Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

(a) (i) Explain the meaning of the term structural isomers.

....................................................................................................................................... [2]
(ii) Explain how sp? and sp? hybridisation can occur in carbon atoms.
SP? NYDIAISALION ..o et a e en e
SP? NYDFIAISALION ...t ettt et et e e
(2]
(b) R contains two different functional groups, one of which is an alkene group.
R reacts with cold, dilute, acidified manganate(V1I) ions to form propane-1,2,3-triol.
L0
HO—(|3—f|3—T—OH
H OH H
propane-1,2,3-triol
(i) Give the displayed formula of R.

(1]

© UCLES 2017 9701/21/MIJ17

9

(iv) Identify the gaseous product formed when R reacts with hot, concentrated,
acidified manganate(VII) ions.

(ii) Identify the yellow precipitate formed by the reaction of Q with alkaline aqueous iodine.
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(d) P and Q each react with hydrogen cyanide to form a single product.
The product formed from P exists as a pair of optical isomers.
The product formed from Q does not exhibit optical isomerism.

(i) Explain the meaning of the term optical isomers.
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(ii) Ethanal, CH,CHO, also reacts with hydrogen cyanide. The product of this reaction is
CH,CH(OH)CN.

Draw the mechanism of this reaction.
Include all necessary charges, dipoles, lone pairs and curly arrows.

3]

[Total: 19]
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4 (a) The hydrocarbons A, C,H,,, and B, C,H,, are both unbranched.
A does not decolourise bromine.
B decolourises bromine and shows geometrical isomerism.

(i) Draw the skeletal formula of A.

A
(1]
(iii) Give the structural formula of B.
....................................................................................................................................... 1]
(iv) Explain why B shows geometrical isomerism.
....................................................................................................................................... 2]
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(v) Draw the mechanism of the reaction of B with bromine, Br.,.
Include all necessary charges, dipoles, lone pairs and curly arrows.

(4]
(vi) Explain the origin of the dipole on Br, in this mechanism.
....................................................................................................................................... [1]
(if) Write the equation for the reaction between E and aqueous sodium carbonate.
....................................................................................................................................... [1]
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(ii) Give the structural formula of F and of G.
F oo e et ettt e— e b e e eante e eetee s eteaeeetaneaetbeeeeaataeeeiaeaaeeanns
L R O o RS S ST PO PO P PR TR POPRPPPPTRRTIN
(2]
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(iii) Explain the meaning of the term chiral centre.

....................................................................................................................................... [1]

© UCLES 2017 9701/22/MIH7

1
(i) NameHandLl

H oo ettt et e e et et e et e s eae e ee e ebaee e et be e e eataeeeanaaeeean
b ettt et eeeante e ee—e et eaeaeasebeeeaetbeeeeateseeiaeaaeeann
[2]
[Total: 23]
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(a) Define the term structural isomers.

(b) P is a hydrocarbon, CH,. A gaseous sample of P occupied a volume of 25cm® at 37°C and
100kPa.

The sample was completely burned in 200cm? of oxygen (an excess).
The final volume, measured under the same conditions as the gaseous sample (so that the
water produced is liquid and its volume can be ignored), was 150 cm?.

Treating the remaining gaseous mixture with concentrated alkali, to absorb carbon dioxide,
decreased the volume to 50cm?.

The equation for the complete combustion of P can be represented as shown.

CH, + (x + 2)0, - XCO, + 3H,0

(i) Use the data given to calculate the value of x.

(ii) Use the data given to calculate the value of (x + JZ/)_

(X 4 2) = e [1]
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If you were unable to calculate values in (b)(i) and (b)(ii) then use the data in this box for the
remaining parts of this question. These are not the correct values.

x=6 (x+Z

2 =9

(iv) Pis unbranched.

Give the skeletal formulae for two possible structures of P that are positional isomers of
each other.

(2]

(v) Use the general gas equation to calculate the mass of P present in the original 25cm?
gaseous sample, which was measured at 37 °C and 100kPa.

Give your answer to three significant figures.

Mass = ......ccceceeeeececceenee. @ [3]

[Total: 11]
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(b) Draw the structures of these three structural isomers.

(1]

(ii) Draw the displayed formula of A and use it to show the mechanism of the reaction of A
with HBr. Include all necessary charges, dipoles, lone pairs and curly arrows.

(4]

© UCLES 2017 9701/23/M/J/17
"

(d) B does not show geometrical isomerism.
B reacts with HBr to form a mixture of two structural isomers, X and Y.

X (has a chiral centre and is produced in higher yield than Y)
B + HBr

~~

Y (does not have a chiral centre)

(i) State the meaning of the term chiral centre.
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(iii) X exists as a pair of optical isomers.

Draw these isomers using the conventional three-dimensional representation.

[2]
(e) C does not show geometrical isomerism.

C reacts with HBr to form a mixture of two structural isomers, neither of which has a chiral
centre.

(i) Name C.
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(ii) Draw the displayed formula of the anion present in calcium ethanedioate.

(2]
© UCLES 2018 9701/22/F/IM/18 [Turn over
8

(v) Lactic acid has a chiral centre.
State what is meant by the term chiral centre.
....................................................................................................................................... [1]
[Total: 18]
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March 2018 9701/22 - Q3 (b)(ii), (d)(v)
(b) There are three structural isomers of X that are alcohols.
Draw the structures of these three isomers of X.
(2]

May/June 2018 9701/21 - Q4 (b)
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(b) There are two structural isomers of W that are also carbonyl compounds.

Draw the structures of these two isomers of W.

(2]

Two reactions of W are shown.

CH,COCH,CH, —=ation oy CH(OH)CH,CH,

w

reaction 2

OH
H,C—C—CH,CH,

CN
X

May/June 2018 9701/22 - Q4 (b)
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(a) (i) Explain the meaning of the term structural isomerism.

....................................................................................................................................... [2]
(ii) Explain the meaning of the term stereoisomerism.
....................................................................................................................................... [2]
(b) Pent-1-ene, CH,=CH(CH,),CH,, does not show sterecisomerism.

(i) Give two reasons why pent-1-ene does not show stereoisomerism.
(== =10 o B TSR TRUSSUPRRRRR
FEASON 2 oo et e et e e e e e e e e e
(2]
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(ii) A structural isomer of pent-1-ene is used as the monomer to form a polymer. The repeat
unit of this polymer is shown.

e
1
H CH,CH,

Draw the displayed formula of the monomer used to make this polymer.

Give the name of the monomer.

(2]
(iii) A different structural isomer of pent-1-ene shows geometrical isomerism.
Draw the structure of one of the two geometrical isomers with the formula C;H,,.
Give the full name of this isomer.
[2]
[Total: 10]
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May/June 2018 9701/23 - Q2 (a)(i), (a)(ii), (b)(i), (b)(ii), (b)(iii) (cont.)

(b) There are three structural isomers of A.

Draw the structures of these three isomers of A.

(2]
© UCLES 2018 9701/23/M/JI18
1
May/June 2018 9701/23 - Q4 (b)
(iii) State the name of the mechanism that occurs in reaction 3.
....................................................................................................................................... [1]
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(a) Explain the meaning of the term nucleophile and identify the species which acts as the
nucleophile during this reaction.

species acting as NUCIEOPNIIE ........ooeiioii e e e aa e s e e aeeeens
(2]
(b) CH,CH(OH)CN exists as a pair of stereocisomers.
(i) Name the type of stereocisomerism shown by CH,CH(OH)CN.
....................................................................................................................................... [1]
(ii) Draw three-dimensional diagrams of this pair of stereoisomers.
Indicate with an asterisk (*) the chiral centre on one of the structures drawn.
(3]

(c) Give the structure of the organic product of the reaction of CH,CH(OH)CN with dilute
sulfuric acid.

[Total: 7]

© UCLES 2019 9701/21/M/JI19
May/June 2019 9701/21 - Q5 (a), (b)(i), (b)(ii), (c) (continued -)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 19
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

1"

BLANK PAGE

© UCLES 2019 9701/21/MIJM9

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 20
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

12

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

© UCLES 2019 9701/21/MIJH 9
May/June 2019 9701/21 - Q5 (a), (b)(i), (b)(ii), (c) (cont.)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 21
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

(iii) Name the stage of the reaction mechanism which occurs when a methane molecule reacts
with a chlorine free radical.

May/June 2019 9701/22 - Q4 (d)(iii)
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(ii) Identify the functional group present in Y that causes the recorded observation with
Fehling’s solution.

(iii) Y has a chiral centre and exists as a pair of optical isomers.

State what is meant by the term chiral centre.

(iv) Draw the optical isomers of Y using the conventional three-dimensional representation.

(2]

© UCLES 2019 9701/21/0/NIM9
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Z, C,H,,0, has a branched carbon chain. It shows geometrical isomerism.
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(vi) Draw the skeletal formula of Z.

(3]

(vii) X contains a carbonyl group. X reacts with HCN, in the presence of a small amount of
NaCN, to form (C,H;),C(OH)CN as shown.

X + HCN — (C,H,),C(OH)CN
Draw the mechanism of the reaction of X with HCN.

e Draw the structure of X and the intermediate.
e Include all charges, partial charges, lone pairs and curly arrows.

Ho /2
\\
E—— /C
NogAN

CEHS

(3]
(viii) State the role of NaCN in the reaction in (c)(vii).

....................................................................................................................................... [1]
[Total: 22]
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(iii) Name the type of stereocisomerism shown by K and L.

(c) (i) Prenol contains an alkene functional group.

Describe a chemical test to confirm the presence of an alkene functional group. Give the
result of the test.

(d) Isoprenol is a structural isomer of prenol.

isoprenol
H CH,

N/
c=C

H CH,CH,OH

The series of reactions shows how isoprenol can be used to form Q, a sweet-smelling liquid.

N acidified P
potassium 0
_ H, and Ni dichromate(V1) M
isoprenol ~—» >
reaction 1 OH heat under OH
reflux

C,H,OH | heatunder
and H,S0O, reflux

(i) Give the name of N.
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(iii) Draw the skeletal formula of Q and suggest one commercial use of Q.

Q
COMMEEICIAI USE ..ttt e ettt e e e e e eeee e e e e e s mn e st e e snme e e e e s e seneeeeaaennnnes
(2]
© UCLES 2019 9701/22/0/N/18
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Oct/Nov 2019 9701/22 - Q4 (b)(ii), (c)(i), (d)(i), (d)(iii) (cont.)
(ii) Name the reaction mechanism for reaction 2.
....................................................................................................................................... [1]
(iv) Q does not show optical isomerism.
Explain why.
....................................................................................................................................... [1]
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(c) (i) Name an organic functional group which reacts with a nucleophile in an addition reaction.

(ii) Name an organic functional group which tends to react with a nucleophile in an S1
substitution mechanism.

© UCLES 2020 9701/21/M/J/120
9

May/June 2020 9701/21 - Q5 (c)(i), (c)(ii)
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(a) Draw the skeletal formula of 2-methylbut-1-ene.

(1]

(b) (i) State the specific conditions required for the acidified manganate(VII) ions to react with
2-methylbut-1-ene in this way.

(ii) Name the type of reaction occurring to the functional group in 2-methylbut-1-ene in the
reaction in (b)(i).

(d) Describe a chemical test and the expected observation(s) to confirm the presence of the
carbonyl functional group in Y.

.............................................................................................................................................. [2]
© UCLES 2020 9701/21/M/J/20
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(i) Name the organic product formed in this reaction.
....................................................................................................................................... [1]
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(b) Explain in detail, why glucose and fructose are a pair of structural isomers. Your answer should
refer specifically to these two molecules.

May/June 2020 9701/22 - QS8 (b)
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(a) Complete the table to give
e the name of the reaction mechanisms of reactions 1 and 6
e the reagents and conditions required for reactions 1, 2 and 6.

reaction

name of
mechanism

name of reagents
and conditions

© UCLES 2020

9701/22/M/J/20
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(ii) Name the functional groups present in the product of reaction 3.

May/June 2020 9701/22 - Q5 (a), (b)(ii), (c) (continued -)

(6]
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(c) Draw the structure of the organic molecule W formed in reaction 4.

(1]

[Total: 12]
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(b) Both fructose and glucose contain chiral centres.

(i) Explain what is meant by the term chiral centre.

@ UCLES 2020 9701/23/M/J/20
7

(ii) On the diagram of the fructose molecule, label all the chiral centres with an asterisk (*).

H
H\ H H
RO
O—C/l\“C/l\‘C/lx‘O—H
/| o]l ol H
H H \H \O
H H

(1]

May/June 2020 9701/23 - Q3 (b)(i), (b)(ii)

(b) In sunlight, bromine reacts with hexane by a mechanism which occurs via a series of steps.

(i) State the name of the mechanism of the reaction that occurs.

....................................................................................................................................... [1]
(c) A and B are different straight chain alkenes with molecular formula, CH,..
A does not show stereocisomerism.
A reacts with potassium manganate(VII) to form hexane-1,2-diol.
(i) Draw the structural formula of A.
(1]

May/June 2020 9701/23 - Q4 (b)(i), (c)(i)
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(ii) Draw the displayed formula of the alcohol used in this reaction.

(iii) Name the isomers C, D and E.

isomer name
C
D
E
© UCLES 2020 9701/23/M/J/20

May/June 2020 9701/23 - Q5 (a)(ii), (a)(iii), (b)(i) (continued -)

1

(2]
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(b) F is an organic molecule which has the molecular formula C,H.O..
When F is heated with NaOH(aq) followed by H,SO,(aq) the products G and H are made.

F NaOH(aq) followed
> G + H
C;H:O, by H,SO,(aq)

Separate samples of G and H are added to

e Na,CO,(aq)

e sodium metal

e alkaline aqueous iodine.

The observations are described in the table.

reagent(s) G H
Na,CO,(aq) colourless bubbles of gas produced no visible reaction

Na(s) colourless bubbles of gas produced | colourless bubbles of gas produced
alkaline aqueous iodine no visible reaction yellow precipitate forms

(i) Complete the table to identify the functional groups present in F, G and H.

functional group

(3]

May/June 2020 9701/23 - Q5 (a)(ii), (a)(iii), (b)(i) (cont.)
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(ii) J reacts with NaOH(aq) to form K.

OH

Fully name the mechanism of the reaction of J with NaOH(aq) to form K.

....................................................................................................................................... [1]
© UCLES 2020 9701/21/0/N/20 [Turn over
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(iv) Explain why L does not show geometrical (cis-trans) isomerism.
....................................................................................................................................... [1]

Oct/Nov 2020 9701/21 - Q4 (c)(ii), (c)(iv)
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(ii) T exhibits optical isomerism.

Explain what is meant by the term optical isomer and circle any atom(s) in T that give rise
to optical isomerism.

(2]
Oct/Nov 2020 9701/22 - Q3 (c)(ii)
(b) G and J are structural isomers of each other.
G J
O O OH
H H

(i) Name the type of structural isomerism shown by G and J.

....................................................................................................................................... [1]

Oct/Nov 2020 9701/22 - Q4 (b)(i)

(c) Propene is separated from the mixture and heated in air in the presence of a catalyst. Propene
is oxidised to X, which contains two functional groups.

(i) Effervescence is seen when Na,CO,(aq) is added to X.

Identify the functional group present in X which is responsible for this observation.

May/June 2021 9701/21 - Q5 (c)(i)
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(ii) Explain what is meant by stereoisomerism.

(ii) Draw the skeletal formula of the major organic product formed when HBr reacts with W.
Explain why this is the major organic product.

May/June 2021 9701/22 - Q4 (a)(ii), (b)(ii)
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(a) Draw the displayed formula of S.

(ii) Name the type of reaction that occurs in step 1.

(iv) Step 3 involves heating C,H,CN with dilute acid to form V.

Complete the equation for this reaction.

© UCLES 2021 9701/22/M/J/21
"

May/June 2021 9701/22 - Q5 (a), (b)(ii), (b)(iii), (b)(iv)

(ii) Name the functional group present in M that changes during this reaction.

May/June 2021 9701/23 - Q4 (a)(ii)

(1]

(2]
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(b) (i) Use the information in the table to deduce the skeletal formula of X, C,H,O,. Draw the
skeletal formula of X in the box. Label the chiral centre of compound X with an asterisk (*).

(2]
(c) Compound X is one of a pair of stereoisomers.
Stereoisomerism occurs when a molecule has at least one of two key features.
State the two key features that give rise to stereocisomerism.
L PP SPTRRPTSPPPTSPRSUPR
OO p S SPTS PP S PR
(2]

May/June 2021 9701/23 - Q5 (b)(i), (c), (d) (continued -)
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(d) A structural isomer of compound X does not fizz when added to sodium.

Explain what is meant by structural isomer.

[Total: 10]
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(b) Draw the skeletal formula of a structural isomer of T that shows cis-frans (geometrical)
isomerism.

(1]

(d) A reaction scheme starting with T is shown. Reaction 2 occurs in the presence of a catalyst;
knowledge of the mechanism for this reaction is not required.

T U Y
. reaction 1 HO OH reaction 2 |
—_— > 0
H catalyst -~ \r

(i) Give the reagent(s) and conditions for reaction 1.

© UCLES 2021 9701/22/0/N/21
1"

(iv) Xis a mixture of two optical isomers.

Draw the two optical isomers in the boxes provided.

2]
(v) Both optical isomers of X can be dehydrated to form a single product, Y.
Give the reagent(s) and conditions required for reaction 5.

Oct/Nov 2021 9701/22 - Q3 (b), (d)(i), (e)(iv), (e)(v)
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(ii) J has two optical isomers.

Draw the three-dimensional structures of the two optical isomers of J.

© UCLES 2022 9701/22/FIM/22
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March 2022 9701/22 - Q4 (a)(ii)

(2]
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(a) Molecules of T exist as a pair of stereocisomers.

Name the type of stereocisomerism shown by molecules of T. Explain your answer.

.............................................................................................................................................. [2]
(c) Fig. 3.2 shows two reactions of T.
T
)\/\/L/\O
reaction 1 reaction 2
S Q R
OH

Fig. 3.2

(i) Identify a suitable reagent for reaction 1.

(ii) Identify the reagent and conditions needed for reaction 2.

May/June 2022 9701/21 - Q3 (a), (c)(i), (c)(ii), (c)(ii), (d)(), (d)(ii), (d)(iii) (continued )
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(iii) Suggest which product formed in reaction 2 has a higher yield. Explain your answer.

© UCLES 2022 9701/21/MIJ/22
9

(d) Separate samples of Q and R are added to separate test-tubes containing acidified K,Cr,0,(aq)
and heated.

Q R

></\)\/\ S
0 @)

HO
OH

Fig. 3.3

(i) Predict the observations for each test-tube. Explain your answer in terms of the functional
groups present in Q and R.
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(ii) When PCl,(s) is added to separate samples of Q and R at room temperature, both react
vigorously.

Complete the equation shown in Fig. 3.4 to describe the reaction that occurs when R
reacts with PCI(s).

R

o + PCl, -

OH

Fig. 3.4
[2]

(iii) Suggest why samples of Q and R must be dried before PCI, is added. Include a relevant
equation to support your answer.

[Total: 17]

© UCLES 2022 9701/21/MIJ/22 [Turn over
10

May/June 2022 9701/21 - Q3 (a), (c)(i), (c)(i), (c)(ii), (d)(), (d)(ii), (d)(iii) (cont.)

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 48
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

(ii) A 3.196g sample of Br, reacts completely with 2.800¢g of V.

Calculate how many alkene functional groups are present in one molecule of V. Show
your working.

number of alkene functional groups in V= ..........cccocccceee. [1]

© UCLES 2022 9701/21/M/J/22
1
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(iii) W could be one of four structural isomers.

e Draw the skeletal formulae for two possible structural isomers of W.
e Describe the type of structural isomerism shown.

isomer 1 isomer 2

type of structural isomerism

© UCLES 2022 9701/21/M/J/22 [Turn over
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4 (a) Bromine reacts with butane in the presence of ultraviolet light to form bromobutane.
Two structural isomers with the molecular formula C,H,Br are produced during this reaction.

(i) Draw the two structural isomers and state the systematic name of each isomer.

structural isomer 1 structural isomer 2
NAIME ..o MAME .ot
(2]
(ii) Identify the type of structural isomerism shown in (a)(i).
....................................................................................................................................... [1]
(b) Halothane is an anaesthetic.
halothane
F Ci
F—C——Clt—H

F Br

Fig. 4.1
(i) Identify the chiral centre in halothane and mark it with an asterisk (*). [1]

When halothane reacts in ultraviolet light, homolytic fission occurs and the C-Br bond is
broken.

(ii) Construct an equation to show the homolytic fission of halothane, CF,CHBrCL

© UCLES 2022 9701/22/M/J/22
May/June 2022 9701/22 - Q4 (a)(i), (a)(ii), (b)(i), (b)(ii), (b)(iii), (c)(ii) (continued -)
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9

(iii) Complete Fig. 4.2 to show the arrangement of electrons in a bromine atom using the
electrons in boxes notation.

[Ar]
3d 4s 4p
Fig. 4.2
(1]
(ii) Suggest one reason why the disposal of items made from X is difficult.
....................................................................................................................................... [1]
[Total: 8]
© UCLES 2022 9701/22/M1Ji22 [Turn over
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(b) The functional group in G is an oxygen atom bonded to two carbon atoms.

Fig. 3.3

G, H and J are structural isomers with molecular formula C,H,,O.
H and J are straight chain molecules.

Table 3.3 shows the boiling points and reactions of G, H and J when heated under reflux with

excess acidified K,Cr,0,.

Table 3.3
G H J
boiling point/°C 35 117 98

heat under reflux with

i remains orange | orange to green | orange to green
excess acidified K,Cr,0, 9 getog getog

(i) Identify the type of structural isomerism shown between G and H using the information in

Table 3.3.

May/June 2022 9701/23 - Q3 (b)(i)

(ii) A1 and A2 are structural isomers.

Define structural isomers.

© UCLES 2022 9701/22/QIN/22
9

Oct/Nov 2022 9701/22 - Q3 (a)(ii)
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(iii) State the effect of a decrease in pressure on the position of equilibrium in reaction 2.
Explain your answer.

....................................................................................................................................... [1]
© UCLES 2022 9701/23/0/N/22 [Turn over
8
Fig. 3.1 shows the two structural isomers of S,CL,.
isomer | isomer Il
S
PN g
Cl S O
Cl Cl
Fig. 3.1
(iv) Define the term structural isomer.
....................................................................................................................................... [2]

Oct/Nov 2022 9701/23 - Q3 (d)(iii), (d)(iv)
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(ii) One of the products of the reaction is CH,Cl, which reacts further to produce CHCI,,.

Complete Table 3.2 to show details of the mechanism that forms CHCI, from CH,CL,.

Table 3.2
name of step equation
initiation ..........................................................................................
propagation CHzClz ¥ Cl. e
termination .......................................................................... - CHCIS

(3]

May/June 2023 9701/21 - Q3 (d)(ii)
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(c) The mechanism for reaction 1 can be described in three steps. Steps 1 and 2 for reaction 1
are shown in Fig. 4.1.

step 1
Hch——CH2 HooH
§ H2<|3—<|:+—H
e
C:)> :_
Ho—ﬁ—OH HO—P —OH
O
step 2
H H H
| | ¥\, —— HC—CH,—0"—H
H,C—C* .o\
| 3 H
H
Fig. 4.1

(i) Describe the behaviour of H,PO, in step 1 in Fig. 4.1. Explain your answer.

..................................................................................................................................... [1]
(ii) Identify the species that behaves as an electrophile in step 2 in Fig. 4.1. Explain your
answer.
..................................................................................................................................... [1]
© UCLES 2023 9701/22/M/1J/23
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May/June 2023 9701/22 - Q4 (c)(i), (c)(ii)
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5 (a) Describe structural isomerism.

............................................................................................................................................. [1]
(ii) Draw the structures of A and B in the boxes.
A B
(2]
© UCLES 2023 9701/22/M1J/23
1

May/June 2023 9701/22 - Q5 (a), (b)(i), (c)(i), (c)(i), (d)(i), (d)(ii), (d)(iii) (continued -)
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(c¢) Cis astructural isomer of A and B.
C is straight chained and has two functional groups.
C shows only one type of stereoisomerism.

Table 5.2 describes observations when separate samples of C are added to different

reagents.
Table 5.2
reagent Cc
2 4-dinitrophenylhydrazine no reaction
(2,4-DNPH reagent)
Br,(aq) orange to colourless
alkaline I,(aq) yellow precipitate appears

(i) Draw the structure of C in the box.

(2]

(i) Name the type of sterecisomerism shown by molecules of C.
..................................................................................................................................... [1]
© UCLES 2023 9701/22/IM1J/23 [Turn over
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(d) D reacts in the presence of a sulfuric acid catalyst to form E and water.

The structure of E is shown in Fig. 5.1.

Fig. 5.1

(i) Name the functional group present in E.

..................................................................................................................................... [1]
(ii) ldentify the type of reaction that occurs when D reacts to form E.
..................................................................................................................................... [1]
(iii) Draw the structure of D in the box.
D
(1]
© UCLES 2023 9701/22/M/1J/23
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(a) P, Q, RandS show sterecisomerism.

Complete Table 4.1 by identifying with a tick (v') the type of stereoisomerism that each
molecule shows.

The type of stereocisomerism shown by Q is given.

Table 4.1
P | Q R s
geometrical
isomerism
optical
isomerism /
[2]
(b) (i) Give the structural formula of Q.
..................................................................................................................................... [1]
(ii) Name the mechanism in reaction 2.
..................................................................................................................................... [1]
(iii) Complete the equation for reaction 3. R is represented as C,HyCN.
CUHGON s [1]
® UCLES 2024 9701/22/FIM/24 [Turn over
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(iii) T also has a single functional group.
Use the information in (c)(i) and your answer to (c)(ii) to identify T and U.

Draw the structures of T and U in the boxes.

T U

(2]

[Total: 11]

© UCLES 2024 9701/22/FIM/24
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Important values, constants and standards

molar gas constant R =8.31JK "mol™’
| Faraday constant F=9.65x 104Cmol-!
Avogadro constant L =6.022 x 1023mol™’
| electronic charge ©=-1.60x 10-1°C
molar volume of gas Vv =22.4dm*mol" at s.t.p. (101kPa and 273K)
V., =24.0dm3®mol~! at room conditions
ionic product of water K, = 1.00 x 10~ mol?dm™ (at 298K (25°C))
specific heat capacity of water | ¢ =4.18kJkg™'K™"' (4.18Jg7'K™")

® UCLES 2024 9701/22/FIM/24

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 65
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

9701 Paper 2 - Questions

Topic 13 - Introduction to organic chemistry

16

- - - - - - - - - - - 0'8Eg 0lEE 0°ZEL -
WNIOUEINE] wnEgou wnnsjapuBL wniuuey NEENE Lo 0 wnung 1oL " " wnuemn LnpugoEosd winuoy wniugoe
1 ON PN w4 s3 10 39 wo wy nd N n Ed uL Y splounoe
0L 201 Lot (] 66 86 L6 96 G6 6 €6 6 L6 06 62
6Ll L'ELL 6891 Ei9L B9l eyra: 18 6851 ELSE sk ¥ 051 - orvL 60FL LovL GBEL
winEng winsgiagh winnyy winigia wniwjoy wrisoudsdp wingiay 1 o I 1l L 1 wnuad wnuByE|
nm qA wyl 43 OH Aa a1 PO n3 wg ud PN id 8d el sploueyjue|
LL 0L 69 B9 19 a9 59 +9 £9 9 19 09 65 ki i
" L " " wninouay wnuoyu o " " " wnssey wnuyogq wniiogeas wnugnp wnipiepsgn wrepes wniouesy
6o sL M N 14 UN uw | by sa W SH ug bs | aa | sewe | BY i
BLL LLL :190 Sl il £LL Zll Ll oLl 601 801 101 a0l S0L 0L £01-68 B8 18
- - - 0’602 2L0E 02 9002 0461 L'S6L zE6l Z06L 98l FEBL 608L S8LL ELEL BEZEL
uope: aupEsE wriuood pnuwsig pesy| wniEy) fanuaw ploé winugeyd wnipu winAwso wnsy umpshuny wnjEjuE] wniyEy wnueg wessen
Uy W od 'q qd IL BH ny id I SO oy M el H sprousue ed SO
98 58 8 £8 8 5] 08 L7 B L 9L L7 ¥ EL L Li-i5 a5 55
ELEL 6921 9LZL Iz L8l arLL TELL 6401 +90L 6201 L'LOL - 666 B'Z6 -] 688 oig 568
uousx auipol wnunga; fuownue up wnipu wniwpes FEUTE wripeyed wnipow 1l " wnsgoi wniuoE wnupi wnquoss Wi
X I el qas us uI P2 By Pd yd < oL O anN 1z A 18 94
¥5 £5 5 15 05 Ly By iy aF St it £t ct [3:4 oF GE BE P
wEes E'6L 6L BFL 9zL L'g9 et GEq 188 685 965 EFG 0Es 605 &Ll oSt Lot L'6g
uojdAny auwog wnjuajes DUSEIE wnjueuuad wnyeb oz saddoa [CRal] neqoy uon wnEy; WNIPUES wniEs wressejod
D4 19 oS8 sY 29 eO uz no IN 02 o4 U 10 A L 98 ed A
9g 5€ e £E s LE 0g (i1 BE 2 8¢ LA ¥E £Z ZZ |74 0z Gl
B6E G'GE L'ZE oLE [§:74 042 £¥E 0'EZ
uobre BULDy nyns sruoydsoyd uoois wnuwn|e N r F _‘ O F m w N w m .W m wnssufiew wnipes
Y 1o S d IS v B EeN
gl Ll al Sl ¥l €l zl LL
44 06l gL ol ozl 0L SSEW DIUGE SARE|2 06 69
uoau Buuony uabifxo uaboupu UoqIED uniog BlEY iy Aieg gy
N 4 o) N 0 g joquiAs ojwoje og N
oL 13 8 L 9 b Jagnu Juoje t €
o oL
wni|Ey uabiniphy hmv__
oH H
4 L
et | o [ o | o | n | e z |
dnoig

SjusWa|F 40 3|qe] J1poLIdd YL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment Intemational Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

9701/22/FIM/24

® UCLES 2024

- Q4 (a), (b)(ii), (b)iii), (c)(ii) (cont.)

March 2024 9701/22

Page 66

examspath.com

RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play

Prepared by Mr Narendra Khaire & the ExamsPath Team


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

6 (a) V shows stereoisomerism.

Fig. 6.1

(i) Explain what is meant by stereoisomerism.

..................................................................................................................................... [1]
(ii) Deduce the number of sterecisomers of V. Explain your reasoning

..................................................................................................................................... [2]
(iv) Name all the functional groups present in V.

..................................................................................................................................... [1]

© UCLES 2024 9701/21/M/J/24
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(b) Fig. 6.2 shows two reactions involving V.

reaction 1 reaction 2
+reagent T + reagent U
w X
/ OH / OH
@] 0]
@] @] \

Fig. 6.2
(i) Identify the role of reagent T for each functional group that reacts in reaction 1.

..................................................................................................................................... [1]

(i) Suggest the identity of reagent U in reaction 2.
..................................................................................................................................... [1]
® UCLES 2024 9701/21/M/1J/24 [Turn over
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May/June 2024 9701/21 - Q6 (a)(i), (a)(i), (a)(iv), (b)(i), (b)(ii) (cont.)

(a) Draw the three-dimensional structures of the two sterecisomers of CH,(CH,),CHBrCH,.
R can be used to represent CH,4(CH,);.

(2]

(d) CH,4(CH,);CHBrCH, is heated with D to produce three different molecules, E, F and G.

(ii) Identify D and the conditions used.

May/June 2024 9701/22 - Q4 (a), (d)(i), (d)(ii)
(c) Y is a structural isomer of W.
Both W and Y produce colourless bubbles when sodium is added to them.
Y does not react when heated with acidified K,Cr,0..
Y does not react when warmed with alkaline I,(aq).

(i) Name the functional group presentin Y.

May/June 2024 9701/22 - Q5 (c)(i)
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(i) Name the mechanism for step 1 in Fig. 5.2.

© UCLES 2024 9701/23/IM/J/24
13
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(d) Hydrated rhodium(lll) chloride, RhCL3xH,O, catalyses the conversion of ethene to
but-2-ene.

Both stereocisomers of but-2-ene are formed in the reaction.
(i) Hydrated rhodium(III) chloride contains 20.5% by mass of water of crystallisation.
Deduce the integer value of x in RhCL;*xH,0.

Show your working.

X = e
(2]
(ii) Define stereoisomers.
..................................................................................................................................... [1]
(iv) Draw the two stereoisomers of but-2-ene.
(2]
[Total: 16]

I ©® UCLES 2024 % 9701/21/0/N/24 I
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||II|||II|||II|||II|||II|I||I|||II|||II|||II|||II|||II|||II [ {1] —

Oct/Nov 2024 9701/21 - Q1 (d)(i), (d)(ii), (d)(iv) (cont.)

(i) Explain why A does not show optical isomerism.

Oct/Nov 2024 9701/21 - Q4 (a)(ii)
(ii) Name the homologous series that F belongs to.

Oct/Nov 2024 9701/22 - Q4 (d)(ii)
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(iv) Draw the two stereoisomers of but-2-ene.

2]

[Total: 16]

I © UCLES 2024 ﬁ 9701/23/0/N/24 I
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BLANK PAGE
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AR II|I| LD T L -

Oct/Nov 2024 9701/23 - Q1 (d)(iv) (cont.)

(ii) Name the mechanism involved in the reaction of IBr with propene.

..................................................................................................................................... [1]
(iii) The reaction of IBr with propene forms two structural isomers.

Draw the two structural isomers shown by these molecules.

[2]

(iv) Identify the type of structural isomerism shown by the molecules in (d)(iii).

..................................................................................................................................... [1]
(v) Explain why the two structural isomers do not form in equal amounts

..................................................................................................................................... [2]

[Total: 15]

® UCLES 2025 ' 9701/22/F/IM/25 [Turn over I
10 |
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(c) Compounds A, B and C belong to the alcohol homologous series. Each molecule of A, B and C
contains four saturated carbon atoms.

(i) Identify the type of hybridisation shown in the saturated carbon atoms of all alcohols.

May/June 2025 9701/22 - Q4 (c)(i)

(ii) Draw the displayed formula of G.

(2]

May/June 2025 9701/24 - Q4 (d)(ii)
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(a) W has two positional isomers. Only one shows sterecisomerism.

Draw the structures of the two positional isomers of W in the boxes.

(2]
(b) (i) Describe the origin of sterecisomerism in W.

(c) Draw the skeletal structure of the stereoisomer of W.

(1]

© UCLES 2025 9701/24/M/J/125
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(ii) Identify X and state the conditions used for this reaction.

[Total: 7]

® UCLES 2025 " 9701/24/M/J/25 [Turn over I
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(b) Cyclopentane, C;H
Fig. 3.1.

100 has four cyclic structural isomers. One of these isomers is C, shown in

Complete Fig. 3.1 to show two other cyclic structural isomers of C;H, .

cyclopentane C

O

Fig. 3.1
[2]
(c) Cyclopentane reacts with Cl, in the presence of ultraviolet light to form C;H,CL
(i) The reaction is initiated by the bond fission of C1,.
State the type of bond fission shown in the initiation step.
..................................................................................................................................... [1]
Oct/Nov 2025 9701/21 - Q3 (b), (c)(i)
(ii) Define stereocisomerism.
..................................................................................................................................... [2]

© UCLES 2025 9701/21/0/N/25
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(a) Define homologous series.

............................................................................................................................................. [2]

(b) Give two reasons to explain the general unreactivity of alkanes
LU USSP UPOPPR PSR
ekt ea b e e e oAbt e e e aeee e aaeee e hae e e bt e e ettt e e e s bt e e anaaaaeanaaas
(2]

(d) Hexane, C;H,,, has four structural isomers.

142

Fig. 3.1 shows hexane and two of its structural isomers.

hexane A B C D

/\/\//\)\

Fig. 3.1

(i) Complete Fig. 3.1 by drawing structures for C and D, the other two structural isomers of
hexane. [2]

(ii) A, B and hexane have different boiling points.
Arrange A, B and hexane in order of increasing boiling point.
Explain your answer.

lOWeSt ..o S e, e highest

I © UCLES 2025 9701/22/0/N/25 I
| || I |

Oct/Nov 2025 9701/22 - , (d)(i), )(i) (continued -)
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(e) Hexane can be converted into compounds E and F at high temperature and pressure. Fig. 3.2
shows the reaction scheme involving hexane, E and F.

/W
AH,=+215 kJ mol™ AH,
reaction 1 reaction 2
E F
=
reaction 3
Fig. 3.2

(i) Identify a suitable reagent for reaction 3.

Prepared by Mr Narendra Khaire & the ExamsPath Team | examspath.com | Page 82
RECOMMENDED BOOK Practical Mastery: Cambridge 9702 Paper 3 by Waseem Ahmad — now on Amazon & Google Play


https://examspath.com/

Topic 13 - Introduction to organic chemistry 9701 Paper 2 - Questions

(a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.
C,Hg + Cl, —» CH,CH,CH,CI+ HCI
The reaction takes place via initiation, propagation and termination steps.

(i) Name the mechanism shown by reaction 1.

..................................................................................................................................... [1]
(i) Complete the mechanism for reaction 1.
Construct equations to describe the steps of the mechanism.
initiation Cl, — 2Cl+
PrOPAGAtION 1 e
o] ge] 0= To F= Yt To ] ¢ IO PSP PRSSPTPPRPSPRP
termination ... e — CH;CH,CH,CI
(3]
(iii) Reaction 1 is initiated by the bond fission of CL,.
State the type of bond fission shown in the initiation step.
..................................................................................................................................... [1]
(iv) Compound Q is a by-product of reaction 1.
Q
H CI H
P
Lob
Name Q
..................................................................................................................................... [1]
© UCLES 2025 9701/22/0/N/25
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(v) The molecular formula of Q is C,HCL,.

Identify the types of structural isomerism and stereoisomerism that a molecule with

molecular formula C,H,Cl, can show.
type of structural isomerism

type of sterecisomerism

(b) State the reagent and solvent required for reaction 2.

Oct/Nov 2025 9701/22 - Q4 (a)(i), (a)(ii), (a)(iii), (a)(iv), (a)(v), (b) (cont.)

(ii) Define stereocisomerism.

© UCLES 2025 % 9701/23/0/N/25
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Oct/Nov 2025 9701/23 - Q4 (b)(ii)
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(a) (i) Define structural isomerism.

..................................................................................................................................... [2]
(ii) P shows geometrical isomerism.

Draw the geometrical isomer of P. Explain why the two isomers are not identical.

geometrical isomer of P
EXPIANGLION ..ot eeeee e e e e ee e ettt ntanatbaaaneeas
(2]

(iii) Both P and Q react with agueous bromine.

Name the mechanism of this reaction.

..................................................................................................................................... [1]

(v) Qreacts with HBr(g) to produce two structural isomers, R and S, as shown in Fig. 4.2.

Q

R S
HBr
s~ Aﬁ- /j\( and 7‘\/
Br
Br

Fig. 4.2

State and explain why isomer S is the major product of the reaction.

..................................................................................................................................... [2]
(i) Reaction 2 is a hydrolysis reaction.

Construct an equation for reaction 2.

(CoHg),CHEN e [1]

Oct/Nov 2025 9701/24 - Q4 (a)(ii), (a)(iii), (a)(v), (b)(ii)
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