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1.
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Two chemical tests are tarried out on an aqueous solution of an aromatic organic compound Y.

The results of the tests are{shown below. \QUO + I\Ju,LLOZ - OMT + H.)_U

Test Bry(aq) Na,CO;(aq)

Observation decolourised effervescence

What is the minimum number of C atoms in Y? S P\\MVM' W &L\
+ ot 52

7 M O LM Q C
Cc 8 mw \ll
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2. Bromine is reacted separately with nitrobenzene and phenylamine. WM
Which organic products are likely to form? vl E

Product from nitrobenzene Product from phenylamine
A Z-bmmonitrognzene 2-bromophenylamine
B | 2-bromonitrobenzene 3-bromophenylamine
@ _3-bromonitrobenzene _2-bromophenylamine
D 3-bromonitrobenzene 3-bromophenylamine
Your answer @ Nol Nﬂ’. Q’ L" N
- o 1

-NOy %W -NW, mW

- 3—.Wﬁ .- LtM'E_Jw(a)
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3. The structure of a molecule that is used as a pain reliever is shown below.

\

Which statement about this molecule is not true? C g H

A It has the molecular formula CgHyNO»
B It reacts with bases to form salts.

@ It has a ketone functional group.
D

It can be hydrolysed with aqueous acid.

Your answer @
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oA, ot ﬂwvuv’
D 4!
4. Which of the following support(s) the delocalised model for benzene rather than the Kekulé model?

1: Benzene is less reactive than cyclohexene / @ - Ar -

2: A benzene molecule has a planar, hexagonal structure X

3: The enthalpy change of hydrogenation of benzene is more exothermic than predicted from the
Kekulé structure ¢ .

1,2and 3 KW

Only 1 and 2
Only 2 and 3 @ ‘{‘:“3 @

Only 1
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5. A student investigates reactions of aromatic compounds.

The student first carries out the reaction shown below. C\OH & 0’)_

OH
OH

F6C13 + HCI

HO

Faphs! "”’“{\”

quinol Compound E

The student obtains a very low yield of compound E.
The student obtains a much higher yield of a different organic product with molecular
formula C14H2202.

Suggest an identity for the organic product C14H»,0; and draw its structure below.

A
ﬂ\@:< %\K gt
WO /
[1]

The student is told by a friend that the FeCl; catalyst is not needed because quinol is more
reactive than benzene.

OH

Explain why the student’s friend is correct.

You may draw a diagram to support your answer. HO

\Y\ v} V\ quinol
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4-Nitrobenzoic acid is an important compound in chemical synthesis. The flowchart below shows a
synthesis involving 4-nitrobenzoic acid.

W g AT

HO & product
step 1 step 2

NO,
NO,

Compound F

State suitable reactant(s) and conditions for step 1. W L W .

WMA Nl?\,\l }\// @

In step 2, the NO, group in compound F is reduced by tin and concentrated
hydrochloric acid.

Write an equation for the reduction of compound F.

Show the structures of any organic compounds involved.

O 9

\)
MNo ‘ O *L)&\;X =) /\0/\@\ ‘Qf")_o
N0, N Ny
A @

MV (S
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6. This question is about the chemistry of aromatic compounds.

(a) Benzoic acid can be nitrated by concentrated nitric acid in the presence of concentrated
sulfuric acid as a catalyst, as shown in Equation 17.1.

The organic product of this reaction is 3-nitrobenzoic acid.

COOH COOH
H2804
+ HNO; ——» + H,0 Equation 17.1
NO2
benzoic acid 3-nitrobenzoic acid

(i) Outline the mechanism for this nitration of benzoic acid.

Show how H,S0, behaves as a catalyst.

M, SO, ¥ HNO; —> H2O NO," + H3O4

coor

COCH
O,
@’ — x g

NO,

coort
H"\‘-\- @)

¥ -
Teeamation oF 4ve cq&ox:vsg:.
[5]
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(ii)* A chemist carries out the reaction in Equation 17.1 using 4.97 g of benzoic acid.
The chemist obtains 3-nitrobenzoic acid as an impure solid.
The chemist purifies the solid to obtain 4.85g of 3-nitrobenzoic acid.

Describe a method to obtain a pure sample of 3-nitrobenzoic acid from the impure solid,
determine the percentage yield and check its purity.

B S e COOM

= 0-290 o Ox

......................................................................................................................... NOp
I e X A N
O OO O = N S
..................................................................................................................................... 6]

me.\-\rirgs YoMk Z@x oS onQoere
A levasn ool .
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(b) Astudent investigates the relative ease of nitration of phenol, benzene, and benzoic acid.

OH COOH

phenol benzene benzoic acid

The student finds that the conditions required for the nitration of each compound are different,
as shown in Table 17.1.

Compound phenol benzene benzoic acid
Dilute HNO, Concentrated HNO, | Concentrated HNO,
COI‘IdItIOl.'IS rt_aquwed 20°C 55°C 100°C
for nitration
No catalyst H,SO, catalyst H,SO, catalyst
Table 17.1

(i) State the trend in the relative ease of nitration of phenol, benzene, and benzoic acid.

phe.«\d\ is X\ . eaaq;\-_ A  aTIOAR

dm \s

Susegnole ¥ o tvoQwr.



OCR (A) Chemistry A-Level - Aromatic Compounds PhysicsAndMathsTutor.com

(c) A student synthesises 3-bromophenylamine, shown below, starting from nitrobenzene.

(i) Complete the flowchart showing the structure of the intermediate and the formulae of
the reagents for each stage.

NO,

bromination

reagents: Brg/ ALY .. \\OLQ%Q’\ Qo QY
CO\ W

.

reduction NH

reagents: .. =YY, CONC. W Vel .

| X'

Br

3-bromophenylamine

intermediate

[3]

(ii) Another student attempts the same synthesis but carries out reduction before bromination.
The student was surprised to find that two structural isomers of 3-bromophenylamine
had been formed instead of the desired organic product.

Explain this result and suggest the structures of the two isomers that formed.

Structures

NIH , N,
Gr
& oxdh

@r @
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7. Benzene reacts with an organic reagent in the presence of a halogen carrier to form
phenylethanone.

E\\emmp\mhc Alct,

Sn bﬁ*’\‘tv\.
@ @/ \CH
(l

phenylethanone

cuZ

Which organic reagent is required?
o
X CH,CH,OH S\
B CHyCHO )OKH DU ~too unStayle

(c) cHcoct N — + _
N => (f —
B CH,COo0H [ “ et i+

—+
Your answer | (C _ H J =M U
C( wore Stblp 2 ! [1]

fhow OH S HC( 1 =
g{mv\(ﬁ@r acid Thow HZO

v

oo s o belffer CB&U:VL?
%\mmf thon OW,

oH =D OH_
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8. Which statement(s) support(s) the delocalised model for the structure of benzene?

NN Sanme
Your answer A Stab/ [sef «L\’/"‘#Z‘Z \d/ bovokS

S —oelocaliced SyStem caugeq

1 All carbon—carbon bonds have the same length.
ml{ c—c onds to have game

m bov\d lenettln /
2  The enthalpy change of hydrogenation of benzene is less exothermlc than Apected
S ponel bireaks

{ woore |
3  Bromine reacts with benzene less readlly than with cyclohexene. J‘fé’- !L_‘LS$WB‘ fiye it

1,2 and 3 pore € regl ot de localis M?f
| to Lreak Wwond <
Only 1 and 2 IS M d&éoml' /f
3w
Only 2 and 3 2/ ¥
- U‘ZV"SV"\"l 3 Go II-AM.-JL
Only 1

ole loca lise s ring

modg it lefs [ wode. [1]
©o 1‘6'1-6‘6 with e [some e XO0thevm|
ﬂzﬂffbf lu'le £han £ V‘Bbﬂ-sﬂ\

(ocal 1Sed ¢ =C -

PhysicsAndMathsTutor.com
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9.  This question is about aromatic compounds.
(a) Phenol undergoes nitration more readily than benzene.

(i) Astudent carries out the nitration of phenol with dilute nitric acid to produce 2-nitrophenol
and 4-nitrophenol.

A small amount of 3-nitrophenol is also produced.

OH
OH OH
\
C ! NO, c \ 2z z
1
1
3 $ % ’
> g ’ 4 N0,
NO,

2-nitrophenol 3-nitrophenol 4-nitrophenol

The student thought that '3C NMR spectroscopy could be used to distinguish between
these three nitrophenols.

Explain whether the student is correct.

Z s ndcopnend.. aand. 2T niepnenel
26 20 NMR. eomy SO._aren't
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(ii) Explain why phenol is nitrated more readily than benzene.

Llone \ow 5% AQONON

| Sufse.p\\\o\em ~G.

e&e@\\@@/\\\\ Q. _aoMacte .
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(b) Methylbenzene reacts with sulfur trioxide, SO3, to form D, shown below.

CH,

—S—0
o-
The electrophile in this reaction is SO,.

Complete the mechanism for the formation of D.
Show curly arrows and the structure of the intermediate.

CH,

CH

w

D

AN

~

O\ /O intermediate

¢
I\
o O

+ H*

(e Qe——C)

[3]
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10.  Phenol reacts with bromine. 3 /4_ : G an rech 1\5 q-geck

Which is the least likely organic product?

OH
Br 7
&
Br
OH
Br. ’L% 6 _Br
OH
//—\) q Br
&
Br
OH
Br ¢ _Br
(13
Br

Your answer |

[l
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11. Which chemical(s) can react with phenol?
o o«

1  Potassium hydroxide \

2 Ethanoyl chloride KoYt

3 Nitric acid O - \\C)/ +H.0
@ 1,2and 3 o o) j\
/L «

B Only1and?2
C Only2and3 O \ _—
+ HCL
D Only1 O ]
Your answer Pt OH
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12, This question is about benzene.
(a) Over time, the Kekulé and delocalised models have been used to describe the bonding and

structure of a benzene molecule.

(i) Describe, in terms of orbital overlap, the similarities and differences between the bonding
in the Kekulé model and the delocalised model of benzene.

elocaliged wodel
° A >TC bord3

Mexleule . nas. 33.T7C. Yordd . andk o
ddom%edm&e&m&'rcm\&

(ii) Experimental evidence led to the general acceptance of the delocalised model over the

Kekulé model.

Describe two pieces of evidence to support the delocalised model of benzene.

s benzone. iS. . eSS . reookwe. _Haedn
O O O S

12
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(b) Benzene can be used as the starting material for the synthesis of compounds D and E, shown

below.

In the diagrams C4H; is a phenyl group.

PhysicsAndMathsTutor.com

N/ I
/C:C\ H,N—C——COOH
C.H H
oo CeHs
compound D compound E ’c?
0AAWON C=C —d C-C Cordeaohon foms KN = C—R,
Compounds D and E can be converted into polymers. Qinide A
(i) Draw two repeat units of these polymers.
O O S
\ \ { (
C—-cCc—c-cC
( ( \ {
HC M u< « 70N
s 6 5 €
Two repeat units of polymer formed from D
{ tl \ «
N-C—C-N=-C — ¢
H \ H {
CcHs CeHl ¢ n
Two repeat units of polymer formed from E
[3]

(i) State the type of polymer formed from compounds D and E.

From compound D m\’t\'m ..............................................................................

From compound E ... (CaANAENRATNAN e
[1]
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(iif) In the synthesis of compounds D and E, benzene is first reacted with ethanoyl chloride,
CH,COCI, to form phenylethanone, shown below.

e~ _
¢ Rle e
QUIOSA; YO ON

phenylethanone

The reaction takes place in the presence of aluminium chloride, AICl,, which acts as a
catalyst.

In the mechanism for this reaction,
* ethanoyl chloride first reacts with aluminium chloride to form the CH;—C*=0 cation
* the CH;—C"=0 cation then behaves as an electrophile.

Complete the mechanism for the reaction.

Include equations to show the role of the AICl, catalyst, relevant curly arrows and the
structure of the intermediate.

4+
Formation of electrophile C.I‘LSCOC{*Q(CL:;_%CH:;-CV O-"QLCL;

+
H,C —C==0

i; W_ ,COCHz

Intermediate

H;C

/
\
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(iv) Complete the flowchart for the synthesis of compounds D and E from phenylethanone.

0]
Hsc\cf
B
W c-c-oH
NaBH, 3
—_—
Avelepphil C O
phenylethanone Ao
NaCN(aq)/H"(aq)
\-{zc-c - GHR y
O H /C ~_
\C = b
CH

’ ’ neCAERL €
o
Br C N suonnAt compound D

NMa, CHz CHON o,

sz : H,N —— C —— COOH
! N"'(l-‘-— N H0, 11, ek
1 -

compound E [7]
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13. Benzoic acid, CgH;COOH, is added to some foods as a preservative.
A student prepares benzoic acid as outlined below.
Step1 The student mixes 4.00cm? of phenylmethanol, CgHsCH,OH, (density = 1.04gcm™3)
with sodium carbonate and aqueous potassium manganate(VII), as an oxidising agent.

The mixture is heated under reflux.

Step 2 The resulting mixture is cooled and then acidified with concentrated HCI.
Impure crystals of benzoic acid appear.

Step 3 The student recrystallises the impure crystals to obtain 1.59g of pure benzoic acid.

(a) In Step 1, sodium carbonate, Na,CO,, makes the reaction mixture alkaline.
oH "
Write an ionic equation to show how carbonate ions form an alkaline sla-)}utian in water.

(b) In Step 2, explain why the mixture must be acidified so that crystals of benzoic acid appear.

= —
AT 4 CersCGOT = CeH COOH
.. [1]
(c) Write the overall equation for the preparation of benzoic acid from phenylmethanol.
Use [O] for the oxidising agent.

CGHsC.HEOH+2CQ‘1F_-}CG H*.scmﬁ'{'Hzg [1]

(d) Calculate the percentage yield of benzoic acid.

Hro3
ok X REM

Give your answer to 3 significant figures.

4G4 w .04

= 0335 vk Sk
(C12x€)4stz424 (6+ 1) Ce ¥ T O

- SAa
— = o - O\2 . Gf%
((2x€) s+ (2 4+ ((6x)x D Ca s COCH
o -G\= .
= . . ‘33( -
> o=m< x (OO 238.8/. C )

percentage yield = '?:\3% % [3]
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(e) In Step 3, describe how the student can recrystallise the impure crystals to obtain pure
benzoic acid.

- [2]
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14. Dettol® is a disinfectant containing the antiseptic chloroxylenol, shown below.

chloroxylenol

(a) Chloroxylenol is a weak Brensted—Lowry acid.

() What is the systematic name of chloroxylenol?
Loz ONom. -3, S Al eXad gnemO\ . 1]

(i) Predict the number of peaks in a *C NMR spectrum of chloroxylenol.

(iif) Name the functional group responsible for the acidity of chloroxylenol and describe a
simple test which would confirm the presence of this group.

Functional group .. ?"QN:L
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(iv) A student measures the pH of the contents in a bottle of Dettol® as 5.14.

The label on the bottle shows the percentage of chloroxylenol in Dettol® as 4.80%
i.e. 100cm?3 of Dettol® contains 4.80g of chloroxylenol.

Assume the following:

*  Chloroxylenol is the only acidic component in Dettol®.

*  Chloroxylenol is a weak monobasic acid.

*  The density of Dettol® is 1.00gcm™3.

Write the equation, using molecular formulae, for the acid dissociation of chloroxylenol.

Calculate the acid dissociation constant, K, for chloroxylenol.

CgHaCLO — Rt 4 CeMzCLO™

BFM= (12xB) +4x 35-S +16 = [S€. S eyoncn™

5 Ca)t
& m “a TChany

= 0 ©

4.%
[56€-35

=0.033C877 mor

0306 )
° 1L 52067 eddm® = (HA)

OO xw0~3

_s. 1%
¥l 107 - 7244 x10 S maroun

(7. 2aax o€ )?

-0
LL:\ B Cc:: ‘3(},@1 K, = \'I\X.LDI moldm™3 [5]
. )

ka = 1.0 x\ O™ % oo~
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(b) Dettol® contains other chemicals including a-terpineol, shown below.
(i) a-Terpineol is a chiral compound.

Show with an asterisk, (*), the chiral centre(s) in the structure of a-terpineol.

a-terpineol

s/
(ii) a-Terpineol meets the requirements for E/ Z isomerism. / % ~ M"j

However, only one E/Z isomer of a-terpineol exists.
Explain
*  why o-terpineol meets the requirements for E/Z isomerism

*  whether a-terpineol is an E- or Z- isomer
* why only one E/Z isomer of «-terpineol exists.

oA ENES . 21 IO oxaaed
OISO AV SO LSS

.. [4]
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(iil) o-Terpineol contains two functional groups.

For each functional group, choose a reagent that reacts with that group only.
Draw the structures for the organic products of the reactions.

Show structures for organic compounds.

Reagent(s) Brz

Name of functional group that reacts Q.dme

Structure of organic product e\w'\\{c
B¢ cAON

G e eun s

Reagent(s) C£t3mH,H+Cm3A¢,Bb

>
Name of functional group that reacts .....~......... ONCEMOA

Structure of organic product

edem fy CooN

2

[4]



OCR (A) Chemistry A-Level - Aromatic Compounds PhysicsAndMaths Tutor.com

15. " Which one of the following reacts with ethanoic acid and with phenol?

A O k* ok’
@ Aqueous potassium hydroxide )\
A Bromine oniu yeogks ~ 0
ovwn, ¢
&~ Calcium carbonate only k o . o
TS vy BX1,.C 00N % A
A~ Methanol and an acidscatalyst 6" /\ CG\Z
ONLY FRORKS WA ~0'z
evanstr
Your answer actd
A Cc HSCOOH) B¢ 7) []
. P +esl o
B o acd bk gverd

/K SW'E o Svors
< W o
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16.  Which compound(s) could be prepared by reacting benzene with an acyl chloride in the presence
of a halogen carrier?
O

CH,COCH,
14 o
o

o g ICA ¢

1,2and 3
Only 1 and 2

Only 2 and 3

o O m »

Only 1

Your answer { ¢

1
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17.  Compounds B and C, shown below, are unsaturated hydrocarbons containing nine carbon atoms.

;j'[ ; v\bmw ringy
anert
B c

(@) Compound B reacts with chlorine at room temperature, but compound C requires the
presence of a halogen carrier.

In both reactions, the organic compound reacts with chlorine in a 1:1 molar ratio.

(i) Draw the structures of the organic product of each reaction.

eleckcoghie oddubton eleatvofhlic  suostomon
<l
cC Ct
Organic product with B Organic product with C
(2]

(ii) Explain the relative resistance to chlorination of compound C compared with compound B.

To. R . &e  eecoo /T bad s locauaeoh

TG X0 leokony. [TC. ring..Sofem ... is.... detocalusscd
T B e deckan densiy. i3 higher.. 3G 35 o .
Sosephle . de . 2AecvaPnilic  adracie /8. oNmos/occe@R
e dearopmle (CL) e [ B pdoxzes. X2 ecighe.
L O WK o . XSSO OSSOSO
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(iii) Outline the mechanism for the reaction of compound C with chlorine.
frmng - elegrephile
Show the role of the halogen carrier. -
+ \c(
flCty & B0, —& CLg = RiShe
\e neRda o SHErQRA

e_\ec*«e@'“ c /s \ess
couse !
eseormPnile o

cct
LS SuoseNae *© ‘eee,NQN\(c oNoCe
" Wrereos B will ondege
W\QQ oftonre wedn CL

cl

5 A

- HCl
MY & Al —> AL T

ki OIOREN Carriex

(51

(b) Compound C can be prepared by ‘trimerisation’ of propanone using concentrated sulfuric
acid as a catalyst. (@)

B, M0

Suggest an equation for this reaction, using molecular formulae. Q\’\

compound  C
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(c) An organic chemist is investigating compound D for possible use as a medicine.

The chemist proposes a synthesis of compound D from compound C.

comp<'>und Cc compound D

(i) Predict the number of peaks in the '3C NMR spectra of compounds C and D.

Compound C | Compound D

Number of peaks 2 ]

[2]
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(ii) The chemist develops a three-stage synthesis of compound D from compound C.

Complete the flowchart.
Show structures for organic compounds.

eAe Chofm v ¢ NO,

Subsitronon
reagent: ...... ﬂNQg ....................

-
catalyst: ....Hz_.SQq. ..................
compound C
1.Sn + HCI
2. Neutralise
O FRALCKDEN
J\ acy\ Chlonge Cosdions
HN T
Nr o

reagent: ... %=1}
- O

compound D
[5]



