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Sulfuric acid is made by the Contact process.
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®)
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(@)

Sulfur is burned by spraying droplets of molten sulfur into air.

Suggest and explain an advantage of using this method.

2

The following equation represents the equilibrium in the Contact process.
2504(g) + O4(g) = 2S04(9)

Oxygen s supplied from the air
The composition of the reaction mixture is 1 volume of sulfur dioxide to 1 volume of oxygen.

What volume of aif contains 1dm? of oxygen?

am® 1]

Sulfur dioxide is more expensive than air.

What s the advantage of using an excess of air?

2
‘The forward reaction is exothermic. The reaction is usually carried out at a temperature between
400 and 450°C.

() Whatis the effect on the position of equilibrium of using a temperature above 450°C?
Explain your answer.

2

What s the effect on the rate of using a temperature below 400°C?
Explain your answer.

3]
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(e) Alow pressure, 2 atmospheres, is used. At equilibrium, about 98% SO, is present

() Whatis the effect on the position of equilibrium of using a higher pressure?

Explain why a higher pressure is not used

(f) Name the catalyst used in the Contact process.

(9) Describe how concentrated sulfuric acid is made from sulfur trioxide.
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(a) Any two from:
bleachimaking wood pulpimaking paper
food/fruit juice/wine preservative
fumigant/sterilising/insecticide

(b) heating/roasting/burning (zinc sulfides)
in air/oxygen COND on M1

(©) @) V:0s

i) position of equilibrium shifts rightlyield increases
tosave energy

faster reaction/rate

more collisions per second/higher collision frequency
fewer molesimolecules (of gas) on right

(s0) position of equilibrium shifts right/yield increases

(d) (the reaction is) too violent/too exothermic or produces mistffumes (of acid)
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(@) (i) (attractive force between) positive ions

and (negative) electrons
opposite charges attract ONLY [1]
electrostatic attraction ONLY [1]

lattice / rows / layers of lead ions / cations / positive ions.
NOT: atoms / protons / nuclei
can slide past each other / the bonds are non-directional

(b) (i) anhydrous cobalt chioride becomes hydrated

ACCEPT: hydrous

carbon dioxide s acidic
sodium hydroxide and calcium oxide are bases / alkalis

Any twoof:
water, calcium carbonate and sodium carbonate
ACCEPT: sodium bicarbonate.

(c) number of moles of CO; formed =2.112/ 44 = 0.048

number of moles of H,0 formed = 0.432 / 18 = 0.024
x=2andy = 1NOT: ecf from this line

formula is 2PbCOs Pb(OH); / Pb(OH),. 2PbCOs
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3 The main use of sulfur dioxide is the manufacture of sulfuric acid.

(a) State two other uses of sulfur dioxide.

(b) One source of sulfur dioxide is buring sulfur in air
Describe how sulfur dioxide can be made from the ore zinc sulfide.

(¢) The Contact process changes sulfur dioxide into sulfur trioxide.

2504(g) + Og) = 2SO4g)
the forward reaction is exothermic
temperature 400 to 450°C

low pressure 1 to 10 atmospheres
catalyst vanadium(V) oxide

(i) Whatis the formula of vanadium(V') oxide?
U]
(i) Vanadium(V') oxide is an efficient catalyst at any temperature in the range 400 to 450°C.

Scientists are looking for an altemative catalyst which is efficient at 300°C.
What would be the advantage of using a lower temperature?

(iif)  The process does not use a high pressure because of the extra expense.
Suggest two advantages of using a high pressure?
Explain your suggestions.
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(d) Sulfuric acid is made by dissolving sulfur trioxide in concentrated suifuric acid to form oleum.
Water is reacted with oleum to form more sulfuric acid.
Why is sulfur trioxide not reacted directly with water?
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6 Leadis an excellent roofing material. It is malleable and resistant to corrosion. Lead rapidly
becomes coated with basic lead carbonate which protects it from further corrosion.

(a) Lead has a typical metallic structure which is a lattice of lead ions surrounded by a ‘sea’
of mobile electrons. This structure is held together by attractive forces called a metallic
bond.

(i) Explain why there are attractive forces in a metallic structure.

) Explain why a metal, such as lead, is malleable

21

(b) Basic lead(II) carbonate is heated in the apparatus shown below. Water and carbon
dioxide are produced.

basic lead
carbonate

Cn &

heat
U-tube filled soda lime,
with silica gel carbon dioxide
to absorb water

reacts here

(i) Silica gel absorbs water. Silica gel often contains anhydrous cobalt(II) chloride.
When this absorbs water it changes from biue to pink.
Suggest a reason.

0]

Soda lime is a mixture of sodium hydroxide and calcium oxide. Why do these two
substances react with carbon dioxide?

21

(iii) Name two substances formed when soda lime reacts with carbon dioxide.
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