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Answer all the questions.

1 Syngas is a mixture of carbon monoxide and hydrogen gases, used as a feedstock for the
manufacture of methanol.

A dynamic equilibrium was set up between carbon monoxide, CO, hydrogen, H", and
methanol, CH.OH. The equilibrium system is shown by Equilibrium 1.1 below.

CO(g) + 2H2(9) + CH.OH(g) Equilibrium 1.1

The equilibrium concentrations of the three components of this equilibrium are shown below.

component co(g) H2(s) CHroH(s)

equil ibrium concentration
/mol dm-3 3.1 x 1 O-3 2.4 x 1O-z 2.6 x 10-s

(a) State two features of a system that is in dynamic equilibrium.

....t21

(b) (i) Write the expression lor K"for this equilibrium system.

(ii) Calculate the numerical value ol K"for this equilibrium.

l2l

(c) The pressure was increased whilst keeping the temperature constant. The system was
left to reach equilibrium. The equilibrium position of Equilibrium 1.1 shifted to the right.

(i) Explain why the equilibrium moved to the right.

.......t21

(ii) What is the effect, if any, on Kr?

. . . . . . . . .  . t1 l

l2l
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State and explain the etfect on the rates of the forward and reverse reactions

o when the pressure was first changed
o when the system reached equilibrium.

...t41

(d) The temperature was increased whilst keeping the pressure constant. The system was
left to reach equilibrium. The value of Krfor Equilibrium 1.1 decreased.

(i) Explain what happens to the equilibrium position of Equilibrium 1.1.

(ii) Deduce the sign of the enthalpy change for the forward reaction shown
Equil ibrium 1.1. Explain your reasoning.

. . . . . . . . . . . . t11

Explain how the partial pressure of CHsOH(g) would change as the system moves
towards equilibrium.

[Total: 17]

(iii)

.tzl

in

( i i i )
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Nitrous oxide, NrO, is a colourless gas with a mild, pleasing odour and sweet taste. lt is
widely used as a propellant in aerosol cans of whipped cream.

(a) Nitrous oxide is formed when ammonium nitrate, NH*NO', is gently heated.

NH4NO3(s) + Nzo(g) + 24zo(ll

(i) what mass of Nro is formed by heating 100 g of NH.NO.?

t3l

(ii) What happens to the oxidation number of each nitrogen from NH4NO3 in this
reaction?

....t21

(b) When heated strongly, nitrous oxide decomposes into its elements.

2 N r O ( g ) + 2 N 2 ( g ) + O 2 ( g )

This reaction is first order with respect to NrO.

The graph below shows how nitrous oxide decomposes with time at constant
temperature.

1.000

0.

0.800

0.

lNro(g)I
/mol dm-3

0.600

0.500

0.400

0.300

0.200

0.1 00

0.000

2816/l Jan03

Fu
Exaninefs

Ug



(i) Explain how the graph confirms that this reaction is first order with respect to NrO.

......t3I

(ii) Write the expression for the rate equation of this reaction.

t1 l

(iii) Use the graph to work out the rate of reaction, in moldm-3s-l, at 70 seconds.
Show clearly your working on the graph.

rate = ......moldm-3s-1 l2l

(iv) Calculate the rate constant for this reaction. State the units.

(v) What evidence is there
than a single step?

k = . . . . . . .

that the mechanism of this

units tzl

reaction takes place in more
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(c) NrO is occasionally injected into the engines of racing cars to give more power and
exlceptional acceleration. The NrO decomposes exothermically to Nr and Or.

Suggest two reasons why this reaction provides an extra boost to the engine.

[Total :17]
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3 ln this question, one mark is available for the quality of written communication.

(a) Describe what is meant by the following terms used in acid-base chemistry.

o The Bronsted-Lowry theory of acids and bases.
o Conjugate acid-base pairs.
o Dilute and weak acids.

lllustrate your answer by choosing suitable examples of acids and bases. Write
equations where appropriate.

.....171

Quality of Written Communication [1J
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(b) The acid dissociation constant K.of hydrocyanic acid, HCN, is 4.g x 10-l0moldm-3.

(i) Write an expression for the acid dissociation constant of HCN.

(ii) Calculate the pH of a 0.010moldm-3 solution of hydrocyanic acid.

t1 l

t3l

[Total: 12]
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4 Organic acids occur widely in nature.

(a) Butanoic acid, CH'(CH2)2COOH, is a straight-chain organic acid, largely responsible for
the odour of rancid butter.

Caprylic acid is another straight-chain organic acid. lt is produced in the body in small
amounts as an antifungal agent in human sweat.

(i) Some caprylic acid was isolated from human sweat and analysed. The sample of
caprylic acid had the percentage composition by mass:

C, 66.7"/"; H, 1 1 .1o/oi O, 22.2o/". M, = 144'

Calculate the molecular formula of caprylic acid and suggest its structural formula.

t4J

(ii) Tracker dogs are trained to follow odours such as the characteristic blend of
organic acids in the sweat from a person's feet. A dog is able to detect extremely
small quantities of these acids.

Sweat containing equal amounts of butanoic and caprylic acids produces more
butanoic acid vapour than caprylic acid vapour.

Suggest a reason for this. Explain your answer.
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(b) Compound A is a straight-chain organic acid. A chemist analysed a sample of acid A by
the procedure below.

The chemist first prepared a 25Ocm3 solution of A by dissolving 10.8 g of A in water.

In a titration, 25.00 cm3 O.5OO moldm-3 NaOH were neutralised by exactly 21. }cms of
solution A.

o Galculate the pH of the NaOH(aq) used in the titration. Kw= 1.00 x lFlamol2dm{.
o Use the resufts to calcufate the molar mass of acid A and suggest its identity.
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[Total: 14]
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