
Ag catalyst HBr
/9N
H,C — CH; CH;CH,Br
epoxyethane bromoethane
Reaction 4 Reaction 5
(’)H (|)H CH5CH,NH;,
thylami
H,C— CH, ethylamine
compound X
Name and give a use for compound X. (2 marks)
Give a reagent for each of Reactions 1,2, 4 and 5. (4 marks)
Outline a mechanism for Reaction 3. (4 marks)

Ethanol can be manufactured from ethene as shown in Reaction 1 or by the
fermentation of sugars. Outline the essential conditions and give an equation for the
fermentation reaction. Compare the relative rates and the purity of the product
obtained in each case by these two manufacturing processes. (5 marks)

END OF QUESTIONS
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