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Ethanol is oxidised to ethanoic acid using acidified potassium dichromate(IV) solution. The reaction is

1.
[ 1 Eheated under reflux using the equipment shown in the diagram below.

oy, .

W < — water in

What is the reason for heating under reflux?

A toensure even heating %W
to prevent any substances escaping r--) C(MM W

C  to boil the mixture at a higher temperature

D to allow efficient mixing

Your answer
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2. Cyclohexanone can be prepared in the laboratory by reacting cyclohexanol with concentrated sulfuric acid
and sodium dichromate.

Ethanedioic acid is added to the reaction mixture to react with any excess dichromate.
The mixture is then distilled. The impure distillate is a mixture of cyclohexanone and water.

You will need to refer to some or all of the following data to answer these questions.

Boiling point /°C | Density /g cm™ M,
Cyclohexanol 161 0.962 100.0

(Q{U\) (/ Cyclohexanone 156 0.948 98.0
Wotw l

Draw a labelled diagram to show how you would safely set up apparatus for distillation and describe
a mcthod to obtain a pure sample of cyclohexanone from the distillate.
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Ethanedioic acid removes excess dichromate ions, Cr,05>, as in the equation below.

3(COOH), + Cr,074 + 8H" — 6CO, + 2Cr’* + 7H,0

LGRS
Suggest how you could tell when the excess dichromate has completely reacted with the
ethanedioic acid.

A student monitors the course of this reaction using thin-layer chromatography (TLC).

Outline how TLC could be used to monitor the course of the reactior}.

—TahL

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

M/

—

Plan an experiment that would allow thesstudent to confirm the identity of the pure organic product o

by means of a chemical test. (6/‘70*'\/;‘5 AN ) KEToNE
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3. 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]
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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
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(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
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4. This question is about organic molecules that have a strong smell.
(a) Thiols are foul-smelling, organic sulfur compounds with the functional group —SH.

Butane-1-thiol, shown below, contributes to the strong smell of skunks.
/\/\ .Flt "'_l
o (e | A
butane-1-thiol ]L =
a” [wal

(i) Thiols are weak acids.

Write the expression for the acid dissociation constant, K, for butane-1-thiol.

[“{\[Coth 571
[canasl

(ii) Thiols react with carboxylic acids to form thioesters.

WKa =

1]

Write an equation for the reaction of butane-1-thiol with ethanoic acid.

Use structures for all organic compounds with the functional groups clearly displaycca.f.l.
b

o
O, CHRCHL, Cxi ST+ c—c”? &
s \ ont 0.9%’:‘0)2

WZ)
N>
N\o\:j\w \l/
O
H3C r Yo

Ch1,CH, o, o

(iii) When beer is exposed to light, 3-methylbut-2-ene-1-thiol is formed, which gives an
unpleasant smell and flavour to the beer.

Draw the skeletal formula for 3-methylbut-2-ene-1-thiol.

lf- s s

/K/ 24 /V
\ [1]
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(iv) Propane-1,3-dithiol reacts with carbonyl compounds in a condensation reaction to form a

cyclic organic sulfur product. m R
=0
ane-1,3-dithiol with propanone. f { G

Write an equation for the reaction

Use structures for or ¢ compounds.

H'S _b><5
S &

Sy
X ,0

[2]

(b)* The structures for six naturally occurring organic compounds with pleasant smells, B-G, are
shown below. The common names in brackets relate to their source and smell.

(linalool) a\uen< (citral)

(geraniol) -
(camphor)

F Zoa\G’Jl’O\

(menthol) (ionone)
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Explain how chemical tests would allow each compound to be distinguished from the other
compounds.

In your answer, include essential details for all test procedures and observations.

Details of apparatus and quantities are not required.
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9. Asolid organic compound can be purified by recrystallisation. < T
E\‘»\“‘t\.c 1 % Solveut T
... more @m‘%\'dﬁ dfgsal.v{v\% Salfed
Trué‘ ol {.+E_ T as T 1

Which statement(s) about recrystallisation is/are true?
1 The organic compound is more soluble in hot solvent.

2 The hot solution is cooled before the purified organic compound is collected.  Tvwe
S solution wast e cuoled Yo collect solid pute < pap ouol .
3 The melting point of the purified organic compound is lower than the impure compound. FMLSQ

\AWP d‘& fM{JWV\ﬁ Covaau-b\ﬂ 1S lower
£ hen P c,om,oauwi as /'w/’Mr-fl'&/g
@ Only 1 and 2 mberrupt ond wes kon crgstd (othieo

C Only2and3

A 1,2and3

D Only1

Your answer b

[1]
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6. This question is about two compounds used in medicine.

(a) Cis-platin, PtCL,(NH,),, is a complex of platinum which is used in cancer treatment.

Al com
(i) What is the oxidation number of platinum in cis-platin? WMLSE owe oW
fE +1 X NODAON nuaNeRX
...... e A Cly —\x2=-2 ot O (11

R . (NWH3), Ox2 =O N
(ii) Cis-platin is prepared in a ligand substltLﬁl&n reaction which takes place in multiple steps.

The equation for the final step forming cis-platin is shown below.

[PLCIy(NH,)™ + NH, — PtCL(NH,), + CI-

cis-platin

In the box, outline the mechanism for the formation of cis-platin from [PtCi,(NH,)]™.
Use curly arrows and lone pairs where appropriate.

Clm., Pt - O
—_— P + (CI™
G

% ‘Nﬂs cis-platin

(b) Paracetamol is a solid organic compound used in}_?ts as a painkiller.
H

PWVOK / aumioke

(2

HO N

\._

C1—CH,

paracetamol \Q
0]

(i) Name the functional groups present in paracetamol.

e\
OO 2]
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(ii)* A chemist prepares a pure solid sample of paracetamol from 4-nitrophenol in two stages:
€ = Cosvord = Courlony

3= xygerd @z: %
s | = W
. q:h%l
C>

= nWoQ/Stage 1
l0\" ——— | Intermediate
S:-nud 0y ]
Describe a two-stage synthesis of 5.00g of pure paracetamol from 4-nitrophenol. The

4-nitrophenol
overall percentage yield of paracetamol from 4-nitrophenol is 40.0%.

In your answer, include the mass of 4-nitrophenol required, the reagents and intermediate,
and details of the purification of paracetamol. [6]

v ok % —n\wm ........................
=
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7. 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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8. Cyclopentanol can be reacted to form cyclopentene.
Cyclopentene is a liquid with a boiling point of 44°C and a density of 0.74gcm™3.
— 3 demp. e redoshll ak
A student plans to prepare 4.00g of cyclopentene by reacting cyclopentanol (boiling point 140°C)
with an acid catalyst.

Equation CeP1oO C Mg
o ®) (12x5)+10+16  (12r8)+3
= 86 =68
— & H,0

The expected percentage yield of cyclopentene is 64.0%.

Method
The student carries out the preparation using apparatus set up for distillation, as shown below.

1 The reaction mixture is heated gently, and a distillate containing impure cyclopentene is

collected.
@
cyclopentanol
and water
concentrated out
phosphoric
acid

water bath
distillate

ice-water
mik ure

2 The distillate has an aqueous layer and an organic layer.
The student purifies the cyclopentene from the distillate.
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(a)* Calculate the mass of cyclopentanol that the student should use and explain how pure
cyclopentene could be obtained from the distillate. [6]

—DV%M% ...... W mk%dnmaszm\ksxa&%)"\s&oq./
T Redostl\ ok aporx. 4« ®c e-oamineme
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(b) The organic layer in the distillate was analysed by IR spectroscopy.
The IR spectrum is shown below.

100

Transmittance (%) sp

B e T T St
4000 3000 2000 1500 1000 500
Wavenumber /cm™’

Explain how the IR spectrum of the organic layer suggests that cyclopentene has been
gl

formed and that the reaction is incompiete. G—— Swee Cuciomirsand .
e Saek: R

o 1R . /..a\cw.‘...een.u.‘...m...,.reéxm....’S'ZQQ:,Ssoocm‘.‘..‘.__ .
C=C [ alkene eeai in. . reyon \820-1680cm !
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9. This question is about organic chemistry.
(a) This part is about two practical techniques used in organic preparations.

(i) Complete the missing labels on the diagram and name the technique.

Wwaler ovk ... S

< /\:3— Woder in.

PRox... NPT RodL. /
Rouond.  covenm Hoswk

Name of technique: W .............................................................................. [2]

(ii) Draw a labelled diagram to show apparatus set up for filtration under reduced pressure
(vacuum filtration).

bychnex
iR

vubbev Sead

l +0 VYONT LU

bochner £\asw

[2]
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(b) This part is about amines.

(i) The table shows the structures and boiling points of three amines, which are structural
isomers of C4HgN.

Amine CH,CH,CH,NH, \ ),CHNH, (CHa),N

™

3
, ? & ’
\/\ S
Skeletal formula NH2'~§ % %
T
S

Boiling point/°C 48-49°C —1® 33-34°C

Explain the difference in the boiling points of the three amines.

(
o\upo\e o}\x\gge: I IRaeoe N\&%m) ..................
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(if) Amine A is a liquid at room temperature and pressure.

When vaporised, 0.202g of the amine produces 72.0cm?® of gas at 1.00 x 105Pa and
100°C. The '3C NMR spectrum of amine A has 3 peaks.

Determine the molecular formula of A and suggest a possible structure for amine A.

oV Rz 8¢
negr  V=12x0"%m3
V2 BT

P = \ x\0° Pa

-6
A x10 S x 7 2x\0

A R el
N= g.23'4 x2377133

CgH\ N o83
a8l ¥ V2 FM

o.2072

2.372 x\o°3

Molecular formula of A ........ C s H\‘SN ...............................

3
\ one ekompe o}
N pa:S\\a\Q Drercurrel
Vg g
1 .
Structure of A

(6]

(c) The amino acid 2-H,NCH=CHCOOH can react to form a cyclic compound with the molecular
formula C,H,NO and one other product.
o cde

7N, T e, Y M0

4 H
H
R 2

Complete the Qg@m for this reacti




