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Answer all questions in the spaces provided.

This question is about alkanes.

Alkanes are a homologous series of hydrocarbons with the general formula CrHan+2

[0]1].[1] state two other properties of a homologous series.

[2 marks]

1 They have the same functional group and similar chemical properties

(they react in the same way).

2 They show a gradual trend in physical properties (e.g. boiling point),

and successive members differ by CH,.

[0]1].[2] Explain why C7Hi¢ has a higher boiling point than CsH2
[2 marks]

C/His is a larger molecule with a longer chain, a greater M, and more

electrons.

So there are stronger van der Waals forces between its molecules, which

need more energy to overcome.

[0]1].[3] Long chain alkanes are cracked to make other products.

Complete Table 1 to state the type of cracking used in industry to form each type of

product.
[1 mark]
Table 1
Product type Type of cracking
Alkenes Thermal
Aromatic hydrocarbons, cycloalkanes Catalytic

0 2

stemup.co.uk IB/M/Jan22/CH02

Do not write
outside the
box


https://stemup.co.uk

[o[1].[4]

[o]1].[5]

[o]1].[6]

C12Hz6 is cracked to make only two products.
These products are formed in a 2:1 mol ratio.
One of the products has M: = 28.0 and empirical formula CH;

Complete the equation for this reaction.
[2 marks]

CiaHze — 2C,H, + CsHs

Combustion of alkanes, in internal combustion engines, produces pollutant gases.
These gases can be removed using a catalytic converter.

State why the catalyst is coated on a honeycomb structure.
[1 mark]

To give a large surface area for the catalyst, so more of the gases react

on Its surface.

Unburned alkanes and nitrogen oxides react together in the catalytic converter.

Complete the equation.
[1 mark]

CiiHos + 349 NO — 17 N, + / CO, + 12 H->O

Turn over for the next question
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[o]2][2]

This question is about alkenes.

3-Methylbut-1-ene reacts with hydrogen bromide to form two
isomeric halogenoalkanes.

Name and outline the mechanism for the reaction of 3-methylbut-1-ene with
hydrogen bromide to form the major product.

[4 marks]
Electrophilic addition
Name of Mechanism
Mechanism
CHs H CH;
| |+ |
CH;—— CH—— CH > (H; c CH
CH; CHB
6+H B o— A
\.,Ar Br
H CH3
—>» C(H;— C— CH
Br CH3
Draw the skeletal formula for the minor product formed in Question 02.1.
Explain how this product is formed.
[2 marks]

Skeletal formula
Br

Explanation H* adds to the CH carbon of the C=C instead of the CH,

carbon, giving a primary carbocation, CH,*CHCH(CH3)).

This primary carbocation is less stable than the secondary carbocation,

so it forms less often and :Br~ attacks it to give the minor product.
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E 2-Bromobutane reacts in an elimination reaction to form an alkene.

Complete the mechanism in Figure 1 by adding the reacting species and
curly arrows.

[3 marks]
Figure 1
HO :/_\
H H H H
IS HaC H
H—C—C—C—C—H — C=C
| (| | H “CHy+ 0 + Br
H H &Br H N
[0]2].[4] UseIUPAC rules to give the full name of the alkene formed in Figure 1.
[1 mark]
E-but-2-ene
@ Another alkene can be formed in the reaction in Question 02.3.
This alkene does not exist as a pair of stereoisomers.
Draw the structure of this alkene.
Explain why this alkene does not exist as a pair of stereocisomers.
[2 marks]

Alkene

N—X

(@Y

/
N

H

X
r—a—
r—O—

Explanation One of the carbon atoms in the C=C double bond (the =CH,

carbon) has two of the same atom (two H atoms) attached, so E and

2 Isomers cannot exist.
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Do not write
outside the
[0]2].[6] Identify areagent that could be used in a simple test-tube reaction to show that an box
alkene is formed.
State what is observed.
[2 marks]
Reagent Bromine water
Observation Orange to colourless (decolourises)
Polymers can be formed from alkenes.
[0][2].[7] Draw the repeating unit of the polymer formed from 2-methylpropene.
[1 mark]
H CH;
c c
H CH;
- -
[0][2].[8] State why polymers formed from alkenes are unreactive.
[1 mark]
The polymer chain contains only non-polar C~C and C—H covalent
bonds, so it is not attacked by electrophiles or nucleophiles. 16
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[o]3].[1]

[0]3].[2]

[0]3].[3]

This question is about making ethanol.

One method to make ethanol is the hydration of ethene using
concentrated phosphoric acid as a catalyst.

CH2=CH2(g) + H20(g) = CH3CH20H(g)

Define the term activation energy.
[1 mark]

The minimum energy needed for particles to react when they collide.

Explain how a small increase in temperature causes a large increase in the rate of this
reaction.
[2 marks]

A small rise in temperature gives a very large increase in the number of

molecules with energy greater than or equal to the activation energy, E,.

So there is a much greater frequency of successful collisions.

Predict and explain the effect, if any, of a catalyst on the equilibrium yield of ethanol in
this reaction.
[2 marks]

Prediction  No effect

Explanation The catalyst increases the rates of the forward and reverse

reactions equally (by the same amount), so the position of equilibrium

does not change.
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[0]3].[4] Curve Ain Figure 2 shows how the amount of ethanol formed in this reaction
changes with time at a fixed temperature.

State the time when equilibrium is reached.

[1 mark]
Figure 2
A
P2t i
Ethanol i
/ mol /
/
0 10 20 30 40 50 60 70 80 90
Time / minutes
Time 60 minutes

E Figure 3 shows the amount of ethanol formed in similar experiments, with the same
initial amounts of ethene and hydrogen, but under different conditions.

Identify which curve, B, C or D in Figure 3, represents the amount of ethanol formed
in this reaction when carried out in a larger container at the same temperature.

Explain your answer.
[2 marks]

Figure 3

Ethanol
/ mol

0 10 20 30 40 50 60 70 80 90
Time / minutes

Identity of curve D

Explanation #A larger container means a lower pressure, so the equilibrium

shifts to the left, the side with more moles of gas (2 mol compared

with | mol), giving less ethanol.
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[0]3].[6]

The enthalpy change for the reaction is shown.
CH2=CHx(g) + H20(g) = CH3CH,OH(g) AH® = —45kJ mol™

Tick (v') one box in Table 2 to identify the conditions that would give the maximum
yield of ethanol in this reaction.

Explain why, other than to prevent polymerisation of propene, these conditions are
not used in industry.

[3 marks]
Table 2
i v
Temperature Pressure Tick (V')
one box
High Low
High High
Low High \/
Low Low

Explanation A low temperature would make the rate of reaction too slow.

A high pressure is expensive to set up and maintain, as it needs

specialised equipment (and energy for compressors).

Ethanol can be made by a different process before being burned as a fuel.
Step 1. 6CO,; + 6H,O — CgH1206 + 60,
Step 2: CgH1206 — 2CH3CH.OH + 2CO-

Step3: 2CH3CH2OH + 602 — 6H0 + 4CO>

Carbon-neutral means there are no extra carbon dioxide emissions to the
atmosphere.

Use the three steps to show that the ethanol made and burned in this process can be
described as a carbon-neutral fuel.
[2 marks]

In steps | and 2, 6 mol of CO, are used and 2 mol of CO, are

released, so 4 mol of CO, are used overall.

In step 3, G mol of CO;, are produced, so no extra CO, is released into

Do not write
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12

This question is about butan-1-ol (C4sHsOH) and its isomers.

[0]4].[1] Complete Table 3 by drawing the structures for the isomers of butan-1-ol.

Table 3

[3 marks]

Isomer of butan-1-ol

Structure

Position isomer

CH; CH CH, CH;

OH

Functional group
isomer

CH3CH,—0-CH,CH;

Alcohol that cannot be
oxidised

CH3

HsC

C—— CH;

OH

infrared spectroscopy.

Explain how infrared spectroscopy can be used to distinguish between butan-1-ol and

its position isomer.

Use the fingerprint region (below 1500 cm™) of each infrared spectrum.

[0[4].[2] Theisomers of butan-1-ol can be distinguished from each other by

[2 marks]

Compare it with the spectra of known samples: each compound has a

unigue fingerprint region, so a match identifies it.
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13

[0]4].[3] CsHeOH is oxidised to form compound G (CsHsO).

G is obtained by distillation from the reaction mixture.
Give the reagent(s) used to oxidise butan-1-ol.
State what is observed in the reaction mixture.

Draw the displayed formula of G.
[3 marks]

Reagent(s) Acidified potassium dichromate (K5Cry0; and H2S0,)

Observation The orange solution turns green.

Displayed formula

H
A
C C
| AN
H

H H
| |
c—¢
| |
H H H

[0]4].[4] Figure 4 shows a distillation apparatus.

State one change that should be made in Figure 4 to improve the yield of G.

[1 mark]
Figure 4

\£Vater in

v
Water out

Flask

The water should go in at the bottom of the condenser and out at the

top (reverse the water flow).

[0]4].[5] State why anti-bumping granules are used in the flask.

[1 mark]
To allow smooth boiling by making smaller bubbles (preventing vigorous

boiling).

Turn over »
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14

[0]4]6]

[o]4][7]

An equation for the reaction in Question 04.3 is shown.

C4H9OH + [O] —» C4HsO + H0
G

In an experiment, 2.50 g of G are obtained.
This mass is 40.0% of the maximum theoretical yield.

Calculate the maximum theoretical yield of G in grams.
[1 mark]

maximum yield = 2.50 x 100 + 0.0 = 6.25 g

Maximum theoretical yield 6.25 g

The oxidation reaction of butan-1-ol is repeated.
In this experiment, the maximum theoretical yield of G is 5.50 g

Calculate the starting volume, in cm3, of butan-1-ol used in this experiment.
Give your answer to 3 significant figures.

The density of C4HsOH = 0.810 g cm™3
The relative molecular masses, M: of C4HyOH = 74.0 and M: of G (C4HsO) = 72.0

[3 marks]
n(G) = §.50 = 72.0 = 0.0764 mol
| : | ratio, so n(C4H4s0H) = 0.0764 mol
mass of C4Hq0H = 0.0764G x 74.0 = S.6S ¢
volume = $.65 + 0.810 = 6.98 cm®
Volume 6.98 cm?

1 4

1B/M/Jan22/CH02

stemup.co.uk

Do not write
outside the
box


https://stemup.co.uk

15

[0]4][9]

G (C4HsgO) can be oxidised to make compound J.

Use Table A on the Chemistry Data Sheet to select the infrared spectrum for
compound J.

Tick (v') one box.

[1 mark]
100

Transmittance / % 50—

L L e L S S L B A
4000 3000 2000 1500 1000 500
Wavenumber / cm—1
100

Transmittance / % 50 \/

L B L s B B
4000 3000 2000 1500 1000 500
Wavenumber / cm=1

100
Transmittance / % 50\\}{‘(/ W

0+ ——— |
4000 3000 2000 1500 1000 500
Wavenumber / cm—1

L L

Identify a reagent that could be used in a simple test-tube reaction to confirm the
functional group in J.

State what is observed.
[2 marks]

Reagent  Sodium hydrogencarbonate (NaHCO3) solution

Observation Effervescence: bubbles of CO, gas, which turns limewater

milky.
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[o]5].[2]

This question is about halogenoalkanes.

A student reacts three halogenoalkanes, 1-chlorobutane, 1-bromobutane and
1-iodobutane, with sodium hydroxide under similar conditions.

State which halogenoalkane reacts with sodium hydroxide at the fastest rate.

Give a reason for your answer.
[2 marks]

Halogenoalkane [-iodobutane

Reason The C—I bond is the weakest (lowest bond enthalpy), so it is

the easiest to break.

Use IUPAC rules to name halogenoalkane M.

Calculate the percentage by mass of bromine in M.

[3 marks]
Br H H
o
H-C—C—C—C—H
o
H H CHsH
M
Name 2-bromo-3-methylbutane
Calculation
M, of CsH,Br = (§ x 12.0) + (Il x 1.0) + 79.9 = 150.9
% Br = (79.9 + 150.9) x 100 = $2.9%
$2.9 %

16
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Do not write
E M reacts in a nucleophilic substitution reaction with sodium hydroxide. o
State the conditions and outline the mechanism for the reaction.
[3 marks]
Conditions Warm, agueous NaOH (water as the solvent), heat under reflux
Mechanism
CHs Br CH:  H
T e o
CH; CH C CH3 —> (H;3 CH C CH3
H H OH
‘HO
+ Br
8
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This question is about the equilibrium

2P(g) + Q(9) = 2R(9)

[0]6].[1] Givean expression for the equilibrium constant (K) for this equilibrium.

State the units.
[2 marks]

[R]?

Ko =
[P1?[Q]

Units mol™ dm?

[0]6].[2] A gaseous mixture of 0.580 mol of P and 0.430 mol of Q is placed in a container.
The equilibrium mixture contains 0.360 mol of R.

Calculate the amount, in moles, of P and of Q in the equilibrium mixture.

[2 marks]
2 :1: 2 ratio, so P used = 0.360 mol, @ used = 0.130 mol
P =0580 - 0.360 = 0.220 mol
Q = 0.430 — 0.130 = 0.250 mol
Amountof P 0.220 mol
AmountofQ  0.250 mol

IB/M/Jan22/CH02
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19

[0]6].[3] The reaction is repeated in a container of volume 8.00 dm?
This equilibrium mixture contains 0.268 mol of P, 0.347 mol of Q and 0.174 mol of R.

Use your expression for K. in Question 06.1 to calculate a value for K;
[2 marks]

[P] = 0.268 + 8.00 = 0.033S, [Q] = 0.347 + 8.00 = 0.0934

[R] = 0174 + 8.00 = 0.02175 mol dm™3

K. = 0.02175% + (0.0335% x 0.043375) = 9.72

K, 9.72

E Under different conditions, the value of the equilibrium constant, K. = 13.0

Deduce the value of the equilibrium constant (K;) for the reverse of this reaction under
these conditions.
[1 mark]

K, (reverse) =1 = 13.0 = 0.0769

K, 0.0769
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