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Ql.
(F)(i) BrCH2CH2CH2CH:2Br + FeBrs — BrCH2CH2CHzCH:z* + FeBra~ 1
(f)(ii) o} o 3
—_— —_— product F o
H
Br
BrCH;CHCH,CH;
M1 curly arrow from inside the hexagon towards C*
M2 structure of the intermediate
M3 curly arrow from C—H bond into the ring AND H*
(i) | M1 Y 2
0
e}
M2
Z
0,
& : f |
OR
Q2.
(b) 3

P

o5 coo coo
| '
o] H*
- » -+
’ go— @70 ............

M1 correct dipole AND curly arrow from inside the hexagon to the carbon atom
M2 structure of the intermediate
M3 curly arrow from C-H bond into the ring AND H*
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Q3.
(a)(i) 2-nitrobenzoic acid OR 2-nitrobenzenecarboxylic acid 1
(a)(ii) | hot/reflux/heat AND (alkaline / acidified / neutral) MnO.~/ KMnO4 1
(a)(iii) | COOH / carboxyl group is electron-withdrawing / electronegative AND 3- and 5- / meta- directing 1
Q4.
(d)(i) 1
(1
(d)(ii) | step 1: CHaCl+ AICI (1] 2
step 2: hot alkaline KMnQ, 1
Q5.
(a) aluminium chloride OR AICL [11 1
(b)(i) delocalised system / delocalised ring/ pi system / pi ring 1 2
C-Clbond [1]
(b)(ii) | C-H bond [1] 2
delocalised system / delocalised ring/ pi system / pi ring 1
(d) | CeHe + Cl — CsHsCl+ HCI (1 1
(e) |CI' 1
hydrogen / H
chlorine / CI 1]
Q6.
(b)(i) X 2
NO
[ [1]
(b)(ii) M1 step1  (CH;).CHBr and FeBrs/ Al Bry 3
M2step2 conc HNO: and conc H:S0s
M3 step3 Snand conc HCI
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a)(i 3
(a)i) CH,Br
Br
reaction 1 reaction 2 reaction 3 Br
M1 M2 M3 BOTH
(a)(ii) M1 reaction 1: hydrogenation / reduction 2
M2 mechanism 2: (free) radical substitution
(b) the substitution product is stabilised by delocalization of n-electrons / by n-electrons in the ring 1
OR
the addition product is not stabilised by delocalisation (of n-)electrons ALLOW addition product will remove n-electron
delocalised system
(c)(i) organic intermediate 3
[+]
o N Br L'
| — s\\/ — So
g s]
M1 curly arrow from inside the hexagon to S atom
M2 structure of the intermediate
M3 curly arrow from C-H bond into the ring AND formation/loss of H*
(e)(ii) ﬁ o] 1
s !
- \©\
Q8.
(b)(i) carboxylic acid/carboxyl, ester, amide, amine 2
Any two [1], all four [2]
Q9.
(b) iodobenzene AND as Br is more electronegative (than I/1%/I* in the electrophile) 1
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Q1o0.
(c) i 2
CH40.
D/\u
HOY
M1: ring reduced [1]
M2: alkene reduced [1]
(d)(i) hot AND concentrated acidified AND MnO,~/ KMnQ; all [1] 1
Q1l1.
(a)(i) M 1
COOH
(1
(a)(ii) | hot (alkaline) KMnO./MnO4 [1] 2
SOCL OR PCl; OR PCL + heat[1]
(a)(iii) | oxidation [1] 2
(nucleophilic) substitution
Qi2.
(a) CHsCI + AICK[1] 2
hot alkaline) MnO4~ [1]
(c)i) Mark J and K together. 4

Ci

CH CHs
either ! or JorK[1]

CH:.C1 JorK

for the ring substituted product — AICL [1]
for the side-chain substituted product — uv [1]
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Q13.
(e) 3-chloropyridin 3
pyridine &)
+H™
N cr N
M1 first curly arrow to CI*
M2 correct intermediate
M3 second curly arrow AND H* formed / lost
Q14.
(d)i) CHs 1
(d)(ii) |step1 M1 concentrated HNOzand Hz50s 2
step2 M2 hot (alkaline) KMnO. (followed by addition of H*)
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Q15.
(@)(i) NO, NO; 3
H
—_— —_— +H*
NOy*

M1 first curly arrow from within hexagon to N of the NOz"
M2 correct intermediate
M3 second curly arrow from C-H bond into the ring AND H* formed / lost

(a)(ii) HSO4 + H* =2 H.SO,4 1

(b) M1 benzoic acid M2 phenol 2
COCH OH
@ ©/N02 /©/No2
NO; HO'
OR
(c) M1 phenol > benzene > benzoic acid 4
M2/ M3
phenol:
+ lone pair/ p-orbital on oxygen
delocalises into the ring / overlaps with n-delocalised ring
» accepts/ attracts / polarises NO:z*/ electrophiles better
benzoic acid:
+ COOH/C=0 is an electron-withdrawing / positive inductive effect
two for one mark, three for two marks
M4
(phenol-oxygen) increases electron density in the ring (as compared to benzene as a result of the OH group)
OR
(benzoic acid-COOH) decreases electron density in the ring (as compared to benzene as a result of the COOH group)
Qise.
(b)(i) CzHsCl + AICL; — CHsCH.* + AICL~ 1
ii CH;CH;
(b)(ii) " ccH, ZCH; 3
+ H'

T
—|C—H

T ()=—T

H
curly arrow 1 AND curly arrow 2 [1]
correct intermediate structure [1]
CeHsCzHs AND H* [1]
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Q1l7.
(b)(i) chloromethane 1
aluminium chloride
(b)(ii) | CHiCl+ AICL — AICL™ + CHy* 1
(b)(iii) | curly arrow from within benzene to CHs" [1] 3
positively charged intermediate [1]
curly arrow from C—H bond into ring, CeHsCHa, H* [1]
(b)(iv) | hot alkaline KMnO4 [1] 2
CgHsCH3 + 3[0] — C¢HsCOH + H,0 OR
CeHsCH3 + 3[0] + OH- — CgHsCO2~ + 2H.0 [1]
Q1is.
‘ (c)(i) ‘ 4-bromo-2-nitrobenzoic acid OR 4-bromo-2-nitro(-1-)benzenecarboxylic acid ‘ 1 ‘
(c)(i) cHy Chy 2
NO;z
E= OR
Br
CHs
NO,
F=
Br
(c)(iii) M1: step 1 conc. H:SO, and conc. HNO; 3
M2: step 2 Brzand AlBra
M3: step 3 hot (alkaline / acidified) MnOs~/ KMnO4
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(b)(7)

RCl+ AICL - R* + AICL~

OR CI(CH;)sCOOH + AICI; > *(CHz);:COOH + AICI~

(b)(ii)

w XCqgHoO
OH

OR

(b)iii)

SOCL OR PCls
ALLOW PCl; AND heat

(b){iv)

intermediate

H

M1: arrow to R* OR arrow to positive carbon of *(CHz)sCOOH
M2: correct structure of intermediate
M3: arrow from C-H bond into the ring AND H*

Q20.

(c)()

CH5CI+ AICL — *CHa + AICL~ [1]

(c)(ii)

3=Y-0 -

M1: arrow to CHs" (arrow must come from inside the hexagon) [1]
M2: correct structure of intermediate [1]

M3: arrow from C-H bond into the ring AND H* seen  [1]
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(c)i) benzoic acid [1] 1
(c)(ii)y | COOH directs 3 position [1] 1
(c)iiii) | electrophilic substitution [1] 1
(c)(iv) | M1 curly arrow from within hexagon towards CH1C™=0 [1] 3
M2 correct intermediate [1]
M3 curly arrow from C—~H bond into hexagon and correct product Q [1]
(c)(v) MnQ,~/ KMnO, / manganateVIl/ permanganate aq/H*/ acidified / OH- then acid / alkaline then 1
acid heat/ boil / reflux/T>50°
OR
alkaline iodine followed by acidification [1]
Q22.
(a)i) The substitution product is stabilised by delocalisation of (6)m-electrons 1
?I:ze addition product is not stabilised by delocalisation of (6)n-electrons [1]
(a)(ii) Br 3
O— &X—0—
[1] i
intermediate [1] curly arrow + H* lost [1]
+ first curly arrow
* intermediate
« 27 curly arrow, product and H* formed / lost
(a)iii) | AlBrs+ H* = ABra + HBr 1
(b) lone pair of oxygen is delocalised into the ring 2
any one from:
+ phenol has a higher electron density in the ring
+ phenol can polarise/induce a dipole in Brz
(c)(i) CH3;CH:CH*CH; (CH3)CHCH* (CH3):C* Each correct structure = 1 mark 3
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Q23.
(a)i) |e trigonal planar N
e tetrahedral.
« trigonal planar
Award one mark for two correct statements, award two marks for three correct statements
(a)(ii) NGOz 1
NO3
Both structures required
(b) CioHe + 9[0] — CsHaOs + 2C0z + 2H:0 1
Q24.
(c)(i) 2
J= cocl K=
Award one mark for each correct structure
©Xi) | step1  PCL ORSOCL OR PCL + heat 1
(d)(i) 1
(d)(ii) M1 step 3  electrophilic substitution 2
M2 step3 benzene and AICk (and heat)
(d)(iii) |step4 oxidation 1
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Q25.
(a)(i) HBr/ hydrogen bromide [1] 1
(a)(ii) 2
Br*
H Br
M1 curly arrow to Br* AND curly arrow from C—H bond as shown [1]
M2 correct intermediate [1]
(a)(iii) | electrophilic substitution [1] 1
(b)(i) reagent: chloroethane / bromoethane /iodoethane OR formula [1] 2
catalyst: FeCly/ AIChetc. [1]
(b)(ii) COOH 1
[1] ALLOW CsHsCOONa
(b)(iii) | step 3 =LiAMHs [1] 2
step 4 = Pt AND Hz[1]
(b)(iv) | 5/five [1] 1
Q26.
(b)(i) curly arrow from within hexagon towards NOz+ 2
AND curly arrow from C—H bond to within hexagon [1]
H
intermediate [1]
(b)(ii) | electrophilic substitution [1] 1
(b)(iii) | conc nitric acid and sulfuric acid [1] 2
HNOs + 2H2804 — NO2* + Hi0* + 2HSO4~ OR [1]
HMNQO; + H:S0; — NO3* + H,0* + SO
2HNO; + HzS0,; — 2NO;* + Hz0 + SO
HNQO3z + HaS04 — NOz* + H20 + HSO4™
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Q27.

(a)(i) M1: reduction / hydrogenation 2
M2: Hz + Ni/ Pt catalyst

(a)(ii) M1: benzene (120°) and cyclohexane (109.5%) 2
M2: as n-bonds are transformed into o-bonds

(b)(i) 3

— +H
SOEH‘ H S0H S0.H

M1: first curly arrow to the sulfur atom
M2: intermediate shown
M3: 2nd curly arrow and H* formed / lost

(b)(ii) HSO4 + H* — H2504 1

(c) M1: C,2HzsBr and halogen carrier e.g. AlBr; (+ heat) 2
M2: electrophilic substitution
Q28.

(b)(i) HNO; + H.SO; — HSOs + H,O + NOo* 1
or HNOz + 2H:504 — 2HSO4+ + HaO*+ NO:*[1]

(b)(ii) CHs CHy 3

CHy CHy
—
+H'
NO,' NO: NG,

1.2-dimethylbenzene H M
first curly arrow to N of NOz* [1]
carrect intermediate [1]
2nd curly arrow and H* formed /lost [1]

(b)(iii) | HSO+ + H* — H2804[1] 1

(b)(iv) Sn + conc. HCI(+ heat) [1] 2
reduction [1] IGNORE redox

(d) 3° carbocations are more stable than 2° carbocations [1] 2

due to the methyl group acting as an electron donating group (leading to an increase in electron density on the cation

stabilising it) [1]
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Q29.

(a) M1: CHiaCOCI or ethanoyl chloride 2
M2: AICE catalyst

Q30.
(a)(i) D 2-chloropropane 1
E hydrogen chloride 1
(a)(ii) (Friedel-Crafts) alkylation 1
(b)(i) AICL or FeCl 1
(b)(ii) 1

cl
o]
(b)(iii) | sunlight or UV OR T>100°C 1
(b)(iv) 1
Cl
Cl

(c) reaction with hot KMnO,4(aq) 1

O
o

reaction with Hz+ Ni, high pressure

(d)

-H”
& _— » Products
NO,*
H NO,

attacking species is NO;"

curly arrow starting within hexagon and going to NO;*

correct intermediate

2nd curly arrow from C-H bond into ring




