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SECTION A

Answer all questions.

1. TNT (2,4,6-trinitrotoluene) is used as an explosive.

CHj
O,N NO,

NO,

TNT

(@) The first stage in its production is the nitration of toluene (methylbenzene).

State the reagent(s) used to nitrate aromatic hydrocarbons such as benzene and
toluene. [1]

concentrated nitric acid and concentrated sulfuric acid

(b) The final stage in the production of TNT is its purification. Pure TNT has a melting
temperature of 80°C.

State how this melting temperature will be affected if the TNT is slightly damp. 1]

It will be lower (and it will melt over a range of temperatures).

02
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() One equation for the explosive decomposition of TNT is shown below.
NO,
O2N CHy —— 3Ny@) + 35H,0(g) + %CO(@ + 3C(s)
NO,
M, 227
Calculate the number of moles of gaseous products obtained if 1.00g of TNT
decomposes as shown in the equation. 2]
moles of TNT = 1.00 / 227 = 4.41 x 1073 mol
moles of gas per mol TNT = 3/2 + 5/2 + 7/2 = 15/2 = 75
moles of gaseous products = 7.5 x 4.41 x 1072 = 0.0331 mol
Number of moles = ... 00331 ......................... mol
2. Propan-2-ol is used as a solvent and in antibacterial wipes.
(@) State what is seen, if anything, when propan-2-ol reacts with an alkaline solution of
iodine. [1]
A gellow precipitate (solid) forms. e
(b) Give the structure of the organic compound produced when propan-2-ol reacts with an
acidified solution of potassium dichromate. 1]
H;C\
Pz C——=0  (propanone)
HsC
03 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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[
3. Bis(2-chloroethyl) sulfide has been used as a mustard gas. One way of destroying this material o

is by reacting it with hot water.

(CICH,CH,),S + 2H,0 —» (HOCH,CH,),S + 2HCI

M. 159

(@) Calculate the minimum mass of water needed to destroy 477 tonnes of
bis(2-chloroethyl) sulfide. [1]

moles of (CICH,CH,),S = 477 / 159 = 3.00 (x 10° mol)
moles of water = 2 x 3.00 = 6.00 (x 10° mol)

mass of water = 6.00 x 13.0 = 108 tonnes

MaSS = .o, tonnes

(b) Part of the mechanism is shown below.

H H

N8 \c/
N AN
°Cl ) H @— H o+ H +

(X ] O : 0
/“‘\7 ..\

H H H

Complete the equation showing the products of this stage of the mechanism. 1]
04 © WJEC CBAC Ltd. (1410U40-1)
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4. 4-Bromophenol reacts with aqueous sodium hydroxide to give the products shown in the o
equation.
Br @OH + NaOH —— Br @O'Na+ + H,0
(@) Explain why 4-bromophenol reacts with alkalis like sodium hydroxide. 11
..The phenol OH group is weakly acidic, so_4-bromophenol reacts as an acid
_Cproton donor), giving H” to OH (the phenoxide ion is stabilised).
(b) Explain why the organic product from this reaction is not the compound shown below.
(1]
HO @ O™ Na’
.Aromatic compounds do not undergo nucleophilic substitution by OH: the
_aromatic C—Br bond is too strong to break.
10
05 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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SECTION B

Answer all questions.

5. (@) Compound E is a carboxylic acid containing only one carboxylic acid group. Its relative
molecular mass was found by a titration with aqueous sodium carbonate solution.

4.10g of compound E was just neutralised by 25.00 cm? of 0.500 moldm~2 sodium
carbonate. 2 mol of the acid reacts with 1 mol of sodium carbonate.

Use the information to show that the relative molecular mass of compound E is 164. [2]

moles of Na,C03; = 0.500 x 25.00 / 1000 = 0.0125 mol
moles of acid E = 2 x 0.0125 = 0.0250 mol

M, = mass [ moles = 4,10 / 0.0250 = 164

(b) Compound E has the formula below.

(i) Draw the structure of the compound produced when compound E reacts with an

excess of aqueous sodium hydroxide. [1]
I
Na* o-@—c:c—c
AN
0~ Na*

(i) State what is seen when a solution of compound E is treated with aqueous iron(lll)
chloride solution. 1]

A purple colouration (purple solution) is seen.

Examiner
only
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(i) Compound E reacts with bromine to give compound F.

Compound F does not contain an alkene functional group. Analysis of compounds
E and F for the percentage of carbon by mass in each compound gave the
following results.

Compound Percentage of carbon
E 65.9
F 26.8

Use the information to suggest a structure for compound F. Show your reasoning.

[4]
E: mass of C = 65.9% of 164 = 108, and 108 / 12.0 = 9, so E
has 9 carbon atoms. F is made from E, so F also has 9 C atoms
(mass 108).
In F, 108 is 26.8% of M, M,(F) = 108 x 100 / 26.8 = 403
403 — 164 = 239, and 239 / 79.9 = 3, so F contains 3 bromine
atoms (3 x 80 = 240).
F has no C=C, so two Br have added across the alkene double bond,
the third Br has substituted into the ring (the OH group activates

the ring, ortho to OH).

Br T T 5
V7,
O ——<
Br Br OH
compound F (M, 403)
07 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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(iv)  The structure of compound E suggests that it can be polymerised. o

I.  Give the structure of the repeating section obtained when compound E

produces an addition polymer. [1]
_ ) ) -
(—¢
COIOH
OH
- -

II.  Give the structure of the repeating section obtained when compound E
produces a condensation polymer. [1]

JFO@LZ_E%

S

08
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(¢) The boiling temperatures of some alkylbenzenes are given in the table. o

Compound Boiling temperature/°C

ethylbenzene 136

propylbenzene 159

butylbenzene 183

(i) Explain why the boiling temperatures of these compounds increase as shown. [1]

As the alkyl chain length increases (one more CH, each time) the

(ii)  Predict the boiling temperature of hexylbenzene. Give your reasoning. [2]

About 229 °C. The boiling temperature rises by about 23 to 24 °C for

)
INY
o
Ay
R
<
IN)
()
X
N
™\
'—I
w
(V.8
l
l—l
ol
O
d
|_|
N4
X)
N~
X
Q
<
w
)
S
N
()
S
()
?
INY
n
~
s
S
3
S
1)
S
»
<
14100401
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(i)  Explain why the boiling temperature of 4-ethylphenol is higher than that of
ethoxybenzene, even though they are both isomers of formula CgH,,0. [1]

HO @ CH,CH, CH,CH,0 @

4-ethylphenol ethoxybenzene

A-Ethylphenol has an O—H group so it can form hydrogen bonds between

14
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6. (@) (i) Inultraviolet light methane reacts with chlorine by a radical substitution reaction
producing chloromethane and hydrogen chloride.

Give the equation for the initiation step of this reaction. [1]
C’Z - 2C)

(if)  Further chlorination of methane produces CH,Cl,, CHCI; and CCl,.

Give an equation to show how 1,2-dichloroethane might be another product of this
chlorination reaction. 1]

\CHCl + CHCl = CICH,CH,CI

(b) One method of finding the relative molecular mass of a volatile liquid is by measuring
the volume of vapour obtained from a known mass of the liquid.

(i) In an experiment 0.168g of a chlorinated alkane was heated and produced 42.9cm®
of vapour measured at 363K and at 9.86 X 10*Pa.

Calculate the relative molecular mass of the chlorinated alkane. [3]
pV = nRT, so n = pV / RT

n=_09.86 x10* x 42.9 x 10°¢) / (8.31 x 363)

n=1.40 x 102 mol

M, = mass / moles = 0.168 / 1.40 x 1073 = 119.8 = 120

Relative molecular mass = ...,

Examiner
only
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(i)  The traditional way of heating the flask containing the volatile liquid sample is to
use a water bath.

I.  Suggest why this method of heating may not be suitable to find the relative

molecular mass of 1,1,2-trichloroethane, which has a boiling temperature of
112°C. [1]

[l.  Suggest a modification to this method to enable the relative molecular mass
of 1,1,2-trichloroethane to be found. 1]

Use an oil bath (or heating mantle) above 112 °C.

() (i) Tetrachloromethane has been used in the past in fire extinguishers. It is no longer
used for this purpose because of its toxicity and also its tendency to react with
water vapour at higher temperatures to give carbonyl dichloride, COCI,, and
hydrogen chloride.

Suggest an equation for this reaction. [1]

CC’4 + H,0 - COC’Z + 2HCI

(i) Carbonyl dichloride reacts as an acid chloride and produces esters of carbonic
acid when reacted with alcohols.

An ester of carbonic acid has a relative molecular mass of 146.

Use this information to suggest a formula for the alkyl group R. [2]

the 0=€(0-); part, CO3, has mass 12.0 + 3 x 16.0 = 60
two R groups = 146 — 60 = 86, so each R = 43

Cotopin = 43 gives n = 3

R has the formula CBH7(CH26HZCH3)

11
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(d) Methylbenzene also reacts with chlorine in a radical reaction to give chlorinated side on
chain products. One of these is (dichloromethyl)benzene.
CHCI,
This compound can be hydrolysed to prepare benzaldehyde using a suspension of
calcium carbonate in water.
H O
N\
CHCI, C
M. 100
(i) Calculate the atom economy of this reaction. 2]
M, CsHsCHCl, = 161.0; M, CsHsCHO = 106.0
atom economy = 106.0 / (161.0 + 100) x 100
= 106.0 / 261.0 x 100 = 40.6%
0.6
Atom economy = ... 4 ...................................... %
(i)  This reaction is quite slow.
Suggest two ways by which the rate of this reaction could be studied. 2]
Measure the volume of CO, gas given off at timed intervals (gas
SITIGE): e
_____ Measure the loss in mass of the reaction flask (as CO, escapes) at
EICA IIEOIVAIS. | e

12
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(e) Another chlorinated side chain product obtained from methylbenzene is o
(trichloromethyl)benzene. This reacts with water to give benzoic acid and hydrochloric
acid.
HO @)
N4
CCl, C
+ 2H,0 —— @ +  3HCI
0.050 mol of (trichloromethyl)benzene was completely hydrolysed to these two acids.
Calculate the volume of aqueous sodium hydroxide of concentration 2.50 moldm—3
needed to completely neutralise the two acids produced in this reaction. 2]
1 mol C4HsCCl3 gives 1 mol C4HsCOOH + 3 mol HCl = 4 mol of acid
moles of acid = 4 x 0.050 = 0.200 mol -
moles of NaOH needed = 0.200 mol (1 : 1) :
volume = 0.200 / 2.50 x 1000 = 80.0 cm?
0.0
VOIUME = oo cm?3
16
13 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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7. (@) You are provided with a 5g sample of sodium benzoate contaminated with a small
quantity of sand.

Use the information below to devise a method that others could follow, to obtain crystals
of pure benzoic acid from this sample.

* The solubility of sodium benzoate in water is 66g/100g of water at 20°C
e Sand is insoluble in water and in hydrochloric acid

e Sodium benzoate reacts with hydrochloric acid to give benzoic acid and sodium
chloride

* The solubility of benzoic acid in water is 0.3g/100g of water at 20 °C rising to
5.69/100g of water at 100°C

In your answer you should explain the reasons for each step and suggest the volume of
water used at each step. [6 QER]

Add the 5 g sample to about 50 em? of cold water and stir: sodium benzoate

14
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(b) (i) A primary aromatic amine, compound V, reacts with nitric(lll) acid to give the
corresponding phenol and nitrogen gas.
R@NHZ + HNO, —— R@OH + N, + H,O
compound V
5.00g of compound V gave 823.5cm? of nitrogen gas measured at 298K and
1atm pressure.
Use this information to show that the molar mass of compound V is 149g mol=".
[2]
moles of N, = 8235 / (1000 x 24.5) = 0.0336 mol
1 : 1 mole ratio (V : N,), so moles of V = 0.0336 mol
molar mass of V = 5.00 / 0.0336 = 149 g mol™
15 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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(i)  The high resolution "H NMR spectrum of compound V is shown below. o

The signal due to the —NH,, protons is at § 3.5ppm.

5
N

|
|
|
|
|
|
|
[
|
|
i
—
|
|
|
|
|
[

o/ppm

Use the molar mass from part (i) and this spectrum to deduce the structure of the
alkyl group R. Give your reasoning. [3]

7.3 and 6.7 ppm (2H each): the 4 aromatic H of the
1,4-disubstituted ring; 3.5 ppm (2H): NH,.

The signal at 1.3 ppm has 9 H, so the alkyl group R contains 9
protons.

M, of CsH NH, = 92, so R has mass 149 — 92 = 57: R is C4Hq
(Cott2n1).

The 9H signal is a singlet, so all the alkyl protons are equivalent

with no H on the next carbon: R is (CH3)3C—, a tertiary butyl

group.
H 36\
R has the structure HBC/C_ . ...........................................
HsC
1 6 © WJEC CBAC Ltd. (1410U40-1)
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(i) At 5°C compound V reacts with nitric(lll) acid to give a diazonium compound
which then reacts with compound W to give the azo dye below.

CH;
R @ N=N OH
CH;
State the name of compound W. 1]
2.6-dimethylphenol .
U
17 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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(c) Each of the four compounds whose formulae are shown below are isomers.
Compound Formula
@)
Ve
N
OCH,4
H,C C//O
S 3 N
OH
CH,0 C//O
T 3 N
H
HO C//O
v N
CH,3
Select the compound that fits the descriptions below.
Give your reasoning in each case. [3]

Produces carbon dioxide with sodium hydrogencarbonate.

S: it is a carboxylic acid (COOH group), which is acidic enough to release CO,

Gives an orange-red solid with 2,4-dinitrophenylhydrazine but does not react with Tollens’
reagent.

U: it has a €=0 (carbonyl) group so it reacts with 2,4-DNPH, but it is a

Produces methanol when heated with sodium hydroxide.

R: it is a methyl ester, which is hydrolysed by NaOH to give sodium benzoate

Examiner
only
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8. (a) A studentwas asked how she would make 2-aminopropanoic acid (alanine) starting
from propenoic acid.

She replied that she would firstly react propenoic acid with hydrogen bromide to give
2-bromopropanoic acid.

H,C=CH-—COOH + HBr —= CHs;— CHBr— COOH

(i) State the name of the reaction mechanism for this reaction. [1]

(i)  She predicted that the main product would be 2-bromopropanoic acid, rather than
3-bromopropanoic acid.

Explain, in terms of carbocations, why 2-bromopropanoic acid should be the main
product. (1]

H* adds to the CH; end to give a secondary carbocation, CH;C*HCOOH,

(i)  2-Aminopropanoic acid can be obtained by reacting 2-bromopropanoic acid with
ammonia in the mole ratio of 1:2 respectively.

Give the equation for this reaction. 1]

CH3CHBrCOOH + 2NH5 — CH3CH(NH,)COOH + NH,Br

20
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(b) (i) Give the structure of the species predominantly present in an aqueous solution of
2-aminopropanoic acid at pH 4.0. [1]
*NH;
0
4
HsC ——C
OH
H
(i) 2-Aminopropanoic acid is an a-amino acid.
Write the general formula for a-amino acids. 1]
_RCH(NH,)COOH .
(i)  2-Aminopropanoic acid forms a dipeptide with aminoethanoic acid,
H,C(NH,)COOH.
Give the formula of a dipeptide formed from these two amino acids. 1]
CH3 H
HoN é C N é C//O
N A A W
H 0 H H
(iv)  2-Aminopropanoic acid is one of the many amino acids that contribute to the
structure of proteins.
State what is meant by the secondary structure of proteins. 1]
_____ The way the amino acid chain is folded, eg. an o-helix or B-pleated
_____ sheet, held by hydrogen bonds between N-H and C=0 groups. .
21 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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() L-dopais a compound that is used in the treatment of Parkinson’s disease. o
HO NH,
COOH
HO
(i) State the feature present in the molecule of L-dopa that enables it to rotate the
plane of plane polarised light. 1]
an asymmetric carbon atom (chiral centre)
(i) L-dopa rotates the plane of plane polarised light to the left () whereas D-dopa
rotates it to the right (+).
At a certain concentration pure forms of the acid rotate the plane of plane
polarised light by 13°.
A mixture of the L- and D- forms of dopa gave a rotation of +9°.
This information is shown in the diagram below.
100 % 100 %
L-dopa mixture D-dopa
16 12 8 4 0 4 8 12 16
negative = Rotation/° » positive
Use the formula below to calculate the percentage of each enantiomer present in
the mixture, where y is 13 and x is the rotation given by the mixture. [2]
100 (y + x
percentage of D-dopa = L
2y
% D-dopa = 100 (13 +9) / (2 x 13) = 2200 / 26 = 84.6 = 35%
% L-dopa = 100 — 85 = 15%
Percentage of D-dopa = ... . . . 85 ........................... %
Percentage of L-dopa = .. .. ... 15 ........................... %
22 © WJEC CBAC Ltd. (1410U40-1)
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(i)  Although L-dopa is used extensively in many countries in the treatment of
Parkinson’s disease, it remains too expensive to use in some developing countries.

Scientists have discovered that the beans of the mucuna pruriens plant contain
useful quantities of L-dopa.

I. State one advantage (apart from cost) of using mucuna beans as a source
of L-dopa. [1]

Mucuna beans are a renewable resource (they can be grown), and

II. A sample of raw mucuna beans was ground and then analysed for L-dopa.
This analysis showed that the beans contained 6 % by mass of L-dopa.

Some patients suffering from Parkinson’s disease need to take 250 mg of
L-dopa three times each day.

Use this information to calculate the mass of raw mucuna beans needed to
produce the daily dose for one patient. 1]

daily dose = 3 x 250 mg = 750 mg = 0.750 g

mass of beans = 0.750 x 100 / 6 = 125 g

Mass of beans = ...~ e g

(iv) Inthe body an enzyme converts L-dopa into dopamine by a decarboxylation
reaction.

HO NH,

HO

dopamine

Use this information to help you complete the equation for the decarboxylation of
phenylethanoic acid using sodium hydroxide. [1]

Examiner
only

@CHZCOOH + 2NaOH —= (e, + Na,CO, + 120

13

23

© WJEC CBAC Ltd. (1410U40-1) Turn over.
stemup.co.uk


https://stemup.co.uk

24

Examiner
[
9. (a) Study the reaction sequence below and answer the questions that follow. o

Cl O H,N O
N/ 2N /4
CH, COOCH C/ C/
@ stage 1 @ stage 2 @ stage 3 @
(i) State reagent(s) that can be used for stage 1. [1]

(i) State the type of reaction occurring in stage 1. [1]

oxidation

(i)  One way of carrying out stage 2 is to react benzoic acid with phosphorus(V)
chloride.

Explain why the yield of benzoyl chloride, CgH;COCI, will be lower if moisture
enters the reaction vessel. 1]

(iv) In stage 3 benzamide is produced from benzoyl chloride by its reaction with
ammonia.

Suggest the structure of the compound produced if benzoyl chloride reacts with

methylamine, CH;NH,, in place of ammonia. 1]
{
H3C—N 0
24 © WJEC CBAC Ltd. (1410U40-1)
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Examiner
(v) Inthe reaction sequence opposite, benzamide is made from benzoic acid via the only
acid chloride, benzoyl chloride. It can be made from benzoic acid by a different
route as shown in the sequence below.
Complete this sequence by giving the formulae of the missing compounds. [1]
*NH,0" @) H,N O
COOH C C
R F— B P MO
(vi) Benzamide, C4H;CONH,, undergoes the Hofmann degradation reaction.
This reaction produces an organic nitrogen-containing compound Z, that contains
one carbon atom less per molecule than benzamide.
The mass spectrum of compound Z shows a molecular ion peak at m/z 93 and its
infrared spectrum does not show a characteristic peak at 1661cm™".
Use this information to suggest a structure for compound Z. Explain your answer.
[3]
NH,
Z = phenylamine, C4HsNH,
_____ No peak at 1661 cm™ (no €=0) and one carbon atom fewer than
. benzamide, so the C=0 group has been lost. o
Z is CetsNH: M, = (6 x 12.0) + (7 x 1.0) + 14.0 = 93, which
matches the molecular ion CsHsNH,™ at m/fz 93.
25 © WJEC CBAC Ltd. (1410U40-1) Turn over.
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O

4
(b) Anotheramide, R— C\ , reacts with alkali to give ammonia as one of the products.

NH,

The ammonia produced can then be reacted with sulfuric acid.

40 4°
R—C + NaOH — R—C +  NH,
AN AN

NH, O™Na”

In an experiment, 3.509 of this amide reacted with sodium hydroxide. The ammonia
produced required 16.0 cm? of sulfuric acid of concentration 1.50 moldm=2 for complete
neutralisation.

Use this information to find the formula of the R group present in this amide. [4]

moles of H,S0, = 1.50 x 16.0 / 1000 = 0.0240 mol

H,50, : NHz : RCONH, = 1 : 2 : 2, so moles of RCONH, = 0.0430 mol
M,(RCONH,) = 350 / 0.0480 = 72.9 ~ 73

mass of CONH, = 12.0 + 16.0 + 14.0 + 2.0 = 44

mass of R = 73 — 44 = 29

Cotlopin = 29 gives n = 2, so R is CyHs

R has the formula CH;CHZ(CZHS) ............

END OF PAPER

26

© WJEC CBAC Ltd. (1410U40-1)
stemup.co.uk

Examiner
only

12



https://stemup.co.uk

27

Question Additional page, if required.
number Write the question number(s) in the left-hand margin.
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