Past-paper walk-through

Halogen compounds = 31.1

eXercise
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Questions in this set

n 9701/41 N25 Q8 = 13 marks
m 9701/44 N25 Q8 = 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 8

9701/41 N25 = Q8 = 13 marks

8 (a) In the electrophilic substitution of arenes, different substituents can direct to different ring
positions.

(i) Describe the directing effect of the -NO,, group. Explain your answer.



(i) The nitration of arenes uses a mixture of concentrated HNO, and concentrated H,SO, to
generate the N02+ electrophile.

Write an equation for the formation of the NO,* electrophile.



Question 8

(b) Carbon-carbon bond formation is an important reaction in organic synthesis.

Fig. 8.1 shows the synthesis of compound Q from benzene in two reaction steps.

compound Q

compound P (o)

reaction 1 reaction 2
—_— —_—.




Fig. 8.1
(i) Draw the structure of compound P in the box in Fig. 8.1. [1]

(ii) Suggest reagents and conditions for reactions 1 and 2 in Fig. 8.1.






(2]
(c) Separate samples of C4H Br and C4H;CH,Br are added to warm AgNO;(aq).

State the expected observations, if any. Explain your answer.









[3]
(d) Acyl bromides, RCOBY, react readily with H,O.

The mechanism of this reaction is similar to that of the reaction of H,O with acyl chlorides,
RCOCL

(i) Name the mechanism of this reaction.



(ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H,O.
Include all relevant lone pairs of electrons, curly arrows, charges and dipoles.

Draw the structure of the intermediate.

intermediate

—O






Fig. 8.2
[4]

[Total: 13]
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Solution 8

(a)()

m NO2 group directs to 3 (and 5) / meta position AND due to being an
electron-withdrawing / electronegative group

ml
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Solution 8

(a)(ii)
m HNO3 + H2504 — NO2+ + HSO4- + H20
= OR HNO3 + 2H2504 — NO2+ + 2HSO4- + H30+
ml
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Solution 8

(b) (i)

m1l
(b) (i)

m M1: (reaction 1) ethanoyl chloride / CH3COCI AND Al CI 3
m M2: (reaction 2) 2-bromopropane / (CH3)2CHBr AND FeBr3

m2



Past-paper walk-through

Solution 8

(c) Mark scheme

m MI1:

m with C6H5Br

m no change / no precipitate AND

m with C6H5CH2Br

m cream precipitate

m in C6H5Br

m M2: lone pair / p-orbital on Br delocalised / overlaps with ring / 7 system

m M3: C-Br bond stronger / has partially double bond character
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Solution 8

=3
= 9701/41
m October/November 2025
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Solution 8

(d)(i)

m (nucleophilic) addition—elimination
ml



Past-paper walk-through

Solution 8

(d)(ii) Mark scheme

= M1 M2:

s

m |one pair on O

-

m curly arrow from (lone pair) O (in H20) to C (of C=0)
-

correct dipole on C=0
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Solution 8

curly arrow from the C=0 bond to O atom

any two [1], all four [2]
m M3: correct intermediate

m M4: curly arrow from (lone pair on) O(=) to C—O bond AND curly arrow from
C-Br to Br

m4
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Question 8

9701/44 N25 = Q8 = 11 marks

8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

Explain your answer.



Question 8

(b) The structure of compound V is shown.

\")
CN 0

(i) Name all the functional groups in V.



(ii) Deduce the number of possible optical isomers for V.



(iii) Suggest one reason, other than better biological activity and lower dosage required, why
it is beneficial to synthesise a single optical isomer of V for use as a drug.



(c) Asample of Vis hydrolysed with an excess of hot aqueous alkali.
The products are isolated from the reaction mixture at pH12.

Draw the structures of the two organic products of the complete alkaline hydrolysis of V
in Fig. 8.1.




Fig. 8.1
[3]

(d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and
then analysed by gas—liquid chromatography.

The chromatogram produced is shown in Fig. 8.2.

A

58
B
intensity 42
28 D
A
/Y c 13
N







\/

time/minutes
Fig. 8.2
The number above each peak represents the area under the peak.

The area under each peak is proportional to the mass of the respective amino acid in
the mixture.

(i) Calculate the percentage by mass of amino acid A in the original mixture.



(ii) The retention time for amino acid D is the longest.

Explain why D has a longer retention time than the other amino acids A, B and C.



[Total: 11]
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 1023mol-"
electronic charge =-1.60x 1071°C
molar volume of gas V,, =22.4dm%mol~ at s.t.p. (101kPa and 273K)
V,, = 24.0dm®mol~! at room conditions
ionic product of water K, = 1.00 x 10~ mol2dm (at 298K (25°C))
specific heat capacity of water c=4.18kJkg K" (4.18Jg7 K1)
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Solution 8

(a) Mark scheme

m chlorobenzene is less reactive than ethanoyl chloride

"=
m p orbital / lone pair on Cl /—Cl will overlap / delocalise into the ring
m OR C of COCI has most electron deficient OR has an electronegative oxygen atom

/ two electronegative atoms / electron
m withdrawing C=0 group



Past-paper walk-through

Solution 8

m due to partial double C-Cl bond

m OR C-Cl bond strengthened (more) / stronger bond between Cl and
benzene / ring

m OR C—CIl weakened in ROCI
m any two [1], all three [2]
m 2
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Solution 8

(b)(i) Mark scheme

=
® nitrile

-

m amide

=

m ketone / carbonyl
=

m ester
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Solution 8

m any two [1], all four [2]
m2
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Solution 8

(b)(ii)
m 8 /eight
ml
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Solution 8

(b)(iii)
m no need to separate optical isomers
ml
m 9701/44
m October/November 2025
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Solution 8

(c)
m M1: amide bond hydrolysed and COO- and NH2 formed
m M2: nitrile bond hydrolysed and COO- formed
m M3: ester bond hydrolysed and COO- and OH formed
=3
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Solution 8

(d) (i)
m percentage =100 x 28 / (28 4+ 58 + 13 + 42) =19.9 (%) min 2sf
ml

(d)(ii)

m D is attracted more strongly to the stationary phase / forms stronger
intermolecular forces with the stationary phase

ml



