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Answer all questions in the spaces provided.

This question is about alkanes.

II| Alkanes in crude oil are separated into fractions by fractional distillation.

State the property that allows alkanes to be separated by fractional distillation.
[1 mark]

Different boiling points

[0]1].[2] Analkane has M, = 170.0

Deduce the molecular formula of this alkane.

[2 marks]
CoHopiot 12n + C2n + 2) =170.0

lan + 2 = 170.0, so n = 12

Molecular formula €12t 2

E C14H3o is cracked to form pentene and butane.

CiaHzo — 2CsHip + CsHyo

This reaction requires a large quantity of energy.

Give an economic reason for cracking C14Hazo
[1 mark]

The products (pentene and butane) are in higher demand and have a

higher value than C4Hs,, so they are worth more.

0 2
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E Calculate the percentage atom economy for the formation of pentene in the reaction in

Question 01.3.

[2 marks]
My of C/quo = 198.0
mass of 2 CsHyy = 2 x 70.0 = 140.0
atom economy = (140.0 = 198.0) x 100 = 70.7%
Atom economy 70.7 %
X and Y are position isomers of CsH1o
The structure of X is shown.
H;C CH,—CH
3~ Pl 3
C=C
H H
E Draw the structural formula of position isomer Y.
[1 mark]

CH2=CH’CH2’CH2’CH3

Question 1 continues on the next page
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outside the
@ The structure of X is repeated here. box

HsC CH,—CH
3 N % 2 3

Explain why there is a sterecisomer of X.

Use IUPAC rules to give the full name of X.
[3 marks]

Explanation Each carbon atom of the C=C double bond is attached to

two different groups (H and CHs on one carbon, H and CH,CH3 on the

other).

There is restricted rotation about the C=C double bond, so the groups

cannot swap sides and E and 2 isomers exist.

Fullname of X  (2)-pent-2-ene

. X forms an addition polymer.

Draw a repeating unit of this polymer.
[1 mark]

H H
| |
¢ ¢
| |

CH; CH,
| -

CH, 11

0 4
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[o]2][2]

Lo]2][3]

[0]2][4]

This question is about 1-bromopropane.

Outline a mechanism for the reaction of 1-bromopropane with potassium cyanide.

Use IUPAC rules to name the organic product.

[3 marks]
Mechanism
CH3CH,
| 6+ﬁ 6—
H—C Br —» (CH3CH,CH,CN + Br-
H
CN

Name of organic product  butanenitrile

Suggest why the reactions of halogenoalkanes with potassium cyanide are useful in
industrial synthesis.
[1 mark]

It increases the length of the carbon chain by one carbon atom (a new

C-C bond is formed).

Explain why the reaction of 1-bromopropane with potassium cyanide is faster than the
reaction of 1-chloropropane with potassium cyanide.
[1 mark]

The C-Br bond is weaker than the C—Cl bond, so it needs less energy

to break.

When heated, 1-bromopropane reacts with potassium hydroxide in an elimination
reaction.

State one other condition needed for this reaction.
[1 mark]

KOH dissolved in ethanol (ethanolic solvent)

05
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E Outline a mechanism for the elimination reaction between 1-bromopropane and
potassium hydroxide.
[3 marks]

~

CHs CH3CH=CH,

e
+ H,0 + Br-

I—\A(\—:t
r—aO—X
v]
<

OH

@ Under different conditions, 1-bromopropane reacts with potassium hydroxide in a
substitution reaction.

Draw the displayed formula of the organic product.
[1 mark]

X
r—a—X
r—a—
r—a—x

S

X

0 6
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Do not write

. Propene and hydrogen bromide react together in an addition reaction to form Outstigime
1-bromopropane and one other product.
Identify the other product.
Explain why the two products are not formed in equal amounts.
[3 marks]
dentity of other product _2-bromopropane, CH3CHBrCH;
Explanation H* from HBr can add to either carbon of the C=C, so both a
primary carbocation (CH3CH,CH,") and a secondary carbocation
(CH3C*HCH3) are formed as intermediates.
The secondary carbocation is more stable than the primary carbocation,
so it forms in greater amounts: 2-bromopropane is the major product
and |-bromopropane is the minor product.
13
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[o]3].[1]

[0]3][3]

When methane reacts with steam, in a sealed container, an equilibrium mixture
forms.

CHa(g) + H20(g) = CO(g) + 3H2A(g) AH® = +205 kJ mol-"

Give two features of a reaction at equilibrium.
[2 marks]

1 The concentrations of the reactants and products remain constant.

o The forward and reverse reactions occur at the same rate.

Which change in condition will increase the equilibrium yield of hydrogen in this
reaction?
[1 mark]

Tick (v') one box.

An increase in the total pressure

An increase in the volume of the container \/

An increase in the amount of catalyst added

Explain why an increase in temperature increases the equilibrium yield of hydrogen.
[2 marks]

The forward reaction is endothermic (AH® = +20S ki mol™).

When the temperature increases, the position of equilibrium shifts to the

right (in the endothermic direction) to oppose the increase in

temperature, so more H; is formed.

0 8
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Izl Suggest how the total yield of hydrogen can be increased without changing the box
conditions of the reaction.
[1 mark]
Remove the H; from the mixture as it forms, so the equilibrium keeps
shifting to the right.
E Explain how a catalyst increases the rate of production of hydrogen in this reaction.
[2 marks]
The catalyst provides an alternative reaction route with a lower
activation energy.
So more molecules have energy greater than or equal to the lower E,,
8

giving more frequent successful collisions.
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II| D is an organic compound containing only carbon, hydrogen and oxygen.

D contains 62.07% carbon and 10.34% hydrogen by mass.

Determine the empirical formula of D.

[3 marks]
% 0 =100 — 62.07 — 10.39 = 27.59%
C:H:0=6207+12.0:1036 <10 :2759 < 16.0
=817 :1039 :1.72
~172: 3:6:1
Empirical formula C3HO0
[0]4].[2] Enhas the empirical formula C;HsO and M; = 44.0
E reacts with water to form a diol.
Name E.
Give one use of the diol formed in the reaction of E with water.
[2 marks]

Name of E  Epoxyethane

Use of diol Antifreeze
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Lo]s].[1]

[o]5].[2]

Ethanoic acid reacts with ethanol to form ethyl ethanoate (CH3;COOC:Hs) and water.

CH3sCOOH(l) + CzHsOH(l) = CHsCOOC:Hs(l) + H20(l)

A student completed a titration to determine the concentration of ethanoic acid in the
equilibrium mixture.

Method

e Transfer 25.0 cm? of the equilibrium mixture to a conical flask and add a few drops
of indicator.

e Fill a burette with 1.00 mol dm=2 aqueous sodium hydroxide.

e Record the initial reading of the burette.

¢ Add the aqueous sodium hydroxide slowly to the mixture in the conical flask until
the end-point is reached.

¢ Record the final reading on the burette.

e Repeat until two concordant titres are obtained.

Suggest why universal indicator cannot be used as the indicator in this titration.
[1 mark]

Universal indicator does not give a single, sharp colour change at the

end-point; it changes gradually through many colours.

State what is meant by the word concordant in the term concordant titres.
[1 mark]

Concordant titres are titres that agree closely, within 0.10 ecm* of each

other.

E The burette used has 0.10 cm? divisions.

Explain why the total uncertainty in a titre is £0.15cm?
[2 marks]

Each burette reading has an uncertainty of +0.0S cm?, and a titre uses

two readings (initial and final), giving +0.10 cm’.

There is a further £0.0S cm?® uncertainty in judging the end-point, so

the total is 20.1S cm?.
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Izl In a different experiment, 1.00 mol of ethanoic acid is mixed with 2.00 mol of ethanol
and 5.00 mol of water in a sealed flask.

At equilibrium, 0.54 mol of ethanoic acid is present.

Calculate the amounts, in moles, of ethanol, ethyl ethanoate and water in this
equilibrium mixture.

[2 marks]
CH3COOH(l) + C2HsOH(l) & CH3sCOOC:Hs(l) + H20(l)
ethanoic acid reacted = 1.00 — 0.5 = 0.96 mol
ethanol = 2.00 — 0.96 = 1.54 mol
ethyl ethanoate = 0 + 0.96 = 0.6 mol
water = 5.00 + 0.96 = 5.6 mol
Ethanol 1.54 mol
Ethyl ethanoate 0.96 mol
Water 5.96 mol
E Write an expression for the equilibrium constant (K:) for the reaction.
State why K for this reaction has no units.
[2 marks]
K, - [CH3CO0C,H1[H,0]
[CH3COOHI[C,HOH]

The units cancel, because there are the same number of concentration

terms on the top and the bottom of the expression.
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[o]6].[2]

[o]6].[3]

F is a hydrocarbon with formula CsH12

F reacts with bromine in a free-radical substitution reaction to form CsH+4Br

Write an equation for the initiation step of this reaction.

[1 mark]
Br, -» 2Br-
Write equations for the two propagation steps in this reaction.
Use molecular formulas in your equations.
[2 marks]

1 CSHIZ + Br - CgH”‘ + HBr

2 CsH) + Br, -» CsH),Br + Br:

There are two branched-chain isomers and one straight-chain isomer with the
molecular formula CsH2
The structure of one of the branched-chain isomers is shown.

CH; H
|
H3C—(|.3—C‘3—CH3
H H

Draw the skeletal formula of the other branched-chain isomer.

Explain why the straight-chain isomer has a higher boiling point than the branched-
chain isomers.

[3 marks]
Skeletal formula

Explanation The straight-chain isomer has a larger surface area of contact

between its molecules.

So there are stronger van der Waals forces between the molecules,

which need more energy to overcome.
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15

E Complete the equation showing an incomplete combustion of F.

CsHip + 70, —» ..3..CO, + ..2.CO + ..6...HO

Turn over for the next question

[1 mark]
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0[7]

This question is about isomers with the molecular formula C3HsO

The structures of two isomers, P and Q, are shown.

Isomer P Isomer Q

H H H O H
G Con G Ccon

| |—|| | |

[0][7].[1] The functional groups in P and Q cause an absorption in their infrared spectra.

Use Table A on the Chemistry Data Sheet to identify the wavenumber range for this
absorption.

[1 mark]
1630 to 1750 cm™
Give a reagent or reagents that can be used in a simple test-tube reaction to
distinguish between isomers P and Q.
State the observation made for each isomer.
[3 marks]

Reagent(s) Tollens' reagent Cammoniacal silver nitrate), warm

Observation with P A silver mirror forms

Observation with @ No visible change (stays colourless)

16
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Do not write
outside the
E Another isomer of C3sHgO contains two different functional groups. box
The functional groups can be identified using bromine water and
acidified potassium dichromate(V1).
Complete the table to identify each functional group present.
Deduce a possible structure of this isomer.
[2 marks]
Reagent Observation Functional group
present
Bromine water Orange to c=c
colourless solution | (alkene)
I . . Orange to green -OH
Acidified potassium dichromate(VI) solution Calcohol)
Structure
CH,=CH-CH,-O0H
6
Turn over for the next question
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[o]8].[1]

[o]8].[2]

Figure 1 shows a Maxwell-Boltzmann distribution of molecular energies in a sample
of gas H at temperature T.

Gas H decomposes as shown.

H(g) - J(9) + K(g)
The most probable energy of the gaseous molecules is En
The activation energy for the decomposition is E,

Figure 1

Number
of
molecules

E, Energgl

State why the curve in Figure 1 starts at the origin.
[1 mark]

There are no molecules with zero energy; all of the molecules have some

energy.

The temperature of the reaction mixture is decreased.

State the effect, if any, on the value of E, and on the number of molecules with En,
[2 marks]

Effecton £, Decreases

Effect on the number of molecules /ncreases

18
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19

[o]8].[3]

[0]8].[4]

State the effect, if any, of a decrease in temperature on the area under the curve.

Explain your answer.
[2 marks]

Effect No effect

Explanation The total number of molecules stays the same, and the area

under the curve represents the total number of molecules.

The number of molecules in the sample of H is increased at temperature T.

State the effect, if any, on the value of E; and on the number of molecules that have
energy greater than or equal to E;

[2 marks]

Effecton £, No effect

Effect on the number of molecules /ncreases
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This question is about reactions used to produce ethanol.

II| The reaction to produce ethanol from glucose is shown.

CsH1206(aq) — 2C2Hs0H(aq) + 2C0O2(q)
6.30g of glucose (M: = 180.0) react to produce 0.23 g of ethanol (M; = 46.0).

Calculate the percentage yield of ethanol in this reaction.

[4 marks]
amount of glucose = 6.30 + 180.0 = 0.0350 mol
expected amount of ethanol = 0.0350 x 2 = 0.0700 mol
actual amount of ethanol = 0.23 + 46.0 = 0.00500 mol
% yield = (0.00500 < 0.0700) x 100 = 7.14%
7.14 %

IZ| Ethanol can also be produced by the direct hydration of ethene.

Give one advantage of producing ethanol from ethene rather than from glucose.
[1 mark]

The reaction is much faster and pure ethanol is produced (higher yield

of ethanol).

END OF QUESTIONS
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