Past-paper walk-through

Alkenes = 14.2

eXercise



Past-paper walk-through

Questions in this set

m 9701/11 N25 Q27 = 1 mark
m 9701/12 N25 Q27 = 1 mark
m 9701/12 N25 Q28 = 1 mark
m 9701/12 N25 Q29 = 1 mark

9701/14 N25 Q29 = 1 mark
9701/21 N25 Q4 = 15 marks



Past-paper walk-through

Reading the mark scheme

m (B1) a mark that stands on its own — the point is either made or not.

m (M1) a method mark: the right approach, even if the number is wrong.

m (A1) an answer mark, and it usually needs its M mark first.

m (C1) a working mark on the way to the answer.

m // separates answers the examiner accepts equally.

m ecf = error carried forward: a later part is marked on your own earlier answer.

m owtte = “or words to that effect” — the wording need not match.
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Question 27

9701/11 N25 = Q27 = 1 mark

27 Which intermediate ion forms in the greatest amount during the addition of HBr to propene?
A CH;CH'CH;
B CH;CH,CH,"
C CH;CH CH,Br
D CH3;CHBrCH;



Past-paper walk-through

Solution 27

I Answer: A

Why
m Ht adds so as to leave the more stable carbocation.

m On propene that is the secondary cation CH3CHTCHj3, stabilised by two alkyl
groups.

m The primary cation is far less stable, so much less of it forms.
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Question 27

9701/12 N25 = Q27 = 1 mark

27 What is the major product when 2-methylpent-2-ene reacts with hydrogen bromide?
A 1-bromo-2-methylpentane
B 2-bromo-2-methylpentane
C 3-bromo-2-methylpentane
D

4-bromo-2-methylpentane
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Solution 27

I Answer: B

Why
m Markovnikov: the bromine ends up on the carbon that gives the more stable
carbocation.
m Adding H™ to C3 leaves a tertiary cation at C2.
m Br~ then attacks there, giving 2-bromo-2-methylpentane.
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Question 28

9701/12 N25 = Q28 = 1 mark

28 Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions.

What is the major product?

A CH;3;CH,CH(OH)CH(OH)CH;

B CH;CH,COCOCH;

C amixture of CH;CH,CH(OH)CH,CH; and CH3CH,CH,CH(OH)CHjs
D CH3;CH,COOH and CH;COOH
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Solution 28

I Answer: A

Why
m Cold, dilute manganate(VIIl) adds two OH groups across the C=C.
m Pent-2-ene therefore gives the 2,3-diol.

m Hot concentrated conditions would break the C=C right open and give
carboxylic acids instead.
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Question 29

9701/12 N25 = Q29 = 1 mark

29 Limonene is an oil formed in the peel of citrus fruits.

limonene

CQC/CH2

CH,

Which product is formed when an excess of bromine, Bry(l), reacts with limonene at room
temperature in the dark?

A B C D



?r ?r
C (¢} CH,—C—CH,Br CH,—C—CH,Br

Br Br
CHS CH3 Br CH3 CH3 Br
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Solution 29

I Answer: D

Why

m In the dark there is no free-radical substitution, so bromine simply adds across
Cc=C.

m Limonene has two C=C bonds, one in the ring and one in the side chain.

m With bromine in excess both add, so four bromine atoms are taken up.
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Question 29

9701/14 N25 = Q29 = 1 mark

29 Pinenes are unsaturated compounds. The structures of two pinenes are shown.

o-pinene B-pinene

A mixture of these two pinenes reacts with hot concentrated acidified KMnO,.

What are the molecular formulae of the organic products?



CgH140 and C4oH1605
CyH140 and C4oH 1404
CgH1605 and C4gH1603
CoH1605 and C1gH 1404

o O m »
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Solution 29

I Answer: A

Why
m Hot concentrated manganate(VII) cleaves each C=C completely.

m A carbon of the C=C that carries an alkyl group becomes a ketone; one
carrying a hydrogen becomes a carboxylic acid.

m The two pinenes have their double bonds in different places, so their products
have different formulae.
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Question 4

9701/21 N25 = Q4 = 15 marks

4  Fig. 4.1 shows a possible synthesis of propene, C4Hg.

reaction 1 reaction 2 reaction 3
C,H,COOH ——» C,H,CH,OH ———» C,H,CH,CI —— CjHy
NaOH
Fig. 4.1

(a) (i) Identify the type of reaction that occurs in reaction 1.



(ii) Suggest a suitable reagent for reaction 2.



(iii) Reaction 3 is an elimination reaction.

Write an equation for this reaction and identify the solvent and conditions used.






[2]
(iv) C,H;CH,OH can be directly converted to C;Hg.

Suggest the reagent and conditions for this conversion.



(b) Under suitable conditions, propene polymerises to form poly(propene).
Poly(propene) exhibits stereocisomerism.

(i) Identify the type of polymerisation that forms poly(propene) from propene.



(ii) Define stereoisomerism.



(iii) Draw a section of poly(propene), showing two repeat units.

Use your diagram to identify the type of stereoisomerism shown by poly(propene).
Explain your answer.

section of poly(propene)




(3]

(iv) State two difficulties associated with the disposal of poly(propene).






[2]
(c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

/ \

(i) Name X.



(ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

100+

80

60
relative abundance

404

20 ‘
M

o+t e e e e b e
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Fig. 4.2
Identify which of X and Y gives this mass spectrum.

Give one reason for your answer, referring to the fragmentation pattern.



(iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

Calculate the relative abundance of the [M+1]* peak in this spectrum.



ITAtal- 1R1

Important values, constants and standards

molar gas constant R=8.31JK"mol"
Faraday constant F=9.65x 10*Cmol’
Avogadro constant L =6.02 x 1023 mol!
electronic charge e=-1.60x107"°C

V., =22.4dm3mol" at s.t.p. (101kPa and 273K)
V,, = 24.0dm3mol~" at room conditions

K, = 1.00 x 10~#mol2dm® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg' K" (4.18Jg 1K)
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Solution 4

(a)(i)

m reduction
ml
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Solution 4

(a)(ii)
= PCI5 / PCI3 / SOCI2
m OR KCI / NaCl AND conc. H2504 / conc.H3PO4
ml(m
C2H5CH2CI + NaOH — C3H6 + H20 + NaCl (m2
ethanol (solvent) AND heat / reflux
m 2
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Solution 4

(a)(iv)

m conc. H2504 OR conc. H3PO4 OR AI203 AND heat
ml
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Solution 4

(b) (i)

m addition
ml
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Solution 4

(b)(ii)

m M1 (molecules that have the) same structural formula (and same molecular
formula) (m2

m but different 3D / spatial arrangement of atoms / groups
m?2
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Solution 4

(b)(iii)
m M2 optical isomerism (M3
m the methylated carbon has four different groups attached
=3
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Solution 4

(b)(iv)
m M1 non-biodegradability (m2
m harmful combustion products
m2
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Solution 4

(c)()
m 2,3-dimethylbut-1-ene
ml
= 9701/21
m October/November 2025
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Solution 4

(c)(ii) Mark scheme

(The spectrum is of) X

= AND

41 is [CH2=CCH3]+ / 41 is C3H5+

m OR 43 is [CH3CHCH3]+ / 43 is C3H7+

m OR X would NOT have significant peak at 54 / [(CH3)2C=C+] / C4H6+

m OR X would NOT have significant peak at 42 due to [(CH3)2C+] / C3H6+
ml
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Solution 4

(<) (iii)

m ([M+1]+/34.7 x 100 /1.1 = 6)
M+1 4+ =2.29

ml



