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2
Answer all the questions.

Students carried out an experiment to investigate the rate of a reaction.

The students added dilute hydrochloric acid to marble chips. They collected the gas and measured
the volume, at regular intervals, until the reaction was complete.

They obtained the graph shown in Fig. 1.1 below.

A
volume of
gas/cm3
0 0 time/s =
Fig. 1.1

(@) (i) How does the rate of reaction change as the reaction proceeds?

(b) The experiment was repeated using crushed marble in place of the marble chips.

On Fig. 1.1, sketch the graph the students obtained from this experiment. The quantities and
the temperature remain the same. [2]

[Total: 5]
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4

Bond enthalpies can be used to calculate enthalpy changes of reactions. Some bond enthalpies
are given in Table 2.1.

bond bond enthalpy/kJ mol"
CLClI +242
H-H +436
H-F +568
H-Cl +432
Table 2.1

(@) (i) Define the term bond enthalpy.

(b) Hydrogen halides can be made from their elements.

Although the reaction between hydrogen and fluorine is explosive, the enthalpy change for
the reaction can be found.

H,(g) + F,(9) — 2HF(g) AH = -542kJmol

Use this value of the enthalpy change for the reaction, and the data in Table 2.1, to calculate
the bond enthalpy of the F—F bond.

bond enthalpy of the F-F bond = ... kdmol~! [3]
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(c) Use
HCL

5
the data in Table 2.1 to calculate the enthalpy change of formation of hydrogen chloride,

enthalpy change of formation of HCl= .........ccccoceiiiiiiiiiiee s kdmol~' [2]

(d) Hydrogen fluoride and hydrogen chloride dissolve in water to give hydrofluoric acid and
hydrochloric acid. Hydrofluoric acid is a weak acid but hydrochloric acid is a strong acid.

(i)

(ii)

(iii)

(iv)

)

© OCR 2009

What is meant by the term weak acid?

Use the data in Table 2.1 to suggest why hydrofluoric acid is a weaker acid than
hydrochloric acid.

Write the equation for the reaction between hydrofluoric acid and solid sodium carbonate,
Na,CO.,.
2~~3

Write the ionic equation for the reaction between hydrofluoric acid and solid sodium
carbonate, Na,COs.

Describe how the reaction with Na,CO,4 can be used to show that hydrochloric acid is
strong and hydrofluoric acid is weak.

[Total: 15]
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Hydrogen is needed in large quantities for the manufacture of ammonia and margarine. Methane
and steam can be used to manufacture hydrogen. This is a reversible reaction.

CH,(g) + H,0(g) = CO(g) + 3H,(@ AH=+210kJmol~' equation 3.1

(a) Describe the conditions that would produce a high yield of hydrogen at equilibrium.
Explain your answers.

TEIMPEIALUIE .....eeivieieceie ettt ettt et e et e e ae e aeeaeeeaeeabeeaseeaeeabeeabeeasesseenbeenseeseeabeenseeneenns

.............................................................................................................................................. [4]
(b) Describe the conditions that would produce hydrogen at a fast rate.

Explain your answers.

18] 0] 01T 7= LU= SRR

L (=TS0 = O UEER

.............................................................................................................................................. [4]

(c) Use your answers to (a) and (b) to suggest why a temperature of 800 °C and a pressure of
30 atm might be used for the manufacture of hydrogen from methane and steam.
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7
(d) The carbon monoxide produced in the reaction can be used as a fuel.

Hess’s Law can be used to calculate the enthalpy change of formation, AHf, of carbon
monoxide.

(i) State Hess’s Law.

(ii) The table below shows some enthalpy changes of formation, AH..

substance AH, / kJmol™
CH 4(g) -75
H2O(g) —242

Use these data, and the enthalpy change of equation 3.1, to determine the enthalpy
change of formation of carbon monoxide.

J 2 kJmol~' [3]

[Total: 15]
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4 Catalysts are often used to speed up chemical reactions.

(a) Explain how a catalyst increases the rate of a reaction.
Use an enthalpy profile diagram and a Boltzmann distribution in your answer.

Enthalpy profile diagram

Boltzmann distribution
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(b) Explain the effect that adding a catalyst has on the position of equilibrium in a reversible
reaction.

[Total: 10]
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