Past-paper walk-through

Halogenoalkanes = 15.1

eXercise



Past-paper walk-through

Questions in this set

m 9701/11 N25 Q30 = 1 mark
m 9701/11 N25 Q31 = 1 mark
m 9701/12 N25 Q30 = 1 mark
m 9701/12 N25 Q31 = 1 mark
m 9701/14 N25 Q31 = 1 mark
m 9701/14 N25 Q32 = 1 mark

9701/14 N25 Q38 = 1 mark
9701/22 N25 Q4 = 16 marks
9701/24 N25 Q3 = 11 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 30

9701/11 N25 = Q30 = 1 mark

30 Compound X, C;H4ICl,, is dissolved in ethanol and the solution mixed with warm aqueous
silver nitrate.

A precipitate is seen immediately.

compound X
CH,CI
Cl

I

What is the colour of this precipitate and what is the structural formula of the first organic
product?
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the precipitate the first organic product
CH,CI
HO
A cream
OH
CH,OH
HO
B cream
OH
CH,OH
~ . HO_
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D yellow
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Solution 30

I Answer: D

Why
m The C—l bond is the weakest carbon—halogen bond, so it hydrolyses first.
m Silver iodide is a yellow precipitate (AgCl is white and AgBr cream).

m So the first organic product has the iodine replaced by OH, with both
chlorines still in place.
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Question 31

9701/11 N25 = Q31 = 1 mark

1,4-dibromobutane reacts with an excess of ethanolic sodium hydroxide until no further reaction

takes place.

31

What is the relative formula mass of the major organic product?

A 54 B 56 C 74 D 90



Past-paper walk-through

Solution 31

I Answer: A

Why
m Ethanolic NaOH causes elimination rather than substitution.

m With a bromine at each end both eliminate, giving buta-1,3-diene, C4Hg.
m M, = 4(12.0) + 6(1.0) = 54.



Past-paper walk-through

Question 30

9701/12 N25 = Q30 = 1 mark

30 Which reaction mixture produces a nitrile?

A halogenoalkane with KCN in ethanol
B halogenoalkane with NH3 in ethanol

C ketone with 2,4-DNPH



D carboxylic acid with NH; in water



Past-paper walk-through

Solution 30

I Answer: A

Why
m KCN in ethanol substitutes CN for the halogen, giving a nitrile.
m Ammonia in ethanol gives an amine instead.

m 2,4-DNPH is a test for a carbonyl, and a carboxylic acid with ammonia gives
an ammonium salt.
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Question 31

9701/12 N25 = Q31 = 1 mark

31

Which reaction is classified as Sy1?

A

B
C
D

the reaction of 1-chloropropane with ammonia in ethanol
the reaction of 1-chloropropane with potassium hydroxide in ethanol
the reaction of 2-chloro-2-methylpropane with potassium cyanide in ethanol

the reaction of 2-chloro-2-methylpropane with potassium hydroxide in ethanol



Past-paper walk-through

Solution 31

I Answer: C

Why
m Syl goes through a carbocation, so it needs a tertiary halogenoalkane.

m Both C and D use 2-chloro-2-methylpropane, but KOH in ethanol causes
elimination, not substitution.

m KCN in ethanol does substitute, so C is the Sy1 reaction.
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Question 31

9701/14 N25 = Q31 = 1 mark

31 2-chloropropane and 2-bromopropane react separately with aqueous NaOH.

Which row is correct?

comparison of explanation of the
rates of reaction difference in reaction rates

A 2-chloropropane chlorine is more

reacts faster reactive than bromine
B 2-chloropropane the C—Clbond is more

reacts faster polar than the C-Br bond
C 2-bromopropane the first ionisation energy of

raarte factar hramina ie lnwar than rhlarina’e
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D 2-bromopropane the C-Br bond is
reacts faster weaker than the C—Cl bond
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Solution 31

I Answer: D

Why

m The rate of hydrolysis is decided by the carbon—halogen bond enthalpy, not by
the bond polarity.

m C-Br is weaker than C-Cl, so it breaks more easily.

m So 2-bromopropane reacts faster — the C—Cl bond is more polar but stronger.
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Question 32

9701/14 N25 = Q32 = 1 mark

32 The diagram shows the structure of compound X.

Br Br

Br
X

X undergoes hydrolysis to form product Y in which all of the bromine atoms are replaced by
hydroxyl groups. Product Z is formed by oxidation of Y.

Two suggestions are listed.

1 Y is a secondary alcohol.



2 Zis aketone.

Which suggestions are correct?
A both1and 2

B 1only

C 2only

D neither 1 nor 2



Past-paper walk-through

Solution 32

I Answer: A

Why
m Replacing each Br with OH gives the alcohol Y.

m The bromine on a carbon bonded to two other carbons becomes a secondary
alcohol group.

m Oxidising a secondary alcohol gives a ketone, so both statements hold.
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Question 38

9701/14 N25 = Q38 = 1 mark

38 When bromoethane, C,HsBr, is heated with NaOH in ethanol, which type of reaction occurs?
A electrophilic substitution
B elimination
C nucleophilic substitution, mainly via an Sy1 mechanism

D nucleophilic substitution, mainly via an Sy2 mechanism
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Solution 38

I Answer: B

Why

m The solvent decides the outcome: aqueous NaOH substitutes, ethanolic
NaOH eliminates.

m Here the reagent is in ethanol, so HBr is eliminated to give ethene.

m That is elimination, not substitution.
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Question 4

9701/22 N25 = Q4 = 16 marks

4  Fig. 4.1 shows how propane, C;H,, can be converted to propanoic acid, CH;CH,COOH.

reaction 1 reaction 2 reaction 3
C;Hg — > CH,CH,CH,Cl —— > CH,CH,CH,OH —— > CH,CH,COCH

Fig. 4.1
(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.



(ii) Complete the mechanism for reaction 1.
Construct equations to describe the steps of the mechanism.

initiation Cl, — 2Cl»









[3]
(iii) Reaction 1 is initiated by the bond fission of C,.

State the type of bond fission shown in the initiation step.



(iv) Compound Q is a by-product of reaction 1.

Q
H Cl H

H—C—C—C—Cl!

H H H

Name Q.



(v) The molecular formula of Q is C;H;CL,.

Identify the types of structural isomerism and stereoisomerism that a molecule with
molecular formula C;HgCl, can show.






[2]

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



(c) Reaction 3 takes place when CH;CH,CH,OH is heated under reflux with acidified potassium
dichromate(VI) solution.

(i) State the colour change that takes place in the reaction mixture.



(ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen
from the oxidising agent.



(d) CH4CH,COOCH reacts with an unsaturated alcohol R to form unsaturated ester S.

(i) State the type of reaction that forms S.



(ii) The infrared spectrum of S is shown in Fig. 4.2.



VT T T T T T T T
4000 3000 2000 1500 1000 500
wavenumber/cm™

Fig. 4.2

Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is
unsaturated.

*  Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.
*  Complete Table 4.1 to show which bond is responsible for each absorption that you
have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible




131



Table 4.2
bond | functional groups containing the bond characte_rlstlc infrared absorpt|_c1>n range
(in wavenumbers)/cm

C—-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680

amide 1640-1690
C=0 | carbonyl, carboxyl 1670-1740

ester 1710-1750
C=N | nitrile 2200-2250
C-H | alkane 2850-2950
N-H | amine, amide 3300-3500
ot | carbory 2500-3000




| nyaroxy 32UU—305U



|- - 1

(iii) The mass spectrum of S shows the following peaks.

Table 4.3
peak relative abundance
M* 4.7
[M+17* 0.31

Use Table 4.3 to calculate the number of carbon atoms in S.



[Total: 16]

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 102 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~ mol?dm=® (at 298K (25°C))

molar volume of gas

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

118
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Past-paper walk-through

Solution 4

(a)(i)
m free-radical substitution
ml
= 9701/22
m October/November 2025
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Solution 4

(a)(ii) Mark scheme

M1 C3H8 + CI — CH3CH2CH2 + HCI

OR C3H8 + CI — C3H7 + HCl (m2
CH3CH2CH2 + CI2 — CH3CH2CH2CI + ClI
m OR C3H7 + CI2 — C3H7Cl + CI etc (M3

m CH3CH2CH2 + CI — CH3CH2CH2CI

m OR C3H7 + CI — CH3CH2CH2C|

m3
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Solution 4

(a) (i)

m homolytic
ml

(a)(iv)

m 1,2-dichloropropane
ml
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Solution 4

(a)(v)
m M1 (type of structural isomerism) positional (M2
m (type of stereoisomerism) optical
m?2
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Solution 4

(b)

m sodium hydroxide AND water
ml



Past-paper walk-through

Solution 4

(c)()

m orange to green
ml

(c)(ii)

m CH3CH2CH20H + 2[0] — CH3CH2COOH + H20
ml



Past-paper walk-through

Solution 4

(d)(i)

m condensation
ml



Past-paper walk-through

Solution 4

(d)(ii)
m M1 absorption labelled at approx. 1750 cm-1 identified as C=0 (M2
m absorption labelled at approx. 1650 cm-1 identified as C=C (M3
m absorption labelled at approx. 1170 cm-1 identified as C—O
=3
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Solution 4

(d)(iii)

m (0.31/4.7 x 100 /1.1) = 6 carbon atoms
ml



Past-paper walk-through

Question 3

9701/24 N25 = Q3 = 11 marks

3 Propan-2-ol, (CH,),CHOH, is sometimes added to fuel to help it burn.

Fig. 3.1 shows some reactions of propan-2-ol.

propan-2-ol
reaction 3
reaction 1 OH concentrated
K w
reaction 2 alkaline
I(aq)

CH,CO,™ and CHI,



Fig. 3.1

(@) (i) Draw the structure of organic compound K.



(1]

(ii) State an observation you would make in reaction 2.



(iii) State the type of reaction that is shown in reaction 3.



(iv) Complete Fig. 3.2 to show the pi () bond in L that is formed from orbital overlap.

H"l/,

C_
H,C™

aw H

oSy

Fig. 3.2
1]

(b) Propan-2-ol reacts with sodium to produce (CH,),CH-O~ anions.
These anions react with 2-bromopropane to form compound N, as shown in Fig. 3.3.
N
~__bBr (CH,),CH-O~ ~_°9%_-






Fig. 3.3

(i) Write an equation for the reaction of propan-2-ol with sodium.



(i) The reaction of 2-bromopropane with (CH;),CH-O~ anions follows an Sy1 mechanism.

Complete Fig. 3.4 to show this mechanism. Include charges, dipoles, lone pairs of
electrons and curly arrows, as appropriate.

H H H
H,C—C—Br ——— —— > H,C—C—O—C—CH,
CH, CH, CH,
(CH3),CH-0~
Fig. 3.4

(3]

(iii) Suggest how the rate of the S\ 1 reaction would change, if at all, if 2-chloropropane were



Question 3

useda Instead o1 Z-pbromopropane.



Explain your answer.



(iv) Nis also added to petrol to make it burn more smoothly.

Construct an equation for the complete combustion of N, CgH,,O.



[Total: 11]
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Solution 3

(a)(i)

ml
(a)(ii)

m yellow precipitate
ml
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Solution 3

(2) i)

m elimination

ml

= 0701/24

m October/November 2025

(a)(iv)

ml
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Solution 3

(b) (i)
m (CH3)2CHOH + Na — (CH3)2CHO(-)Na(+) + 1/2 H2
ml
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Solution 3

(b)(ii)

m M1 correct dipole on §+C—Brd— AND curly arrow from C—Br bond to
Br (m2

® intermediate (M3
m curly arrow from lone pair of (CH3)2CHO- to C+

m 3
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Solution 3

(b) (iii)
m M1 rate would decrease (M2
m C—Br is weaker (than C—Cl, so breaks more easily)
m2
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Solution 3

(b)(iv)

m C6H140 +902 — 6C0O2 + 7H20
ml



