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Answer all questions in the spaces provided.

This question is about rates of reaction.

In acidic conditions, propanone reacts with iodine as shown.

CH3COCH; + I, — CH;COCH,l + HI
The concentration of iodine is monitored during the reaction using colorimetry.
The rate equation for the reaction is

rate = k [CH3;COCHj3][H"]

|I| For this reaction, at a given temperature,

the initial concentration of CH;COCH; = 0.10 mol dm™
the initial concentration of H* = 0.20 mol dm™
the initial rate = 7.6 x 107 mol dm=3s™

Calculate the value of the rate constant, k, at this temperature and give its units.
[3 marks]

k = rate +~ ([CH3COCH;][H])
k=76x107+ (0.0 x 0.20) = 3.8 x10~°

units = mol dm=3 s7! = (mol dm=3)? = mol™ dm> s~

k 338 x10°°

Units  mol™ dm? s~/

@ State one benefit of using colorimetry to determine the concentration of a solution.
[1 mark]

Only small quantities are needed and many readings can be taken

continuously (no quenching needed).
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Do not write

[0]1].[3] lodine is a reactant, but does not appear in the rate equation. o
Explain why the reaction must occur in more than one step.
[2 marks]
lodine cannot be involved in the rate determining step (the rate
equation only includes species up to the slow step).
So iodine must react in a later step, after the rate determining step.
[0]1].[4] State the role of hydrogen ions in the reaction.
[1 mark]
catalyst 7

Turn over for the next question

Turn over »
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[0]2][1]

[0]2][2]

Sulfur dioxide reacts with oxygen as shown.

2S0,(g) + Oy(g) = 2S04(9) AH = —196 kJ mol™

In one experiment, 0.40 mol of sulfur dioxide and 0.20 mol of oxygen are mixed and
allowed to reach equilibrium.

At equilibrium, 0.30 mol of sulfur trioxide is formed and the total pressure is 180 kPa

Calculate the amount, in mol, of sulfur dioxide and of oxygen at equilibrium.

[2 marks]
S0, reacted = 0.30 mol, 0, reacted = 0.30 ~ 2 = 0.1S mol
S0, = 0.90 — 0.30 = 0.10 mol; 0, = 0.20 — 0.1S = 0.05 mol
Amount of sulfur dioxide 0.0 mol
Amount of oxygen 0.050 mol

Use your answers from Question 02.1 to calculate the partial pressure, in kPa, of
sulfur trioxide in the equilibrium mixture.

Show your working.

(If you were unable to calculate the amounts in Question 02.1, you should assume
the amount of sulfur dioxide is 0.15 mol and the amount of oxygen is 0.15 mol
These are not the correct values.)

[2 marks]
total moles = 0.10 + 0.050 + 0.30 = 0.4S mol
mole fraction of SOz = 0.30 <~ 0.95 = 0.667
p(503) = 0.667 x 180 = 120 kPa
Partial pressure 120 kPa
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[0]2].[3] Write an expression for the equilibrium constant (K,,) for this equilibrium. box

[1 mark]

K = P2(503)
P PZ(SOZ) X P(Oz)

[0[2].[4] The experiment is repeated under different conditions.
At equilibrium,

the partial pressure of oxygen = 7.52 kPa
the partial pressure of sulfur trioxide = 90.4 kPa

The value of the equilibrium constant (K;) for this reaction is 4.19 x 107 kPa™

Calculate the partial pressure, in kPa, of sulfur dioxide in the equilibrium mixture.

[2 marks]
p°(50,) = p>(S03) =+ (K, x p(0,))
p2(502) =90.4° + (4.9 x 103 x 7.52) = 2.59 x 10°
p(50,) = H2.59 x 10°) = S09 kPa
Partial pressure S09 kPa

Turn over »
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[0]2] 5]

[0]2][6]

The equation for the reaction of sulfur dioxide and oxygen is repeated here.
2S0,(g) + Oa(g) = 2S04(g) AH = -196 kJ mol™

State and explain the effect, if any, of adding a catalyst on the value of K, for this
reaction.

[2 marks]

Effect of a catalyst No effect (/(p stays the same).

Explanation A catalyst speeds up the forward and backward reactions by

the same factor, so it does not change K, only temperature affects K,

State and explain the effect, if any, of increasing the temperature on the
value of K for this reaction.

[3 marks]

Effect of increasing temperature K, decreases.

Explanation The forward reaction is exothermic (AH is negative).

So increasing the temperature moves the position of equilibrium to the

left (the endothermic direction) to oppose the increase in temperature,

so there is less SO; and K, decreases.
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This question is about methylbenzene.

[0][3].[1] The enthalpies of hydrogenation of two compounds are shown.

CHs

CHs

+ 3H, —» @ AH = =202 kJ mol-1
CHs

+ H — @ AH = =111 kJ mol-1

The structure of the theoretical molecule methylcyclohexa-1,3,5-triene is shown.

CHs

CH3

Use the data to calculate the difference in stability, in kJ mol™, of methylbenzene
compared with the theoretical methylcyclohexa-1,3,5-triene.

Explain this difference in stability.
[4 marks]

Expected NH for methylcyclohexa-1,3,5-triene = 3 x (<11]) = =333 kJ

mol™

Difference in stability = =202 — (=333) = 131 kJ mol™

Methylbenzene is 131 ki mol™ more stable, as less energy is released

when it is hydrogenated.

This is because of delocalisation: the p electrons in methylbenzene are

delocalised around the ring (p orbitals overlap) instead of being in three

localised €=C bonds.
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Compound C can be made from methylbenzene in one possible reaction scheme as box
shown.
CHs CHs; CHs;
NO,
Step 1 Step 2
— —
SO,0H SO,0H
B
l Step 3
CHs
NO,
C
[0]3].[2] Giveareagent for Step 1.
Outline a mechanism for Step 1.
[5 marks]
Reagent fuming sulfuric acid (oleum, SO3 in H,S0,)
Mechanism
P
CH; L .
” T SO0;5~ H SO3zH
0
D —— D ——
+ H*
CH3 CH;
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[1 mark]
4-methylbenzenesulfonic acid
[0][3].[4] Giveacombination of reagents for Step 2.
Name the mechanism for Step 2.
[3 marks]
Reagents concentrated nitric acid and concentrated sulfuric acid (conc.
HNO; and conc. H,S0,)
Name of mechanism electrophill'c substitution
[0]3].[5] Inthe structure shown, R represents a long-chain alkyl group.
R
SO,0H
State one use of this type of compound.
[1 mark]
detergents (surfactants), for example in shampoo 14
Turn over for the next question

Turn over »
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[0]4][2]

This question is about carbonyl compounds.

State what is meant by the term optical isomers.
[1 mark]

Molecules with the same structural formula that are non-superimposable

mirror images of each other,

Propanone can be reduced by NaBH, in aqueous solution to form propan-2-ol.

Name and outline the mechanism for this reaction.
[5 marks]

Name of mechanism “ucleophilic addition

Mechanism

"

|OP ‘0 OoH
H:C— C —CH; —_— HC— C—CH; —> H3C— C—CH;

H H

[0[4].[3] State why propan-2-ol is not optically active.

[1 mark]

It has no chiral centre: no carbon atom is attached to four different

groups (C2 has two CH3z groups).
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E Outline an experiment to show that propan-2-ol is not optically active. box
[2 marks]
Shine a beam of plane polarised light through a solution of propan-2-ol
(in a polarimeter).
The plane of polarised light is not rotated.
[0]4].[5] Butanone can be reduced by NaBH, in aqueous solution to form butan-2-ol in a
reaction similar to that in Question 04.2.
Explain why the butan-2-ol formed in this reaction is not optically active.
[2 marks]
The €=0 group is planar, so the H™ ion attacks the carbonyl carbon
from either side with equal probability.
A racemic mixture forms, and the effects of the two enantiomers on
plane polarised light are equal and opposite, so they cancel. 1

Turn over for the next question

Turn over »
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[o]5][2]

Methyl salicylate is a naturally-occurring liquid ester that can be used to make
salicylic acid.
Salicylic acid is an important compound used to make the drug aspirin.

Complete the equation to show the hydrolysis of methyl salicylate in the presence of
sodium hydroxide.
[1 mark]

O\ _0O—CHjs 0 0~ Na*

C \C/
OH o
+ NaOH —
2 + CH;0H

methyl salicylate

A student hydrolyses methyl salicylate using this method.

e Place 20.0cm?® of 5.00 mol dm™ sodium hydroxide in a round-bottomed flask.
¢ Add 6.50g of methyl salicylate to the flask and swirl the mixture thoroughly.
e Add anti-bumping granules and heat the mixture under reflux for 20 minutes.

Calculate the volume, in cm®, of 6.50 g of methyl salicylate.

The density of methyl salicylate = 1.17gcm™
[1 mark]

volume = mass <+ density = 6.50 + 117 = $.56 em?

Volume = $.56 cm?®
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[0]5].[3] State why anti-bumping granules are added.

[1 mark]

They allow lots of small bubbles to form instead of large bubbles, giving

smooth boiling.

E After the mixture is heated under reflux, it is allowed to cool.
Sulfuric acid is then added to this mixture until a precipitate of impure salicylic acid

forms.

Draw a diagram to show how the impure solid salicylic acid can be separated from the

reaction mixture.

Buchner funnel  —___

filter paper —"

impure solid

NN NN NN NSNS

—~——

bung (air-tight) —»\l

/
V_ —_
Buchner flask —_ \

[0]5].[5] Impurities affect the melting point of salicylic acid.

The melting point of pure salicylic acid is 159 °C

to vacuum pump
(suction)

Identify two ways that the melting point is affected by impurities.

1 The melting point would be lower than 159 °C.

[2 marks]

[2 marks]

o It would melt over a range of temperatures, not sharply.
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[0]5].[6] Theimpure salicylic acid can be purified by recrystallisation using water. box

Outline the method that the student should use to obtain a pure sample of
solid salicylic acid.
[6 marks]

Put the impure salicylic acid in a conical flask and dissolve it in the

minimum volume of hot water (near boiling), so a saturated solution

forms.

Filter the hot solution quickly through fluted filter paper in a warm

funnel to remove insoluble impurities.

Leave the filtrate to cool (then in an ice bath) so that the salicylic

acid recrystallises; soluble impurities stay dissolved in the water.

Filter off the crystals under reduced pressure using a Buchner funnel

and flask.

Wash the crystals with a small volume of cold water to remove soluble

impurities from their surface.

Dry the crystals between filter papers or in a low temperature oven.

1 4
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[0]5].[7] Salicylic acid reacts with ethanoic anhydride or with ethanoyl chloride to make aspirin. box

Give two advantages of using ethanoic anhydride instead of ethanoyl chloride to

make aspirin.
[2 marks]

Advantage 1 /t does not form toxic, corrosive HCl gas (the by-product is

ethanoic acid).

Advantage 2 It is cheaper and less vulnerable to hydrolysis (less violent

reaction, easier to control).

Turn over for the next question
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This question is about polymers.

Figure 1 shows the structures of three polymers.

Figure 1

i il i
CH CH, CH CH, CH CH,
SN N T N TN TN
CHs CH, CHs CHs CHs

e
CH,

CH,

I
O

CH, CH, NH CH, CH, ®
Q| N N NN N LN N
NH CH; C CH; CH;

0
I

O O
N N
\C—O \C—O
—O0 CcC—0O C—
4 4
0] @)

[0]6].[1] Polymer P is an addition polymer made from two different alkene monomers.

Give the structure of each alkene.

Alkene 1 Alkene 2
Hzc:CH_CHg HZC:CHZ
(propene) (ethene)

[2 marks]
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[0]6].[2] Polymer Qis a condensation polymer. o

State the type of condensation polymer.

Give the skeletal formula of each monomer used to make polymer Q.
[3 marks]

Type of condensation polymer polyamide

Monomer 1
N~ Nz (butane-1,4-diamine)
HoN
Monomer 2
0
HO (hexanedioic acid)

OH

_ Polymer R is made from only one monomer.

Give the structure of this monomer.
[1 mark]

COOH

(4-hydroxybenzoic acid)

OH

Turn over »
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The structure of polymer Q is repeated here. box
i
CH, CH, NH CH, CH, C
AN N N N N NN
NH CH, CH, c”: CH, CH,
[0]6].[4] Explainwhy polymer Q is biodegradable.
[2 marks]
The amide (peptide) link in the chain is polar: the =0 bond is polar,
so the carbonyl carbon is electron deficient (6+).
So the polymer can be attacked by nucleophiles such as water, acids,
bases or enzymes, and it can be hydrolysed.
8
i
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n Two amines, X and Y, have the molecular formula CsHgN

HsC CH, CH; NH, HsC CH, NH CH;s
X Y

[0]7].[1] Draw the structure of a primary amine that is an isomer of X and Y.
[1 mark]

HyC—CH—CH;

NH,

[0]7].[2] Draw the structure of the compound formed when X reacts with propanoyl chloride.

[1 mark]
0
HC—CHy— CHy— NH—C—CH,— CH;
[0]7].[3] Draw the structure of the compound formed when Y reacts with an excess of
bromomethane.
[1 mark]

CH
| 3 Br

H;C_CHZ_N+_CH3

CH;

Do not write
outside the
box
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This question is about peptides and proteins.

|I| A dipeptide is hydrolysed by refluxing in acidic conditions.

The structures of the two products formed are shown.

) A ) A )
N 7
c—C—C HsN*—CH, —C—C
HO/ | \OH | \OH
"NH3 "NH;

Product 1 Product 2

The mixture of products is analysed using thin-layer chromatography.
The chromatography uses a polar stationary phase and a non-polar mobile phase.

Explain why Product 2 has the lower R; value.
[2 marks]

In the acidic conditions Product 2 has two NH3* groups, so it has a +2

charge, while Product | has a +| charge; Product 2 is more polar.

So Product 2 has a stronger attraction to the polar stationary phase

(weaker attraction to the non-polar mobile phase) and moves less far.

[0]8].[2] The secondary structure of a protein is maintained by hydrogen bonding.

Explain how a hydrogen bond is formed.
[2 marks]

A lone pair of electrons on an electronegative atom (N, O or F) is

attracted to a 6+ hydrogen atom bonded to N, O or F.

In a protein: a lone pair on the O of a C=0 group attracts the 6+ H of

an N-H group.

2 0
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Do not write
[0]8].[3] The tertiary structure is maintained by interactions between the side chains of o
amino acids.
Consider the sections of polypeptide chains in Figure 2 and Figure 3.
[2 marks]
Figure 2
N—H H—N
O= C|) ? =0
H—C—CH,—SH HS—CH, —C—H
N—H H—N
| |
Figure 3
0= (‘3 (|3 =0
H—C‘:—CHz—OH H2N—CH2—CH2—CH2—?—H
N—H H—N
| |

What type of interaction occurs between the two side chains in Figure 2?
Tick (v') one box.
Induced dipole-dipole
Hydrogen bonding
Disulfide bridge \/
What type of interaction occurs between the two side chains in Figure 37?
Tick (v') one box.
Induced dipole-dipole
Hydrogen bonding \/
Disulfide bridge 6

Turn over »
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This question is about isomers of CgH1,0

|I| Draw the structure of the ester with molecular formula CgH1,0, that is formed when
propan-2-ol reacts with a suitable carboxylic acid.
[1 mark]

0 CHs
I

H:C—CHy— C—O0—CH—C(CH;

IZ| Draw the structure of an ester with molecular formula CsH4,0, that has only two peaks
in its "H NMR spectrum.
[1 mark]

0 CH;

HC—C—0—C—CH;

CH3

E Draw the structure of the ester with molecular formula CsH-,0, that is optically active
and has five peaks in its ">C NMR spectrum.
[1 mark]

0 CHs
I

H—C—O0—CH—CH—CH;

CH;

2 2
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E A cyclic compound with molecular formula C¢H1,0, has only two peaks in its *C NMR box
spectrum. It has no absorption in the 1680—1750 cm™ range in its infrared spectrum.

Draw the structure of this cyclic compound.
[1 mark]

OH

(cyclohexane-1,9-diol)

OH S

END OF QUESTIONS
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