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. ]

Answer all the questions.

Many chemical reactions occur in the atmosphere.

(a) Car engines produce carbon monoxide and nitrogen monoxide near to the Earth’s surface.

Explain how carbon monoxide and nitrogen monoxide are formed in the car engine.

CAMDON MONOXIAR ..ottt ettt e et e e sae s seeseeseesee e eeeeeeeeeessneessnesneen
NITFOGEN MONOXIAE ......ooiiiiiieiie ettt ettt e e ee e e e s e e s e ste s st e s sssssneesenesseneeseenseeen
............................................................................................................................................... [2]
(b) In the upper atmosphere, reactions occur involving chlorine free radicals, Cl.
Equations for two such processes are given below.
Cl + O, — CIO+0, equation 1
ClO + ......... — Cl+0, equation 2
(i) Complete equation 2. [1]
(i) Write the overall equation for the two processes shown in equations 1 and 2.
....................................................................................................................................... (1]
(iii) Describe how the chlorine free radicals, C/, are formed in the upper atmosphere.
....................................................................................................................................... [2]
(iv) State one undesirable result of ozone depletion in the upper atmosphere for life on

Earth.

[Total: 7]
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(@) Energy changes during reactions can be considered using several different enthalpy changes.
These include average bond enthalpies and enthalpy changes of combustion.

Table 2.1 shows the values of some average bond enthalpies.

(i)

(ii)

(iii)

3

Table 2.1
bond average bond enthalpy/ kJ mol-!
C—H + 410
O—H + 465
0=0 + 500
C=0 + 805
cC—oO + 336

Why do bond enthalpies have positive values?

...........................................................................................................................................

...........................................................................................................................................

The equation below shows the combustion of methanol, CH,OH, in the gaseous state.

H O

AR

| H H
H—C—O—H + 1}0=0 - 0=cCc=0 + 0

| 0>y

H

Use the average bond enthalpies from Table 2.1 to calculate the enthalpy change of
combustion of gaseous methanol, AH_.

AHL = oo kJ mol-! (3]

[Turn over __]
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(iv) Suggest two reasons why the standard enthalpy change of combustion of methanol will
be different from that calculated in part (iii).

== =T o ] R L OO TRTUTUTUTRTRTTII

...........................................................................................................................................

(b) Methanol can be used as a fuel or as the feedstock for a variety of organic compounds. It is
manufactured from carbon monoxide and hydrogen.

CO(g) + 2H,(g) = CH,OH (g) AH = -129kJmol™!
(i) Describe and explain how the composition of the equilibrium mixture is affected by

increasing the temperature

...........................................................................................................................................
...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................

(i) Describe and explain the effect of increasing the pressure on the rate of reaction.

...........................................................................................................................................

(iii) The reaction is carried out by passing gaseous reactants over a transition metal
catalyst.

Name this type of catalysis.

*708709304*




5
(iv) Suggest and explain the effect of a catalyst on the equilibrium position.

...........................................................................................................................................

...........................................................................................................................................

[Total: 17]
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3 (a) A group of students were considering the factors that affect the rate of a chemical reaction.
One of the students wrote the following.

The rate of a chemical reaction increases as the temperature is increased because there
are more collisions.

Discuss to what extent this statement is true and describe any other factors that should be
considered when looking at the effect of temperature on rate of reaction.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

............................................................................................................................................... [5]
(b) The students drew a Boltzmann distribution for a gas at temperature T,.
(i) Label the axes on the students’ diagram below.
A
T
(2]
(if) Sketch, on the diagram, the distribution that would be obtained

at a lower temperature, T,. Label this line 7. A 2]

[Total: 9]
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4 (a) The changes in energy during reactions are often considered using enthalpy changes of
reaction. One such enthalpy change is the standard enthalpy change of formation.

() Define the term standard enthalpy change of formation.

...........................................................................................................................................
...........................................................................................................................................

(i) Write the equation for the reaction corresponding to the standard enthalpy change of
formation of magnesium nitrate, Mg(NO,),. Include state symbols.

(2]

(iii) When magnesium nitrate is heated, it decomposes to give magnesium oxide, nitrogen
dioxide and oxygen.

Use the standard enthalpy changes of formation to find the enthalpy change of reaction
for this decomposition.

substance | standard enthalpy change of formation
/kJmol"
Mg(NO,), -791
MgO -602
NO, -33

The equation for this reaction is shown below.

Mg(NO;),(s) — MgO(s) + 2NO,(g) + F0,(g)

enthalpy change = ............ccooveevvveveee kdmol-! [3]
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(b) A small amount of solid magnesium oxide, MgO, was reacted with excess dilute hydrochloric
acid.

(i) Define an acid.

....................................................................................................................................... (1]
(ii) Describe what would be seen as the reaction occurs.
....................................................................................................................................... (1]
(ifi) Write a balanced equation for this reaction.
....................................................................................................................................... (1]
(iv) Write an ionic equation for this reaction.
....................................................................................................................................... (1]

[Total: 12]
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