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AQA - Chemical equilibria, Le Chatelier’s principle and K¢ — A2 Chemistry P1

1. No.6
Methanol can be manufactured in a reversible reaction as shown.
CO(g) + 2Hz(g) = CH:0H(g) AH®= =91 kJ mol™!
Figure 3 shows how the partial pressures change with time at a constant
temperature.
Figure 3
A
Partial
pressure [
_________________________ CH3DH
Ha
- CO
»
Time

. II| Draw a cross (x) on the appropriate axis of Figure 3 when the mixture reaches
equilibrium.
[1 mark]

. El A 0.230 mol sample of carbon monoxide is mixed with hydrogen in a 1:2 mol ratio and
allowed to reach equilibrium in a sealed flask at temperature T.
At equilibrium the mixture contains 0.120 mol of carbon monoxide.
The total pressure of this mixture is 1.04 < 10* kPa
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Calculate the partial pressure, in kPa, of hydrogen in the equilibrium mixture.

[4 marks]
Partial pressure of hydrogen kPa
. Give an expression for the equilibrium constant (K,) for this reaction.
State the units.
[2 marks]

Units
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Some more carbon monoxide is added to the mixture in Question 06.2. The
new mixture is allowed to reach equilibrium at temperature T.

State the effect, if any, on the partial pressure of methanol and on the value of K,
[2 marks]

Effect on partial pressure of methanol

Effect on value of K,

State the effect, if any, of the addition of a catalyst on the value of K for this
equilibrium.
Explain your answer.

[2 marks]

Effect on value of K,

Explanation
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This question is about iron and its ions.

Discuss the role of iron as a heterogeneous catalyst in the Haber process.

3Hz + N2= 2NH3

Your answer should include:

e the meaning of the term heterogeneous catalyst
¢ how iron acts as a heterogeneous catalyst
¢ the factors that affect the efficiency and lifetime of the catalyst.
[6 marks]
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|Z| Fe?* ions catalyse the reaction between peroxodisulfate(VI) ions and iodide ions in
aqueous solution.
S$:0g5%(aq) + 21(aq) — 2S04 (aq) + l2(aq)

Explain why this reaction is slow before the catalyst is added.
Give two equations to show how Fe?* ions catalyse this reaction.

[4 marks]
Why reaction is slow before catalyst added
Equation 1
Equation 2
, Give a reason why Zn?* ions do not catalyse the reaction in Question 04.2.
[1 mark]
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, E Iron reacts with dilute hydrochloric acid to form iron(ll) chloride and hydrogen.
Fe(s) + 2HCl(aq) — FeClsy(aq) + Ha(g)
A 0.998 g sample of pure iron is added to 30.0 cm?® of 1.00 mol dm=2 hydrochloric acid.

One of these reagents is in excess and the other reagent limits the amount of
hydrogen produced in the reaction.

Calculate the maximum volume, in m?, of hydrogen gas produced at 30 °C and
100 kPa.

Give your answer to 3 significant figures.
In your answer you should identify the limiting reagent in the reaction.

The gas constant, R = 8.31 J K" mol™’
[6 marks]
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Figure 2 shows some reactions of iron ions in aqueous solution.
Figure 2

[Fe(H;0)g2* L [Fe(H,0)g]3*

Na,CO3(aq) Na,COx(aq)
Precipitate A Precipitate B
IEl Identify A and state its colour.
[2 marks]
Identity
Colour

[0]4].[6] Givethe formula of B and state its colour.

Give an ionic equation for the reaction of [Fe(H20)s]** with aqueous Na;COs; to
form B.
[3 marks]

Formula

Colour

lonic equation
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, Explain why an agueous solution containing [Fe(H20)e]** ions has a lower pH than
an aqueous solution containing [Fe(H20)s]** ions.

[3 marks]
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3. No.9

A and B react together to form an equilibrium mixture.
A(aq) + 2B(aq) = C(aq)

An aqueous solution containing 0.25 mol of A is added to an aqueous solution
containing 0.25 mol of B.

When equilibrium is reached, the mixture contains 0.015 mol of C.

l] Calculate the amount of A and the amount of B, in moles, in the equilibrium mixture.

[2 marks]
Amount of A mol
Amount of B mol

IZl At a different temperature, another equilibrium mixture contains 0.30 mol of A,
0.25 mol of B and 0.020 mol of C in 350 cm? of solution.

Calculate the value of the equilibrium constant K

Deduce the units of K.
[4 marks]

Ke

Units

10
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When an excess of water is added to chloroethanal, an equilibrium mixture is formed.
CICH2CHO(aq) + H20(l) = CICH2CH(OH)2(aq)

An expression for an equilibrium constant (K) for the reaction under these

conditions is
[CICHQCH(OH)z]

~ " [CICH,CHO]

Suggest why an expression for K can be written without the concentration of water.
[1 mark]

Distilled water is added to 4.71 g of chloroethanal (M = 78.5) to make 50.0 cm® of
solution. The mixture is allowed to reach equilibrium.

The value of the equilibrium constant (K) is 37.0

Calculate the equilibrium concentration, in mol dm=3, of CICH.CH(OH).
[5 marks]

Concentration mol dm™3

11
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. Figure 6 shows an incomplete nucleophilic addition mechanism for the reaction of
water with chloroethanal.

Figure 6
-6 O O H*
( | |
CICH,» —_*c\ —+ CICH,—C—H —» CICH, —C—H
& g g
N SN AN
('j\ H H H
/ H
H l

OH

CICH, — C— H

OH

Complete the mechanism in Figure 6 by adding two curly arrows, all relevant charges
and any lone pairs of electrons involved.
[3 marks]

E When an excess of water is added to ethanal a similar nucleophilic addition reaction
occurs.

CHiCHO(aq) + H20(l) = CHiCH(OH)z(aq)

Suggest why this reaction is slower than the reaction in Question 09.5.
[3 marks]

12
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1 mol of a diester with molecular formula C;H:0,4 is added to 1 mol of water in the
presence of a small amount of catalyst.

The mixture is left to reach equilibrium at a constant temperature.

CrH1204(l) + 2H20(l) = 2CHsCOOH(l) + HO(CH.):0H()

At equilibrium, X mol of ethanoic acid are present in the mixture.

Complete Table 2 by deducing the amounts, in terms of X,
of the diester, water and diol present in the equilibrium mixture.

[3 marks]
Table 2
Amount in the mixture / mol
Diester Water Acid Diol
At the start 1 1 0 0
At equilibrium X
@ Deduce the structure of the diester in Question 03.1
[1 mark]

13
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El A new equilibrium mixture of the substances from Question 05.1 is prepared at a
different temperature.

CrH1204(1) + 2H20() = 2CH3COOH(l) + HO(CH2):0H(l)

Table 3 shows the amount of each substance in this new equilibrium mixture.

Table 3
Amount in the mixture / mol
Diester Water Acid Diol
At equilibrium 0.971 To be 0.452 0.273
calculated

The value of the equilibrium constant, K. is 0.161 at this temperature.

Calculate the amount of water, in mol, in this new equilibrium mixture.
Show your working.

[3 marks]

Amount of water

14

mol



