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Nitrogen, Sulphur and Metals

Exercise

Section I: Multiple Choice Questions

Select the correct answer.

1. What are the sources of sulphur dioxide in contact process?

a) Burning sulphur or roasting sulphide ores b) Burning methane

c) Combustion of natural gas d) Electrolysis of water
2. Which of the following oxides is amphoteric?

a) SO- b) CO-

c) Cu0 d) AL203

3. Photochemical smog is mainly formed when pollutants react in the

presence of:

a) Rainwater b) Sunlight

c¢) Nitrogen gas only d) Low temperature only
4. The photolysis of NO, produces:

a) NOand O b) N20: and O,

c) NOs; and H,0 d) NHzand O,

5. PAN is a harmful component of photochemical smog. PAN stands for:
a) Peroxyacetyl nitrate b) Phosphoric acid nitrate

c¢) Potassium ammonium nitrate d) Peroxyacyl nitrogen
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6. Sulphur dioxide contributes to acid rain because it can form:

a) Nitric and nitrous acids b) Hydrochloric acid only

¢) Methanoic acid only d) Sulphurous and sulphuric acids
7. Which gas is oxidized to sulphur trioxide in the Contact process?

a) SO, b) H2S

c) SO; d) NO2

8. The catalyst used in the Haber process is:

a) Nickel b) Vanadium (V) oxide

c) Iron d) Copper

9. The balanced equation for the Haber process is:

a) N, + 3H, = 2NH, b) N, + 0, = 2NO

10. Which of the following is an acidic oxide?

a) Naz0 b) MgO

c) SOz d) Cao

11. In the reactivity series, a metal placed higher is generally:
a) Less reactive b) More reactive

c¢) Always a non-metal d) Unable to form ions
12. Which property is generally shown by metals?

a) Brittle and dull b) Malleable and ductile

c¢) Poor conductor of heat d) Low melting point always



Section II: Short Answer Questions

1. What is the Haber process? Write the balanced chemical equation.

Ans. The Haber process is an industrial method used to manufacture ammonia
(NH) from nitrogen and hydrogen gases. In this process, nitrogen and hydrogen
react in the ratio 1:3 in the presence of an iron catalyst under high temperature

and pressure. The balanced chemical equation is:

N, + 3H, = 2NH,

This process is important because ammonia is used to make fertilizers.
2. What are basic oxides? Give one example.

Ans. Basic oxides are oxides that react with acids to form salt and water. They
are usually oxides of metals. For example, calcium oxide (CaO)is a basic oxide

because it reacts with hydrochloric acid to form calcium chloride and water.

CaO + 2HCI - CaCl, + H,0

3. Why is aluminium oxide (Al,053) called an amphoteric oxide?

Ans. Aluminium oxide (Al,05) is called an amphoteric oxide because it reacts
with both acids and bases. With acids, it behaves like a base and forms salt and
water. With bases, it behaves like an acid and forms aluminate salt and water.

Therefore, Al, 05 shows both acidic and basic behaviour.
4. Write three general characteristics of metals.

Ans. Metals are generally good conductors of heat and electricity because they
have free electrons. They are usually malleable, which means they can be

hammered into sheets. They are also ductile, so they can be drawn into wires.
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5. What is the reactivity series of metals?

Ans. The reactivity series of metals is an arrangement of metals in order of their
decreasing reactivity. The most reactive metals, such as potassium, sodium, and
calcium, are placed near the top. Less reactive metals, such as copper, silver, and
gold, are placed near the bottom. It helps us predict which metal can displace

another metal from its compound.

6. Why can zinc displace copper from copper sulphate solution, but copper

cannot displace zinc from zinc sulphate solution?

Ans. Zinc can displace copper from copper sulphate solution because zinc is more
reactive than copper. Zinc loses electrons easily and changes into Zn?* ions,

while Cu?* ions are reduced to copper metal.

Zn + CuS0, —» ZnS0, + Cu
Copper cannot displace zinc from zinc sulphate because copper is less reactive

than zinc.
7. Why is iron used as a catalyst in the Haber process?

Ans. Iron is used as a catalyst in the Haber process because it increases the rate
of formation of ammonia. It provides an alternative pathway with lower
activation energy, so nitrogen and hydrogen react faster. Iron is also suitable for
industrial use because it is effective, easily available, and cheaper than many other

catalysts.

8. How does nitric oxide (NO) and nitrogen dioxide (NO,) contribute to acid

rain?

Ans. Nitric oxide (NO) and nitrogen dioxide (NO,) contribute to acid rain by
reacting with oxygen and water vapour in the atmosphere.

NO is first oxidized to NO,, and then NO, reacts further to form nitric acid
(HNO3).
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This nitric acid dissolves in rainwater and makes the rain acidic. Thus, nitrogen

oxides are important causes of acid rain.

2NO + 0, - 2NO,
ANO, + 0, + 2H,0 — 4HNO,

9. Why is ozone harmful when present near the Earth’s surface?

Ans. Ozone (03) near the Earth’s surface is harmful because it is a strong
pollutant and a major part of photochemical smog. It irritates the eyes, nose,
throat, and lungs, causing breathing problems. It can also damage plants, crops,
and rubber materials. So, ozone is useful in the upper atmosphere but harmful

near the ground.
10. Write the reactions of metals with cold water and steam.

Ans. Reactive metals like sodium and potassium react with cold water to form

metal hydroxide and hydrogen gas.

2Na + 2H,0 - 2NaOH + H,
Less reactive metals like magnesium or zinc react slowly with steam to form

metal oxide and hydrogen gas.
Mg + H,0 (steam) - MgO + H,

So, highly reactive metals react with cold water, while less reactive metals usually

react with steam.
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Section II1: Extensive Answer Questions

1. Describe the contact process for the manufacture of sulphuric acid,
including the sources of reactants, main chemical reactions, and industrial

conditions used in the process.
Ans. Contact Process for the Manufacture of Sulphuric Acid

The Contact process is an industrial method used to manufacture sulphuric acid
(H,50,). It involves the conversion of sulphur or sulphide ores into sulphur

dioxide, then sulphur trioxide, and finally sulphuric acid.
Sources of Reactants

e Sulphur dioxide is obtained by roasting sulphide ores, such as zinc

sulphide:
2ZnS + 30, - 2Zn0 + 250,
e Sulphur dioxide is also obtained by burning sulphur in air:

S+ 0, - S0,

Main Steps and Chemical Reactions
e Sulphur is burned in air to form sulphur dioxide:
S+0,- S50,
e Sulphur dioxide reacts with oxygen to form sulphur trioxide:

250, + 0, = 2504
This reaction is carried out in the presence of vanadium (V) oxide

(V,05) catalyst.

e Sulphur trioxide is absorbed in concentrated sulphuric acid to form oleum

(H25207)3



S0, + H,S0, - H,S,0,

!
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e Oleum is then diluted carefully with water to form sulphuric acid:

Industrial Conditions

H,S,0, + H,0 - 2H,S0,

For the conversion of SO,into SO5, the following conditions are used:

Temperature: About 450°C

Pressure: About 1 to 2 atm

Catalyst: Vanadium (V) oxide (V,05)

Reactants: Sulphur dioxide and oxygen from air

These conditions give a good yield of SO; at a reasonable reaction rate.

Sulphur —= — r\‘

|
Dry air ———

—L

Fig: Manufacture of H2SO4 through Contact Process

Converter
Water—>*

T e
Absorber|

r" Waste

Concentrated
sulphuric acid

gas

Oleum
H;S,0,

——L_ -+ Sulphuric

acid
HA_,SO4

2. Explain the environmental impact of nitrogen oxides in the atmosphere,

particularly focusing on photochemical smog.

Ans. Nitrogen oxides, mainly nitric oxide (NO) and nitrogen dioxide (NO,), are

important air pollutants. They are produced in vehicle engines and industries

where nitrogen and oxygen of air react at high temperature.



N, + 0, - 2NO

Nitric oxide is further oxidized in air to form nitrogen dioxide:

2NO + 0, - 2NO,

Role of Nitrogen Oxides in Photochemical Smog

Photochemical smog is a brownish, harmful smog formed when nitrogen oxides
and hydrocarbons react in the presence of sunlight. It is common in big cities with

heavy traffic, especially on sunny days.

Nitrogen dioxide absorbs sunlight and breaks down. This process is called

photolysis.

sunlight

NO, - NO+O
The oxygen atom formed is very reactive. It combines with oxygen gas to form

0zZonc:

0+0,— 04

Ozone (03) near the Earth’s surface is harmful.
Formation of PAN

In photochemical smog, hydrocarbons from vehicle exhaust react in sunlight and
form organic radicals. These radicals react with oxygen and nitrogen dioxide to

form PAN, which is peroxyacetyl nitrate.

First, hydrocarbons form reactive radicals:

sunlight

RH > R*

These radicals react with oxygen to form peroxy radicals:

R* + 02 — ROO"

Some hydrocarbons form peroxyacetyl radicals:



CH;CO® + 02 — CH3COOO*
Then the peroxyacetyl radical reacts with nitrogen dioxide to form PAN:

CH;CO0O0®* + NOy — CH3COOONQ+

Peroxyacetyl radical + NO; — PAN
PAN is harmful because it is an important component of photochemical smog. It
irritates the eyes and damages plants and crops.
Environmental Effects
Nitrogen oxides and photochemical smog have many harmful effects:

e They cause breathing problems, cough, and irritation of the eyes and throat.
e They damage plants and crops by affecting leaf tissues.

e They reduce visibility and produce brown haze in the air.

3. Aluminium oxide (Al,03) and zinc oxide (Zn0) are amphoteric oxides.

Werite their reactions with acids and bases.
Ans.
Reaction of Al,03 with acid

Reaction of Al,0;with base

Sodium aluminate
Reaction of Zn0O with acid

Zn0(s) + 2HCl(aq) — ZnCl,(aq) + H,0()



Reaction of ZnO with base
Zn0(s) + 2NaOH(aq) + H,0(l) = Na,[Zn(OH),](aq)

Sodium Zincate

G+ )



