S chapter, students will be able to:
Recognize that atmospheric oxides of nitrogen (NO and NO,) can react with
unburned hydrocarbons to form pcroxyacetyl nitrate, PAN, which is a component of
photochemical smog.
Describe the role of NO and NO, in the formation of acid rain both directly and in
their catalytic role in the oxidation of atmospheric sulphur dioxide. :
State the symbol equation for the production of ammonia in the Haber process,
N,g + 3H, ,,— 2NH,
State the sources of the hydrogen (methane) and nitrogen (air) in the Haber process.
State the typical conditions in the Haber process as 450°C, 20000kPa/20 atm and an
iron catalyst.

~ State the symbol equation for the conversion of sulphur dioxide t@Wtrioxide

in the Contact process, 250; 4+ O, y—> ™ ‘

State the sources of the sulphur digxi b@@@r r roasting sulphide ores)
and oxygen (air) in the Co |
State the typical condi 'o% nversion of sulphur dioxide to sulphur trioxide
in the COW% 450°C, 200kPa/atm and a vanadium(V) oxide catalyst
Oxides. :
Describe the amphoteric oxides as oxides that react with acids and bases to produce
a sait and water.

Classify oxides as acidic, mcludmg $0O; and CO,, basic, including CuO and CaO,
or amphoteric, limited to AI;O;; and ZnO, related to metallic and non-metallic
character.

Properties of metal

Identify the general chemical properties of metals, limited to their reactions with
dilute acids, cold water, steam and oxygen.

Arrange metals in order of reactivity given relevant information.
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w 191 Ammonia [ 19.2 Sulphurlc Acid

Q.1: Explam the production of ammonia on mdustrlal scale.

Ans. Haber Process:

) Ammonia is produced industrially by Haber process discovered by a German
Chemist F.J. Haber. In this process, a mixture of nitrogen and hydrogen, in the ratio of

- 1:3 by volume is heated at 400-500°C under 200 atmospherlc pressure and in thc

presence of catalyst Fe/Al,0O5 to give ammonia.

400-500 °c

NZ(Q) . 3H2‘9) ! Catalyst ; 2NH3(9)

The equnhbrlum mixture obtained in the above reaction contains 35% ammonia by
volume. This mixture is cooled by refrigeration coils where ammonia W ges to
l@;@ n

liquid ammonia at —33.4 °C and is rcmoved fro the m ' 2 ot ents of

. the mixture, hydrogen and nitrogen - ba c into the reaction

chamber. : SR

| Y UUU“V
=0

Nitrogen + Hydrogen

. 400~500°C
- 200 atm

P ron catalyst

|
Unreacted E ‘
gases
recycled Gases are cooled
and ammonia turns
’ to liquid

Liquid Ammonia

1:3ratic

- Hydroéen 1

Haber process
Q.2: How nitrogen and hydrogen used in Haber process are obtained?
- Ans. Source of Nitrogen:

One of the raw materials used for the production of ammonia is nitr gas and
it is obtained by the fractional distillation of air. For th' 1 carbon
dioxide present in air is removed and-theCairis t 200 atmosphcnc'

pressure. This compressed a@“&

While escaping through this s sudden expansion and its temperaturc is
. decreased. This ession and The liquid air is then fractionally distilled.
Since the bmlfﬁﬁ\b nt of nitrogen is less than oxygen, nitrogen evaporates first at

-196°C leaving behind the oxygen. The separated nitrogen is reliquified and stored in




Formenaz i, - e i

e Y U —
specially designed cylinders. @ @@\N“
Source of Hydrogen: '

The second raw materlal eatmg methane in the limited
amount of oxygen that is not etely OdelZC methane to carbon dioxide
and water. Wlth i ilable, the reaction products contain primarily
hydrogen and c nox:de and a relatively small amount of carbon dioxide. The

carbon monoxide obtained is then reacted with water to form carbon dioxide and more -
hydrogen gas.

CH, @'+ H,0,— CO, + 3H,,
CO. + H O(g) — LOG+ HL

Q.3: Describe the contact process for the productmn of sulphuric acid.

Ans. Contact Process:

Sulphuric acid is one of the most 1mportant chemical compounds known It is very
commonly used in the laboratory and almost every manufacturing process makes usc of
this acid directly or indirectly at some stage.

Sulphuric acid is prepared industrially byt ionta W@%ss involves

the following steps.
Preparation of Sulphur dioxide Q“&

Sulphur dioxide gas er by burnmg elemental sulphur in air or
roasting a sulphu Mﬂe in excess of air.

\J Nt
Sg + Oyg—> SO,
4FeSz 0 + 110,, —> 2Fe,0,, + 8502(9)

Sulphur dioxide produced above is then passed through purifying chambers and
sprayed with steam. This process removes dust impurities as well as arsenic compounds
present in the gas. This step is important because arsenic compounds poison the catalyst
used later on. The moist gases (SO, and O,) are then dried by passing through a drying
tower in which concentrated sulphuric acid is being sprayed. Oxygcn used in this
‘reaction is obtained by the fractional distillation of air.

Oxidation of Sulphur dioxide:

The clean and dry gases (SO, and O,) are then passed over vanadi Kﬁﬂ oxide
catalyst at 450°C and 2-3 atmospheric pressure through a @ ugh the
reaction is reversible yet under these condijtion§ 98% nvérted to SO;.

V
2505 Lg@?é = zsoﬂg,
RIS 2-3 atomsphere
Sulphur trio \f'ormed in thc contact chamber is then absorbed into 98%

sulphuric acid to give oleum.



_ SOy + H,SO,, - ﬁ stﬂgfm\ﬁ ‘QP,” ao@@
\%&U UU uoncentrated Sulphuric acid

Q PR AN
Q (a1
5 SO,

Convertor

Furnace

Sulphuric
“acid H,S0,

e ~ Contact process
The oleum is then mixed with an appropriate amount of water to produce sulphuric
acid with desired concentration. S@( \
> O@@

Ans. Oxides 5
" Binary compounds of elements with oxygen are called oxides. Oxygen shows an
oxidation state of -2 in there oxides. '
Metal Oxides: Metal oxides are commonly basic and amphoteric.
Non-metafiic oxides: Non-metallic oxides are acidic in nature.
Formation of Basic and Acidic Oxides: Both basic and acidic oxides are formed when
metals and non-metals are heated respectively in the presence of air or oxygen.
Metal oxides are typically ionic compounds in which electrons are transferred from
metals to oxygen.
~ Non-metal oxides are covalent compounds where electrons are shared between
non-metals and oxygen atoms. @ '
Properties of Basic Oxides: Oxygen reacts i @g@@ which when
dissolved in water produce hydroxi : us blue. When treated with

acids they give saits. %\ \m\

: ﬂ Na,O, + H,0,—2NaOH,,




O+ 26855 2640 @l@@m
CaO(,,+ 2HCI W%}\ W

\é @ iy 2Cu0,

~\(N]W§E\ﬂ(,,+ 2HCl,, —> CuCl,,, + H,0,

Properties of Acidic Oxides: Oxygen combines with non metals (S, C, N) to give acidic
oxides. These oxides react with water to give acids which turn blue litmus red.

Oyy + Sy —> 50,
Sulphur dioxide

50,4 + HO (i)';""’ H,S0,,

Sulphurous Acid

Oig T €500
Co, ot H,0,—H,CO,,

. Carbonic Acid
Acidic oxides react with bases to give salts. ' b @m
SO, + 2NaOH '

Q.5: What are WNN%W ﬁplain the formation and properties of amphoteric
~ oxide? | '
Ans. Neutral Oxides:
- Neutral oxides are those oxides which on contact with water produce neither an

acid nor a base. Their aqueous solutions have no action on blue or red litmus paper.
Examples are carbon monoxide (CO), nitric oxide (NO) and nitrous oxide (N,O).

Amphoteric Oxide:
Amphoteric oxides are usually formed when oxygen reacts with less electropositive
metals.

O,g + 2Z0 ,— 27200,
30,, +4Al , — 5 2A] 50

These oxides behave both as an acid an a;ai ‘ f %@&@mum ox1de

behave as bases in the presence of an aci'd“ﬂ(\

ZI’IO QW 2(aq) +H Om
w&r\ng HCl, . — 2A|C|3(aq) +3H,0,

(aq)

These oxides behave as acids in the presence of an alkali. :




ZnO, + 2NaOH,, + H,0, — Na £0 ‘g@@m

Al.O.. + 2NaOH §\§rﬁ\ ‘ OH4
; el Y\r/g(/?\\ e Sodlum alusmnatl =

These oxides are i whﬁ\%fc\' and have no action on litmus paper.
Q.6: Give reacti Is with cold water, steam, oxygen and dilute acids.
Ans. Metals: Nearly three fourth elements shown in the periodic table are called metals.

- Metals have a tendency to lose electrons and form cations.

Reaction of metals with cold water: » ,
Most of the elements present in the first and second group of the periodic tablc
~ react vigorously with cold water producing their respective hydroxides and hydrogen gas.

2Na;s) + ZHZO (I-)—_‘) ZNEOHM, * Hz(g)
ZK(,, + ZHzOm'_') 2KOH oa ¥ Hzm

Magnesium, however, reacts with cold water slowly giving magnesium hydroxide
and hydrogen gas. &

Mg, + H,0,—> MQ(OH)zu)"' H @m
‘Reactions of metals with steam: The ore readily it rcacts
| (% sium and calcium react violently

~ with steam. Reactive metalslike li
react w;th,steam at high temperatures. (around 700°C) to

with steam and the reactio
BcwlliuWﬁ A
give their respeetive oxides and hydrogen.

Be, + HO, ~—— BeO, + H,

Magnesium, iron and Zn have a moderate reaction with steam producmg their
respective oxides and hydrogen gas.

Mg, + H O(g)“'—" MgO(s)+ H. @

~ Reactions ot metals with Oxygen: Metals react with oxygen to give metal oxides. The
~ ease of reaction and the type of oxide which is formed, depends upon the reactivity of
metals and the conditions used. '

Sodium burns in air with yellow flame producing both sodlum oxide and sodlum per
oxide.

4Na,, + Oz‘g)——-)» 2Na,0

@@m
s+ OB N0
Magnesium, calcnum@ \@éb\éwm burn in oxygen with colour of the

flame charactW ving their respective oxides.




Metal Colour of flame
Mg |Intense white flame
Ca |White flame with a tinge
of red O\ \
Sr_|Crimson flamen(] |\
Ba |A pa@féﬁ}yﬂéﬁe

Strontium flame : Barium flame
Reactions of metals with dilute acids: The more reactive the metal the more vigorous is .
‘ts reaction with dilute acids. Sodium and potassium are very dangerous and react
violently with dilute acids giving their respective salts and hydrogen gas. |

2Na,, + 2HCl ,, —> 2NaCl,, + Hg

All group 2 elements react with dilute acids giving their salts, and hydrogen gas.
The reaction generally becomes more Vigorous as we move down the group.

Mg, + 2HC) MgCl, . + Hag

Reactivity Series of Metals

oY Y p o602 VIR TN B JROTRR OLL YR A R

Q.7: Write a note on the ¢g¢

Ans. Reactivity Seri f% a
Based r ct?ons w

the metals can be arranged in decreasing order of - Most Reactive
their reactivities. Such an arrangement is called the s
reactivity series of metals. Na
‘According to this reactivity series, calcium : Li
and metals above it react with cold water to give Ba
metal hydroxides and hydrogen gas. The metals St
below calcium do not react with cold water, instead I\C/la
they react with steam to give metal oxides and Alg
hydrogen gas. ' C
Only metals above hydrogen will be able to ‘ Mn
liberate Hy upon reacting with dilute acids. 7n
Unreactive metals below hydrogen do not react e~ FR
‘with dilute acids. The more reactive th etal, th TNV /(e o H
more vigorous its reaction will be wi te\}a\ii\@u U )J Cu
Similarly reactive me%ﬂéﬁ\ﬁj\@g}@ um—and Ag
sodium, react \&@Q% whereas the less Au- -
- reactive m%@ kle ilver, copper and iron react Least Reactive

with oxygen much more slowly.




e metals at the top of the series are powerful reducing agen @\{g@})ey are
casily oxidized. However, the reducing ability of metals A@;\b@eﬂ the series.

2N *+ CUSO, {77985 Qi . i
Q.8: Describe the role of nitrm the\lormation of PAN and the acid rain.

Ans. Role of Nitr ' n of PAN and the Acid Rain: -
Primary Pollutant ¢ primary pollutants in the atmosphere include oxides of nitrogen,
sulphur and carbon and various hydrocarbons etc. | .
Secondary Pollutants: These primary pollutants are then converted into secondary
pollutants through various reactions going on in the atmosphere. The main secondary
pollutants are ozone, per oxyacetyl nitrate (PAN), sulphuric acid etc. All these
compounds are toxic and their concentration in the atmosphere must be controlled.
Harmful oxides of Nitrogen: Oxides of nitrogen which are harmful when present in the
atmosphere include NO and NO,, collectively represented by NO,. They are generated
in the atmosphere through both natural and man-made sources.

Natural Sources of NO,: Natural sources for the production of NO, include electrical

discharges during lightning which can cause atmospheric nitrogen and oxy react
forming nitric oxide. This nitric oxide is rapidly converted de by
oxygen present in air. - . B ““

Man-Made Sourc H,?Cbmbustion of fossil fuels in vehicles, various industrial

processes and electricity power plants are the main man-made sources which generate
NO in the atmosphere. Apart from these, agricultural activities and fertilizers also
contribute to NO, emission. ‘ :
Emission of (NO,) and (VOCs) in the Atmosphere: Heavy traffic during morning and
evening hours together with industrial processes emit a huge amount of oxides of
nitrogen (NOy) and most volatile organic compounds (VOCs) in the atmosphere. :
Production of (PAN): Ultraviolet radiation present in sunlight interacts with the oxides of
nitrogen and VOCs through a complex series of chemical reactions to produce secondary
pollutants like ozone, aldehydes and peroxyacetyl nitrate (PAN).

Formation of Acid Rain: Oxides of nitrogen are also responsible for the formation of
another type of pollutant called acid rain. Especially NO reacts with water other
chemicals presents in air, to produce vapours of nitric acid and nit Oa é@@

2NO, , + H,0,, —wﬁf@\@%@@mw
t

These acidic vapours then s present in air and fall to earth as

acid rain. _
Oxides of an can also act as catalyst to convert, another primary
pollutant, sulphur dioxide present in air, to sulphuric acid which is another major .




component of acid rain.

corrode materials can lead to respiratory problems.

Acid rain hwm\a}x\)ﬂ. Acid rain is damaging for the ecosystem, it can

191\ Quick (T

1. Why is ammonia gas turned into a liquid after its production?

Ans. Ammonia is turned into a liquid (at approximately —33.4°C) to easily separate it from the mixture
of unreacted nitrogen and hydrogen remain as gases, allowing them to be recycled back into the
reaction chamber to increase efficiency.

2. Why high pressure is maintained in the production of ammonia?

Ans. Since the formation of ammonia involves 4 moles of reactants turning into 2 moles of product,

: maintaining a high pressure of 200 atm forces the equilibrium to the right, significantly increasing
the yield of ammonia.
[19.2YQuick (TR 3

1.  How SO, is prepared from FeS,? : @@\X\N

Ans. Sulphur dioxide (SO») is prepared by roasting iresl p @Wi ©)

The chemical reaction is: 4 |
IO

2.  Why SO, and oxygen re they react to produce SO;. :

Ans. The gases mnww;owmove dust, impurities as well as arsenic compounds present in
the gas. This is important because arsenic compounds poison the catalyst (vanadium (v)
oxide) (V; Os), used later on, : '

19.3Y\Quick (T2

1. Why lead oxide is called an amphoteric oxide? _

Ans.  Lead oxide is called an amphoteric oxide because it can react with both acids and strong bases to
form sélts and water, demonstrating both acidic and basic characteristics.

2.  Why non-metals form covalent oxides? B

Ans. Non-metals have high electronegativites. When they react with oxygen (also a non-metal), they
share electrons to reach stability rather than transferring them, resulting in covalent bonds.

19.4YQuick (11D _
; P~NEaNAN

1. Write the equation for the reaction between Ba and H,O. @ O@@U =

Ans. Ba+2H,0—— Ba(OH), +H, Q é@@

2. How do aluminum and zine - KX '

Ans

. Aluminum and Zinc do n al ith\co ater due to a protective oxide layer on their surface.
- However, th ith\stdam at high temperatures to form their respective oxides and

hydrogen.




(\ﬂg\ @Q@

1. Which will react faster with HCI, ? % m&&x M

Ans. Zinc (Zn) will react fas ith Z%%%& IGS igher than Iron (Fe) in the reactivity
series, making it more re ﬁ‘

e Name one met % ace Zn from its salt.

Ans. Any mete! F@@ §ﬂ§ n) in the series, such as magnesium (Mg), Aluminum (A¢), or sodium

(Na), will'displace Zinc from its salt. :
9. \Quick (%1
1. What are the harmful effects of oxides of nitrogen on human health?
Ans. (i) Oxides of nitrogen can lead to severe respiratory problems, including inflammation of the
airways, coughing, and wheezing.

(ii) They also contribute to the formation of secondary pollutants like ozone and PAN, which are
~toxic to humans.

2. How do oxides of nitrogen pollute environment?

Ans. Oxides of nitrogen pollute the environment by:

e Acting as catalyst to form acid rain (Contributing to sulphurlc acid formation).

e Reacting with water to form nitric acid rain.

e Contributing to the formation of smog and secondary pollutants like o peroxyacetyl
nitrate (PAN) in the presence of sunlight. i @

T TG

13% of total nitrogen ﬁ)&ﬁp\'n\lﬁ\tﬁé\ anvirohment is contributed by the Haber process.

Air pollutioni &lé\fé)r about seven to eight million deaths annually. It is a significant risk
to child h :

& Water is an amphoteric substance. It can act as both an acid and a base, depending on the other
substance it reacts with. :

® Sulphuric acid is called the "king of chemicals" because it is used in almost every mdustry

@ If two pieces of uncoated metal touch in space, they become permanently stuck together. It does

not happen on Earth because the atmosphere puts a thin layer of oxide between the surfaces
which acts as a barrier preventing adhesion.

Objective Type Questions

-m_;‘—’
Multiple Choice Questions prepared in the light of new Examination Techniques
(Knowledge, Understandmg, Anplu.attnr, Analytical & Conceptual)
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Sulphuric Acid
f nitrogen to hydrogen used in the Haber

| =
What is | . b me 0

@) 1:1 (b) 1:3 . (c) 3:1 (d) 2:3



10,

11.

12.

vl

14,
15.
16.

17.

Which catalyst is used in the synthesns of ammoma. :

(a) Vanadium (v) oxide Pl @O@@m ;

(c) Iron with AL,O4
At what temperatureci om llquld air during fractional

distillation? : ;
(a) —196‘W)3 A0 (o). 450°C (d): 0°C-
Which o se is a raw material for the production of hydrogen in the Haber

process?

(a) Iron pyrite (b) Carbon dioxide (c) Methane (CH,) (d) Sulphur
What is the chemlcal formula of oleum?

(@) H,S0;4 (b) SO; - (© H,S,0; (d) HzS,04
Which catalyst is employed in the contact process for the oxidation of SO,?
(a) Iron ~ (b) Magnesium

(c) Vanadium (V) oxide < - {dy Copper

What percentage of the total nitrogen fixation in the envuronment is

contributed by the Haber process?

(a) 80% (b) 13% (c) 98% (d) 35%

Which compound is known as the "king of chemicals"" N\

(a) Ammonia  (b) Nitric acid Meth d@@mﬂc acid
The roasting of lron Pyrlte (FeS pfbd O

(a) SO, (d) H,

What pressure is typl n the Haber proeess"

(a) 100 atm T fe)p 0Uatm (d) 400 atm
What is ary use of the Ammonia produced globally?

(a) -Plastics (b) Refrigerants (¢) Explosives (d) Fertilizers

Which type of oxide is formed when oxygen reacts with a non-metal like

sulphur or carbon? .

(a) Basic oxide (b) Acidic oxide

(¢) Neutral oxide : (d) Amphoteric oxide

What is the characteristic flame colour of Barium (Ba) when it burns in
oxygen? :

(a) Intense white (b) Crimson (c) Palegreen  (d) White with red
It is an example of a neutral oxide.

(a) ZnO (b) Na,O (c) CO (d) Al

Which metal produces a crimson flame when burn @@

(a) Calcium (b) Strontium_ )\ M _ : %? @Potass;um
Which of the following metals % nle h dilute acids?

(a) Sodium (b

It is an amphoteri )S :

(d) Magnessium
(a) Wat ‘ (b) Carbon dioxide
(c) Sodium hydroxnde (d) Hydrochloric acid




Reactivity Series of Metals
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IEX  Role of Oxides of Nitrogen in Spreading Air Pollution
18. Which gas is rapidly comye ﬂ!v dioxide (NO3) by oxygen in the

. air? :
(a) Nitric OW ™ ‘ (b) Nitrous oxide (N,O)
(c) Ammoni Hj3) (d) Nitrogen (N2)

19. Peroxyacetyl nitrate (PAN) is formed by the reaction of sunlight with NOx

and. :
(a) Carbon dioxide ‘ (b) Volatile organic compounds
(c) Water vapour ~ (d) Oxygen
20. Which metal cannot displace hydrogen from dilute acids?
(a) Iron (Fe) (b) Zinc (Zn) (c¢) Lead (Pb) (d) Gold (Au)

LM 2.® 3 @ 4 (o emeagyicigh W arag,
8 (4 WL @ 10 E B B O (o MR

15. ) 16. (@) 17. (a) 18. (@) 19. (b) 20 /(g) i

Short Answer Questions pa epure | in the light of new w Examination Techmques

(Knowledge, Undorf&?nd.ng, Application, Analytical & Conceptual)
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19.2 Sulphuric Acid

1. What are the main industrial uses of ammonia?

Ans. Ammonia is primarily used to manufacture nitrogenous fertilizers (about 80%),
such as urea. It is also used in the production of plastics, pharmaceuticals, and as a
refrigerant.

2. Who discovered Haber process for the production of ammonia?

Ans. Haber process was discovered by a German chemlst F.J. Haber for the productlon
of ammonia.

3. What are the optimum conditions for the Haber process?

Ans. The conditions are a temperature of 400- 500°C under 200 atmospheric pressure,

and the presence of catalyst Fe/Al,O5.

4. State the balanced chemical equation for the synthe @ C’ & S
400500 , @ 1

Ans. Nz + 3H, Catalyst

S.  How is nitrogen obtaine rocess"
Ans. Nitrogen for the r¢ s-obtained from the fractional distillation of liquid
air. Since thehoi omt of nitrogen is less than oxygen, nitrogen evaporates first

at —196°C leaving behind the oxygen. The separated nitrogen is reliquified and

S —————




- process?

Ans.

Ans.

Ans.

Ans.

10.
A_ns.

11.

Ans.

12'
Ans.

13.
Ans.

14.
Ans.

— S L, R

stored in specially designed cylinders.
How much nitrogen fixation in the(Snv

@@ the Haber

13% of total mtrogen Kl,cmment is contributed by the Haber
process. ‘ ‘
How is s ‘ cnd prepared industrially?

Sulphuric acid is prepared industrially by the contact process.

Why must SO; and O, be purified before entering the contact chamber?

They must be purified to remove dust and arsenic compounds, as there impurities
can poison the catalyst used later on.

Why is sulphuric acid called the "king of chemicals'?

Sulphuric acid is called the "king of chemicals" because it is used in almost every
industry.

What catalyst and conditions are used to convert SO, to SO3

A vanadium (V) oxide (V,0s) catalyst is used at a temperature of 450°C and 2-3
atmospheric pressure to convert SO, to SOs.

What are oxides?
Oxides: Binary comp with-oXygen are called oxides.

Differentiate be acidic oxides. :
Basic oxi Ity formed by metals. They dissolve in water to produce
hydroxides. They change red litmus blue.

Acidic Oxides: Usually formed by non-metals (S, C N). They dlssolve in water to
give acids which turn biue litmus red.

What are neutral oxides?

Neutral Oxides: Neutral oxides are those oxides which on contact with water
produce neither an acid nor a base.

Ekamples.: Carbon monoxides (CO), nitric oxide (NO) and nitrous oxide (N,O).
Define amphoteric oxides. ; : '
Amphoteric oxides: Amphoteric oxides are usually formed when oxygen reacts
with less electropositive metals. They behave both as an acid and a base. They also

- behave as acids in the presence of an alkali.

15.
Ans.

16.
Ans.

Examples: Zinc oxide (Zn) and Alummum ox1de @ @ m
Give a reaction showing ZnO b
Zinc oxide (ZnO) beh@ o an acid

{aq) ""—_) ZnC|2(aq) + H Ou)

Give a owmg Al,O; behaving as an acid.
When A1203 reacts with an alkali like (NaOH) It behaves as an acid.




Y7,

Ans.

18.

Ans.

19.

Ans.

20.

Ans.

21.

Ans.

22.

 Ans.

23.
~ Ans.

24.
Ans,
25.

Ans.

26.

Ans.

AlLQO,, + Z2NaOH , + 3 1,0, —— 2NaAlOR),

Water is an amphoteric substance. Comme é @
Water is an amphoteric substance. I@ c‘@ and a base, depending
w

on the other substance lt
ith cold water?

How do group 1 met
They react xigg ft cold water to produce their respective hydroxides and
hydrogen gas:

2Na,, + 2H,0 , —> INaOH,_ + Hag

2K, + 2H,0,—> 2KOH |,
How does magnesium react with water?

Magnesium reacts with cold water slowly giving magnesium hydroxlde and
hydrogen gas.

(aq)

(aq)

(aq) 2(9)

Mg, + _Hzom"—‘* Mg(OH),, + H,

What are the characteristic flame colours of Mg, Ca, Sr, and Ba?
Magnesium (Mg): Intense white flame

Calcium (Ca): White flame with a ting of red.

Strontium (Sr): Crimson flame '
Barium (Ba): A pale green flame

. D
Reacfivi\‘y Serie

Y2 T T SRR A T I W TR I W A,

Which met \N an b ‘
Only metals placed above hydrogen in the reactivity series can liberate hydrogen
gas upon reacting with dilute acids. |
Which metals react with oxygen easily and which metals react wnth oxygen
slowly?

Reactive metals, like potassium and sodium, react with oxygen easily whereas the
less reactlve metals like silver, copper and iron react with oxygen much more
slowly.

Which metals in the reactivity series are powerful and why?

The metals at the top of the series are powerful reducing agents since they are
easily oxidized.

How the reducing ability of metals decreases in the reactivity series?

The reducing ability of metals decreases going down the serie m

What does primary pollutants in the atmospher o@@

The primary pollutants in the atmo @{d@i& nitrogen, sulphur and

carbon and various hydrocz

econdary pollutants.

Differentiate betwee nary \ane
Primary %M&g ﬁ@ utants emitted directly into the atmosphere are called
primary pollutants, such as oxides of nitrogen (NOy), sulphur and carbon and



various hydrocarbons. @
Secondary Pollutants: Secondary pollutant are pﬁﬁ ry pollutants
react in the atmosphere such as a yl nitrate (PAN) and

sulphuric acid.
27. How is nitric oxnde naturally"
Ans. It is prod tening when electrical discharges cause atmospheric
nitrogen and-oxygen to react
Electric arc | ;
Noo 0 8 > 2NO

28. What is the role of NO, in the formation of acid rain?

Ans. Nitrogen dioxide reacts with water and other chemicals in the air to produce
vapours of nitric acid (HNOj3) and nitrous acid (HNO,), which contribute to acid
rain.

29. What are negative impacts of an acid rain?

Ans. @  Acid rain is damaging for the ecosystem.

e [t can corrode materials.
e It can lead to respiratory problems.

the given choices.

Choose and tick the corre
aining higher temperature for the production of

The reaso
ammonia is
(a) activation energy of the reaction is very hlgh
- (b) activation energy of the reaction is very low.
(c) nitrogen and hydrogen are both gases.
(d) at low temperature nitrogen and hydrogen change into liquids. :
2. The contact process used for the industrial production of H,SOy is sensitive to
the impurities present in SO, and O, because the impurities:
- (a) affect the capability of the catalyst (b) affect the purity of H,SO4
(c) do not let SO, to react with oxygen
(d) decrease the rate of reaction appreciably
3. Which of the following oxides is neutral in character?

(2) ALO; S e S @@m
4. Sodium is considered more reactive thHl ---- W

(a) It is more electropositive than magne:

(b) It reacts with water s 5 t'is present in second group

’ (d) It is the less { 5 e .
5. Secondary ts present in the atmosphere are: |
(a) Oxides of nitrogen : (b) Oxides of Sulphur

Y
L]




(c) Ozone and PAN (d) Oxides ot Larbon

6. SO, is absorbed in H;SO, rather than H,0 du O Mction of
sulphuric acid because: _ @@ _‘
: ‘ ‘ ig

(a) SO; does not react With ¥

hly exothermic producing mist of H2SO4

N
(c) It giv better yield of HySO4
(d) reaction of SO; with H,O can cause explosion.
7. Oxides formed when oxygen reacts with metals:

(a) Acidic " (b) Basic
(c) Both basic and amphoteric (d) Neutral
8. Major components of acid rain are:
(a) H,SO4and HNO; . (b) H3S03 and HNO;
(c) H,SO4 and HCI (d) Acetic acid and HNO;

[Answers)

1. alid ke (a) 3 (@) 4 @ 5. () 6 (b T () 8

‘ B. Short Answer Questions @ @@m
g O
19.1 How is nitrogen obtained from ¢ r2& g&@
e f fal on of liquid air. Since the boiling

point of nitrogen. i ygen, nitrogen evaporates first at -196°C leaving

behind t Mhe separated nitrogen is reliquified and stored in specially -

- designed cylinders.

19.2 How is hydrogen produced from methane?

Ans. Hydrogen is produced by heating methane in the limited amount of oxygen that is
not enough to completely oxidize methane to carbon dioxide and water. With less
oxygen available, the reaction products contain primarily hydrogen and carbon
monoxide and a relatively small amount of carbon dioxide. The carbon monoxide

obtained is then reacted with water to form carbon dioxide and more hydrogen gas.
: CH,g + HOy— COy +3H,

COy + MOy =k CO,y + Ha

19.3 Which conditions are used to oxidize SO, to SO3? : :
Ans. In the contact process, the oxidation occurs at 450°C, a pressure o(f@ meosphere,

19.4 Why CO, is called an acidic o euct)ral oxide?

Ans. Carbon dioxide (C { > because it dissolves in water to form

carbonic acid ( with bases to form salts.
On the _ 4rbon monoxide (CO) is a neutral oxide because it does not
react with acids or bases and has no effect on litmus paper.




B

19:.'5 How do magnesium and calcium differ with each oth: i) d@\@@?ﬂions
with water? 5 e
Ans. Calcium reacts vigorously with ¢ @ calcium hydroxide and

hydrogen. Q

Cay+
Magnésium WE@ wiﬂ
hydrogen ga |

.Mg(s) * Hzom_—) MQ(OH)z‘(s) * HZ(g)

19.6 How are the reactivities of metals determined? 5 | :

Ans. The relative reactivates of metals are determined by comparing how vigorously
they react with water, dilute acids and oxygen. Metals are then arranged in
decreasing order of their reactivity. 3

19.7 Which secondary pollutants are produced by oxides of nitrogen?

Ans. Oxides of nitrogen (NO,) react with other compounds and sunlight to produce
ozone (O3), peroxyacetyl nitrate (PAN), sulphuric acid and acid rain.

I . Constructed Response Questions

- 19.1 Why ammonia is regarded as an important chemical? '
Ans. Ammonia (NH3) is considered one of the most importan Mveral
Q G} . ikl

reasons. i

® Agriculture: About 80% of the @ n..-- orld-wide is used to

manufacture nitrogenoq;%' 7‘&& rea and various ammonium salts.
These are essential for :gs :\ op yields to feed the global population.

e Industrial i © Ammonia is a key raw material in the production of
plastics a aceuticals. : e

® Refrigeration: Due to its thermodynamic properties, ammonia is widely used as
an industrial refrigerant. ” ‘ :
® Nitrogen Fixation: The Haber process, which produces ammonia, contributes
to 13% of the total nitrogen fixation in the environment.
19.2 How SO, present in the atmosphere is converted to SO;? - |
Ans. In the atmosphere, the conversion of sulphur dioxide (SO,) to sulphur trioxide

Ca (OH)Q(SI) .+ HZ(g)
ld water slowly giving magnesium hydroxide and

(SO3) does not happen efficiently on its own; it requires a catalyst.

e Catalyst Role: Oxides of nitrogen (NO,) present in the air act as catalysts for
this reaction. . :

®  Reaction: 2SO, ot Oy o > 2503@ - ;

® Impact: Once SO; is formed, it reacts with water vapour in the air to producc

sulphuric acid (H,SOy), which is a major component of acid rain.. - m
19.3 The burning of fossil fuels in a car engine is-res W@g pduction of

oxides of nitrogen. Explain. 25
onsible for the production of

Ans. The burning of fossil fuels, %
oxides of nitrogen is disc %m . |
~ o High Teva onment: Inside a car engine, the combustion of fossil
fuels creat emely high temperatures. :

® Thermal Reaction: This intense heat provides the necessary activation energy




for atmospherlc nitrogen (N) and oxygen (O,) to react directly.
e Sequence: They first form nitric oxide (NO), which then rapidly reacts with

more oxygen in the air to form nitrogen dioxide (NO,). @ @@

High T
e Equation: Nig + Osi9— sollduics m
eries are regarded as more

19.4 The metals present at t
reactive than those prese . Comment on this statement.

Ans. Reactivity Wb activity of a metal is defined by its ability to lose
~ electrons an ositive ions.

Reactnvnty Series of Metals: Based on their reactions with. water and acids, the
metals can be arranged in decreasing order of their reaetlvmes Such an
arrangement is called the reactivity series of metals. '
Top of the Series: Metals like potassium (K) and sodium (Na) are at the top
because they are highly electropositive.
They lose their valence electrons very easily and react vigorously with water,
- oxygen and acids. . - ‘
Reducing Agents: Because they are easily oxidized (lose electrons) metals at the
top are considered powerful reducing agents. :
Bottom of the Series: Metals like silver (Ag) and gold (Au) are . at the bottom
because they are very stable and do not lose electrons easily, making them "least

reactive".
@m@ocesses

19.5 How fossil fuels produce SO,?
oils, naturally contain

)

Ans. Sulphur dioxide is a by-product of energtpro
e Impurities: Most fossil fuels,
small amounts of sulp imp ntles : ,
e Combustion: s are burned (combusted) in power plants,
factorie ting systems, the sulphur reacts with oxygen. :
e Reactionr 5, + Oz(g,¢—> S0,
e Ore Roastlng Additionally, roasting sulphlde ores llke iron pyrite (FeS,) in
excess air also releases large quantities of SO,. - .

[D. Descriptive Questions

19.1 Explain the production of ammonia on industrial scale.

Ans. For answer see Q1 : !

19.2 Describe the contact process for the production of sulphuric acld

Ans. For answer see Q3

19.3 Explain the formation and properties of acidic and basic oxides.

Ans. For answer see Q4 :

19.4 Differentiate between first and second group metals based on thelr reactivities -

with oxygen and water. a @@
Ans. For answer see Q6 . ' : W

- 19.5 Describe the role of oxides AN and the acid rain.
Ans. For answer see Q8




