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Question 1:
Assign oxidation numbers to the underlined elements in each of the following species:
(a) NaH2PO4
(b) NaHSO4
(c) H4P2O7
(d) K2MnO4
(e) CaO2
(f) NaBH4
(g) H2S2O7
(h) KAl(SO4)2.12 H2O
Solution 1:
(a) NaH2PO4

.c

x 2

1 x 2

Na H S O4

Ed

1

uf

ev

Na H2PO 4
Then, we have
112 11x 4 2 0
1 2 x 8 0

x 5

Hence, the oxidation number of P is +5.
(b) NaHSO4

er

1 1

om

Let the oxidation number of P be x.
We know that,
Oxidation number of Na = +1
Oxidation number of H = +1
Oxidation number of O = –2

Then, we have
11111x 4 2 0
1 1 x 8 0

x 6

Hence, the oxidation number of S is + 6.
(c) H4P 2O 7
1

x

2

H 4P 2O

7

Then, we have
4 12 x 7 20

4 2 x 14 0

2 x 10
x 5

Hence, the oxidation number of P is + 5.
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(d) K2MnO4
x

1

2

K 2MnO

4

Then, we have
2 1x 4 20

2 x 8 0

x 6

Hence, the oxidation number of Mn is + 6.
(e) CaO 2
2

x

CaO 2
Then, we have
22 x 0

1

ev

Na B H4
Then, we have
111x 4 10

.c

x

er

1

om

2 2 x 0

x 1

Hence, the oxidation number of O is – 1.
(f) NaBH 4

Ed

uf

1 x 4 0

x 3

Hence, the oxidation number of B is + 3.
(g) H2S 2O 7
1

x

H 2S O
2

2
7

Then, we have
2 12 x 7 20
2 2 x 14 0

2 x 12

x 6

Hence, the oxidation number of S is + 6.
(h) KAl SO4 2 .12 H 2O

 

1 3 

x 2 
4

1

2

K Al S O  .12 H 2O

2


Then, we have
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11132 x 8 2 24 112 2 0
1 3 2 x 16 24 24 0

2x 12
x 6

Or,
We can ignore the water molecule as it is a neutral molecule. Then, the sum of the oxidation
numbers of all atoms of the water molecule may be taken as zero. Therefore, after ignoring the
water molecule, we have
11132 x 8 2 0

.c

om

1 3 2 x 16 0

2 x 12
x 6

Hence, the oxidation number of S is + 6.

ev

er

Question 2:
What are the oxidation numbers of the underlined elements in each of the following and how
do you rationalise your results?
(a) KI3
(b) H2S4O6
(c) Fe3O4
(d) CH3CH2OH
(e) CH3COOH

Ed

uf

Solution 2:
(a) KI3
In KI 3, the oxidation number (O.N.) of K is +1. Hence, the average oxidation number of I is
1
3 . However, O.N. cannot be fractional. Therefore, we will have to consider the structure of
KI3to find the oxidation states.
In a KI 3molecule, an atom of iodine forms a coordinate covalent bond with an iodine
molecule.
1

0

0

1

K  I I I 




Hence, in a KI 3molecule, the O.N. of the two I atoms forming the I
the O.N. of the I atom forming the coordinate bond is –1.
(b) H2S4O6
1

x

H 2S O4

2molecule

is 0, whereas

2
6

Now, 2( 1) 4( x) 6(2) 0
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2 4 x 12 0

4 x 10
1
x
2

2
However, O.N. cannot be fractional. Hence, S must be present in different oxidation states in
the molecule.

x

1

2

Ed

C2H O
6

ev

3

F eO, F e2O3
(d) CH3CH2OH

uf

2

er

.c

om

The O.N. of two of the four S atoms is +5 and the O.N. of the other two S atoms is 0.
(c)Fe3O4
2
On taking the O.N. of O as –2, the O.N. of Fe is found to be 2 . However, O.N. cannot be
3
fractional.
Here, one of the three Fe atoms exhibits the O.N. of +2 and the other two Fe atoms exhibit the
O.N. of +3.

2 (x) +6(+1)+1(-2)=0
2x+6-2=0
x= -2
The two carbon atoms present in this molecule are present in different environments. Hence,
they cannot have the same oxidation number.
Thus, C exhibits the oxidation states of -3 and -1

(e) CH3COOH
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C2H O
4
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2
2

2 x 4 12 2 0
2 x 4 4 0
x 0

However, 0 is average O.N. of C. The two carbon atoms present in this molecule are present in
different environments. Hence, they cannot have the same oxidation number.
Thus, C exhibits the oxidation states of + 3 and – 3 in CH 3COOH.

H

H

O

2
C

C

2

O

H

.c
om

H

uf

ev

er

Question 3:
Justify that the following reactions are redox reactions:
(a) CuO(s) + H2(g) → Cu(s) + H2O(g)
(b) Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO 2(g)
(c) 4BCl3(g) + 3LiAlH4(s) → 2B 2H6(g) + 3LiCl(s) + 3 AlCl3(s)
(d) 2K(s) + F2(g) → 2K+F–(s)
(e) 4 NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)

Ed

Solution 3:
(a) CuO( s ) H 2( g ) Cu( s ) H 2O ( g )
Let us write the oxidation number of each element involved in the given reaction as:
2

2

0

1

0

2

CuO ( s ) H 2( g ) Cu ( s ) H 2O ( g )
Here, the oxidation number of Cu decreases from +2 in CuO to 0 in Cu i.e., CuO is reduced to
Cu. Also, the oxidation number of H increases from 0 in H 2to +1 in H 2O i.e., H 2is oxidized to
H2O. Hence, this reaction is a redox reaction.
(b) Fe2O3( s ) 3CO( g ) 2 Fe( s ) 3CO2( g )
Let us write the oxidation number of each element in the given reaction as:
3

2

2 2

0

4 2

F e2 O 3( s ) 3 CO ( g ) 2 F e( s ) 3 CO 2( g )
Here, the oxidation number of Fe decreases from +3 in Fe 2O3to 0 in Fe i.e., Fe 2O3is reduced
to Fe. On the other hand, the oxidation number of C increases from +2 in CO to +4 in CO 2i.e.,
CO is oxidized to CO2. Hence, the given reaction is a redox reaction.
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(c) 4 BCl3( g ) 3LiAlH 4( s ) 2 B2H 6( g ) 3LiCl( s ) 3 AlCl3( s )
The oxidation number of each element in the given reaction can be represented as:
3 1

1 3

1

3

1

1

1

3

1

4 BC l3( g ) 3 Li Al H 4( s ) 2 B 2H 6( g ) 3 Li C l( s ) 3 Al C l3( s )
In this reaction, the oxidation number of B decreases from +3 in BCl 3to –3 in B 2H6. i.e., BCl 3
is reduced to B 2H6. Also, the oxidation number of H increases from –1 in LiAlH 4to +1 in
B2H6i.e., LiAlH 4is oxidized to B 2H6. Hence, the given reaction is a redox reaction.
(d) 2 K ( s ) F2( g ) 2 K F ( s )
The oxidation number of each element in the given reaction can be represented as:
0

1

0

1

om

2 K ( s ) F 2( g ) 2 K F ( s )
In this reaction, the oxidation number of K increases from 0 in K to +1 in KF i.e., K is
oxidized to KF. On the other hand, the oxidation number of F decreases from 0 in F 2to – 1 in
KF i.e., F2is reduced to KF.
Hence, the above reaction is a redox reaction.
(e) 4 NH 3( g ) 5O2( g ) 4 NO( g ) 6 H 2O ( g )
3 1

2 2

0

1

.c

The oxidation number of each element in the given reaction can be represented as:
2

Ed

uf

ev

er

4 N H 3( g ) 5 O 2( g ) 4 N O( g ) 6 H 2O ( g )
Here, the oxidation number of N increases from –3 in NH 3to +2 in NO. On the other hand, the
oxidation number of O 2decreases from 0 in O 2to –2 in NO and H 2O i.e., O 2is reduced.
Hence, the given reaction is a redox reaction.

Question 4:
Fluorine reacts with ice and results in the change:
H2O(s) + F2(g) → HF(g) + HOF(g)
Justify that this reaction is a redox reaction.
Solution 4:
Let us write the oxidation number of each atom involved in the given reaction above its
symbol as:
1

2

H 2O F

1 1

0

1 2 1

H OF
H F 
Here, we have observed that the oxidation number of F increases from 0 in F 2to +1 in HOF.
Also, the oxidation number decreases from 0 in F2to –1 in HF. Thus, in the above reaction, F is
both oxidized and reduced. Hence, the given reaction is a redox reaction.
2
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Question 5:
Calculate the oxidation number of sulphur, chromium and nitrogen in H 2SO5, Cr2 O72  and NO3
Suggest structure of these compounds. Count for the fallacy.
Solution 5:
1

x 2

(i) H 2S O

5

2 11x 5 20

uf

ev
er
.c

om

2 x 10 0

x 8

However, the O.N. of S cannot be +8. S has six valence electrons. Therefore, the O.N. of S
cannot be more than +6.
The structure of H2SO5is shown as follows:

Ed

2(H)+1(S)+3(O)+2(O in peroxy linkage)
Now, 2 11x 3 2 2 10

2 x 6 2 0

x
6

Therefore, the O.N. of S is +6.
x

2 
2 
7

(ii) Cr 2 O

2 x 7 22
2 x 14 2
x 6

Here, there is no fallacy about the O.N. of Cr in Cr2 O72
The structure of Cr2 O72 is shown as follows:
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Here, each of the two Cr atoms exhibits the O.N. of +6.
x

2 

(iii) N O3

1x 3 2 1
x 6 1

x 5

Here, there is no fallacy about the O.N. of N in NO3 .

er

.c

om

The structure of NO3 is shown as follows:

uf

ev

The N atom exhibits the O.N. of +5.

Ed

Question 6:
Write the formulae for the following compounds:
(a) Mercury(II) chloride
(b) Nickel(II) sulphate
(c) Tin(IV) oxide
(d) Thallium(I) sulphate
(e) Iron(III) sulphate
(f) Chromium(III) oxide
Solution 6:
(a) Mercury (II) chloride:
HgCl2
(b) Nickel (II) sulphate:
NiSO4
(c) Tin (IV) oxide:
SnO2
(d) Thallium (I) sulphate:
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Tl2SO4
(e) Iron (III) sulphate:
Fe2(SO4)3
(f) Chromium (III) oxide:
Cr2O3

Question 7:
Suggest a list of the substances where carbon can exhibit oxidation states from –4 to +4 and
nitrogen from –3 to +5.

Ed

uf

ev

er

.c

om

Solution 7:
The substances where carbon can exhibit oxidation states from –4 to +4 are listed in the
following table.
Substance
O.N. of carbon
CH2Cl2
0
ClC CCl
+1
HC CH
–1
CHCl3, CO
+2
CH3Cl
–2
Cl3C – CCl3
+3
H3C – CH3
–3
CCl4, CO2
+4
CH4
–4
The substances where nitrogen can exhibit oxidation states from –3 to +5 are listed in the
following table.
Substance
O.N. of nitrogen
N2
0
N2O
+1
N2H2
–1
NO
+2
N2H4
–2
N2O3
+3
NH3
–3
NO2
+4
N2O5
+5
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Question 8:
While sulphur dioxide and hydrogen peroxide can act as oxidising as well as reducing agents
in their reactions, ozone and nitric acid act only as oxidants. Why?

er

.c

om

Solution 8:
In sulphur dioxide (SO2), the oxidation number (O.N.) of S is +4 and the range of the O.N. that
S can have is from +6 to –2.
Therefore, SO2can act as an oxidising as well as a reducing agent.
In hydrogen peroxide (H 2O2), the O.N. of O is –1 and the range of the O.N. that O can have is
from 0 to –2. O can sometimes also attain the oxidation numbers +1 and +2.
Hence, H2O2can act as an oxidising as well as a reducing agent.
In ozone (O 3), the O.N. of O is zero and the range of theO.N. that O can have is from 0 to –2.
Therefore, the O.N. of O can only decrease in this case. Hence, O3acts only as an oxidant.
In nitric acid (HNO3), the O.N. of N is +5 and the range of the O.N. that N can have is from +5
to –3. Therefore, the O.N. of N can only decrease in this case. Hence, HNO 3acts only as an
oxidant.

Ed

uf

ev

Question 9:
Consider the reactions:
(a) 6 CO2(g) + 6H2O(l) → C6H12O6(aq) + 6O2(g)
(b) O3(g) + H2O2(l) → H2O(l) + 2O2(g)
Why it is more appropriate to write these reactions as:
(a) 6CO2(g) + 12H2O(l) → C6H12O6(aq) + 6H2O(l) + 6O2(g)
(b) O3(g) + H2O2(l) → H 2O(l) + O2(g) + O2(g)
Also suggest a technique to investigate the path of the above (a) and (b) redoxreactions.
Solution 9:
(a)The process of photosynthesis involves two steps.
Step 1:
H2O decomposes to give H2and O 2.
2 H 2O (l) 2 H 2( g ) O2( g )
Step 2:
The H2produced in step 1reduces CO2, thereby producing glucose (C6H12O6) and H2O.
6CO2( g ) 12 H 2( g ) C6H 12O 6( s ) 6 H 2O ( l)
Now, the net reaction of the process is given as:
2 H 2O (l) 2 H 2( g ) O2( g ) 6
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6CO2( g ) 12H 2( g ) C6H 12O 6( s ) 6H 2O(l)
6CO2( g ) 12H 2O(l) C6H 12O 6( g ) 6H 2O(l) 6O2( g )
It is more appropriate to write the reaction as given above because water molecules are also
produced in the process of photosynthesis.
The path of this reaction can be investigated by using radioactive H 2O18in place of H 2O.
(b) O 2is produced from each of the two reactants O 3and H 2O2. For this reason, O 2is written
twice.
The given reaction involves two steps. First, O 3decomposes to form O 2and O. In the second
step, H2O2reacts with the O produced in the first step, thereby producing H 2O and O2.
O3( g ) O2( g ) O( g )

H 2O 2( l) O( g ) H 2O( l) O2( g )
H 2O2( l) O3( g ) H 2O( l) O2( g ) O2( g )

.c

om

The path of this reaction can be investigated by using H 2O 218 or O318 .

ev

er

Question 10:
The compound AgF 2is an unstable compound. However, if formed, the compound acts as a
very strong oxidizing agent. Why?

Ed

uf

Solution 10:
The oxidation state of Ag in AgF
2is +2. But, +2 is an unstable oxidation state of Ag.
Therefore, whenever AgF 2is formed, silver readily accepts an electron to form Ag +. This helps
to bring the oxidation state of Ag down from +2 to a more stable state of +1. As a result, AgF 2
acts as a very strong oxidizing agent.

Question 11:
Whenever a reaction between an oxidising agent and a reducing agent is carried out, a
compound of lower oxidation state is formed if the reducing agent is
in excess and a
compound of higher oxidation state is formed if the oxidising agent is in excess. Justify this
statement giving three illustrations.
Solution 11:
Whenever a reaction between an oxidising agent and a reducing agent is carried out, a
compound of lower oxidation state is formed if the reducing agent is
in excess and a
compound of higher oxidation state is formed if the oxidising agent is in excess. This can be
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illustrated as follows:
(i)P4and F2are reducing and oxidising agents respectively.
If an excess of P 4is treated with F 2, then PF 3will be produced, wherein the oxidation number
(O.N.) of P is +3.
3

P4 excess

F2 P F3
However, if P 4is treated with an excess of F 2, then PF 5will be produced, wherein the O.N. of
P is +5.
5

P4 F2 excess

P F5
(ii)K acts as a reducing agent, whereas O2is an oxidising agent.
If an excess of K reacts with O2, then K2O will be formed, wherein the O.N. of O is –2.
2

om

excess O2 2K2O
4K 
However, if K reacts with an excess of O 2, then K2O2will be formed, wherein the O.N. of
O is –1.
1

K2O 2
(iii)C is a reducing agent, while O2acts as an oxidising agent.
If an excess of C is burnt in the presence of insufficient amount of O
produced, wherein the O.N. of C is +2.

ev

er

.c

2K O2excess


2

C 
O excess
2 

4

2,

then CO will be

then CO 2will be produced, wherein the

Ed

uf

C 
excess O2 CO
On the other hand, if C is burnt in an excess of O
O.N. of C is +4.

2,

CO 2

Question 12:
How do you count for the following observations?
(a) Though alkaline potassium permanganate and acidic potassium permanganate both are
used as oxidants, yet in the manufacture of benzoic acid from toluene we use alcoholic
potassium permanganate as an oxidant. Why? Write a balanced redox equation for the
reaction.
(b) When concentrated sulphuric acid is added to an inorganic mixture containing chloride, we
get colourless pungent smelling gas HCl, but if the mixture contains bromide then we get
red vapour of bromine. Why?
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om

Solution 12:
(a) In the manufacture of benzoic acid from toluene, alcoholic potassium permanganate is used
as an oxidant because of the following reasons.
(i) In a neutral medium, OH –ions are produced in the reaction itself. As a result, the cost of
adding an acid or a base can be reduced.
(ii) KMnO4and alcohol are homogeneous to each other since both are polar. Toluene and
alcohol are also homogeneous to each other because both are organic compounds.
Reactions can proceed at a faster rate in a homogeneous medium than in a heterogeneous
medium. Hence, in alcohol, KMnO4and toluene can react at a faster rate.
The balanced redox equation for the reaction in a neutral medium is give as below:

ve

r.c

(b) When conc. H 2SO4is added to an inorganic mixture containing bromide, initially HBr is
produced. HBr, being a strong reducing agent reduces H 2SO4to SO 2with the evolution of red
vapour of bromine.
2 NaBr 2H 2SO 4 2 NaHSO4 2HBr

Ed

uf
e

2HBr H 2SO 4 Br2 SO2 2H 2O
(red vapour)
But, when conc. H 2SO4is added to an inorganic mixture containing chloride, a pungent
smelling gas (HCl) is evolved. HCl, being a weak reducing agent, cannot reduce H 2SO4to
SO2.
2NaCl 2H2SO4 2NaHSO4 2HCl

Question 13:
Identify the substance oxidised, reduced, oxidising agent and reducing agent for each of the
following reactions:
(a) 2AgBr (s) + C6H6O2(aq) → 2Ag(s) + 2HBr (aq) + C6H4O2(aq)
(b) HCHO(l) + 2[Ag (NH3)2]+(aq) + 3OH–(aq) → 2Ag(s) + HCOO–(aq) + 4NH3(aq) + 2H2O(l)
(c) HCHO (l) + 2Cu2+(aq) + 5 OH–(aq) → Cu2O(s) + HCOO–(aq) + 3H2O(l)
(d) N2H4(l) + 2H2O2(l) → N2(g) + 4H2O(l)
(e) Pb(s) + PbO2(s) + 2H 2SO4(aq) → 2PbSO4(s) + 2H2O(l)
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Solution 13:
(a) Oxidised substance → C6H6O2
Reduced substance → AgBr
Oxidising agent → AgBr
Reducing agent → C6H6O2
(b)Oxidised substance → HCHO
Reduced substance → Ag (NH 3 ) 2





.c

Ed

uf

Reducing agent → HCHO
(c) Oxidised substance → HCHO
Reduced substance → Cu2+
Oxidising agent → Cu 2+
Reducing agent → HCHO
(d) Oxidised substance → N2H4
Reduced substance → H2O2
Oxidising agent → H 2O2
Reducing agent → N2H4
(e) Oxidised substance → Pb
Reduced substance → PbO2
Oxidising agent → PbO2
Reducing agent → Pb

om



er



ev

Oxidising agent → Ag (NH 3 ) 2





Question 14:
Consider the reactions:
2 S 2O 32(aq ) I 2 ( s) S 4O 62(aq) 2 I (aq )
S 2O32(aq ) 2 Br2 (l) 5 H 2O (l ) 2 SO42(aq ) 4 Br ( aq ) 10 H aq
( )
Why does the same reductant, thiosulphate react differently with iodine and bromine?
Solution 14:

8.Redox Reactions

www.vedantu.com

https://www.edufever.com/

14

Class XI – NCERT – Chemistry

Chapter 8
Redox Reactions

Bromine is a stronger oxidizing agent when compared to I2. It oxidises the S of S2O3 -2 to a
higher oxidation state +6 in SO 4-2While I2 oxidises S of S2O3 -2to a lower oxidation state
2.5 in
S4O6-2. That’s why same reductant, thiosulphate react differently with bromine and iodine.

.c
om

Question 15:
Justify giving reactions that among halogens, fluorine is the best oxidant and among
hydrohalic compounds, hydroiodic acid is the best reductant.

F2( aq ) 2 Br(aq ) 2 F( aq ) Br2( l)
F2( aq ) 2 I (aq ) 2 F(aq ) I 2( s )

uf
ev

er

Solution 15:
F2can oxidize Cl –to Cl 2, Br–to Br 2, and I–to I 2as:
F2( aq ) 2Cl(s ) 2 F(aq ) Cl( g )

Ed

On the other hand, Cl 2, Br 2, and I 2cannot oxidize F –to F 2. The oxidizing power of halogens
increases in the order of I2<Br2<Cl2<F2. Hence, fluorine is the best oxidant among halogens.
HI and HBr can reduce H 2SO4to SO 2, but HCl and HF cannot. Therefore, HI and HBr are
stronger reductants than HCl and HF.
I 2 SO2 2H 2O
2HI H 2SO 4 

2HBr H 2SO 4 Br2 SO2 2H 2O
Again, I–can reduce Cu 2+to Cu +, but Br–cannot.
4 I (aq ) 2Cu(2aq) Cu2I 2( s ) I 2( aq )
Hence, hydroiodic acid is the best reductant among hydrohalic compounds.
Thus, the reducing power of hydrohalic acids increases in the order of HF<HCl<HBr<HI.

Question 16:
Why does the following reaction occur?
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XeO64(aq ) 2 F (aq ) 6 H aq
( )  XeO3g( ) F2 g( ) 3H 2O (l )
What conclusion about the compound Na 4XeO6(of which XeO64 is a part) can be drawn from
the reaction.
Solution 16:
The given reaction occurs because XeO64 oxidises F and F reduces XeO64 .
8

1

6

0

X eO64( aq ) 2 F ( aq ) 6H ( aq ) X eO3( g ) F 2( g ) 3H 2O( l)
In this reaction, the oxidation number (O.N.) of Xe decreases from +8 in XeO64 to +6 in XeO 3

om

and the O.N. of F increases from –1 in F–to O in F 2.
Hence, we can conclude that Na4XeO6 is a stronger oxidising agent than F–.

.c

Question 17:
Consider the reactions:
a  H 3PO 2aq  4 AgNO3aq




er

s 4 HNO3aq
 2 H 2O l  H 3PO 4aq  4 Ag 
 
s   H 2SO 4aq
b H 3PO 2aq  2 CuSO4aq
  2 H 2O l  H 3PO 4aq  2 Cu 
 
–

–

Ag 
s 4 NH 3 aq  

uf

ev

c  C6H 5CHO l 2 Ag NH 3 2  aq  3 OH aq   C6H 5COO aq  2
l 2 Cu 2  aq  5 OH – aq   No change observed .
d C6H 5C HO 

Ed

What inference do you draw about the behaviour of Ag +and Cu 2+from these reactions?
Solution 17:
Ag+and Cu 2+act as oxidising agents in reactions (a) and (b) respectively.
In reaction (c), Ag +oxidisesC6H5CHO to C6H5COO–, but in reaction (d), Cu2+cannot
oxidiseC6H5CHO.
Hence, we can say that Ag +is a stronger oxidising agent than Cu 2+

Question 18:
Balance the following redox reactions by ion-electron method:
a MnO4 aq  I – aq  MnO2s
 I 2 s in basic medium

 
 
 



2 


b  MnO4 aq   SO2g   Mn aq  HSO4 aq in acidic solution 
2 
3
c  H 2O 2aq   Fe aq   Fe aq   H 2O l in acidic solution 
2 
3
2 
d Cr2 O7  SO2g   Cr aq  SO4 aq  in acid ic solution 
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Solution 18:
(a) Step 1: The two half reactions involved in the given reaction are:
1

0

Oxidation half reaction: I ( aq ) I 2( s )
7

4

Reduction half reaction: M nO4( aq ) MnO2( aq )
Step 2:
Balancing I in the oxidation half reaction, we have:
2 I ( aq ) I 2( s )
Now, to balance the charge, we add 2 e –to the RHS of the reaction.
2 I ( aq ) I 2( s ) 2e 

–

.c

ions to the RHS of the reaction as the reaction is

er

Now, to balance the charge, we add 4 OH
taking place in a basic medium.
MnO4(aq ) 3e MnO2( aq ) 4OH 

om

Step 3:
In the reduction half reaction, the oxidation state of Mn has reduced from +7 to +4.
Thus, 3 electrons are added to the LHS of the reaction.
MnO4(aq ) 3e  MnO2( aq )

uf

ev

Step 4:
In this equation, there are 6 O atoms on the RHS and 4 O atoms on the LHS. Therefore, two
water molecules are added to the LHS.
MnO4(aq ) 2 H 2O 3e  MnO2( aq ) 4OH 

Ed

Step 5:
Equalizing the number of electrons by multiplying the oxidation half reaction by 3 and the
reduction half reaction by 2, we have:
6 I ( aq ) 3I 2( s ) 6e 
2 MnO4(aq ) 4 H 2O 6e  2 MnO2( aq ) 8OH (aq )
Step 6:
Adding the two half reactions, we have the net balanced redox reaction as:
6 I (aq ) 2 MnO4(aq ) 4 H 2O ( l) 3I 2( s ) 2MnO2( s ) 8OH (aq )
(b)Following the steps as in part (a), we have the oxidation half reaction as:
SO2( g ) 2 H 2O (l) HSO4(aq ) 3H (aq ) 2e(aq )
And the reduction half reaction as:
MnO4(aq ) 8 H (aq ) 5e  Mn(2aq) 4 H 2O (l)
Multiplying the oxidation half reaction by 5 and the reduction half reaction by 2, and then by
adding them, we have the net balanced redox reaction as:
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2 MnO4(aq ) 5SO2( g ) 2 H 2O (l) H (aq ) 2 Mn(2aq) 5 HSO4(aq )
(c) Following the steps as in part (a), we have the oxidation half reaction as:
Fe(2aq) Fe(3aq ) e 
And the reduction half reaction as:
H 2O 2( aq ) 2 H (aq ) 2e  2 H 2O ( l)
Multiplying the oxidation half reaction by 2 and then adding it to the reduction half reaction,
we have the net balanced redox reaction as:
H 2O 2( aq ) 2 Fe2 ( aq ) 2 H (aq ) 2 Fe3( aq ) 2 H 2O ( l)
(d) Following the steps as in part (a), we have the oxidation half reaction as:
SO2( g ) 2 H 2O (l) SO4(2aq ) 4 H (aq ) 2e 
And the reduction half reaction as:
Cr2 O7(2aq ) 14 H ( aq ) 6e  Cr 3( aq ) 7 H 2O (l)

er

.c

om

Multiplying the oxidation half reaction by 3 and then adding it to the reduction half reaction,
we have the net balanced redox reaction as:
Cr2 O7(2aq ) 3SO2( g ) 2 H ( aq ) 2Cr 3( aq ) 3SO4(2 aq ) H 2O (l)

uf

ev

Question 19:
Balance the following equations in basic medium by ion-electron method and oxidation
number methods and identify the oxidising agent and the reducing agent.
(a) P4( s ) OH (aq ) PH 3( g ) HPO2(aq )

Ed

(b) N 2H 4( l) ClO3(aq ) NO( g ) Cl(aq )

(c) Cl2O7( g ) H 2O 2( aq ) ClO2(aq ) O2( g ) H ( aq )
Solution 19:
(a)The O.N. (oxidation number) of P decreases from 0 in P 4to – 3 in PH 3and increases from 0
in P 4to + 2 in HPO2. Hence, P 4acts both as an oxidizing agent and a reducing agent in this
reaction.
Ion–electron method:
The oxidation half equation is:
P4( s ) HPO2(aq )
The P atom is balanced as:
0

2 

P4( s ) 4H PO2(aq )
The O.N. is balanced by adding 8 electrons as:
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P4( s ) 4 HPO2(aq ) 8e 
The charge is balanced by adding 12OH–as:
P4( s ) 12OH (aq ) 4 HPO2(aq ) 8e 
The H and O atoms are balanced by adding 4H2O as:
P4( s ) 12OH (aq ) 4 HPO2(aq ) 4 H 2O (l) 8e ......(i)
The reduction half equation is:
P4( s ) PH 3( g )
The P atom is balanced as
0

3

P 4( s ) 4 P H3( g )
The O.N. is balanced by adding 12 electrons as:
P4( s ) 12e  4 PH 3( g )

om

The charge is balanced by adding 12OH–as:
P4( s ) 12e  4 PH 3( g ) 12OH (aq )

r.c

The O and H atoms are balanced by adding 12H2O as:
P4( s ) 12 H 2O ( l) 12e  4 PH 3( g ) 12 HO(aq )
(ii)

uf
e

ve

By multiplying equation (i) with 3 and (ii) with 2 and then adding them, the balanced chemical
equation can be obtained as:
5 P4( s ) 12 H 2O (l) 12 HO(aq ) 8PH 3( g ) 12 HPO(aq )

Ed

(b)

The oxidation number of N increases from – 2 in N 2H4to + 2 in NO and the oxidation number
of Cl decreases from + 5 in ClO3 to – 1 in Cl –. Hence, in this reaction, N 2H4is the reducing
agent and ClO3is the oxidizing agent.
Ion–electron method:
The oxidation half equation is:
2

N 2H

2

4( l) N O( g )
The N atoms are balanced as:
N 2H 4( l) 2 NO( g )

The oxidation number is balanced by adding 8 electrons as:
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N 2H 4( l) 2 NO( g ) 8e 
The charge is balanced by adding 8 OH–ions as:
N 2H 4( l) 8OH (aq ) 2 NO( g ) 8e 
The O atoms are balanced by adding 6H2O as:
N 2H 4( l) 8OH (aq ) 2 NO( g ) 6 H 2O ( l) 8e ......(i)
The reduction half equation is:
5

1

C lO3(aq ) C l(aq )
The oxidation number is balanced by adding 6 electrons as:
ClO3(aq ) 6e  Cl(aq )
The charge is balanced by adding 6OH– ions as:
ClO3(aq ) 6e Cl(aq ) 6OH (aq )

.c
om

The O atoms are balanced by adding 3H2O as:
ClO3(aq ) 3H 2O (l) 6e  Cl(aq ) 6OH (aq ) .......(ii)

ev
er

The balanced equation can be obtained by multiplying equation (i) with 3 and equation (ii)
with 4 and then adding them as:
3 N 2H 4( l) 6 NO( g ) 4Cl(aq ) 6 H 2O (l)

Ed
uf

Oxidation number method:
Total decrease in oxidation number of N = 2 4 = 8
Total increase in oxidation number of Cl = 1 6 = 6
On multiplying N 2H4with 3 and ClO3 with 4 to balance the increase and decrease in O.N., we
get:
3 N 2H 4( l) 4ClO3(aq ) NO( g ) Cl(aq )
The N and Cl atoms are balanced as:
3 N 2H 4( l) 4ClO3(aq ) 6 NO( g ) 4Cl(aq )

The O atoms are balanced by adding 6H2O as:
3 N 2H 4( l) 4ClO3(aq ) 6 NO( g ) 4Cl(aq ) 6 H 2O ( l)
This is the required balanced equation.
(c)
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The oxidation number of Cl decreases from + 7 in Cl

2O7to

number of O increases from – 1 in H 2O2to zero in O
oxidizing agent and H2O2is the reducing agent.
Ion–electron method:
The oxidation half equation is:

2.

1

+ 3 in

ClO2 and the oxidation

Hence, in this reaction, Cl 2O7is the

0

H 2O 2( aq ) O2( g )
The oxidation number is balanced by adding 2 electrons as:
H 2O 2( aq ) O2( g ) 2e
The charge is balanced by adding 2OH–ions as:
H 2O 2( aq ) 2OH (aq ) O2( g ) 2e 
The oxygen atoms are balanced by adding 2H2O as:
H 2O 2( aq ) 2OH (aq ) O2( g ) 2 H 2O ( l) 2e 
(i)
7

om

The reduction half equation is:
3

er

.c

C l2 O7( g ) C lO2(aq )
The Cl atoms are balanced as:
Cl2O7( g ) 2ClO2(aq )

ev

The oxidation number is balanced by adding 8 electrons as:
Cl2O7( g ) 8e  2ClO2(aq )

Ed

uf

The charge is balanced by adding 6OH–as:
Cl2O7( g ) 8e 2ClO2(aq ) 6OH (aq )

The oxygen atoms are balanced by adding 3H2O as:
Cl2O7( g ) 3H 2O (l) 8e  2ClO2(aq ) 6OH (aq ) (ii)
The balanced equation can be obtained by multiplying equation (i) with 4 and adding equation
(ii) to it as: Cl2O7( g ) 4 H 2O 2( aq ) 2OH (aq ) 2ClO2(aq ) 4O2( g ) +5H 2O ( l)
Oxidation number method:
Total decrease in oxidation number of Cl 2O7= 4 2 = 8
Total increase in oxidation number of H 2O2= 2 1 = 2
By multiplying H 2O2and O 2with 4 to balance the increase and decrease in the oxidation
number, we get:
Cl2O7( g ) 4 H 2O 2( aq ) ClO2(aq ) 4O2( g )
The Cl atoms are balanced as:
Cl2O7( g ) 4 H 2O 2( aq ) 2ClO2(aq ) 4O2( g )
The O atoms are balanced by adding 3H2O as:
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Cl2O7( g ) 4 H 2O 2( aq ) 2ClO2(aq ) 4O2( g ) 3H 2O ( l)
The H atoms are balanced by adding 2OH–and 2H 2O as:
Cl2O7( g ) 4 H 2O 2( aq ) 2OH (aq ) 2ClO2(aq ) 4O2( g ) 5 H 2O (l)
This is the required balanced equation.

Question 20:
What sorts of informations can you draw from the following reaction?
CN 2( g ) 2OH ( aq ) CN (aq ) CNO(aq ) H 2O (l)

 

3

Ed

uf

ev

er

.c

om

Solution 20:
The oxidation numbers of carbon in (CN) 2, CN – and CNO – are +3, +2 and +4respectively.
These are obtained as shown below:
Let the oxidation number of C be x.
(CN)2
2(x – 3) = 0
x = 3
CN–
x – 3 = –1
x = 2
CNO–
x – 3 – 2 = –1
x = 4
The oxidation number of carbon in the various species is:
2

4

C N  2OH ( aq ) C N(aq ) C NO(aq ) H 2O( l)

2( g )


It can be easily observed that the same compound is being reduced and oxidized
simultaneously in the given equation. Reactions in which the same compound is reduced and
oxidised is known as disproportionation reactions. Thus, it can be said that the alkaline
decomposition of cyanogen is an example of disproportionation reaction.

Question 21:
The Mn 3+ion is unstable in solution and undergoes disproportionation to give Mn
and H+ion. Write a balanced ionic equation for the reaction.
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Solution 21:
The given reaction can be represented as:
Mn(3aq ) Mn(2aq) MnO2( s ) H (aq )
The oxidation half equation is:
3

4

M n(3aq ) MnO2( s )
The oxidation number is balanced by adding one electron as:
Mn(3aq ) MnO2( s ) e 
The charge is balanced by adding 4H+ions as:
Mn(3aq ) MnO2( s ) 4 H (aq ) e 
The O atoms and H+ions are balanced by adding 2H 2O molecules as:
Mn(3aq ) 2 H 2O (l) MnO2( s ) 4 H (aq ) e .......(i)

om

The reduction half equation is:
Mn(3aq ) Mn(2aq)

.c

The oxidation number is balanced by adding one electron as:
Mn(3aq ) e  Mn(2aq) ...... (ii)

uf

ev

er

The balanced chemical equation can be obtained by adding equation (i) and (ii) as:
2 Mn(3aq ) 2 H 2O ( l) MnO2( s ) 2Mn(2aq) 4 H (aq )

Ed

Question 22:
Consider the elements:
Cs, Ne, I and F
(a) Identify the element that exhibits only negative oxidation state.
(b) Identify the element that exhibits only positive oxidation state.
(c) Identify the element that exhibits both positive and negative oxidation states.
(d) Identify the element which exhibits neither the negative nor does the positive oxidation
state.
Solution 22:
(a) F exhibits only negative oxidation state of –1.
(b) Cs exhibits positive oxidation state of +1.
(c) I exhibit both positive and negative oxidation states. It exhibits oxidation states of – 1, + 1,
+ 3, + 5, and + 7.
(d) The oxidation state of Ne is zero. It exhibits neither negative nor positive oxidation states.
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Question 23:
Chlorine is used to purify drinking water. Excess of chlorine is harmful. The excess of chlorine
is removed by treating with sulphur dioxide. Present a balanced equation for this redox change
taking place in water.
Solution23:
The given redox reaction can be represented as:
Cl2( s ) SO2( aq ) H 2O (l) Cl(aq ) SO4(2 aq )
The oxidation half reaction is:
4

6

om

S O2( aq ) S O4(2aq )
The oxidation number is balanced by adding two electrons as:
SO2( aq ) SO4(2 aq ) 2e
The charge is balanced by adding 4H+ions as:
SO2( aq ) SO4(2aq ) 4 H (aq ) 2e 

The reduction half reaction is:
Cl2( s ) Cl(aq )
0

1

uf

The chlorine atoms are balanced as:

ev

er

.c

The O atoms and H+ions are balanced by adding 2H 2O molecules as:
SO2( aq ) 2 H 2O (l) SO4(2aq ) 4 H (aq ) 2e ........(i)

Ed

C l2( s ) C l(aq )
The oxidation number is balanced by adding electrons
Cl2( s ) 2e  2Cl(aq ) .......... (ii)
The balanced chemical equation can be obtained by adding equation (i) and (ii) as:
Cl2( s ) SO2( aq ) 2 H 2O (l) 2Cl(aq ) SO4(2aq ) 4 H (aq )

Question 24:
Refer to the periodic table given in your book and now answer the following questions:
(a) Select the possible non-metals that can show disproportionation reaction.
(b) Select three metals that can show disproportionation reaction.
Solution 24:
In disproportionation reactions, one of the reacting substances always contains an element that
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can exist in at least three oxidation states.
(a) P, Cl, and S can show disproportionation reactions as these elements can exist in three or
more oxidation states.
(b) Mn, Cu, and Ga can show disproportionation reactions as these elements can exist in three
or more oxidation states.

om

Question 25:
In Ostwald’s process for the manufacture of nitric acid, the first step involves the oxidation of
ammonia gas by oxygen gas to give nitric oxide gas and steam. What is the maximum weight
of nitric oxide that can be obtained starting only with 10.00 g. of ammonia and 20.00 g of
oxygen?

.c

Solution 25:
The balanced chemical equation for the given reaction is given as:
4 NH3( g ) 5O2( g ) 4 NO( g ) 6H 2O( g )

Ed

uf

ev

er

4 
17 g 5 32g 4 30 g 6 
18 g
68g
160g 120g 108g
Thus, 68 g of NH3reacts with 160 g of O 2.
160
10
Therefore, 10g of NH3reacts with
g of O2, or 23.53 g of O2.
68
But the available amount of O2is 20 g.
Therefore, O 2is the limiting reagent (we have considered the amount of O
weight of nitric oxide obtained in the reaction).
Now, 160 g of O 2gives 120g of NO.
120 20
Therefore, 20 g of O2gives
g of N, or 15 g of NO.
160
Hence, a maximum of 15 g of nitric oxide can be obtained.

2to

calculate the

Question 26:
Using the standard electrode potentials given in the Table 8.1, predict if the reaction
between the following is feasible:
(a) Fe3+(aq) and I–(aq)
(b) Ag+(aq) and Cu(s)
(c) Fe3+(aq) and Cu(s)
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(d) Ag(s) and Fe3+(aq)
(e) Br2(aq) and Fe2+(aq)
Solution 26:
(a) The possible reaction between Fe(3aq ) I (aq ) is given by,
2 Fe(3aq ) 2 I (aq ) 2 Fe(2aq) I 2( s )
Oxidation half equation: 2 I (aq ) I 2( s ) 2e ; E o 0.54V
o
2


Reduction half equation:Fe(3aq
0.77V
) e Fe( aq) 2; E 


o
2


2Fe(3aq
0.23V
) 2 I ( aq) 2 Fe( aq) I 2( s ) ; E 
E° for the overall reaction is positive. Thus, the reaction between Fe(3aq ) and I(aq ) is feasible.

(b) The possible reaction between Ag (aq ) Cu( s ) is given by,

om

2 Ag (aq ) Cu( s ) 2 Ag( s ) Cu(2aq)
Oxidation half equation: Cu( s ) Cu(2aq) 2e  ; E o 0.34V

Ag(aq ) and Cu( s ) is

uf

ev

er

.c

Reduction half equation:Ag(aq) e Ag(s ) 2; E o 0.80V


2 Ag(aq) Cu( s ) 2 Ag( s) Cu2; E o 0.46V
E° positive for the overall reaction is positive. Hence, the reaction between
feasible.
(c) The possible reaction between Fe(3aq ) and Cu( s ) is given by,

Ed

2 Fe(3aq ) Cu( s ) Fe(2s) Cu(2aq)
Oxidation half equation: Cu( s ) Cu(2aq) 2e  ; E o 0.34V
o
2


Reduction half equation:Fe(3aq
0.77V
) e Fe( s ) 2; E 


o
3
2
2
2Fe( aq) Cu( s ) 2Fe( s) Cu(aq) ; E 0.43V
E° positive for the overall reaction is positive. Hence, the reaction between
feasible.
(d) The possible reaction between Ag( s ) and Fe(3aq ) is given by,

Fe(3aq ) and Cu( s ) is

Ag ( s ) 2 Fe(3aq )  Ag (aq ) Fe(2aq)
Oxidation half equation: Ag( s )  Ag (aq ) e ; E o 0.80V
Reduction half equation: Fe(3aq ) e  Fe(2aq)
; E o 0.77V
Ag ( s ) Fe(3aq )  Ag (aq ) Fe(2aq) ; E o 0.03V
Here, E° for the overall reaction is negative. Hence, the reaction between Ag ( s ) and Fe(3aq ) is not
feasible.
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(e) The possible reaction between Br2( aq ) and Fe(2aq ) is given by,
Br2( s ) 2 Fe(2aq ) 2 Br(aq ) 2 Fe(aq3 )
Oxidation half equation: Fe(2aq) Fe(3aq ) e2 ; E o 0.77V

Reduction half equation: Br2( aq ) 2e   Br(aq )
; E o 1.09V
Br2( aq ) 2 Fe(2aq) 2 Br(aq ) 2 Fe(3aq ) ; E o 0.32V
Here, E° for the overall reaction is positive. Hence, the reaction between

Br2( aq) and Fe(2aq ) is

feasible.

er

.c

om

Question 27:
Predict the products of electrolysis in each of the following:
(i) An aqueous solution of AgNO 3with silver electrodes
(ii) An aqueous solution AgNO 3with platinum electrodes
(iii)A dilute solution of H 2SO4with platinum electrodes
(iv) An aqueous solution of CuCl2with platinum electrodes.

ev

Solution 27:
(i) AgNO 3ionizes in aqueous solutions to form Ag +and NO3 ions.

Ed

uf

On electrolysis, either Ag +ions or H 2O molecules can be reduced at the cathode. But the
reduction potential of Ag +ions is higher than that of H 2O.
Ag (aq ) e   Ag ( s ) ; E o 0.80V
2 H 2O (l) 2e  H 2( g ) 2OH (aq ) ; E o 0.83V
Hence, Ag+ ions are reduced at the cathode. Similarly, Ag metal or H
2O molecules can be
oxidized at the anode. But the oxidation potential of Ag is higher than that of H 2O molecules.
Ag ( s ) Ag (aq ) e  ; E o 0.80V
2 H 2O ( l) O2( g ) 4 H (aq ) 4e  ; E o 1.23V
Therefore, Ag metal gets oxidized at the anode.
(ii) Pt cannot be oxidized easily. Hence, at the anode, oxidation of water occurs to liberate O 2.
At the cathode, Ag +ions are reduced and get deposited.
(iii) H2SO4ionizes in aqueous solutions to give H+and SO42 ions.
H 2SO 4( aq ) 2 H (aq ) SO4(2 aq )
On electrolysis, either of H +ions or H 2O molecules can get reduced at the cathode. But the
reduction potential of H+ions is higher than that of H 2O molecules.
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2H (aq ) 2e H 2( g ) ; E o 0.0V
2H 2O( aq ) 2e H 2( g ) 2OH(aq ) ; E o 0.83V
Hence, at the cathode, H+ions are reduced to liberate H 2gas.
On the other hand, at the anode, either of SO42  ions or H2O molecules can get oxidized.
But the oxidation of SO42 involves breaking of more bonds than that of H2O molecules.
Hence, SO42  ions have a lower oxidation potential than H

2O.

Thus, H 2O is oxidized at the

anode to liberate O2molecules.
(iv) In aqueous solutions, CuCl2ionizes to give Cu 2+ and Cl–ions as:
CuCl2( aq ) Cu(2aq) 2Cl(aq )
On electrolysis, either of Cu 2+ions or H 2O molecules can get reduced at the cathode. But the
reduction potential of Cu2+is more than that of H 2O molecules.

om

Cu(2aq) 2e Cu( aq ) ; E o 0.34V
H 2O( l) 2e H 2( g ) 2OH E; o 0.83V

2O

is

ev

er

.c

Hence, Cu2+ions are reduced at the cathode and get deposited.
Similarly, at the anode, either of Cl –or H 2O is oxidized. The oxidation potential of H
higher than that of Cl–.
2Cl(aq ) Cl2( g ) 2e; E o 1.36V

Ed

uf

2H 2O(l) O2( g ) 4H (aq ) 4e; E o 1.23V
–
But oxidation of H 2O molecules occurs at a lower electrode potential than that of Cl
ions
–
because of over-voltage (extra voltage required to liberate gas). As a result, Cl
ions are
oxidized at the anode to liberate Cl2gas.

Question 28:
Arrange the following metals in the order in which they displace each other from the solution
of their salts.
Al, Cu, Fe, Mg and Zn.
Solution 28:
A metal of stronger reducing power displaces another metal of weaker reducing power from its
solution of salt.
The order of the increasing reducing power of the given metals is Cu < Fe < Zn < Al <Mg.
Hence, we can say that Mg can displace Al from its salt solution, but Al cannot displace Mg.
Thus, the order in which the given metals displace each other from the solution of their salts is
given below:
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Mg>Al> Zn> Fe,>Cu

Question 29:
Given the standard electrode potentials,
K+/K = –2.93V, Ag +/Ag = 0.80V,
Hg2+/Hg = 0.79V
Mg2+/Mg = –2.37V. Cr 3+/Cr = –0.74V
Arrange these metals in their increasing order of reducing power.

er

.c

Question 30:
Depict the galvanic cell in which the reaction
Zn 
s 2 Ag  aq   Zn 2  aq  2 Ag 
s 

om

Solution 29:
The lower the electrode potential, the stronger is the reducing agent. Therefore, the increasing
order of the reducing power of the given metals is Ag < Hg < Cr < Mg < K.

uf

ev

) takes place, further show:
(i) which of the electrode is negatively charged,
(ii) the carriers of the current in the cell, and
(iii) individual reaction at each electrode.

Ed

Solution 30:
The galvanic cell corresponding to the given redox reaction can be represented as:
Zn Zn (2aq) || Ag (aq ) Ag
(i) Zn electrode is negatively charged because at this electrode, Zn oxidizes to Zn
leaving electrons accumulate on this electrode.
(ii) Ions are the carriers of current in the cell.
(iii)The reaction taking place at Zn electrode can be represented as:
Zn( s ) Zn(2aq) 2e 

2+

and the

And the reaction taking place at Ag electrode can be represented as:
Ag(aq ) e   Ag ( s )
(iv) In aqueous solutions, CuCl2ionizes to give Cu 2+and Cl –ions as:
CuCl2( aq ) Cu(2aq) 2Cl(aq )
On electrolysis, either of Cu 2+ions or H 2O molecules can get reduced at the cathode. But the
reduction potential of Cu2+ is more than that of H2O molecules.
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Cu(2aq) 2e Cu( aq ) ; E o 0.34V
H 2O( l) 2e H 2( g ) 2OH E; o 0.83V
Hence, Cu2+ ions are reduced at the cathode and get deposited.
Similarly, at the anode, either of Cl –or H 2O is oxidized. The oxidation potential of H
higher than that of Cl–.
2Cl(aq ) Cl2( g ) 2e; E o 1.36V

2O

is
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2H 2O(l) O2( g ) 4H (aq ) 4e; E o 1.23V
–
But oxidation of H 2O molecules occurs at a lower electrode potential than that of Cl
ions
–
because of over-voltage (extra voltage required to liberate gas). As a result, Cl
ions are
oxidized at the anode to liberate Cl2gas.
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Question 1:
Justify the position of hydrogen in the periodic table on the basis of its electronic
configuration.
Solution 1:
Hydrogen is the first element of the periodic table. Its electronic configuration is [1s 1]. Due to
the presence of only one electron in its 1s shell, hydrogen exhibits a dual behavior, i.e., it
resembles both alkali metals and halogens.
Resemblance with alkali metals:
1. Like alkali metals, hydrogen contains one valence electron in its valence shell.
H : 1s1
Li : [He] 2s1
Na : Ne 3s 1

.c

om
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Hence, it can lose one electron to form a unipositive ion.
2. Like alkali metals, hydrogen combines with electronegative elements to form oxides,
halides, and sulphides.
Resemblance with halogens:
1. Both hydrogen and halogens require one electron to complete their octets.
H : 1s1
F : 1s22s22p5
Cl : 1s22s22p63s23p5
Hence, hydrogen can gain one electron to form a uninegative ion.
2. Like halogens, it forms a diatomic molecule and several covalent compounds.
Though hydrogen shows some similarity with both alkali metals and halogens, it differs from
them on some grounds. Unlike alkali metals, hydrogen does not possess metallic
characteristics. On the other hand, it possesses a high ionization enthalpy. Also, it is less
reactive than halogens.
Owing to these reasons, hydrogen cannot be placed with alkali metals (group I) or with
halogens (group VII). In addition, it was also established that H +ions cannot exist freely as
they are extremely small. H +ions are always associated with other atoms or molecules. Hence,
hydrogen is best placed separately in the periodic table.
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Question 2:
Write the names of isotopes of hydrogen. What is the mass ratio of these isotopes?
Solution 2:
Hydrogen has three isotopes. They are:
1. Protium, ; 11 H
2. Deuterium, 12 H or D, and
3. Tritium, 13 Hor T
The mass ratio of protium, deuterium and tritium is 1:2:3.

om

Question 3:
Why does hydrogen occur in a diatomic form rather than in a monoatomic form under nomal
conditions?
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er

.c

Solution 3:
The ionization enthalpy of hydrogen atom is very high (1312 kJ mol –1). Hence, it is very hard
to remove its only electron. As a result, its tendency to exist in the monoatomic form is rather
low. Instead, hydrogen forms a covalent bond with another hydrogen atom and exists as a
diatomic (H2) molecule.

Ed

Question 4:
How can the production of dihydrogen, obtained from ‘coal gasification’, be increased?
Solution 4:
Dihydrogen is produced by coal gasification method as:
1270K
C( s ) H 2O ( g ) 
CO( g ) H 2( g )
(coal)
The yield of dihydrogen (obtained from coal gasification) can be increased by reacting carbon
monoxide (formed during the reaction) with steam in the presence of iron chromate as a
catalyst.
673K
CO( g ) H 2O( g ) 
CO2( g ) H 2( g )
Catalyst
This reaction is called the water-gas shift reaction. Carbon dioxide is removed by scrubbing it
with a solution of sodium arsenite.
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Question 5:
Describe the bulk preparation of dihydrogen by electrolytic method. What is the role of an
electrolyte in this process?
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Question 6:
Complete the following reactions:

(i) H 2( g ) M mO o (s ) 

ev

er

.c
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Solution 5:
Dihydrogen is prepared by the electrolysis of acidified or alkaline water using platinum
electrodes. Generally, 15 – 20% of an acid (H 2SO4) or a base (NaOH) is used.
Reduction of water occurs at the cathode as:
2H 2O 2e 2H 2 2OH 
At the anode, oxidation of OH–ions takes place as:
1
2OH  H 2O  O2 2e
2
Net
reaction
can
be represented as:

1
H 2O(l) H 2( g )  O2( g )
2
Electrical conductivity of pure water is very low owing to the absence of ions in it. Therefore,
electrolysis of pure water also takes place at a low rate. If an electrolyte such as an acid or a
base is added to the process, the rate of electrolysis increases. The addition of the electrolyte
makes the ions available in the process for the conduction of electricity and for electrolysis to
take place.


(ii) CO( g ) H 2( g ) 
catalyst

(iii) C3H 8( g ) 3H 2O( g ) 
catalyst
heat
(iv) Zn( s ) NaOH ( aq ) 

Solution 6:

(i) H 2( g ) M mO o (s ) 
mM ( s ) H 2O (l)

CH3OH(l)
(ii) CO( g ) 2H 2( g ) 
catalyst

3CO( g ) 7 H 2( g )
(iii) C3H 8( g ) 3H 2O( g ) 
catalyst
heat
NaZnO2( aq ) H 2( g )
(iv) Zn( s ) NaOH( aq ) 

Sodium zincate
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3

https://www.edufever.com/

Class XI – NCERT – Chemistry

Chapter 9
Hydrogen

Question 7:
Discuss the consequences of high enthalpy of H–H bond in terms of chemical reactivity of
dihydrogen.
Solution 7:
–1
The ionization enthalpy of H–H bond is very high (1312 kJ mol
). This indicates that
+
hydrogen has a low tendency to form H ions. Its ionization enthalpy value is comparable to
that of halogens. Hence, it forms diatomic molecules (H 2), hydrides with elements, and a large
number of covalent bonds.
Since ionization enthalpy is very high, hydrogen does not possess metallic characteristics
(lustre, ductility, etc.) like metals.

om

Question 8:
What do you understand by (i) electron-deficient, (ii) electron-precise, and (iii) electron rich
compounds of hydrogen? Provide justification with suitable examples.
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Solution 8:
Molecular hydrides are classified on the basis of the presence of the total number of electrons
and bonds in their Lewis structures as:
1. Electron-deficient hydrides
2. Electron-precise hydrides
3. Electron-rich hydrides
An electron-deficient hydride has very few electrons, less than that required for representing
its conventional Lewis structure e.g. diborane (B 2H6). In B2H6, there are six bonds in all, out of
which only four bonds are regular two centered-two electron bonds. The remaining two bonds
are three centered-two electron bonds i.e., two electrons are shared by three atoms. Hence, its
conventional Lewis structure cannot be drawn.
An electron-precise hydride has a sufficient number of electrons to be represented by its
conventional Lewis structure e.g. CH4. The Lewis structure can be written as:

Four regular bonds are formed where two electrons are shared by two atoms. An electron-rich
hydride contains excess electrons as lone pairs e.g. NH3.
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There are three regular bonds in all with a lone pair of electrons on the nitrogen atom.

Question 9:
What characteristics do you expect from an electron-deficient hydride with respect to its
structure and chemical reactions?
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Solution 9:
An electron-deficient hydride does not have sufficient electrons to form a regular bond in
which two electrons are shared by two atoms e.g., B2H6, Al 2H6etc.
These hydrides cannot be represented by conventional Lewis structures. B 2H6, for example,
contains four regular bonds and two three centered-two electron bond. Its structure can be
represented as:

Since these hydrides are electron-deficient, they have a tendency to accept electrons.
Hence, they act as Lewis acids.
B2H 6 2 NMe 2BH3NMe
.
3

B2H 6 2CO 2BH3CO
.

Question 10:
Do you expect the carbon hydrides of the type (C nH2n+2) to act as ‘Lewis’ acid or base? Justify
your answer.
Solution 10:
For carbon hydrides of type CnH2n+2, the following hydrides are possible for
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n 1 CH 4
n 2 C2H 6
n 3 C3H 8
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For a hydride to act as a Lewis acid i.e., electron accepting, it should be electron-deficient.
Also, for it to act as a Lewis base i.e., electron donating, it should be electron-rich.
Taking C 2H6as an example, the total number of electrons are 14 and the total covalent bonds
are seven. Hence, the bonds are regular 2e–-2 centered bonds.

Ed
uf

Hence, hydride C 2H6has sufficient electrons to be represented by a conventional Lewis
structure. Therefore, it is an electron-precise hydride, having all atoms with complete octets.
Thus, it can neither donate nor accept electrons to act as a Lewis acid or Lewis base.

Question 11:
What do you understand by the term “non-stoichiometric hydrides”? Do you expect this type
of the hydrides to be formed by alkali metals? Justify your answer.
Solution 11:
Non-Stoichiometric hydrides are hydrogen-deficient compounds formed by the reaction of
dihydrogen with d-block and f-block elements. These hydrides do not follow the law of
constant composition. For example: LaH2.87, YbH 2.55, TiH1.5 – 1.8 etc.
Alkali metals form stoichiometric hydrides. These hydrides are ionic in nature. Hydride ions
have comparable sizes (208 pm) with alkali metal ions. Hence, strong binding forces exist
between the constituting metal and hydride ion. As a result, stoichiometric hydrides are
formed.
Alkali metals will not form non-stoichiometric hydrides.
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Question 12:
How do you expect the metallic hydrides to be useful for hydrogen storage? Explain.
Solution 12:
Metallic hydrides are hydrogen deficient, i.e., they do not hold the law of constant
composition. It has been established that in the hydrides of Ni, Pd, Ce, and Ac, hydrogen
occupies the interstitial position in lattices allowing further absorption of hydrogen on these
metals. Metals like Pd, Pt, etc. have the capacity to accommodate a large volume of hydrogen.
Therefore, they are used for the storage of hydrogen and serve as a source of energy.

om

Question 13:
How does the atomic hydrogen or oxy-hydrogen torch function for cutting and welding
purposes? Explain.
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Solution 13:
Atomic hydrogen atoms are produced by the dissociation of dihydrogen with the help of an
electric arc. This releases a huge amount of energy (435.88 kJ mol –1). This energy can be used
to generate a temperature of 4000 K, which is ideal for welding and cutting metals. Hence,
atomic hydrogen or oxy-hydrogen torches are used for these purposes. For this reason, atomic
hydrogen is allowed to recombine on the surface to be welded to generate the desired
temperature.

Question 14:
Among NH 3, H 2O and HF, which would you expect to have highest magnitude of hydrogen
bonding and why?
Solution 14:
The extent of hydrogen bonding depends upon electronegativity and the number of hydrogen
atoms available for bonding. Among nitrogen, fluorine, and oxygen, the increasing order of
their electronegativities are N < O < F.
Hence, the expected order of the extent of hydrogen bonding is HF> H2O >NH3.
But, the actual order is H2O >HF>NH3.
Although fluorine is more electronegative than oxygen, the extent of hydrogen bonding is
higher in water. There is a shortage of hydrogens in HF, whereas there are exactly the right
numbers of hydrogens in water. As a result, only straight chain bonding takes place. On the
other hand, oxygen forms a huge ring-like structure through its high ability of hydrogen
bonding.
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In case of ammonia, the extent of hydrogen bonding is limited because nitrogen has only one
lone pair. Therefore, it cannot satisfy all hydrogens.

er
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Question 15:
Saline hydrides are known to react with water violently producing fire. Can CO 2, a well known
fire extinguisher, be used in this case? Explain.

MH( g ) H2O(aq) MOH(aq) H2( g )

ev

Solution 15:
Saline hydrides (i.e., NaH, LiH, etc.) react with water to form a base and hydrogen gas.
The chemical equation used to represent the reaction can be written as:

Ed

uf

The reaction is violent and produces fire.
CO2is heavier than dioxygen. It is used as a fire extinguisher because it covers the fire as a
blanket and inhibits the supply of dioxygen, thereby dousing the fire.
CO2can be used in the present case as well. It is heavier than dihydrogen and will be effective
in isolating the burning surface from dihydrogen and dioxygen.

Question 16:
Arrange the following
(i) CaH2, BeH2and TiH 2in order of increasing electrical conductance.
(ii) LiH, NaH and CsH in order of increasing ionic character.
(iii)H–H, D–D and F–F in order of increasing bond dissociation enthalpy.
(iv) NaH, MgH2and H 2O in order of increasing reducing property.
Solution 16:
(i) The electrical conductance of a molecule depends upon its ionic or covalent nature. Ionic
compounds conduct, whereas covalent compounds do not.
BeH2is a covalent hydride. Hence, it does not conduct. CaH
2is an ionic hydride, which

9. Hydrogen

www.vedantu.com

https://www.edufever.com/

8

Class XI – NCERT – Chemistry

Chapter 9
Hydrogen

Ed

uf

ev

er

.c

om

conducts electricity in the molten state. Titanium hydride, TiH
2is metallic in nature and
conducts electricity at room temperature. Hence, the increasing order of electrical conductance
is as follows:
BeH2<CaH2<TiH 2
(ii) The ionic character of a bond is dependent on the electronegativities of the atoms involved.
The higher the difference between the electronegativities of atoms, the smaller is the ionic
character.
Electronegativity decreases down the group from Lithium to Caesium. Hence, the ionic
character of their hydrides will increase (as shown below).
LiH<NaH<CsH
(iii) Bond dissociation energy depends upon the bond strength of a molecule, which in turn
depends upon the attractive and repulsive forces present in a molecule.
The bond pair in D–D bond is more strongly attracted by the nucleus than the bond pair in H–
H bond. This is because of the higher nuclear mass of D
2. The stronger the attraction the
greater will be the bond strength and the higher is the bond dissociation enthalpy. Hence, the
bond dissociation enthalpy of D–D is higher than H–H.
However, bond dissociation enthalpy is the minimum in the case of F–F. The bond pair
experiences strong repulsion from the lone pairs present on each F-centre.
Therefore, the increasing order of bond dissociation enthalpy is as follows:
F–F < H–H < D–D
(iv) Ionic hydrides are strong reducing agents. NaH can easily donate its electrons.
Hence, it is most reducing in nature.
Both, MgH 2and H 2O are covalent hydrides. H 2O is less reducing than MgH 2since the bond
dissociation energy of H 2O is higher than MgH 2. Hence, the increasing order of the reducing
property is H2O <MgH2<NaH

Question 17:
Compare the structures of H2O and H2O2.
Solution 17:
In gaseous phase, water molecule has a bent form with a bond angle of 104.5°. The O–H bond
length is 95.7 pm. The structure can be shown as:
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Hydrogen peroxide has a non-planar structure both in gas and solid phase. The dihedral angle
in gas and solid phase is 111.5° and 90.2° respectively.

ev
e

Question 18:
What do you understand by the term ’auto-protolysis’ of water? What is its significance?

Ed
uf

Solution 18:
Auto-protolysis (self-ionization) of water is a chemical reaction in which two water molecules
react to produce a hydroxide ion (OH–) and a hydronium ion (H3O+).
The reaction involved can be represented as:
H 2O ( l)  H 2O ( l)  H 3O ( aq )
OH ( aq )

Hydronium ion Hydroxide ion
Auto-protolysis of water indicates its amphoteric nature i.e., its ability to act as an acid as well
as a base.
The acid-base reaction can be written as:
H 2O(l)  H 2O(l)  H3O ( aq )
OH ( aq )


(Acid) (Base)

Conjugate
 acid




Conjugate
 base




Question 19:
Consider the reaction of water with F 2and suggest, in terms of oxidation and reduction, which
species are oxidized/reduced.
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Solution 19:
The reaction between fluorine and water can be represented as:
2 F2( g ) 2 H 2O (l) 4 H ( aq ) 4 F ( g ) O2( g )
This is an example of a redox reaction as water is getting oxidized to oxygen, while fluorine is
being reduced to fluoride ion.
The oxidation numbers of various species can be represented as:

ev
e

Question 20:
Complete the following chemical reactions.
(i) PbS( s ) H 2O 2( aq) 

r.c

om

Fluorine is reduced from zero to (– 1) oxidation state. A decrease in oxidation state indicates
the reduction of fluorine.
Water is oxidized from (– 2) to zero oxidation state. An increase in oxidation state indicates
oxidation of water.

Ed
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(ii) MnO4(aq ) H 2O 2( g ) 
(iii) CaO( s ) H 2O 2( g ) 
(iv) AlCl3( g ) H2O(l) 
(v) Ca3 N2( s) H2O(l) 

Classify the above into (a) hydrolysis, (b) redox and (c) hydration reactions.
Solution 20:
(i) PbS( s) H 2O 2( aq) PbSO4( s ) H 2O (l)
H2O2is acting as an oxidizing agent in the reaction. Hence, it is a redox reaction.
(ii) 2 MnO 4( aq ) 5 H 2O 2( g )  6 H ( aq )  2 Mn 2 ( aq ) 8 H 2O ( l) 5O 2( g )

H2O2(aq) is acting as a reducing agent in the acidic medium, thereby oxidizing MnO4(aq )
Hence, the given reaction is a redox reaction.
(iii) CaO( s ) H 2O ( g ) Ca OH 2( aq )

 

The reactions in which a compound reacts with water to produce other compounds are called
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hydrolysis reactions. The given reaction is hydrolysis.
(iv) 2 AlCl3( g ) 3H 2O(l) Al2O3( s ) 6HCl( aq)
The reactions in which a compound reacts with water to produce other compounds are called
hydrolysis reactions. The given reaction represents hydrolysis of AlCl 3
(v) Ca3N 2( s ) 6 H 2O ( l) 3Ca OH 2( aq ) 2 NH 3( g )

 

The reactions in which a compound reacts with water to produce other compounds are called
hydrolysis reactions. The given reaction represents hydrolysis of Ca3N2.

Question 21:
Describe the structure of the common form of ice.
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Solution 21:
Ice is the crystalline form of water. It takes a hexagonal form if crystallized at atmospheric
pressure, but condenses to cubic form if the temperature is very low.
The three-dimensional structure of ice is represented as:

The structure is highly ordered and has hydrogen bonding. Each oxygen atom is surrounded
tetrahedrally by four other oxygen atoms at a distance of 276 pm. The structure also contains
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wide holes that can hold molecules of appropriate sizes interstitially.

Question 22:
What causes the temporary and permanent hardness of water?

om

Solution 22:
Temporary hardness of water is due to the presence of soluble salts of magnesium and calcium
in the form of hydrogen carbonates (MHCO3, where M = Mg, Ca) in water.
Permanent hardness of water is because of the presence of soluble salts of calcium and
magnesium in the form of chlorides in water.

r.c

Question 23:
Discuss the principle and method of softening of hard water by synthetic ion-exchange resins.
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Solution 23:
The process of treating permanent hardness of water using synthetic resins is based on the
exchange of cations (e.g., Na +, Ca 2+, Mg2+etc) and anions (e.g., Cl–, SO 42–, HCO3–etc) present
in water by H+and OH –ions respectively.
Synthetic resins are of two types:
1) Cation exchange resins
2) Anion exchange resins
Cation exchange resins are large organic molecules that contain the –SO 3H group. The resin is
firstly changed to RNa (from RSO 3H) by treating it with NaCl. This resin then exchanges Na +
ions with Ca2+and Mg 2+ions, thereby making the water soft.
2 RNa M 2( aq ) R2M ( s ) 2 Na ( aq )
There are cation exchange resins in H +form. The resins exchange H +ions for Na +, Ca 2+, and
Mg2+ions.
2 
MR2( s ) 2 H ( aq )
2 RH M
( aq )


Anion exchange resins exchange OH –ions for anions like Cl
water.
RNH 2( s ) H 2O (l)

–

, HCO3and SO 42–present in

RNH 3 OH ( s )

X ( aq )
RNH 3 X ( s ) OH ( aq )

During the complete process, water first passes through the cation exchange process. The
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water obtained after this process is free from mineral cations and is acidic in nature. This
acidic water is then passed through the anion exchange process where OH –ions neutralize the
H+ions and de-ionize the water obtained.

Question 24:
Write chemical reactions to show the amphoteric nature of water.
Solution 24:
The amphoteric nature of water can be described on the basis of the following reactions:
1) Reaction with H2S
The reaction takes place as:
H 2O(l)  H 2S ( aq )
H3O ( aq )
HS ( aq )


Acid Conjugate

Conjugate
acid
base
In the forward reaction, H2O(l) accepts a proton from H2S ( aq) . Hence, it acts as a Lewis base.
2) Reaction with NH3
The reaction takes place as:

ev
e
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Base
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In the forward reaction, H2O(l) denotes its proton to NH3(aq) .Hence, it acts as a Lewis acid.
3) Self-ionization of water
In the reaction, two water molecules react as:

Question 25:
Write chemical reactions to justify that hydrogen peroxide can function as an oxidizing as well
as reducing agent.
Solution 25:
Hydrogen peroxide, H 2O2acts as an oxidizing as well as a reducing agent in both acidic and
alkaline media.
Reactions involving oxidizing actions are:
1) 2Fe2 2H  H2O2 2Fe3 2H2O
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2) Mn2 H 2O 2 Mn4 2OH 
3) PbS 4H2O2 PbSO4 4H2O
4) 2Fe2 H2O2 2Fe3 2OH 
Reactions involving reduction actions are:
1) 2MnO4 6 H  5H 2O 2 2Mn2 8H 2O 5O2

O
2) I 2 H 2O 2 2OH  2I  2 H 2O 
3) HOCl H 2O2 H 3O  CI  O2

2

4) 2MnO4 3H2O2 2MnO2 3O2 2H2O 2OH 

om

Question 26:
What is meant by ‘demineralised’ water and how can it be obtained?
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Solution 26:
Demineralised water is free from all soluble mineral salts. It does not contain any anions or
cations.
Demineralised water is obtained by passing water successively through a cation exchange (in
the H+form) and an anion exchange (in the OH –form) resin.
During the cation exchange process, H + exchanges for Na +, Mg 2+, Ca 2+, and other cations
present in water.
MR2( s ) 2 H ( aq ) ....... (1)
2 RH ( s ) M 2( aq )

In the anion exchange process, OH – exchanges for anions such as CO32, SO42, CI , HCO3etc.
present in water.
RNH2( s ) H 2O( l)

RNH3 OH ( s )

RNH3 OH ( s ) X ( aq )

RNH3 X ( s ) OH ( aq ) ........(2)

OH– ions liberated in reaction (2) neutralize H +ions liberated in reaction (1), thereby forming
water.
H ( aq ) OH ( aq ) H 2O (l)

Question 27:
Is demineralised or distilled water useful for drinking purposes? If not, how can it be made
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useful?
Solution 27:
Water is an important part of life. It contains several dissolved nutrients that are required by
human beings, plants, and animals for survival. Demineralised water is free of all soluble
minerals. Hence, it is not fit for drinking.
It can be made useful only after the addition of desired minerals in specific amounts, which are
important for growth.

Question 28:
Describe the usefulness of water in biosphere and biological systems.
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Solution 28:
Water is essential for all forms of life. It constitutes around 65% of the human body and 95%
of plants. Water plays an important role in the biosphere owing to its high specific heat,
thermal conductivity, surface tension, dipole moment, and dielectric constant.
The high heat of vapourization and heat of capacity of water helps in moderating the climate
and body temperature of all living beings.
It acts as a carrier of various nutrients required by plants and animals for various metabolic
reactions.

Question 29:
What properties of water make it useful as a solvent? What types of compound can it (i)
dissolve, and (ii) hydrolyse?
Solution 29:
A high value of dielectric constants (78.39 C 2/Nm2) and dipole moment make water a
universal solvent.
Water is able to dissolve most ionic and covalent compounds. Ionic compounds dissolve in
water because of the ion-dipole interaction, whereas covalent compounds form hydrogen
bonding and dissolve in water.
Water can hydrolyze metallic and non-metallic oxides, hydrides, carbides, phosphides, nitrides
and various other salts. During hydrolysis, H +and OH –ions of water interact with the reacting
molecule.
Some reactions are:
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CaO 
H O2 Ca 
OH 2
NaH H 2O NaOH H 2
CaC2 H 2O C2H 2 Ca 
OH

2

Question 30:
Knowing the properties of H 2O and D 2O, do you think that D
purposes?

2O

can be used for drinking

om

Solution 30:
Heavy water (D 2O) acts as a moderator, i.e., it slows the rate of a reaction. Due to this property
of D 2O, it cannot be used for drinking purposes because it will slow down anabolic and
catabolic reactions taking place in the body and lead to a casualty.

er

.c

Question 31:
What is the difference between the terms ‘hydrolysis’ and ‘hydration’?

NaH 
H O2 NaOH 
H

2

+

and
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Solution 31:
Hydrolysis is defined as a chemical reaction in which hydrogen and hydroxide ions (H
OH– ions) of water molecule react with a compound to form products. For example:

Ed

Hydration is defined as the addition of one or more water molecules to ions or molecules to
form hydrated compounds. For example:

CuSO4 5H2O CuSO4 5H2O

Question 32:
How can saline hydrides remove traces of water from organic compounds?
Solution 32:
Saline hydrides are ionic in nature. They react with water to form a metal hydroxide along
with the liberation of hydrogen gas. The reaction of saline hydrides with water can be
represented as:
AH( s ) H 2O(l) AOH(aq) H 2( g )
(where, A = Na, Ca,……)
When added to an organic solvent, they react with water present in it. Hydrogen escapes into
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the atmosphere leaving behind the metallic hydroxide. The dry organic solvent distills over.

Question 33:
What do you expect the nature of hydrides is, if formed by elements of atomic numbers 15, 19,
23 and 44 with dihydrogen? Compare their behaviour towards water.

ev
er
.c

om

Solution 33:
The elements of atomic numbers 15, 19, 23, and 44 are nitrogen, potassium, vanadium, and
ruthenium respectively.
1) Hydride of nitrogen
Hydride of nitrogen (NH3) is a covalent molecule. It is an electron-rich hydride owing to the
presence of excess electrons as a lone pair on nitrogen.

Ed
uf

2) Hydride of potassium
Dihydrogen forms an ionic hydride with potassium owing to the high electropositive nature of
potassium. It is crystalline and non-volatile in nature.
3) Hydrides of Vanadium and Ruthenium
Both vanadium and ruthenium belong to the d–block of the periodic table. The metals of d–
block form metallic or non–stoichiometric hydrides. Hydrides of vanadium and ruthenium are
therefore, metallic in nature having a deficiency of hydrogen.
4) Behaviour of hydrides towards water
Potassium hydride reacts violently with water as: KH( s ) H 2O( aq) KOH( aq) H 2( g )
Ammonia (NH3) behaves as a Lewis base and reacts with water as:
H 2O (l) NH 3( aq ) OH ( aq ) NH 4(aq )
Hydrides of vanadium and Ruthenium do not react with water. Hence, the increasing order of
reactivity of the hydrides is (V, Ru) H <NH 3<KH.

Question 34:
Do you expect different products in solution when aluminium (III) chloride and potassium
chloride treated separately with (i) normal water (ii) acidified water, and (iii) alkaline water?

9. Hydrogen
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Write equations wherever necessary.
Solution 34:
Potassium chloride (KCl) is the salt of a strong acid (HCl) and strong base (KOH). Hence, it is
neutral in nature and does not undergo hydrolysis in normal water. It dissociates into ions as
follows:
water
KCl( s ) 
K ( aq ) Cl ( aq )
In acidified and alkaline water, the ions do not react and remain as such.
Aluminium (III) chloride is the salt of a strong acid (HCl) and weak base [Al(OH)3].
Hence, it undergoes hydrolysis in normal water.
Normal
AlCl3( s ) 3H 2O ( l) 
Al OH 3( s ) 3H ( aq ) 3Cl ( aq )
Water

 

+

In acidified water, H ions react with Al(OH) 3forming water and giving Al 3+ions. Hence, in
acidified water, AlCl 3will exist as Al 3( aq ) and Cl ( aq ) ions.

 3( s ) 

Al OH



r.c
om

Normal
AlCl3( s ) 
Al 3( aq ) 3Cl ( aq )
Water
In alkaline water, the following reaction takes place:

OH ( aq ) Al OH 4  2H 2O( l)
  ( aq )

uf
ev
e

from alkaline water

Ed

Question 35:
How does H2O2behave as a bleaching agent?

Solution 35:
H2O2or hydrogen peroxide acts as a strong oxidizing agent both in acidic and basic media.
When added to a cloth, it breaks the chemical bonds of the chromophores (colour producing
agents). Hence, the visible light is not absorbed and the cloth gets whitened.

Question 36:
What do you understand by the terms:
(i)hydrogen economy (ii) hydrogenation (iii) ‘syngas’ (iv) water-gas shift reaction (v) fuelcell?
Solution 36:
(i) Hydrogen economy
Hydrogen economy is a technique of using dihydrogen in an efficient way. It involves
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transportation and storage of dihydrogen in the form of liquid or gas.
Dihydrogen releases more energy than petrol and is more eco–friendly. Hence, it can be used
in fuel cells to generate electric power. Hydrogen economy is about the transmission of this
energy in the form of dihydrogen.
(ii) Hydrogenation
Hydrogenation is the addition of dihydrogen to another reactant. This process is used to reduce
a compound in the presence of a suitable catalyst. For example, hydrogenation of vegetable oil
using nickel as a catalyst gives edible fats such as vanaspati, ghee etc.
(iii) Syngas
Syngas is a mixture of carbon monoxide and dihydrogen. Since the mixture of the two gases is
used for the synthesis of methanol, it is called syngas, synthesis gas, or water gas.
Syngas is produced on the action of steam with hydrocarbons or coke at a high temperature in
the presence of a catalyst.
1270K
CnH 2 n2 nH 2O 
nCO 3n 1H 2
Ni
For example,
1270K
CH4( g ) H 2O( g ) 
CO( g ) 3H 2( g )
Ni

er
.c

Syngas
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(iv) Water shift reaction
It is a reaction of carbon monoxide of syngas mixture with steam in the presence of a catalyst
as:
673K
CO( g ) H 2O( g ) 
CO2( g ) H 2( g )
Catalyst

Ed

This reaction is used to increase the yield of dihydrogen obtained from the coal gasification
reaction as:

C( s ) H2O( g ) CO( g ) H2( g )

(v) Fuel cells
Fuel cells are devices for producing electricity from fuel in the presence of an electrolyte.
Dihydrogen can be used as a fuel in these cells. It is preferred over other fuels because it is
eco-friendly and releases greater energy per unit mass of fuel as compared to gasoline and
other fuels.

9. Hydrogen
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Question 1:
What are the common physical and chemical features of alkali metals?

.c

om

Solution 1:
Physical properties of alkali metals:
 Alkali metals have low ionization enthalpies.
 Alkali metals are highly electropositive in nature
 Alkali metals exhibit +1 oxidation states in their compounds.
 Alkali metals impart characteristic colours to the flame.
Chemical properties of alkali metals:
 Alkali metals are highly reactive in nature.
 Alkali metals hydroxides are highly basic in nature.
 Alkali metals dissolve in liquid ammonia to form blue and conducting solution.

ev

er

Question 2:
Discuss the general characteristics and gradation in properties of alkaline earth metals.

Ed
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Solution 2:
 Atomic size goes on increasing down the group.
 Ionization energy goes on decreasing down the group.
 They are harder than alkali metals.
 They are less electropositive than alkali metals.
 Electropositive character increases on going down the group.

Question 3:
Why are alkali metals not found in nature?
Solution 3:
Alkali metals are highly reactive in nature. That’s why they always exist in combine state in
nature.
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Question 4:
Find out the oxidation state of sodium in Na2O2.
Solution 4:
Let x be the oxidation state of Na in Na2O22x + 2 (-1) = 0 , 2x – 2 = 0 , 2x=2x = +1

Question 5:
Explain why is sodium less reactive than potassium.
Solution 5:
It is because ionization enthalpy ΔHi of potassium = 419 kJ mol-1.

.c

om

Ionization enthalpy of sodium = 496 KJ mol. Since ionization enthalpy of potassium is less
than that of sodium, potassium is more reactive than sodium.

uf

ev

er

Question 6:
Compare the alkali metals and alkaline earth metals with respect to
(i) ionization enthalpy,
(ii) basicity of oxides,
(iii) solubility of hydroxides.

Ed

Solution 6:
(i) Ionization enthalpy. Because of high nuclear charge the ionization enthalpy of alkaline
earth metals are higher than those of the corresponding alkali metals.
(ii) Basicity of oxides. Basicity of oxides of alkali metals are higher than that of alkaline earth
metals.
(iii)Solubility of hydroxides of alkali metals are higher than that of alkaline earth metals.
Alkali metals due to lower ionization enthalpy are more electropositive than the
corresponding group 2 elements.

Question 7:
In what ways lithium shows similarities to magnesium in its chemical behaviour?
Solution 7:
 Both react with nitrogen to form nitrides.

10. The s-Block Elements

www.vedantu.com

https://www.edufever.com/

2

Class X – NCERT – Chemistry

Chapter 10
The s-Block Elements

 Both react with O 2 to form monoxides.
 Both the elements have the tendency to form covalent compounds.
 Both can form complex compounds.

Question 8:
Explain why can alkali and alkaline earth metals not be obtained by chemical reduction
method.

om

Solution 8:
Alkali and alkaline earth metals are themselves better reducing agents, and reducing agents
better than alkali metals are not available. That is why these metals are not obtained by
chemical reduction methods.

er

.c

Question 9:
Why are potassium and caesium, rather than lithium used in photoelectric cells?

Ed

uf

ev

Solution 9:
Potassium and caesium have much lower ionization enthalpy than that of lithium. As a result,
these metals easily emit electrons on exposure to light. Due to this, K and Cs are used in
photoelectric cells rather than lithium.

Question 10:
When alkali metal dissolves in liquid ammonia, the solution can acquire different
colours.Explain the reason for this type of colour change.
Solution 10:
Alkali metals dissolve in liquid ammonia and give deep blue solutions which are conducting in
nature because ammoniated electrons absorb energy in the visible region of light and impart
blue colour.

M x y NH3 M 
NH






 e NH3 y

3 x

Ammoniated
electrons

10. The s-Block Elements

3

https://www.edufever.com/

Class X – NCERT – Chemistry

Chapter 10
The s-Block Elements

Question 11:
Beryllium and magnesium do not give colour to flame whereas other alkaline earth metals do
so. Why?
Solution 11:
Due to the small size, the ionization enthalpies of Be and Mg are much higher than those of
other alkaline earth metals. Therefore, a large amount of energy is needed to excite their
valence electrons, and that’s why they do not impart colour to the flame.

Solution 12:
heat
CaCO3 (s ) 
CaO 
CO

2



uf

ev

heat
Na2CO3 CO2 H 2O
2 NaHCO3s( ) 
Na2CO3 10 H 2O Na2CO3 10 H 2O

er

NH3 H 2O NH OH
NaCl NH4OH CO
 2 NaHCO3 NH4Cl

.c


4

om

Question 12:
Discuss the various reactions that occur in the Solvay process.

Ed

Question 13:
Potassium carbonate cannot be prepared by Solvay process. Why?
Solution 13:
Potassium carbonate being more soluble than sodium bicarbonate does not get precipitated
when CO2is passed through a concentrated solution of KCl saturated with ammonia.

Question 14:
Why is Li2CO3decomposed at a lower temperature whereas Na 2CO3at higher temperature?
Solution 14:
Li2CO3is a covalent compound whereas Na
energy of Na 2CO3is higher than that of Li
temperature.

10. The s-Block Elements

2CO3is

an ionic compound. Therefore, Lattice
2CO3. Thus, LiCO 3is decomposed at a lower

www.vedantu.com

https://www.edufever.com/

4

Class X – NCERT – Chemistry

Chapter 10
The s-Block Elements

Question 15:
Compare the solubility and thermal stability of the following compounds of the alkali metals
with those of the alkaline earth metals.
(a) Nitrates
(b) Carbonates
(c) Sulphates
Solution 15:
(a) Nitrates of both group 1 and group 2 elements are soluble in water because hydration
energy is more than the lattice energy.
Nitrates of both group 1 and group 2 elements are thermally unstable but they decompose
differently except LiCO3e.g.
heat
2 NaNO3 
2 NaNO2 O2

om


2 KNO3 
2 KNO2 O2


NO 3 2 
2Mg 
2MgO 4 NO2 O2


in water except Li

2CO3.

They are also

ev

er

(b) Carbonates of group 1 elements are soluble
thermally stable except Li2CO3

Li2CO3 
Li2O 
CO 2

.c


4LiNO3 
2LiO2 4 NO2 O2

Ed
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Group 2 carbonates are insoluble in water because their Lattice energy are higher than
hydration energy.
Thermal stability of carbonates of group 2 increases down the group because Lattice
energy goes no increasing due to increase in ionic character.
(c) Sulphates of group 1 are soluble in water except Li2SO4. They are thermally stable.
Solubility of sulphates of group 2 decreases down the group because Lattice energy
dominates over hydration energy. ‘
Sulphates of group 2 elements are thermally stable and increasing down the group due to
increases in Lattice energy.

Question 16:
Starting with sodium chloride how would you proceed to prepare.
(i) Sodium metal
(ii) Sodium hydroxide
(iii) Sodium peroxide
(iv) Sodium carbonate?

10. The s-Block Elements
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Solution 16:
(i) Sodium metal is manufactured by electrolysis of a fused mass of NaCl 40% and CaCl
60% in Down’s cell at 873 K, using iron as cathode and graphite as anode. Na is liberated
at the cathode.
At cathode:

2

Na e Na(l)
At anode:

2Cl(melt) Cl2 ( g ) 2e

2

.c

ev

(iii)Sodium peroxide:
O
4 Na 2O2 2 Na2O 

er

2 Na Hg Na Hg 2H 2O
2 Na Hg 2H 2O 2 NaOH H 2 Hg
At anode:
Cl  e Cl
Cl Cl Cl2

om

(ii) Sodium hydroxide is manufactured by electrolysis of an aqueous solution of NaCl(brine) in
Castner-Kellner cell.
At cathode:
Na e Na

uf

(iv) Sodium carbonate is obtained by Solvay ammonia process.
NaCl NH 3 CO2 H 2O NaHCO3 NH 4Cl

Ed


Na2CO3 CO2 H 2O
2 NaHCO3 

Question 17:
What happens when (i) magnesium is burnt in air, (ii) Quick lime is heated with silica (iii)
chlorine reacts with slaked lime (iv) calcium nitrate is heated?
Solution 17:

2Mg(s) O2g( ) 
2MgO(s)
 CaSiO (
(ii) CaO(s) SiO2s( ) 
3s )

(i)

(iii) 2Ca OH

(iv)

2 2Cl2 CaCl2 Ca OCl 2 2 H 2O

NO 3 2 ( s) 
2Ca 
2CaO(s) 4 NO2g( ) O2g( )
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Question 18:
Describe two important uses of each of the following:,
(i) caustic soda
(ii) sodium carbonate
(iii) quick lime

Ed
uf
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er
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Solution 18:
(i) Caustic soda
(a) It is used in the manufacturing soap paper, artificial silk etc.
(b) It is used in textile industries.
(ii) Sodium carbonate
(a) Used in the softening of water, for laundry and cleaning purposes.
(b) It is used in glass manufacturing.
(iii)Quick lime
(a) It is used in the preparation of bleaching powder.
(b) Used in purification of sugar and in the manufacturing of cement.

Question 19:
Draw the structure of (i) BeCl2(vapour), (ii) BeCl 2(solid).
Solution 19:
BeCl2(vapour)
In the vapour state, it exists as a chlorobridged dimer.

BeCl2(solid)

Question 20:
The hydroxides and carbonates of sodium and potassium are easily soluble in water while the
corresponding salts of magnesium and calcium are sparingly soluble in water. Explain.

10. The s-Block Elements
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Solution 20:
Since group 1 hydroxides and carbonates due to large size contain higher hydration energy
than the lattice energy so, they are easily soluble in water. Whereas, in magnesium and
calcium due to small size, their lattice energy dominates over hydration energy. Hence they
are sparingly soluble in water.

Question 21:
Describe the importance of the following:
(i) Limestone (ii) Cement
(iii) Plaster of Paris.

Ed
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Solution 21:
Limestone:
 Extensively used in manufacturing of high quality paper.
 Used as mild abrasive in toothpaste.
 As a filler in cosmetics.
 Used as an antacid.
Cement:
 An important building material.
 Used in concrete and reinforced cement.
Plaster of Pairs:
 Used in plasters.
 In dentistry, in ornamental work for making statues.

Question 22:
Why are lithium salts commonly hydrated and those of the other alkali metal ions usually
anhydrous?
Solution 22:
Due to smallest size, Li+can polarize water molecules easily than the other alkali metal ions.

Question 23:
Why is LiF almost insoluble in water whereas LiCl soluble not only in water but also in
acetone?

10. The s-Block Elements
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Solution 23:
It is due to high lattice energy of LiF as compared to LiCl.
LiCl is soluble in water because its hydration energy is higher than its lattice energy.

Question 24:
Explain the significance of sodium, potassium, magnesium and calcium in biological fluids.

Ed
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Solution 24:
Sodium ions:
+
 Na ions participate in the transmission of nerve signals, in regulating the flow of water
across cell membranes.
 In the transport of sugars and amino acids into cell.
Potassium ions:
 They activate many enzymes.
 Participate in the oxidation of glucose to produce ATP.
Magnesium ions:
 All enzymes that utilize ATP in phosphate transfer require magnesium as a cofactor.
 Mg is the main pigment for the absorption of light in plants.
Calcium:
2+
 Ca ions are present in bones.
 Plays important roles in neuromuscular function.

Question 25:
What happens when
(i) Sodium metal is dropped in water?
(ii) Sodium metal is heated in free supply of air?
(iii) Sodium peroxide dissolves in water?
Solution 25:
(i) 2Na + 2H2 O2NaOH + H2
(ii) 2Na + O2 Na2O 2
(iii) Na2O2+ 2H O
2
2NaOH + H2 O2

10. The s-Block Elements

9

https://www.edufever.com/

Class X – NCERT – Chemistry

Chapter 10
The s-Block Elements

Question 26:
Comment on each of the following observations:


(a) The mobilities of the alkali metal ions in aqueous solution are Li < Na <K <Rb
< Cs
(b) Lithium is the only alkali metal to form a nitride directly.
(c) E for M 2+aq + 2e  M s (where M = Ca, Sr, or Ba) is nearly constant.

 





Solution 26:
(a) Smaller the size of the ion, more highly it is hydrated and hence greater is the mass of the
hydrated ion and thus the ionic mobility become lesser. The extent of hydration decreases in
the order.

ev
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Li < Na <K <Rb
< Cs
Thus the mobility of Cs will be the highest.
(b) Due to its smaller size lithium can form nitride directly.
(c) It is because reduction potential depends upon sublimation energy, ionisation energy and
hydration energy. Their resultant is almost constant for these ions.

Ed
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Question 27:
State as to why
(a) a solution of Na2CO3is alkaline?
(b) alkali metals are prepared by electrolysis of their fused chlorides?
(c) Sodium is found to be more useful than potassium?
Solution 27:
(a) Na2CO3is a salt of a weak acid, carbonic acid (H 2CO3) and a strong base NaOH. Thus it
undergoes hydrolysis to produce strong base NaOH and its aqueous solution is alkaline in
nature.

Na2 CO3 (s ) H2O(l ) 2NaOH
(b) Because the discharge potential of alkali metals is much higher than that of hydrogen,
therefore when the aqueous solution of any alkali metal chlorides is subjected to
electrolysis, H 2, instead of the alkali metal, is produced at the cathode. Therefore alkali
metals are prepared by electrolysis of their fused chlorides.
(c) Since potassium is more reactive than sodium and it is found in nature to a less extent than
Na, Sodium is found to be more useful.

10. The s-Block Elements
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Question 28:
Write balanced equations for reactions between.
(a) Na2O2and water
(b) KO2and water
(c) Na2O and CO2
Solution 28:
H O2
(a) Na2 O2 2H2O 2NaOH 

O
(b) 2KO2 2H 2O 2KOH 

2

2

H2O2

CO 2 Na2 CO3
(c) Na2 O 
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Question 29:
How would you explain the following observations?
(i) BeO is almost insoluble but BeSO 4is soluble in water.
(ii) BaO is soluble but BaSO4is insoluble in water.
(iii)LiI is more soluble than Kl in ethanol.

Ed
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Solution 29:
(i) Lattice energy of BeO is comparatively higher than the hydration energy. Therefore, it is
almost insoluble in water. Whereas BeSO 4is ionic in nature and its hydration energy
dominates the lattice energy.
(ii) Both BaO and BaSO 4are ionic compounds but the hydration energy of BaO is higher than
the lattice energy therefore it is soluble in water.
(iii)Since the size of Li +ion is very small in comparison to K +ion, it polarizes the electron
cloud I-ion to great extent. Thus LiI dissolves in ethanol more easily than the KI.

Question 30:
Which of the alkali metal is having least melting point?
(a) Na
(b) K
(c) Rb
(d) Cs
Solution 30:
Size of Cs is the biggest thus, its melting point is the lowest, (d) is correct.

10. The s-Block Elements

11

https://www.edufever.com/

Class X – NCERT – Chemistry

Chapter 10
The s-Block Elements

Question 31:
Which one of the following alkali metals give hydrated salts?
(a) Li
(b) Na
(c) K
(d) Cs
Solution 31:
Li+is the smallest. Thus, it has the highest charge density and hence attracts the water
molecules more strongly.

Question 32:
Which one of the following alkaline earth metal carbonates is thermally most stable?
(a) MgCO3
(b) CaCO3
(c) SrCO3
(d) BaCO3

er
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Solution 32:
(d) BaCO3

I. Very Short Answer Type Questions

Ed

Solution 1:
Li.

uf

ev

Question 1:
Name the alkali metal which shows diagonal relationship with magnesium?

Question 2:
Why alkali and alkaline earth metals cannot be obtained by chemical reduction method?
Solution 2:
Because alkali and alkaline earth metals are themselves stronger reducing agents than the
majority of other reducing agents.

Question 3:
Name the compounds used for the manufacture of washing soda by Solvay process.

10. The s-Block Elements
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Solution 3:
NaCl, CaCO3and NH 3.

Question 4:
Which electrolyte is used to obtain sodium in Castner’s process?
Solution 4:
Fused NaOH.

Question 5:
What happens when crystals of washing soda are exposed to air?

er

.c

om

Solution 5:
Monohydrate ( Na2 CO3 H2O ) is formed as a result efflorescence.

ev

Question 6:
Name the alkaline earth metals whose salt do not impart colour to a non-luminous flame.

Ed
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Solution 6:
Beryllium does not impart colour to a non-luminous flame.

Question 7:
What is dead burnt plaster?

Solution 7:
It is anhydrous calcium sulphate (CaSO4)

Question 8:
What is Quick lime? What happens when it is added to water?
Solution 8:
CaO is quick lime. When it is added to water, Ca(OH) 2is formed.

10. The s-Block Elements
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Question 9:
Arrange the following in the increasing order of solubility in water.
MgCl2, CaCl2, SrCl2, BaCl2
Solution 9:
BaCl2<SrCl2<CaCl2<MgCl2

Question 10:
Give the chemical formula of Epsom salt.

Ed
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Solution 11:
Fuse
Na2CO3 SiO2 
Na2SiO3  CO2
Sod. Silicate

er

.c

Question 11:
How would you prepare sodium silicate from Silica?

om

Solution 10:
MgSO4, 7H2O

Question 12:
What happens when sodium metal is heated in free supply of air?
Solution 12:
Sodium peroxide is formed.

2Na O2 Na2 O2

Question 13:
What is the general name for elements of group 1?
Solution 13:
Alkali metals.

10. The s-Block Elements
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Question 14:
Why are alkali metals soft?
Solution 14:
Since the atoms of alkali metals have bigger kernels and smaller number of valence electrons,
the metallic bonds in them are very weak and hence are soft.

Question 15:
What do you mean by diagonal relationship in periodic table?

er

ev

Question 16:
Why is BeCl2soluble in organic solvent?

.c

om

Solution 15:
The resemblance of the first element of second period with diagonally situated element of
neighbouring elements is called diagonal relationship.
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Solution 16:
Since BeCl2is a covalent compound it is soluble in organic solvent.

Question 17:
Why do alkali metals give characteristic flame colouration?
Solution 17:
Alkali metals due to low ionization energy absorb energy from visible region to radiate
complementary colour.

Question 18:
Why is the solution of alkali metals in liquid ammonia conducting in nature?
Solution 18:
Due to ammoniated electrons and cations.

10. The s-Block Elements
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Question 19:
Which is more basic NaOH or Mg(OH) 2?
Solution 19:
NaOH is more basic.

Question 20:
Which alkaline earth metals do not impart colour to the flame?

om

Solution 20:
Be and Mg.

er

.c

Question 21:
What is soda ash?
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Solution 21:
Soda ash is anhydrous sodium carbonate (Na2CO3).

Ed

II. Short Answer Type Questions

Question 1:
Why are alkali metals always univalent? Which alkali metal ion forms largest hydrated ion in
aqueous solution?
Solution 1:
They are always univalent because after losing one electron, they aquire nearest inert gas
configuration. Li+forms largest hydrated cations because it has the highest hydration energy.

Question 2:
What is the effect of heat on the following compounds (Give equations for the reactions)?
(i) CaCO3
(ii) CaSO42H2O

10. The s-Block Elements
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Solution 2:
heat
CaO 
CO 2
(i) CaCO3 
heat
CaSO4  2H 2O
(ii) CaSO4 2H 2O 
Dead burnt

plaster

Question 3:
Explain the following:
(a) Lithium iodide is more covalent than lithium fluoride.
(b) Lattice enthalpy of LiF is maximum among all the alkali metal halides.

ev
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Solution 3:
(a) According to Fazan’s rule, Li +ion can polarize I –ion more than the F –ion due to bigger
size of the anion. Thus Lil–has more covalent character than LiF.
(b) Smaller the size (internuclear distance), more is the value of Lattice enthalpy since
internuclear distance is expected to be least in the LiF.

Solution 4:
(i) NaNO3

Ed
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Question 4:
Write the chemical formula of the following compounds.
(i) Chile salt petre
(ii) Marble
(iii) Brine

(ii) CaCO3

(iii) NaCl.

Question 5:
Explain the following:
(a) Why Cs is considered as the most electropositive element?
(b) Lithium cannot be used in making photoelectric cells.
(c) Lithium does not form alums.
Solution 5:
(a) Due to its lowest ionization energy, Cs is considered as the most electropositive element.
(b) Lithium cannot be used in making photoelectric cells because out of all the alkali metals it
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has highest ionization energy and thus cannot emit electrons when exposed to light.
(c) Due to small size, lithium does not form alums.

Question 6:
(a) What makes lithium to show properties uncommon to the rest of the alkali metals?
(b) When is a cation highly polarizing? Which alkali metal cation has the highest polarizing
power?

.c

om

Solution 6:
(a) The unusual properties of lithium as compared to other alkali metals is due to its
exceptionally small size of atom and its ion and its high polarizing power.
(b) A cation is highly polarizing if its charge/size ratio is very high.
Li+ion has the highest polarizing power.

ev

er

Question 7:
Why are ionic hydrides of only alkali metals and alkaline earth metals are known? Give two
examples.

Ed

uf

Solution 7:
Alkali metals and alkaline earth metals are most electropositive due to low ionization enthalpy
therefore they form ionic hydrides, e.g. NaH, KH and CaH2.

Question 8:
Why does the solution of alkali metals becomes blue in liquid ammonia? Give the chemical
equation also.
Solution 8:
The blue colour of the solution is due to ammoniated electron which absorbs energy in the
visible region of light and imparts blue colour.
Na(am ) e(am) NH3l( ) NaNH2am
( ) 1/ 2 H 2g( )
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Question 9:
Give the important uses of the following compounds.
(i) NaHCO3
(ii) NaOH

om

Solution 9:
(i) Uses of NaHCO3
 It is used in fire extinguisher.
 It is mild antiseptic for skin infections.
 It is used as antacid.
(ii) Uses of NaOH
 It is used in soap industry.
 It is used in textile industry.
 It is used as reagent in laboratory.
 It is used in absorbing poisonous gases.

er

.c

Question 10:
What is the mixture of CaC2and N 2called? How is it prepared?

uf

Ed

CaC2 N2 CaCN2 C

ev

Solution 10:
It is called Nitrolime.
It is prepared by heating CaC2with N 2at high temperature.

III. Long Answer Type Questions

Question 1:
(a) Compare four properties of alkali metals and alkaline earth metals.
(b) What happens when alkali metals are dissolved in ammonia?
(c) MgCl2is electrolyzed.
Solution 1:
(a)
Alkali metals
(i) They are soft metals.
(ii) Alkali metals show +1 oxidation state.
(iii) Their carbonates are soluble in water
except Li2CO3.

Alkaline earth metals
(i) They are harder than alkali metals.
(ii) Alkaline earth metals show +2 oxidation
state.
(iii)Their carbonates are insoluble in water.
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(iv) Except Li, alkali metals do not form
(iv) They can form complex compounds.
complex compounds.
(b) They form blue coloured solution. The solution is paramagnetic in nature.
electrolysis
Mg2 2Cl
(c) MgCl2 
At cathode:

Mg2 (aq) 2e Mg(s)
At anode:
2Cl (aq) 2e Cl2 ( g )

.c

om

Question 2:
State as to why
(a) Alkali metals show only +1 oxidation state.
(b) Na and K impart colour to the flame but Mg does not.
(c) Lithium on being heated in air mainly forms the monoxide and not the peroxide.
(d) Li is the best reducing agent in aqueous solution.

Ed
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Solution 2:
(a) Alkali metals have low ionization enthalpies.
They have a strong tendency to lose 1 electron to form unipositive ions. Thus they show an
oxidation state of +1 and are strongly electropositive.
(b) Valence electrons of alkali metals like Na and K easily absorb energy from the flame and
are excited to higher energy levels. When these electrons return to the ground state, the
energy is emitted in the form of light.
Magnesium atom has small size so electrons are strongly bound to the nucleus. [Thus they
need large amount of energy for excitation of electrons to higher energy levels which is not
possible in Bunsen flame].
(c) Due to the small size of Li+it has a strong positive field which attracts the negative charge
so strongly that it does not permit the oxide ion, 02-to combine with another oxygen atom
to form peroxide ion.
(d) Since, among alkali metals, lithium has the most negative electrode potential (Eo= -3.04V)
so, it is the strongest reducing agent in the aqueous solution.

IV. Multiple Choice Questions
Question 1:
The reducing property of alkali metals follows that order
(a) Na < K <Rb< Cs < Li
(b) K < Na <Rb< Cs < Li
(c) Li < Cs <Rb< K < Na
(d) Rb< Cs < K < Na < Li
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Solution 1:
(a) Na < K <Rb< Cs < Li

Question 2:
Which of the following is the least thermally stable?
(a) MgCO3
(b) CaCO3
(c) SrCO3
(d) BeCO3
Solution 2:
(d) BeCO3

om

Question 3:
When heated to 800 oC, NaNO3 gives
(a) Na + N2+ O 2
(b) NaNO2+ O 2

(d) NaN 3+ O 2

.c

(c) Na2O + O2+ N 2

ev
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Solution 3:
(c) Na2O + O2+ N 2

Solution 4:
(d) magnesium

Ed

uf

Question 4:
Lithium shows a diagonal relationship with
(a) sodium
(b) silicon
(c) nitrogen (d) magnesium

Question 5:
In the Solvay process
(a) an ammonical brine solution is carbonated with CO2, forming NaHCO3which on
decomposition at 150oC produces Na2CO3
(b) a sodium amalgam reacts with water to produce NaOH which gives Na2CO3on reacting
with CO2
(c) a brine solution is made to react with BaCO3to produce Na 2CO3
(d) all of the above
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Solution 5:
(a) an ammonical brine solution is carbonated with CO2, forming NaHCO3which on
decomposition at 150oC produces Na2CO3

Question 6:
The oxide of which of the following metals is amphoteric?
(a) Pb
(b) Mg
(c) Ca
(d) Al
Solution 6:
(a) Pb and (d) Al

er

.c
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Question 7:
Alkaline earth metals are
(a) more reactive
(b) less reducing
(c) more oxidizing
(d) less basic than alkali metals

Ed
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Solution 7:
(b) less reducing and (d) less basic than alkali metals

Question 8:
Which of the following is not a peroxide?
(a) KO2
(b) CrO5
(c) Na2O2

(d) BaO2

Solution 8:
(a) KO2

Question 9:
Hydrides as well as halides of alkaline earth metals tend to polymerize
(a) Sr
(b) Ca
(c) Be
(d) Mg
Solution 9:
(c) Be
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Question 10:
Which of the following is used in photoelectric cells?
(a) Na
(b) K
(c) Li
(d) Cs
Solution 10:
(d) Cs

V. Hots Questions
Question 1:
Why are alkali metals soft and have low melting points?

ev
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Solution 1:
Alkali metals have only one valence electron per metal atom. As a result, the binding energy of
alkali metal ions in the close-packed metal lattices are weak. Therefore, these are soft and have
low melting point.

Ed

uf

Question 2:
Which out of the following can be used to store an alkali metal?
H2O, C2H5OH and Benzene
Solution 2:
Benzene can be used to store an alkali metal because other substances react with alkali metal
as:
Na H 2O NaOH 1/ 2 H 2
1
Na C2H 5OH C 2H ONa
5
 2 H 2

Question 3:
Potassium carbonate cannot be prepared by Solvay process. Why?
Solution 3:
This is due to the reason that potassium bicarbonate (KHCO3) formed as an intermediate
(when CO2gas is passed through ammoniated solution of potassium chloride) is highly soluble
in water and cannot be separating by filtration.
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Question 4:
The hydroxides and carbonates of sodium and potassium are easily soluble in water while the
corresponding salts of magnesium and calcium are sparingly soluble in water. Explain.

om

Solution 4:
All the compounds are crystalline solids and their solubility in water is guided by both lattice
enthalpy and hydration enthalpy. In case of sodium and potassium compounds, the magnitude
of lattice enthalpy is quite small as compared of sodium and potassium that are mentioned,
readily dissolve in water. However, in case of corresponding magnesium and calcium
compounds, the cations have smaller sizes and more magnitude of positive charge. This means
that their lattice enthalpies are more as compared to the compounds of sodium and potassium.
Therefore, the hydroxides and carbonates of these metals are only sparingly soluble in water.

er

.c

Question 5:
Why is LiF almost insoluble in water whereas LiCl soluble not only in water but also in
acetone?

Ed
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Solution 5:
The low solubility of LiF in water is due to its very high lattice enthalpy (F–ion is very small
in size). On the other hand, in lithium chloride (LiCl) the lattice enthalpy is comparatively very
small. This means that the magnitude of hydration enthalpy is quite large. Therefore lithium
chloride dissolves in water. It is also soluble in acetone due to dipolar attraction. (Acetone is
polar in nature).
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NCERT Exercise
Question 1:
Discuss the pattern of variation in the oxidation states of
(i) B to Tl and
(ii) C to Pb.

B
Al
Ga, In, Tl

uf
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Solution 1:
(i) B to Tl
ns2 np1. Therefore, the most common
The electric configuration of group 13 elements is
oxidation state exhibited by them should be +3. However, it is only boron and aluminium
which practically show the +3 oxidation state. The remaining elements, i.e., Ga, In, Tl, show
both the +1 and +3 oxidation states. On moving down the group, the +1 state becomes more
stable. For example, Tl (+1) is more stable than Tl (+3). This is because of the inert pair effect.
The two electrons present in the s-shell are strongly attracted by the nucleus and do not
participate in bonding. This is known as inert pair effect. This inert pair effect becomes more
and more prominent on moving down the group. Hence, Ga (+1) is unstable, In (+1) is fairly
stable, and Tl (+1) is very stable.
Group 13 element
Oxidation state
+3
+3

+1, +3

Ed

The stability of the +3 oxidation state decreases on moving down the group.
(ii) C to Pb
The electronic configuration of group 14 elements is ns2np 2. Therefore, the most common
oxidation state exhibited by them should be +4. However, the +2 oxidation state becomes more
and more common on moving down the group. C and Si mostly show the +4 state.
On moving down the group, the higher oxidation state becomes less stable. This is because of
the inert pair effect. Thus, although Ge, Sn, and Pb show both the +2 and + 4 states, the
stability of the lower oxidation state increases and that of the higher oxidation state decreases
on moving down the group.
Group 14 element
Oxidation state
C
+4
Si
+4
Ge, Sn, Pb
+2, +4
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stability of +2 state increases


C Si Ge Sn Pb

stability of +4 state decreases

Question 2:
How can you explain higher stability of BCl3as compared to TlCl 3?

.c
o

m

Solution 2:
Boron and thallium belong to group 13 of the periodic table. In this group, the +1 oxidation
state becomes more stable on moving down the group. BCl 3is more stable than TlCl 3because
the +3 oxidation state of B is more stable than the +3 oxidation state of Tl. In Tl, the +3 state is
highly oxidising and it reverts back to the more stable +1 state.

ve
r

Question 3:
Why does boron trifluoride behave as a Lewis acid?

Ed
uf
e

Solution 3:
The electric configuration of boron is ns2np1. It has three electrons in its valence shell. Thus, it
can form only three covalent bonds. This means that there are only six electrons around boron
and its octet remains incomplete (sextet is available). When one atom of boron combines with
three fluorine atoms, it form sextet. Hence, boron trifluoride remains electron-deficient and
acts as a Lewis acid and always ready to accept electron pair.

Question 4:
Consider the compounds, BCl3and CCl 4. How will they behave with water? Justify.
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Solution 4:
Being a Lewis acid, BCl3readily undergoes hydrolysis. Boric acid is formed as a result.
BCl3 3H 2O 3HCl B OH 3
 
CCl4completely resists hydrolysis. Carbon does not have any vacant orbital. Hence, it cannot
accept electrons from water to form an intermediate. When CCl 4and water are mixed, they
form separate layers.
CCl4 H 2O No reaction

Question 5:
Is boric acid a protic acid? Explain.

om

Solution 5:
Boric acid is not a protic acid. It is a weak monobasic acid, behaving as a Lewis acid.



H 3O
It behaves as an acid by accepting a pair of electrons from –OH ion.

 3 2 HOH B OH 4 

uf
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B OH

Question 6:
Explain what happens when boric acid is heated.

Ed

Solution 6:
On heating orthoboric acid (H3BO3) at 370 K or above, it changes to metaboric acid (HBO2).
On further heating, this yields boric oxide B2O3.


H3BO3 
HBO2
B2O3

370 K
red hot

Metaboric acid

Boric oxide

Question 7:
Describe the shapes of BF3and BH 4–. Assign the hybridisation of boron in these species.
Solution 7:
(i) BF3
As a result of its small size and high electronegativity, boron tends to form monomeric
covalent halides. These halides have a planar triangular geometry. This triangular shape is
formed by the overlap of three sp2hybridised orbitals of boron with the p orbitals of three
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halogen atoms. Boron is sp2hybridised in BF 3.

(ii) BH4
Boron-hydride ion ( BH4 ) is formed by the sp3hybridisation of boron orbitals. Therefore, it is

Ed
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tetrahedral in structure.

Question 8:
Write reactions to justify amphoteric nature of aluminium.
Solution 8:
A substance is called amphoteric if it displays characteristics of both acids and bases.
Aluminium dissolves in both acids and bases, showing amphoteric behaviour.
(i) 2 Al( s ) 6 HCl( aq ) 2 Al 3( aq ) 6Cl ( aq ) 3H 2( g )


(ii) 2 Al( s ) 2 NaOH( aq ) 6H 2O(l) 2 Na Al OH 4  aq 3H 2( g )

 ( )

Question 9:
What are electron deficient compounds? Are BCl 3and SiCl 4electron deficient species?
Explain.
Solution 9:
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Question 10:
Write the resonance structures of CO32  and HCO3.

Ed

uf
e

ve

r.c

Solution 10:
(a) CO32 

om

In an electron-deficient compound, the octet of electrons is not complete, i.e., the central metal
atom has an incomplete octet. Therefore, it needs electrons to complete its octet.
(i) BCl3
BCl3is an appropriate example of an electron-deficient compound. B has 3 valence electrons.
After forming three covalent bonds with chlorine, the number of electrons around it increases
to 6. However, it is still short of two electrons to complete its octet.
(ii) SiCl4
ns2np2. This indicates that it has four valence
The electronic configuration of silicon is
electrons. After it forms four covalent bonds with four chlorine atoms, its electron count
increases to eight. Thus, SiCl4is not an electron-deficient compound.

(b) HCO3

There are only two resonating structures for the bicarbonate ion.
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Question 11:
What is the state of hybridisation of carbon in
(a) CO32 
(b) diamond
(c) graphite?
Solution 11:
The state of hybridisation of carbon in:
(a) CO32 

uf
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C in CO32  is sp2hybridised and is bonded to three oxygen atoms.
(b) Diamond
Each carbon in diamond is sp3hybridised and is bound to four other carbon atoms.
(c) Graphite
Each carbon atom in graphite is sp2hybridised and is bound to three other carbon atoms.

Question 12:
Explain the difference in properties of diamond and graphite on the basis of their structures.

Ed

Solution 12:
Diamond
It has a crystalline lattice.
In diamond, each carbon atom is sp3
hybridised and is bonded to four other
carbon atoms through a bond.

Graphite
It has a layered structure.
In graphite, each carbon atom is sp2
hybridised and is bonded to three other
carbon atoms through a bond. The fourth
electron forms a Π bond.
It is made up of tetrahedral units.
It has a planar geometry.
The C-C bond length in diamond is 154 pm. The C-C bond length in graphite is 141.5
pm.
It has a rigid covalent bond network which is It is quite soft and its layers can be separated
difficult to break.
easily. So it shows lubricating property.
It acts as an electricalinsulator.
It is a good conductor of electricity.
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Question 13:
Rationalise the given statements and give chemical reactions:
• Lead (II) chloride reacts with Cl2 to give PbCl4.
• Lead (IV) chloride is highly unstable towards heat.
• Lead is known not to form an iodide, PbI4.
Solution 13:
(a) Lead belongs to group 14 of the periodic table. The two oxidation states displayed by this
group is +2 and +4. On moving down the group, the +2 oxidation state becomes more
stable and the +4 oxidation state becomes less stable. This is because of the inert pair
effect. Hence, PbCl 4is much less stable than PbCl 2. However, the formation of PbCl 4 takes
place when chlorine gas is bubbled through a saturated solution of PbCl2.
PbCl2( s ) Cl2( g ) PbCl4( l)

om

(b) On moving down group IV, the higher oxidation state becomes unstable because of the
inert pair effect. Pb(IV) is highly unstable and when heated, it reduces to Pb(II).

PbCl4( l) 
PbCl2( s ) Cl2( g )

uf
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(c) Lead is known not to form PbI 4. Pb (+4) is oxidising in nature and I –is reducing in nature.
A combination of Pb(IV) and iodide ion is not stable. Iodide ion is strongly reducing in
nature. Pb(IV) oxidises I– to I2 and itself gets reduced to Pb(II).
PbI 4 PbI 2 I 2

Ed

Question 14:
Suggest reasons why the B–F bond lengths in BF3(130 pm) and BF4(143 pm) differ.
Solution 14:
The B–F bond length in BF 3is shorter than the B–F bond length in

BF4. BF 3is an electron-

deficient species. With a vacant p-orbital on boron, the fluorine and boron atoms undergo pπ–
pπ back-bonding to remove this deficiency. This imparts a double bond character to the B–F
bond.
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This double-bond character causes the bond length to shorten in BF
3(130 pm). However,
when BF3coordinates with the fluoride ion, a change in hybridisation from sp2(in BF 3) to sp3
(in BF4) occurs. Boron now forms 4 bonds and the double-bond character is lost. This

uf
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accounts for a B–F bond length of 143 pm in BF4ion.

Ed

Question 15:
If B–Cl bond has a dipole moment, explain why BCl3molecule has zero dipole moment.
Solution 15:
As a result of the difference in the electronegativities of B and Cl, the B–Cl bond is polar in
nature. However, the BCl 3molecule is non-polar. This is because BCl 3is trigonal planar in
shape. It is a symmetrical molecule. Hence, the respective dipole-moments of the B–Cl bond
cancel each other, thereby causing results zero-dipole moment.
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Question 16:
Aluminium trifluoride is insoluble in anhydrous HF but dissolves on addition of NaF.
Aluminium trifluoride precipitates out of the resulting solution when gaseous BF 3is bubbled
through. Give reasons.
Solution 16:
Hydrogen fluoride (HF) is a covalent compound and has a very strong intermolecular
hydrogen-bonding. Thus, it does not provide ions and aluminium trifluoride (AlF 3) does not
dissolve in it. Sodium fluoride (NaF) is an ionic compound and when it is added to the
mixture, AlF 3dissolves. This is because of the availability of free F –. The reaction involved in
the process is:
AlF3 3NaF 
Na3[ AlF6 ]
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Sodium hexafluoroaluminate(lll)
When boron trifluoride (BF 3) is added to the solution, aluminium fluoride precipitates out of
the solution. This happens because the tendency of boron to form complexes is much more
than that of aluminium. Therefore, when BF 3is added to the solution, B replaces Al from the
complexes according to the following reaction:
Na3 AlF6 3BF3 3Na BF 4 AlF3
 
 
Question 17:
Suggest a reason as to why CO is poisonous.

Ed

Solution 17:
Carbon monoxide is highly-poisonous because of its ability to form a complex with
haemoglobin. The CO–Hb complex is more stable than the O
2–Hb complex. The former
prevents Hb from binding with oxygen. Thus, a person dies because of suffocation on not
receiving oxygen. It is found that the
CO–Hb complex is about 300 times more stable than the O2–Hb complex.

Question 18:
How is excessive content of CO2responsible for global warming?
Solution 18:
Carbon dioxide is a very essential gas for our survival. However, an increased content of CO
in the atmosphere poses a serious threat. An increment in the combustion of fossil fuels,
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decomposition of limestone, and a decrease in the number of trees has led to greater levels of
carbon dioxide. Carbon dioxide has the property of trapping the heat provided by sunrays.
Higher the level of carbon dioxide, higher is the amount of heat trapped. This results in an
increase in the atmospheric temperature, thereby causing global warming.

Question 19:
Explain structures of diborane and boric acid.

ev
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Solution 19:
(a) Diborane
B2H6is an electron-deficient compound. B 2H6has only 12 electrons – 6 e – from 6 H atoms and
3 e–each from 2 B atoms. Thus, after combining with 3 H atoms, none of the boron atoms has
any electrons left. X-ray diffraction studies have shown the structure of diborane as:

Ed
uf

2 boron and 4 terminal hydrogen atoms (H t) lie in one plane, while the other two bridging
hydrogen atoms (H b) lie in a plane perpendicular to the plane of boron atoms. Again, of the
two bridging hydrogen atoms, one H atom lies above the plane and the other lies below the
plane. The terminal bonds are regular two-centre two-electron (2c – 2e –) bonds, while the two
bridging (B–H–B) bonds are three-centre two-electron (3c – 2e–) bonds.

(b) Boric acid
Boric acid has a layered structure. Each planar BO 32-unit is linked to one another through H
atoms. The H atoms form a covalent bond with a BO 32-unit, while a hydrogen bond is formed
with another BO32-unit. In the given figure, the dotted lines represent hydrogen bonds.
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Question 20:
What happens when
(a) Borax is heated strongly,
(b) Boric acid is added to water,
(c) Aluminium is treated with dilute NaOH,
(d) BF3is reacted with ammonia?

.c
om
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Solution 20:
(a) When heated, borax undergoes various transitions. It first loses water molecules and
swells. Then, it turns into a transparent liquid, solidifying to form a glass-like material
called borax bead.


Na 2B 4O 10H
O 2 
Na 2B 4O 7 
2NaBO2+ B 2O 3
7

Borax

Sodium
Boric
metaborate
anhydride
(b) When boric acid is added to water, it accepts electrons from –OH ion.



H 3O
(c) Al reacts with dilute NaOH to form sodium tetrahydroxoaluminate(III). Hydrogen gas is
liberated in the process.

 3 2 HOH B OH 4 

B OH



2 Al( s ) 2 NaOH( aq ) 6H 2O(l) 2 Na Al OH 4 ( aq ) 3H 2( g )


(d) BF3(a Lewis acid) reacts with NH
acomplete octet around B in BF3.
F3 B : NH 3 F3 B : NH 3
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Question 21:
Explain the following reactions
(a) Silicon is heated with methyl chloride at high temperature in the presence of copper;
(b) Silicon dioxide is treated with hydrogen fluoride;
(c) CO is heated with ZnO;
(d) Hydrated alumina is treated with aqueous NaOH solution.

Ed
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Solution 21:
(a) When silicon reacts with methyl chloride in the presence of copper (catalyst) and at a
temperature of about 537 K, a class of organosilicon polymers called methylsubstituted
chlorosilanes (MeSiCl3, Me2SiCl2, Me3SiCl, and Me4Si) are formed.

(b) When silicon dioxide (SiO 2) is heated with hydrogen fluoride (HF), it forms silicon
tetrafluoride (SiF 4). Usually, the Si–O bond is a strong bond and it resists any attack by
halogens and most acids, even at a high temperature. However, it is attacked by HF.
SiO2 4 HF SiF4 2 H 2O
The SiF4formed in this reaction can further react with HF to form hydrofluorosilicic acid.
SiF4 2 HF H 2SiF 6
(c) When CO reacts with ZnO, it reduces ZnO to Zn. CO acts as a reducing agent.

ZnO( s ) CO( g ) 
Zn( s ) CO2( g )
(d) When hydrated alumina is added to sodium hydroxide, the former dissolves in the latter
because of the formation of sodium meta-aluminate.
Al2O3 2 H 2O 2 NaOH 2 NaAlO2 3H 2O
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Question 22:
Give reasons:
(i) Conc. HNO3can be transported in aluminium container.
(ii) A mixture of dilute NaOH and aluminium pieces is used to open drain.
(iii) Graphite is used as lubricant.
(iv) Diamond is used as an abrasive.
(v) Aluminium alloys are used to make aircraft body.
(vi) Aluminium utensils should not be kept in water overnight.
(vii) Aluminium wire is used to make transmission cables.
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Solution 22:
(i) Concentrated HNO 3can be stored and transported in aluminium containers as it reacts
with aluminium to form a thin protective oxide layer on the aluminium surface. This
oxide layer renders aluminium passive.
(ii) Sodium hydroxide and aluminium react to form sodium tetrahydroxoaluminate(III) and
hydrogen gas. The pressure of the produced hydrogen gas is used to open blocked drains.


Ed

2 Al 2 NaOH 6 H 2O 2 Na  Al OH 4  3H 2


(iii) Graphite has a layered structure and different layers of graphite are bonded to each other
by weak van der Waals’ forces. These layers can slide over each other. Graphite is soft
and slippery. Therefore, graphite can be used as a lubricant.
(iv) In diamond, carbon is sp3hybridised. Each carbon atom is bonded to four other carbon
atoms with the help of strong covalent bonds. These covalent bonds are present
throughout the surface, giving it a very rigid 3-D structure. It is very difficult to break
this extended covalent bonding and for this reason, diamond is the hardest substance
known.
Thus, it is used as an abrasive and for cutting tools.
(v) Aluminium has a high tensile strength and is very light in weight. It can also be alloyed
with various metals such as Cu, Mn, Mg, Si, and Zn. It is very malleable and ductile.
Therefore, it is used in making aircraft bodies.
(vi) The oxygen present in water reacts with aluminium to form a thin layer of aluminium
oxide. This layer prevents aluminium from further reaction. However, when water is kept
in an aluminium vessel for long periods of time, some amount of aluminium oxide may
dissolve in water. As aluminium
ions are harmful, water should not be stored in
aluminium vessels overnight.
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(vii) Silver, copper, and aluminium are among the best conductors of electricity. Silver is an
expensive metal and silver wires are very expensive. Copper is quite expensive and is
also very heavy. Aluminium is a very ductile metal. Thus, aluminium is used in making
wires for electrical conduction.

Question 23:
Explain why is there a phenomenal decrease in ionisation enthalpy from carbon to silicon?

uf
ev
er
.c

om

Solution 23:
Ionisation enthalpy of carbon (the first element of group 14) is very high (1086 kJ/mol).
This is expected owing to its small size. However, on moving down the group to silicon, there
is a sharp decrease in the enthalpy (786 kJ). This is because of an appreciable increase in the
atomic sizes of elements on moving down the group.

Question 24:
How would you explain the lower atomic radius of Ga as compared to Al?

Ed

Solution 24:
Atomic radius (in pm)
Aluminium
143
Gallium
135
Although Ga has one shell more than Al, its size is lesser than Al. This is because of the poor
shielding effect of the 3 d-electrons. The shielding effect of d-electrons is very poor and the
effective nuclear charge experienced by the valence electrons in gallium is much more than it
is in the case of Al.

Question 25:
What are allotropes? Sketch the structure of two allotropes of carbon namely diamond and
graphite. What is the impact of structure on physical properties of two allotropes?
Solution 25:
Allotropy is the existence of an element in more than one form, having the same chemical
properties but different physical properties. The various forms of an element are called
allotropes.
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Diamond:

Ed

uf

The rigid 3-D structure of diamond makes it a very hard substance. In fact, diamond is one of
the hardest naturally-occurring substances. It is used as an abrasive and for cutting tools.
Graphite:

It has sp2hybridised carbon, arranged in the form of layers. These layers are held together by
weak van der Walls’ forces. These layers can slide over each other, making graphite soft and
slippery. Therefore, it is used as a lubricant.
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Question 26:
(a) Classify following oxides as neutral, acidic, basic or amphoteric:
CO, B2O3, SiO2, CO2, Al 2O3, PbO2, Tl2O3
(b) Write suitable chemical equations to show their nature.
Solution 26:
(1) CO = Neutral
(2) B2O3= Acidic
Being acidic, it reacts with bases to form salts. It reacts with NaOH to form sodium
metaborate.
B2O3 2 NaOH 2 NaBO2 H 2O

om

(3)SiO2= Acidic
Being acidic, it reacts with bases to form salts. It reacts with NaOH to form sodium silicate.
SiO2 2 NaOH 2 Na2SiO 3 H 2O

uf
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(4)CO2= Acidic
Being acidic, it reacts with bases to form salts. It reacts with NaOH to form sodium carbonate.
CO2 2 NaOH Na2CO3 H 2O
(5)Al2O3= Amphoteric
Amphoteric substances react with both acids and bases. Al
H2SO4.
Al2O3 2 NaOH NaAlO2

2 O3reacts

with both NaOH and

Ed

Al2O3 3H 2SO 4 Al2 SO4 3 3H 2O
 
(6)PbO2= Amphoteric
Amphoteric substances react with both acids and bases. PbO2 reacts with both NaOH
andH2SO4.
PbO2 2 NaOH Na2PbO3 H 2O
O 2
2PbO2 2H 2SO 4 2PbSO4 2H 2O 
(7)Tl2O3= Basic
Being basic, it reacts with acids to form salts. It reacts with HCl to form thallium chloride.
Tl2O3 6 HCl 2TlCl3 3H 2O

Question 27:
In some of the reactions thallium resembles aluminium, whereas in others it resembles with
group I metals. Support this statement by giving some evidences.
Solution 27:
11. The p-Block Elements
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Thallium belongs to group 13 of the periodic table. The most common oxidation state for this
group is +3. However, heavier members of this group also display the +1 oxidation state. This
happens because of the inert pair effect. Aluminium displays the +3 oxidation state and alkali
metals display the +1 oxidation state. Thallium displays both the oxidation states. Therefore, it
resembles both aluminium and alkali metals.
Thallium, like aluminium, forms compounds such as TlCl 3and Tl 2O3. It resembles alkali
metals in compounds Tl2O and TlCl.
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Question 28:
When metal X is treated with sodium hydroxide, a white precipitate (A) is obtained, which is
soluble in excess of NaOH to give soluble complex (B). Compound (A) is soluble in dilute
HCl to form compound (C). The compound (A) when heated strongly gives (D), which is used
to extract metal. Identify (X), (A), (B), (C) and (D). Write suitable equations to support their
identities.

Ed

Solution 28:
The given metal X gives a white precipitate with sodium hydroxide and the precipitate
dissolves in excess of sodium hydroxide. Hence, X must be aluminium.
The white precipitate (compound A) obtained is aluminium hydroxide. The compound B
formed when an excess of the base is added is sodium tetrahydroxoaluminate(III).

2 Al
3NaOH

 Al OH 3 3Na

 

Aluminium (X) Sodium hydroxide white ppt.(A)


Na Al OH 4 


(A) Sodium tetrahydroxoaluminate(III)
(Soluble complex B)
Now, when dilute hydrochloric acid is added to aluminium hydroxide, aluminium chloride
(compound C) is obtained.
Al OH 3 3HCl AlCl3 3H 2O
Al OH 3 NaOH 

 

(A)
(C)
Also, when compound A is heated strongly, it gives compound D. This compound is used to
extract metal X. Aluminium metal is extracted from alumina. Hence, compound D must be
alumina.
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Al2O3 3H 2O
2 Al OH 3 

(A)

(D)

Question 29:
What do you understand by
(a) inert pair effect
(b) allotropy and
(c) catenation?

Ed
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Solution 29:
(a) Inert pair effect
As one moves down the group, the tendency of s-block electrons to participate in chemical
bonding decreases. This effect is known as inert pair effect. In case of group 13 elements, the
electronic configuration is ns2np1 and their group valency is +3. However, on moving down the
group, the +1 oxidation state becomes more stable. This happens because of the poor shielding
ns2
of the ns2electrons by the d- and f- electrons. As a result of the poor shielding, the
electrons are held tightly by the nucleus and so, they cannot participate in chemical bonding.
(b) Allotropy
Allotropy is the existence of an element in more than one form, having the same chemical
properties but different physical properties due to different bonding. The various forms of an
element are called allotropes. For example, carbon exists in three allotropic forms: diamond,
graphite, and fullerenes.
(c) Catenation
The atoms of some elements (such as carbon) can link with one another through strong
covalent bonds to form long chains or branches. This property is known as catenation. It is
most common in carbon and quite significant in Si and S.

Question 30:
A certain salt X, gives the following results.
(i) Its aqueous solution is alkaline to litmus.
(ii) It swells up to a glassy material Y on strong heating.
(iii) When conc. H2SO4is added to a hot solution of X, white crystal of an acid Z separates out.
Write equations for all the above reactions and identify X, Y and Z.
Solution 30:
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The given salt is alkaline to litmus. Therefore, X is a salt of a strong base and a weak acid.
Also, when X is strongly heated, it swells to form substance Y. Therefore, X must be borax.
When borax is heated, it loses water and swells to form sodium metaborate. When heating is
continued, it solidifies to form a glassy material Y. Hence, Y must be a mixture of sodium
metaborate and boric anhydride.
Water
Na2B4O7 7 H 2O 
2 NaOH
4H 3BO3


Borax(X) Sodium hydroxide

Orthoboric acid

om

3

Na2B 4O 7 10 H 2O 
Na2B 4O 7
 B2O3
 2 NaBO2
Borax(X) Sodium metaborate
Boric anhydride
(Glassy material
)
When concentrated acid is added to borax, white crystals of orthoboric acid (Z) are formed.

Na2B4O7 10H 2O 
H SO
Na SO4  4H3BO3  5H 2O
2
4  2

Ed

Question 31:
Write balanced equations for:
(i) BF3+ LiH →
(ii) B2H6+ H 2O →
(iii) NaH + B2H6→

(iv) H3BO3 
(v) Al + NaOH →
(vi) B2H6+ NH 3→

uf
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Borax(X) Orthoboric acid(Z)

Solution 31:
(i) 2 BF3


Boron trifluoride
 6H 2O
Diborane Water

6 LiH

6LiF
 B2H 6

Lithium hydride Diborane Lithium fluoride

(ii) B2H 6

2H3BO3
6H 2


Orthoboric acid
Hydrogen

(iii) B2 H 6

 2 NaBH4
Sodium borohydride

2 NaH

Diborane Sodium hydride
(iv)
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(v) 2 Al  2 NaOH  6H 2O 2 Na Al OH 4 aq

( )


3H 2

om

Sodium tetrahydroxoaluminate(III)

+

ev
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(vi) 3B2H 6  6 NH3 3 BH2 NH3 2  BH4  2B3 N 3H 6 12H 2


Borazene

2

Ed

uf

Question 32:
Give one method for industrial preparation and one for laboratory preparation of CO and CO
each.
Solution 32:
Caron dioxide
In the laboratory, CO 2can be prepared by the action of dilute hydrochloric acid on calcium
carbonate. The reaction involved is as follows:
CaCO3 2 HCl( aq ) CaCl2( aq ) CO2( g ) H 2O ( l)
CO2 is commercially prepared by heating limestone. The reaction involved is as follows:

CaCO3 
CaO 
CO 2 
Caron monoxide
In the laboratory, CO is prepared by the dehydration of formic acid with conc. H
K. The reaction involved is as follows:
373 K
HCOOH 
H 2O 
CO 
conc. H SO
2

2SO4,

at 373

4

CO is commercially prepared by passing steam over hot coke. The reaction involved is as
follows:

11. The p-Block Elements

www.vedantu.com

https://www.edufever.com/

20

Class XI – NCERT – Chemistry

Chapter 11
The p-Block Elements

473-1273 K
C( s ) H 2O ( g ) 
CO( g ) H 2( g )
Water gas

Question 33:
An aqueous solution of borax is
(a) neutral
(b) amphoteric
(c) basic
(d) acidic

It is, therefore, basic in

ev
er

Ed

uf

Question 34:
Boric acid is polymeric due to
(a) its acidic nature
(b) the presence of hydrogen bonds
(c) its monobasic nature
(d) its geometry

3BO3).

.c
om

Solution 33:
(c)Borax is a salt of a strong base (NaOH) and a weak acid (H
nature.

Solution 34:
(b)Boric acid is polymeric because of the presence of hydrogen bonds. In the given figure, the
dotted lines represent hydrogen bonds.
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Question 35:
The type of hybridisation of boron in diborane is
(a) sp
(b) sp2
(c) sp3
(d) dsp2

om
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Solution 35:
(c) Boron in diborane is sp3hybridised.

Question 36:
Thermodynamically the most stable form of carbon is
(a) diamond
(b) graphite
(c) fullerenes
(d) coal
Solution 36:
(b)Graphite is thermodynamically the most stable form of carbon.
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Question 37:
Elements of group 14
(a) exhibit oxidation state of +4 only
(b) exhibit oxidation state of +2 and +4
(c) form M2–and M 4+ion
(d) form M2+and M 4+ions

er
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om

Solution 37:
(b)The elements of group 14 have 4 valence electrons. Therefore, the oxidation state of the
group is +4. However, as a result of the inert pair effect, the lower oxidation state becomes
more and more stable and the higher oxidation state becomes less stable.
Therefore, this group exhibits +4 and +2 oxidation states.
Group 14 element
Oxidation state
C
+4
Si
+4
Ge, Sn, Pb
+2, +4

3,

write the structure of the

Ed
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Question 38:
If the starting material for the manufacture of silicones is RSiCl
product formed.
Solution 38:
RSiCl3 3H 2O RSi OH 3 3HCl
(i)
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(ii)
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Question 1:
What are hybridisation states of each carbon atom in the following compounds?
CH2=C=O, CH3CH=CH2, (CH3)2CO, CH2=CHCN, C6H6
Solution 1:
1

2

(i) C H2 C 0
C–1 is sp2 hybridised.
C–2 is sp hybridised.
1

2

3

1

2

3

ev

C–1 and C–3 are sp3hybridised.
C–2 is sp2hybridised.

er

.c
o

m

(ii) C H3 CH C H 2
C–1 is sp3hybridised.
C–2 is sp2hybridised.
C–3 is sp2hybridised.
(iii)

Ed

uf

C  N
(iv) C H 2 CH 
C–1 is sp2hybridised.
C–2 is sp2 hybridised.
C–3 is sp hybridised.
(v) C6H6
All the 6 carbon atoms in benzene are sp2 hybridised.

Question 2:
Indicate the and bonds in the following molecules:
C6H6, C6H12, CH2Cl2, CH2= C = CH 2, CH3NO2, HCONHCH3
Solution 2:
(i) C6H6
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C H ) bonds in the given

ve

r.c

C C ) bonds and twelve C–H sigma (
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There are six C–C sigma (
compound.
(iii) CH2Cl2

om

There are six C–C sigma ( C C ) bonds, six C–H sigma ( C H ) bonds, and three C = C pi
( C C ) resonating bonds in the given compound.
(ii) C6H12

There two C–H sigma (
compound.
(iv) CH2= C = CH 2

C H ) bonds and two C–Cl sigma (

C Cl ) bonds in the given

There are two C–C sigma ( C C ) bonds, four C–H sigma ( C H ) bonds, and two C=C pi
( C C ) bonds in the given compound.
(v) CH3NO2

There are three C–H sigma ( C H ) bonds, one C–N sigma ( C N ) bond, one N–O sigma
( N O ) bond, and one N=O pi ( N O ) bond in the given compound.
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(vi) HCONHCH3

There are two C–N sigma ( C N ) bonds, four C–H sigma (
bond, and one C=O pi ( C C ) bond in the given compound.

C H ) bonds, one N–H sigma

uf
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Solution 3:
The bond line formulae of the given compounds are:
(a) Isopropyl alcohol

om

Question 3:
Write bond line formulas for: Isopropyl alcohol, 2,3-Dimethyl butanal, Heptan-4-one.

Ed



(b) 2, 3–dimethyl butanal



(c) Heptan–4–one
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Question 4:
Give the IUPAC names of the following compounds:
(a)

er
.c

om

(b)

uf
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(c)

Ed

(d)

(e)

(f) Cl2CHCH2OH
Solution 4:
(a)
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3–phenyl propane
(b)

2–methyl–1–cyanobutane

(c)

ve
r.c
om

2, 5–dimethyl heptane
(d)

uf
e

3–bromo–3–chloroheptane

Ed

(e)

3–chloropropanal
(f) Cl2CHCH2OH
1, 1–dichloro–2–ethanol

Question 5:
Which of the following represents the correct IUPAC name for the compounds concerned? (a)
2,2-Dimethylpentane or 2-Dimethylpentane (b) 2,4,7-Trimethyloctane or 2,5,7Trimethyloctane (c) 2-Chloro-4-methylpentane or 4-Chloro-2-methylpentane (d) But-3-yn-1-ol
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or But-4-ol-1-yne
Solution 5:
(a) The prefix di in the IUPAC name indicates that two identical substituent groups are present
in the parent chain. Since two methyl groups are present in the C–2 of theparent chain of
the given compound, the correct IPUAC name of the given compound is 2, 2dimethylpentane.
(b) Locant number 2, 4, 7 is lower than 2, 5, 7. Hence, the IUPAC name of the
givencompound is 2, 4, 7–trimethyloctane.
(c) If the substituents are present in the equivalent position of the parent chain, thenthe lower
number is given to the one that comes first in the name according to thealphabetical order.
Hence, the correct IUPAC name of the given compound is 2–chloro–4–methylpentane.
(d) Two functional groups – alcoholic and alkyne – are present in the given compound.The
principal functional group is the alcoholic group. Hence, the parent chain will besuffixed
with ol. The alkyne group is present in the C–3 of the parent chain. Hence, thecorrect
IUPAC name of the given compound is But–3–yn–1–ol.

ev
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Question 6:
Draw formulas for the first five members of each homologous series beginning with the
following compounds. (a) H–COOH (b) CH3COCH3(c) H–CH=CH 2

Ed

uf

Solution 6:
The first five members of each homologous series beginning with the given compounds are
shown as follows:
(a)
H–COOH : Methanoic acid
CH3–COOH : Ethanoic acid
CH3–CH2–COOH : Propanoic acid
CH3–CH2–CH2–COOH : Butanoic acid
CH3–CH2–CH2–CH2–COOH : Pentanoic acid
(b)
CH3COCH3: Propanone
CH3COCH2CH3: Butanone
CH3COCH2CH2CH3: Pentan-2-one
CH3COCH2CH2CH2CH3: Hexan-2-one
CH3COCH2CH2CH2CH2CH3: Heptan-2-one
(c)
H–CH=CH2: Ethene

12. Organic Chemistry Some Basic Principles

www.vedantu.com

https://www.edufever.com/

6

Class XI – NCERT – Chemistry

Chapter 12
Organic Chemistry Some Basic Principles

CH3–CH=CH2: Propene
CH3–CH2–CH=CH2: 1-Butene
CH3–CH2–CH2–CH=CH2 : 1-Pentene
CH3–CH2–CH2–CH2–CH=CH2: 1-Hexene

Question 7:
Give condensed and bond line structural formulas and identify the functional group(s) present,
if any, for :
(a) 2,2,4-Trimethylpentane
(b) 2-Hydroxy-1,2,3-propanetricarboxylic acid
(c) Hexanedial
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Solution 7:

The functional group present in the given compound is aldehyde (–CHO).

Question 8:
Identify the functional groups in the following compounds
(a)
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(b)
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(c)
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Solution 8:
The functional groups present in the given compounds are:
(a) Aldehyde (–CHO),
Hydroxyl (–OH),
Methoxy (–OMe),
(b) Amino (–NH 2),
Ketone (C = O),
Diethylamine (N(C2H5)2)
–OCH2CH2(c) nitro group (-NO 2) group
C=C double bond C C 



,

Question 9:
Which of the two: O2NCH2CH2O–or CH 3CH2O–is expected to be more stable and why?
Solution 9:
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NO2 group is an electron-withdrawing group. Hence, it shows –I effect. By withdrawing the
electrons toward it, the NO 2group decreases the negative charge on the compound, thereby
stabilising it. On the other hand, ethyl group is an electron-releasing group.
Hence, the ethyl group shows +I effect. This increases the negative charge on the compound,
thereby destabilising it. Hence, O2NCH2CH2O–is expected to be more stable than CH 3CH2O–.

Question 10:
Explain why alkyl groups act as electron donors when attached to a

system.

ve

r.c
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Solution 10:
When an alkyl group is attached to a
system, it acts as an electron-donor group by the
process of hyperconjugation. To understand this concept better, let us take the example of
propene.

Ed
u

fe

In hyperconjugation, the sigma electrons of the C–H bond of an alkyl group are delocalised.
This group is directly attached to an atom of an unsaturated system. The delocalisation occurs
because of a partial overlap of a sp3– s sigma bond orbital with an empty p orbital of the 
bond of an adjacent carbon atom.
The process of hyperconjugation in propene is shown as follows:

This type of overlap leads to a delocalisation (also known as no-bond resonance) of the
electrons, making the molecule more stable.

12. Organic Chemistry Some Bas
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Question 11:
Draw the resonance structures for the following compounds. Show the electron shift using
curved-arrow notation.
(a) C6H5OH
(b) C6H5NO2
(c) CH3CH = CHCHO
(d) C6H5– CHO


(e) C 6H 5 CH 2


(f) CH 3CH CHCH


2

Solution 11:
(a) The Structure of C 6H5OH is:

The resonating structures of phenol are represented as:
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(b) The structure of C6H5NO2is:
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The resonating structures of nitro benzene are represented as:
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(c) CH3CH = CH – CHO
The resonating structures of the given compound are represented as:

(d) The structure of C6H5CHO is:

The resonating structures of benzaldehyde are represented as:
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(f) CH3 CH = CH CH2 
The resonating structures of the given compound are:

om

(e) C6H5CH2 
The resonating structures of the given compound are:

Ed

Question 12:
What are electrophiles and nucleophiles? Explain with examples.
Solution 12:
An electrophile is a reagent that takes away an electron pair. In other words, an electronseeking reagent is called an electrophile (E +). Electrophiles are electron deficient and can
receive an electron pair.
Carbocations CH 3CH 2 and neutral molecules having functional groups such as





carbonylgroup (
) are examples of electrophiles.
A nulceophile is a reagent that brings an electron pair. In other words, a nucleus-seeking
reagent is called a nulceophile (Nu:).
For example: OH–, NC–, carbanions (R3C–), etc.
Neutral molecules such as H 2O and ammonia also act as nulceophiles because of the presence
of a lone pair.
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Question 13:
Identify the reagents shown in bold in the following equations as nucleophiles orelectrophiles:

HO
(a) CH3COOH




CH3COO H2O

(b) CH 3COCH 3 CN  CH 3 2 C CN OH
   





(c) C6H 5 CH 3CO C6H 5COCH 3
Solution 13:
Electrophiles are electron-deficient species and can receive an electron pair. On the otherhand,
nucleophiles are electron-rich species and can donate their electrons.

HO
(a) CH3COOH




CH3COO H2O

Here, HO –acts as a nucleophile as it is an electron-rich species, i.e., it is a nucleus seeking
species.

.c

om

(b) CH 3COCH 3 CN  CH 3 2 C CN  OH
     
–
Here, CN acts as a nucleophile as it is an electron-rich species, i.e., it is a nucleus seeking
species.



er



(c) C6H 5 CH 3CO C6H 5COCH 3

uf

ev

Here, CH 3CO acts as an electrophile as it is an electron-deficient species.

Ed

Question 14:
Classify the following reactions in one of the reaction type studied in this unit.
(a) CH3CH2Br + HS–→ CH 3CH2SH + Br–
(b) (CH3)2C = CH 2+ HCl → (CH 3)2ClC–CH 3
(c) CH3CH2Br + HO–→ CH 2 = CH2 + H2O + Br–
(d) (CH3)3C – CH 2OH + HBr → (CH 3)2 CBrCH2CH3+ H 2O
Solution 14:
(a) It is an example of substitution reaction as in this reaction the bromine group in
bromoethane is substituted by the –SH group.
(b) It is an example of addition reaction as in this reaction two reactant molecules combine to
form a single product.
(c) It is an example of elimination reaction as in this reaction hydrogen and bromine are
removed from bromo ethane to give ethene.
(d) In this reaction, substitution takes place, followed by a rearrangement of atoms and groups
of atoms.
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Question 15:
What is the relationship between the members of following pairs of structures? Are they
structural or geometrical isomers or resonance contributors?
(a)

.c

om

(b)

uf

ev

er

(c)

Ed

Solution 15:
(a) Compounds having the same molecular formula but with different structures are called
structural isomers. The given compounds have the same molecular formula butthey differ in
the position of the functional group (ketone group).

In structure I, ketone group is at the C-3 of the parent chain (hexane chain) and instructure II,
ketone group is at the C-2 of the parent chain (hexane chain). Hence, thegiven pair represents
structural isomers.
(b) Compounds having the same molecular formula, the same constitution, and thesequence of
covalent bonds, but with different relative position of their atoms in space are called
geometrical isomers.
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HD

D
C

C

H

D
C

C

DH

H

In structures I and II, the relative position of Deuterium (D) and hydrogen (H) in spaceare
different. Hence, the given pairs represent geometrical isomers.
(c) The given structures are canonical structures or contributing structures. They are
hypothetical and individually do not represent any real molecule. Hence, the given pair
represents resonance structures, called resonance isomers.

+

OH

OH
C

OH H

+

C

OH

om

H

uf
Ed

(b)
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Question 16:
For the following bond cleavages, use curved-arrows to show the electron flow andclassify
each as homolysis or heterolysis. Identify reactive
intermediate produced as freeradical,
carbocation and carbanion.
(a)

(c)

(d)

Solution 16:
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(a) The bond cleavage using curved-arrows to show the electron flow of the given reaction can
be represented as

It is an example of homolytic cleavage as one of the shared pair in a covalent bond goes with
the bonded atom. The reaction intermediate formed is a free radical.
(b) The bond cleavage using curved-arrows to show the electron flow of the given reaction can
be represented as

er

.c

om

It is an example of heterolytic cleavage as the bond breaks in such a manner that the shared
pair of electrons remains with the carbon of propanone. The reaction intermediate formed is
carbanion.
(c) The bond cleavage using curved-arrows to show the electron flow of the given reaction can
be represented as

Ed

uf

ev

It is an example of heterolytic cleavage as the bond breaks in such a manner that theshared pair
of electrons remains with the bromine ion. The reaction intermediate formed is a carbocation.
(d) The bond cleavage using curved-arrows to show the electron flow of the given reaction can
be represented as

It is a heterolytic cleavage as the bond breaks in such a manner that the shared pair of electrons
remains with one of the fragments. The intermediate formed is a carbocation.

Question 17:
Explain the terms Inductive and Electromeric effects. Which electron displacement effect
explains the following correct orders of acidity of the carboxylic acids?
(a) Cl3CCOOH > Cl2CHCOOH > ClCH2COOH
(b) CH3CH2COOH > (CH3)2CHCOOH > (CH3)3C.COOH
Solution 17:
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Inductive effect
The permanent displacement of sigma ( ) electrons along a saturated chain, whenever an
electron withdrawing or electron donating group is present, is called inductive effect.
Inductive effect could be + I effect or – I effect. When an atom or group attracts electrons
towards itself more strongly than hydrogen, it is said to possess – I effect. For example,
When an atom or group attracts electrons towards itself less strongly than hydrogen, it is said
to possess + I effect. For example,

om

Electrometric effect
It involves the complete transfer of the shared pair of π electrons to either of the two atoms
linked by multiple bonds in the presence of an attacking agent. For example,

Ed
u

fe

ve

r.c

Electrometric effect could be + E effect or – E effect.
+ E effect:When the electrons are transferred towards the attacking reagent
– E effect:When the electrons are transferred away from the attacking reagent
(a) Cl3CCOOH > Cl2CHCOOH > ClCH2COOH
The order of acidity can be explained on the basis of Inductive effect (– I effect) of Cl. As the
number of chlorine atoms increases, the – I effect increases. With the increase in – I effect, the
acid strength also increases accordingly.

(b) CH3CH2COOH > (CH3)2CHCOOH > (CH 3)3C.COOH
The order of acidity can be explained on the basis of inductive effect (+ I effect). As the
number of alkyl groups increases, the + I effect also increases. With the increase in + I effect,
the acid strength also increases accordingly.
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Question 18:
Give a brief description of the principles of the following techniques taking an example in
each case.
(a) Crystallisation
(b) Distillation
(c) Chromatography

Ed
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Solution 18:
(a) Crystallisation
Crystallisation is one of the most commonly used techniques for the purification of solid
organic compounds.
Principle: It is based on the difference in the solubilites of the compound and the impurities in
a given solvent. The impure compound gets dissolved in the solvent in which it is sparingly
soluble at room temperature, but appreciably soluble at higher temperature. The solution is
concentrated to obtain a nearly saturated solution. On cooling the solution, the pure compound
crystallises out and is removed by filtration.
For example, pure aspirin is obtained by recrystallising crude aspirin. Approximately 2 – 4 g
of crude aspirin is dissolved in about 20 mL of ethyl alcohol. The solution is heated (if
necessary) to ensure complete dissolution. The solution is then left undisturbed until some
crystals start to separate out. The crystals are then filtered and dried.
(b) Distillation
This method is used to separate volatile liquids from non-volatile impurities or a mixture of
those liquids that have a sufficient difference in their boiling points.
Principle:It is based on the fact that liquids having different boiling points vapourise at
different temperatures. The vapours are then cooled and the liquids so formed are collected
separately.
For example, a mixture of chloroform (b.p = 334 K) and aniline (b.p = 457 K) can be separated
by the method of distillation. The mixture is taken in a round bottom flask fitted with a
condenser. It is then heated. Chloroform, being more volatile, vaporizes first and passes into
the condenser. In the condenser, the vapours condense andchloroform trickles down. In the
round bottom flask, aniline is left behind.
(c) Chromatography
It is one of the most useful methods for the separation and purification of organic compounds.
Principle:It is based on the difference in movement of individual components of a mixture
through the stationary phase under the influence of mobile phase.
For example, a mixture of red and blue ink can be separated by chromatography. A drop of the
mixture is placed on the chromatogram. The component of the ink, which is less adsorbed on
the chromatogram, moves with the mobile phase while the less adsorbed component remains
almost stationary.
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Question 19:
Describe the method, which can be used to separate two compounds with different solubilities
in a solvent S.

Ed
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er
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Solution 19:
Fractional crystallisation is the method used for separating two compounds with different
solubilities in a solvent S. The process of fractional crystallisation is carried out in four steps.
(a) Preparation of the solution: The powdered mixture is taken in a flask and the solvent is
added to it slowly and stirred simultaneously. The solvent is added till the solute is just
dissolved in the solvent. This saturated solution is then heated.
(b) Filtration of the solution: The hot saturated solution is then filtered through a filter paper
in a China dish.
(c) Fractional crystallisation: The solution in the China dish is now allowed to cool. The less
soluble compound crystallises first, while the more soluble compound remains in the
solution. After separating these crystals from the mother liquor, the latter is concentrated
once again. The hot solution is allowed to cool and consequently, the crystals of the more
soluble compound are obtained.
(d) Isolation and drying: These crystals are separated from the mother liquor by filtration.
Finally, the crystals are dried.

Question 20:
What is the difference between distillation, distillation under reduced pressure and steam
distillation?
Solution 20:
The differences among distillation, distillation under reduced pressure,and steam distillation
are given in the following table.
Distillation
Distillation
under Steam distillation
reduced pressure
1.
It is used for the This method is used to It is used to purify an
purification
of purify a liquid that tends to organic compound, which
compounds
that
are decompose on boiling. is steam volatile and
associated with non- Under the conditions of immiscible in water. On
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reduced pressure, the liquid
will boil at a low
temperature than its boiling
point and will therefore,
not decompose.

passing
steam,
the
compound gets heated up
and
the
steam
gets
condensed to water. After
some time, the mixture of
water and liquid starts to
boil and passes through the
condenser. This condensed
mixture of water and liquid
is then separated by using a
separating funnel.
Glycerol is purified by this A mixture of water and
method. It boils with aniline is separated by
decomposition
at
a steam distillation.
temperature of 593 K. At a
reduced pressure, it boils at
453
K
without
decomposition.

uf
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Question 21:
Discuss the chemistry of Lassaigne’s test.

er
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2.

volatile impurities or
those liquids, which do
not
decompose
on
boiling. In other words,
distillation is used to
separate volatile liquids
form
non-volatile
impurities or a mixture of
those liquids that have
sufficient difference in
boiling points.
Mixture of petrol and
kerosene is separated by
this method.

Ed

Solution 21:
Lassaigne’s test
This test is employed to detect the presence of nitrogen, sulphur, halogens, and phosphorous in
an organic compound. These elements are present in the covalent form in an organic
compound. These are converted into the ionic form by fusing the compound with sodium
metal.

Na C N 
NaCN

Na2S
2 Na S 

Na X 
NaX
(X=Cl,Br,I)
The cyanide, sulphide, and halide of sodium formed are extracted from the fused mass by
boiling it in distilled water. The extract so obtained
is called Lassaigne’s extract. This
Lassaigne’s extract is then tested for the presence of nitrogen, sulphur, halogens, and
phosphorous.
(a) Test for nitrogen
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Chemistry of the test
In the Lassaigne’s test for nitrogen in an organic compound, the sodium fusion extract is
boiled with iron (II) sulphate and then acidified with sulphuric acid. In the process, sodium
cyanide first reacts with iron (II) sulphate and forms sodium hexacyanoferrate (II). Then, on
heating with sulphuric acid, some iron (II) gets oxidised to form iron (III) hexacyanoferrate
(II), which is Prussian blue in colour. The chemical equations involved in the reaction can be
represented as
4 

ev
er
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om

CN 6 
6CN  Fe 2  Fe 


4 
xH 2O
3 Fe 
CN 6  4 Fe3 
Fe4 Fe 
CN 6  xH 2O



3
Prussian blue colour

Ed

uf

(b) Test for sulphur
acetic acid
(i) Lassaigne’s extract + Lead acetate 
Black precipitate
Chemistry of the test
In the Lassaigne’s test for sulphur in an organic compound, the sodium fusion extract is
acidified with acetic acid and then lead acetate is added to it. The precipitation of lead
sulphide, which is black in colour, indicates the presence of sulphur in the compound.
S 2 Pb2 PbS

(Black)
(ii) Lassaigne’s extract + Sodium nitroprusside Violet colour
Chemistry of the test
The sodium fusion extract is treated with sodium nitroprusside. Appearance of violet colour
also indicates the presence of sulphur in the compound.
2 

4

S 2 Fe 
CN 5 NO Fe 
CN 5 NOS 




(Violet)
If in an organic compound, both nitrogen and sulphur are present, then instead of NaCN,
formation of NaSCN takes place.
Na + C + N + S → NaSCN
This NaSCN (sodium thiocyanate) gives a blood red colour. Prussian colour is not formed due
to the absence of free cyanide ions.
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Fe3 SCN  Fe 
SCN  


(Blood red)
(c) Test for halogens

om

2

er
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Chemistry of the test
In the Lassaigne’s test for halogens in an organic compound, the sodium fusion extract is
acidified with nitric acid and then treated with silver nitrate.
X  Ag  AgX

Ed
uf
ev

(X=Cl, Br, I)
If nitrogen and sulphur both are present in the organic compound, then the Lassaigne’s extract
is boiled to expel nitrogen and sulphur, which would otherwise interfere in the test for
halogens.
(White ppt is for Cl, canary yellow ppt for Br and dark yellow ppt is for I in sodium extract.)

Question 22:
Differentiate between the principle of estimation of nitrogen in an organic compound by
(i) Dumas method and
(ii) Kjeldahl’s method.
Solution 22:
In Dumas method, a known quantity of nitrogen containing organic compound is heated
strongly with excess of copper oxide in an atmosphere of carbon dioxide to produce free
nitrogen in addition to carbon dioxide and water. The chemical equation involved in the
process can be represented as
CxHyNz 2 x y / 2CuO xCO2 y / 2H 2O 
z / 2N 2 2 x y / 2Cu
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The traces of nitrogen oxides can also be produced in the reaction, which can be reduced to
dinitrogen by passing the gaseous
mixture over a heated copper gauge. The dinitrogen
produced is collected over an aqueous solution of potassium hydroxide. The volume of
nitrogen produced is then measured at room temperature and atmospheric pressure.
On the other hand, in Kjeldahl’s method, a known quantity of nitrogen containing organic
compound is heated with concentrated sulphuric acid. The nitrogen present in the compound is
quantitatively converted into ammonium sulphate. It is then distilled with excess of sodium
hydroxide. The ammonia evolved during this process is passed into a known volume of H 2SO4.
The chemical equations involved in the process are
Conc. H2SO 4
NH4 2 SO4
Organiccompound





NH4 2 SO4 2NaOH Na2SO4 2NH3 2H 2O
2 NH3 H 2SO 4 NH4 2 SO4

ev

er
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The acid that is left unused is estimated by volumetric analysis (titrating it against a standard
alkali) and the amount of ammonia produced can be determined. Thus, the percentage of
nitrogen in the compound can be estimated. This method cannot be applied to the compounds,
in which nitrogen is present in a ring structure, and also not applicable to compounds
containing nitro and azo groups.

Ed

uf

Question 23:
Discuss the principle of estimation of halogens, sulphur and phosphorus present in an organic
compound.
Solution 23:
Estimation of halogens
Halogens are estimated by the Carius method. In this method, a known quantity of organic
compound is heated with fuming nitric acid in the presence of silver nitrate, contained in a
hard glass tube called the Carius tube, taken in a furnace. Carbon and hydrogen that are present
in the compound are oxidized to form CO2and H 2O respectively and the halogen present in the
compound is converted to the form of AgX.
This AgX is then filtered, washed, dried, and weighed.
Let the mass of organic compound be m g.
Mass of AgX formed = m1g
1 mol of Agx contains 1 mol of X.
Therefore,
Atomic mass of Xm 1 g
Mass of halogen in m1g of AgX 
Molecular mass of AgX
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Atomic mass of Xm 1100

Thus % of halogen will be 
Molecular mass of AgXm
Estimation of Sulphur
In this method, a known quantity of organic compound is heated with either fuming nitric acid
or sodium peroxide in a hard glass tube called the Carius tube. Sulphur, present in the
compound, is oxidized to form sulphuric acid. On addition of excess of barium chloride to it,
the precipitation of barium sulphate takes place. This precipitate is then filtered, washed, dried,
and weighed.
Let the mass of organic compound be m g.
Mass of BaSO4formed = m1g
1 mol of BaSO4= 233 g BaSO 4= 32 g of Sulphur
32 m
Therefore, m1g of BaSO 4contains   1 g of sulphur.
233
32 m1100

Therefore, percentage of sulphur 
233 m
Estimation of phosphorus
In this method, a known quantity of organic compound is heated with fuming nitric acid.
Phosphorus, present in the compound, is oxidized to form phosphoric acid. By adding
ammonia and ammonium molybdate to the solution, phosphorus can be precipitated as
ammonium phosphor molybdate.
Phosphorus can also be estimated by precipitating it as MgNH
4PO4by adding magnesia
mixture, which on ignition yields Mg2P2O7.
Let the mass of organic compound be m g.
Mass of ammonium phosphor molybdate formed = m1g
Molar mass of ammonium phosphor molybdate = 1877 g
31 m 100
Thus, percentage of phosphorus   1  %
1877 m
If P is estimated as Mg2P2O7,
62 m 100
Thus, percentage of phosphorus   1  %
222 m
Question 24:
Explain the principle of paper chromatography.
Solution 24:
In paper chromatography, chromatography paper is used. This paper contains water trapped in
it, which acts as the stationary phase. On the base of this chromatography paper, the solution
of the mixture is spotted. The paper strip is then suspended in a suitable solvent, which acts as
the mobile phase. This solvent rises up the chromatography paper by capillary action and in
the procedure, it flows over the spot. The components are selectively retained on the paper
(according to their differing partition in these two phases). The spots of different components
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travel with the mobile phase to different heights. The paper so obtained (shown in the given
figure) is known as a chromatogram.

.c
o

m

Question 25:
Why is nitric acid added to sodium extract before adding silver nitrate for testing halogens?

Ed
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Solution 25:
While testing the Lassaigne’s extract for the presence of halogens, it is first boiled with dilute
nitric acid. This is done to decompose NaCN to HCN and Na
2S to H 2S and to expel these
gases. That is, if any nitrogen and sulphur are present in the form of NaCN and Na
2S, then
they are removed. The chemical equations involved in the reaction are represented as
NaCN HNO3 NaNO3 HCN

Na2S 2HNO3 2 NaNO3 H 2S

Question 26:
Explain the reason for the fusion of an organic compound with metallic sodium for testing
nitrogen, sulphur and halogens.
Solution 26:
Nitrogen, sulphur, and halogens are covalently bonded
in organic compounds. For their
detection, they have to be first converted to ionic form. This is done by fusing the organic
compound with sodium metal because sodium is very reactive. This is called “Lassaigne’s
test”. The chemical equations involved in the test are
Na C N NaCN
Na S C N NaSCN

12. Organic Chemistry Some Basi

25

https://www.edufever.com/

Class XI – NCERT – Chemistry

Chapter 12
Organic Chemistry Some Basic Principles

2 Na S Na2S
Na X NaX
(X= Cl, Br, I)
Carbon, nitrogen, sulphur, and halogen come from organic compounds.

Question 27:
Name a suitable technique of separation of the components from a mixture of calcium sulphate
and camphor.
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Solution 27:
The process of sublimationis used to separate a mixture of camphor and calciumsulphate. In
this process, the sublimable compound changes from solid to vapour state without passing
through the liquid state. Camphor is a sublimable compound and calcium sulphate is a nonsublimable solid. Hence, on heating, camphor will sublime while calcium sulphate will be left
behind.
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Question 28:
Explain, why an organic liquid vaporises at a temperature below its boiling point in its steam
distillation?
Solution 28:
In steam distillation, the organic liquid starts to boil when the sum of vapour pressure due to
the organic liquid ( p1) and the vapour pressure due to water ( p2) becomes equal to atmospheric
pressure (p), that is, p = p1+ p2
Since p1<p2, organic liquid will vapourise at a lower temperature than its boiling point.

Question 29:
Will CCl4give white precipitate of AgCl on heating it with silver nitrate? Give reason for your
answer.
Solution 29:
CCl4will not give the white precipitate of AgCl on heating it with silver nitrate. This is
because the chlorine atoms are covalently bonded to carbon in CCl 4. To obtain the precipitate,
it should be present in ionic form and for this, it is necessary to prepare the Lassaigne’s extract
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of CCl4.

Question 30:
Why is a solution of potassium hydroxide used to absorb carbon dioxide evolved during the
estimation of carbon present in an organic compound?

.c

om

Solution 30:
Carbon dioxide is acidic in nature and potassium hydroxide is a strong base. Hence,carbon
dioxide reacts with potassium hydroxide to form potassium carbonate and water as
2 KOH CO
 2  K 2CO 3 H 2O
Thus, the mass of the U-tube containing KOH increases. This increase in the mass of Utube
gives the mass of CO 2produced. From its mass, the percentage of carbon in the organic
compound can be estimated.

ev

er

Question 31:
Why is it necessary to use acetic acid and not sulphuric acid for acidification of sodium extract
for testing sulphur by lead acetate test?

Ed

uf

Solution 31:
Although the addition of sulphuric acid will precipitate lead sulphate, the addition of acetic
acid will ensure a complete precipitation of sulphur in the form of lead sulphate due to
common ion effect. Hence, it is necessary to use acetic acid for acidification of sodium extract
for testing sulphur by lead acetate test.

Question 32:
An organic compound contains 69% carbon and 4.8% hydrogen, the remainder being oxygen.
Calculate the masses of carbon dioxide and water produced when 0.20 g of this substance is
subjected to complete combustion.
Solution 32:
Percentage of carbon in organic compound = 69 %
That is, 100 g of organic compound contains 69 g of carbon.
69 0.2
0.138g of C
0.2 g of organic compound will contain 
100 
Molecular mass of carbon dioxide, CO2= 44 g
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That is, 12 g of carbon is contained in 44 g of CO2.
44 0.138
Therefore, 0.138 g of carbon will be contained in 
= 0.506 g of CO 2
12
Thus, 0.506 g of CO2will be produced on complete combustion of 0.2 g of organic compound.
Percentage of hydrogen in organic compound is 4.8.
i.e., 100 g of organic compound contains 4.8 g of hydrogen.
4.8 0.2
Therefore, 0.2 g of organic compound will contain   0.0096g of H
100
It is known that molecular mass of water (H 2O) is 18 g.
Thus, 2 g of hydrogen is contained in 18 g of water.
18 0.0096
0.0096 g of hydrogen will be contained in 
0.0864g of water
2
Thus, 0.0864 g of water will be produced on complete combustion of 0.2 g of the organic
compound.
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Question 33:
A sample of 0.50 g of an organic compound was treated according to Kjeldahl’s method. The
ammonia evolved was absorbed in 50 mL of 0.5 M H 2SO4. The residual acid required 60 mL
of 0.5 M solution of NaOH for neutralisation. Find the percentage composition of nitrogen in
the compound.

Ed

Solution 33:
Given that, total mass of organic compound = 0.50 g
60 mL of 0.5 M solution of NaOH was required by residual acid for neutralisation.
60
60 mL of 0.5 M NaOH solution  mL of 0.5M H2SO4= 30 mL of 0.5 M H 2SO4
2
Acid consumed in absorption of evolved ammonia is (50–30) mL = 20 mL
Again, 20 mL of 0.5 MH 2SO4= 40 mL of 0.5 MNH 3
Also, since 1000 mL of 1 MNH 3contains 14 g of nitrogen,
14 40
0.5 = 0.28 g of N
40 mL of 0.5 M NH 3will contain 
1000 
0.28
Therefore, percentage of nitrogen in 0.50 g of organic compound 
100 = 56 %
0.50 
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Question 34:
0.3780 g of an organic chloro compound gave 0.5740 g of silver chloride in Carius estimation.
Calculate the percentage of chlorine present in the compound.
Solution 34:
Given that,
Mass of organic compound is 0.3780 g.
Mass of AgCl formed = 0.5740 g
1 mol of AgCl contains 1 mol of Cl.
Thus, mass of chlorine in 0.5740 g of AgCl
35.50.5740
 143.32
0.1421 g
0.1421
100 37.59%
0.3780 
Hence, the percentage of chlorine present in the given organic chloro compound is 37.59%
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Percentage of chlorine 
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Question 35:
In the estimation of sulphur by Carius method, 0.468 g of an organic sulphur compound
afforded 0.668 g of barium sulphate. Find out the percentage of sulphur in the givencompound.

Ed

Solution 35:
Total mass of organic compound = 0.468 g [Given]
Mass of barium sulphate formed = 0.668 g [Given]
1 mol of BaSO4= 233 g of BaSO 4= 32 g of sulphur
32 0.668
Thus, 0.668 g of BaSO4contains
g of sulphur = 0.0917 g of sulphur
233
0.0197
Therefore, percentage of sulphur 
100 = 19.59 %
0.468 
Hence, the percentage of sulphur in the given compound is 19.59 %.

Question 36:
In the organic compound CH 2=CH–CH2–CH2–C≡CH, the pair of hydridised orbitals involved
in the formation of: C2– C 3bond is:
(a) sp – sp2
(b) sp – sp3
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(c) sp2– sp3
(d) sp3– sp3
Solution 36:
6

5

4

3

2

1

C H 2 C H C
 H 2 C H 2 C C H
sp, sp,
In the given organic compound, the carbon atoms numbered as 1, 2, 3, 4, 5, and 6 are
3
3
2
2
sp , sp , sp , and sp hybridized respectively. Thus, the pair of hybridized orbitals involved in
the formation of C2-C3bond is sp– sp3.

er

.c

om

Question 37:
In the Lassaigne’s test for nitrogen in an organic compound, the Prussian blue colour is
obtained due to the formation of:
(a) Na4[Fe(CN)6]
(b) Fe4[Fe(CN)6]3
(c) Fe2[Fe(CN)6]
(d) Fe3[Fe(CN)6]4

Ed

uf

ev

Solution 37:
In the Lassaigne’s test for nitrogen in an organic compound, the sodium fusion extract is
boiled with iron (II) sulphate and then acidified with sulphuric acid. In the process, sodium
cyanide first reacts with iron (II) sulphate and forms sodium hexacyanoferrate (II). Then, on
heating with sulphuric acid, some iron (II) gets oxidised to form iron (III) hexacyanoferrate
(II), which is Prussian blue in colour. The chemical equations involved in the reaction can be
represented as
4 

CN 6 
6CN  Fe 2  Fe 


4 
xH 2O
3
CN 6  4 Fe 
Fe4 Fe CN 6 3 xH 2O
3 Fe 



  
Prussian blue
Hence, the Prussian blue colour is due to the formation of Fe4[Fe(CN)6]3.

Question 38:
Which of the following carbocation is most stable?


(a) CH3 3 C.C H2


(b) CH3 3 C
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(c) CH 3CH 2C H

2



(d) CH 3C HCH CH
2

3

Solution 38:


CH3 3 C is a tertiary carbocation. A tertiary carbocation is the most stable carbocation due to
the electron releasing effect of three methyl groups. An increased + I effect by three methyl
groups stabilizes the positive charge on the carbocation. Hyperconjugation and resonance
energy is also responsible for the stability of tertiary carbocations.

ev

er

.c

om

Question 39:
The best and latest technique for isolation, purification and separation of organic compounds
is:
(a) Crystallisation
(b) Distillation
(c) Sublimation
(d) Chromatography

Ed

uf

Solution 39:
Chromatography is the most useful and the latest technique of separation and purification of
organic compounds. It was first used to separate a mixture of coloured substances.

Question 40:
The reaction:

CH3CH2 I KOH(aq) CH3CH2OH 
KI
is classified as :
(a) electrophilic substitution
(b) nucleophilic substitution
(c) elimination
(d) addition
Solution 40:
CH3CH 2I KOH(aq) CH3CH 2OH KI

It is an example of nucleophilic substitution reaction. The hydroxyl group of KOH (OH –) with
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3CH2I

to form

Ed
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a lone pair of itself acts as a nucleophile and substitutes iodide ion in CH
ethanol.
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Question 1:
How do you account for the formation of ethane during chlorination of methane?
Solution 1:
Chlorination of methane proceeds via free radical chain mechanism which involves the
following three steps.
Step 1: Initiation:
The reaction begins with the homolytic cleavage of a Cl – Cl bond which results in the
formation of chlorine free radicals as:
hv
Cl Cl 
C l C

om

Chlorine free radicals
Step 2: Propagation:
In the second step, chlorine free radicals abstracts a hydrogen atom from methane to generate
methyl radicals as:
hv
CH4 Cl 
C H3 H Cl


er
.c

Methane
These methyl radicals react with chlorine molecule to form methyl chloride along with the
liberation of a chlorine free radical.

ev

C H4 Cl Cl CH3 Cl C l

Ed

uf

Methyl chloride
Hence, methyl free radicals and chlorine free radicals set up a chain reaction. While HCl and
CH3Cl are the major products formed, other higher halogenated compounds are also formed
as:

CH3Cl C l C H2Cl HCl

C H2Cl Cl Cl CH2Cl 2 C l
Step 3: Termination:
When all the reactants are consumed, the reaction stops and the chain is terminated by the
combination of different free radicals.
Chlorine free radicals combine to form a chlorine molecule. While two methyl radicals
combine to form ethane.
C l C l Cl Cl
H 3C C
H

3

H 3C CH 3

(Ethane)
Hence, by this process, ethane is obtained as a by-product of chlorination of methane.
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Question 2:
Write IUPAC names of the following compounds:
CH 3 2
a. CH3CH C 
CH
b. CH 2 CH C
 C 
c.

3

d.

CH 2 3 CH3
 CH 

2 4

|
CH2 CH CH3 2
2

CH CH
CH CH 

|
C2H 5

2

CH CH2

Ed

uf

g.
CH3 CH CH 
CH

ev
er

f.
CH3CH


.c
om

e.

Solution 2:
(a)
4

3

2

1

H 3C C
H

CH 3
C 
|
CH 3
IUPAC name: 2-Methylbut-2-ene
1

2

3

4

5

(b) CH 2 C H C
CH 3
 C 
IUPAC name: Pen-1-en-3-yne
(c)
IUPAC name: 1, 3-Butadiene or Buta-1,3-diene
(d)
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IUPAC name: 4-Phenylbut-1-ene

(e)
IUPAC name: 2-Methylphenol
(f)
CH3CH
CH 2 3 CH3 can be written as:
 2 4 CH 

10

9

8

7

6

5

.c
om

|
CH2 CH CH3 2
4

3

2

1

C H3 C H 2 C H 2 C H 2 C H 2 C H 2 C H 2 C H 2 C H 2 C H 3
|

er

CH 2 CH CH 3

ev

|
CH 3

CH CH
CH CH 

|
C2H 5
IUPAC name: 4-Ethyldeca-1, 5, 8-triene

Ed

CH3 CH CH 
CH

uf

IUPAC name: 5-(2-Methylpropyl)decane
(g)
2

2

CH CH2

Question 3:
For the following compounds, write structural formulas and IUPAC names for all possible
isomers having the number of double or triple bond as indicated:
(a) C4H8(one double bond)
(b) C5H8(one triple bond)
Solution 3:
(a) The following structural isomers are possible for C 4H8with one double bond:
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3

4

H 2C C H 
CH
(I)
1

2
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2 C H3

3

4

C H3 C H C H 
CH

3

(II)
1

2

3

C H 2 C 
CH
|
CH 3

3

1

2

3

4

H C C 
CH

2

om

(III)
The IUPAC name of
Compound (I) is But-1-ene,
Compound (II) is But-2-ene, and
Compound (III) is 2-Methylprop-1-ene.
(b) The following structural isomers are possible for C 5C8with one triple bond:
5

C H2 C H3

2

3

4

5

H3C C
CH
 C 
(II)
4

3

H 3C C
H
|
CH 3

2

2 C H3

1

C C H

uf
ev
er
.c

(I)
1

Ed

(III)
The IUPAC name of
Compound (I) is Pent-1-yne,
Compound (II) is Pent-2-yne, and
Compound (III) is 3-Methylbut-1-yne

Question 4:
Write IUPAC names of the products obtained by the ozonolysis of the followingcompounds:
(i) Pent-2-ene
(ii) 3,4-Dimethyl-hept-3-ene
(iii) 2-Ethylbut-1-ene
(iv) 1-Phenylbut-1-ene
Solution 4:
(i) Pent-2-ene undergoes ozonolysis as:
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3

Ed

|
|
CH3CH

uf
ev

er

The IUPAC name of Product (I) is ethanal and Product (II) is propanal.
(ii) 3, 4-Dimethylhept-3-ene undergoes ozonolysis as:
CH3 CH2 C C 
CH 2 CH2 CH3 O3

The IUPAC name of Product (I) is butan-2-one and Product (II) is Pentan-2-one.
(iii) 2-Ethylbut-1-ene undergoes ozonolysis as:
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The IUPAC name of Product (I) is pentan-3-one and Product (II) is methanal.
(iv) 1-Phenylbut-1-ene undergoes ozonolysis as:

The IUPAC name of Product (I) is benzaldehyde and Product (II) is propanal.
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Question 5:
An alkene ‘A’ on ozonolysis gives a mixture of ethanal and pentan-3-one. Write structure and
IUPAC name of ‘A’.
Solution 5:
5

C H3
|
4

C H3
|
1

Zn+H2O
A O3 
H3C C O 
CH

2

3

C H2 C
|
|||
H
O
Ethanal
Pentan-3-one
During ozonolysis, an ozonide having a cyclic structure is formed as an intermediate which
undergoes cleavage to give the final products. Ethanal and pentan-3-one are obtained from the
intermediate ozonide. Hence, the expected structure of the ozonide is:

uf

ev

er

.c
o

m

3

1

2

H 3C C
H

3

4

Ed

This ozonide is formed as an addition of ozone to ‘A’. The desired structure of ‘A’ can be
obtained by the removal of ozone from the ozonide. Hence, the structural formula of ‘A’ is:
5

C H 2 C H 3
C 
|
CH 2 CH 3
The IUPAC name of ‘A’ is 3-Ethylpent-2-ene.

Question 6:
An alkene ‘A’ contains three C – C, eight C – H σ bonds and one C – C π bond. ‘A’ on
ozonolysis gives two moles of an aldehyde of molar mass 44 u. Write IUPAC name of ‘A’.
Solution 6:
As per the given information, ‘A’ on ozonolysis gives two moles of an aldehyde of molar mass
44 u. The formation of two moles of an aldehyde indicates the presence of identical structural
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units on both sides of the double bond containing carbon atoms. Hence, the
structure of ‘A’ can be represented as:
XC = CX
There are eight C–H bonds. Hence, there are 8 hydrogen atoms in ‘A’. Also, there are three
C–C bonds. Hence, there are four carbon atoms present in the structure of ‘A’.
Combining the inferences, the structure of ‘A’ can be represented as:

Ed

uf
ev
er

.c

om

‘A’ has 3 C–C bonds, 8 C–H bonds, and one C–C bond.
Hence, the IUPAC name of ‘A’ is But-2-ene.
Ozonolysis of ‘A’ takes place as:
H 3C CH

CH CH
 3 O3

The final product is ethanal with molecular mass
2 12
41
1 16

     

44u


Question 7:
Propanal and pentan-3-one are the ozonolysis products of an alkene? What is the structural
formula of the alkene?
Solution 7:
As per the given information, propanal and pentan-3-one are the ozonolysis products of an
alkene. Let the given alkene be ‘A’. Writing the reverse of the ozonolysis reaction, we get:
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The products are obtained on the cleavage of ozonide ‘X’. Hence, ‘X’ contains both products
in the cyclic form. The possible structure of ozonide can be represented as:

ev

Ed

uf

|
CH2CH 3

er

.c

Now, ‘X’ is an addition product of alkene ‘A’ with ozone. Therefore, the possible structure of
alkene ‘A’ is:
H3C 
CH 2 CH C 
CH 2 CH3

Question 8:
Write chemical equations for combustion reaction of the following hydrocarbons:
(i) Butane
(ii) Pentene
(iii) Hexyne
(iv) Toluene
Solution 8:
Combustion can be defined as a reaction of a compound with oxygen.
(i) 2C4H 10( g ) 13O2( g ) 8CO2( g ) 10H 2O( g ) Heat

Butane
(ii) 2C5H 10( g ) 15O2( g ) 10CO2( g ) 10H 2O( g ) Heat
Pentene
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(iii) 2C6H 10( g ) 17O2( g ) 12CO2( g ) 10H 2O( g ) Heat
Hexyne

(iv)
Toluene

Question 9:
Draw the cis and trans structures of hex-2-ene. Which isomer will have higher b.p. and
why?

om

Solution 9:
Hex-2-ene is represented as:

Ed
uf

ev

Geometrical isomers of hex-2-ene are:

er
.c

H3C-HC=CH-CH2-CH2-CH3

The dipole moment of cis-compound is a sum of the dipole moments of C–CH3and C–
CH2CH2CH3bonds acting in the same direction. The dipole moment of trans-compound is the
resultant of the dipole moments of C–CH3and C–CH 2CH2CH3bonds acting in opposite
directions.
Hence, cis-isomer is more polar than trans-isomer. The higher the polarity, the greater is
the intermolecular dipole-dipole interaction and the higher will be the boiling point.
Hence, cis-isomer will have a higher boiling point than trans-isomer.

Question 10:
Why is benzene extra ordinarily stable though it contains three double bonds?
Solution 10:
Benzene is a hybrid of resonating structures given as:
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All six carbon atoms in benzene are sp2hybridized. The two sp2 hybrid orbitals of each carbon
atom overlap with the sp2hybrid orbitals of adjacent carbon atoms to form six sigma bonds in
the hexagonal plane. The remaining sp2hybrid orbital on each carbon atom overlaps with the
s-orbital of hydrogen to form six sigma C–H bonds. The remaining unhybridized p-orbital of
carbon atoms has the possibility of forming three bonds by the lateral overlap of
C1 C2C
, 3 C4C
, 5 C6 , orC2 C3C
, 4 C5C
, 6 C1

Ed

The six π electrons are delocalized and can move freely about the six carbon nuclei. Even after
the presence of three double bonds, these delocalized π-electrons stabilize benzene.

Question 11:
What are the necessary conditions for any system to be aromatic?
Solution 11:
A compound is said to be aromatic if it satisfies the following conditions:
(i)
It should have a planar structure.
(ii)
It should be cyclic.
(ii) The –electrons of the compound are completely delocalized in the ring.
(iii) The total number of –electrons present in the ring should be equal to (4 n+ 2) , where
n = 0, 1, 2 … etc. This is known as Huckel’s rule.

Question 12:
Explain why the following systems are not aromatic?
(i)
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(ii)

(iii)

er
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Solution 12:
(i)

Ed

uf

ev

In the given compound, one carbon atom is sp 3 hybridized which is tetrahedral (not planar).
While for the compound to be aromatic, it should be planar. Hence the given compound is not
aromatic in nature.
(ii)

In the given compound, one carbon atom is sp 3 hybridized which is tetrahedral (not planar).
While for the compound to be aromatic, it should be planar.
For the given compound, the number of electrons is 4.
By Huckel’s rule,
4n + 2 = 4
4n = 2
1
n 
2
For a compound to be aromatic, the value of n must be an integer (n = 0, 1, 2…), which is not
true for the given compound and it is not planar. Hence, it is not aromatic in nature.
(iii)
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For the given compound, the number of -electrons is 8.
By Huckel’s rule,
4n + 2 = 8
4n = 6
2
n 
3
For a compound to be aromatic, the value of n must be an integer (n = 0, 1, 2…). Since the
value of n is not an integer, the given compound is not aromatic in nature.

.c
o

m

Question 13:
How will you convert benzene into
(i) p-nitrobromobenzene
(ii) m-nitrochlorobenzene
(iii) p -nitrotoluene
(iv) acetophenone

Ed

uf

ev

er

Solution 13:
(i) Benzene can be converted into p-nitrobromobenzene as:

(ii) Benzene can be converted into m-nitrochlorobenzene as:
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(iii) Benzene can be converted into p-nitrotoulene as:

om
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(iv) Benzene can be converted into acetophenone as:
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Question 14:
In the alkane H3C–CH2–C(CH3)2–CH2–CH(CH3)2, identify 1°, 2°, 3° carbon atoms and give
the number of H atoms bonded to each one of these.
Solution 14:

ev
er

.c
o

m

1° carbon atoms are those which are bonded to only one carbon atom or none. i.e., they have
only one carbon atom as their neighbour or none in case of methane. The given structure has
five 1° carbon atoms and fifteen hydrogen atoms attached to it.
2° carbon atoms are those which are bonded to two carbon atoms i.e., they have two carbon
atoms as their neighbours. The given structure has two 2° carbon atoms and four hydrogen
atoms attached to it.
3° carbon atoms are those which are bonded to three carbon atoms i.e., they have three carbon
atoms as their neighbours. The given structure has one 3° carbon atom and only one hydrogen
atom is attached to it.

Ed

uf

Question 15:
What effect does branching of an alkane chain has on its boiling point?
Solution 15:
Alkanes experience inter-molecular Van der Waals forces. The stronger the force, the greater
will be the boiling point of the alkane.
As branching increases, the surface area of the molecule decreases which results in a small
area of contact. As a result, the Van der Waals force also decreases which can be overcome at
a relatively lower temperature. Hence, the boiling point of an alkane chain decreases with an
increase in branching.

Question 16:
Addition of HBr to propene yields 2-bromopropane, while in the presence of benzoyl
peroxide, the same reaction yields 1-bromopropane. Explain and give mechanism.
Solution 16:
Addition of HBr to propene is an example of an electrophilic addition reaction.
Hydrogen bromide provides an electrophile, H+. This electrophile attacks the double bond to
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form 1° and 2° carbocations as shown:

Secondary carbocations are more stable than primary carbocations. Hence, the former
predominates since it will form at a faster rate. Thus, in the next step, Br–attacks the
carbocation to form 2 – bromopropane as the major product.

m
o
c

.
r
e
v

This reaction follows Markovnikov’s rule where the negative part of the reagent is attached to
the carbon atom having a lesser number of hydrogen atoms.
In the presence of benzoyl peroxide, an addition reaction takes place anti to Markovnikov’s
rule. The reaction follows a free radical chain mechanism as:

e
f
u

d
E
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Secondary free radicals are more stable than primary radicals. Hence, the former predominates
since it forms at a faster rate. Thus, 1 – bromopropane is obtained as the major product.

ev

er

In the presence of peroxide, Br free radical acts as an electrophile. Hence, two different
products are obtained on addition of HBr to propene in the absence and presence of peroxide.

Ed

uf

Question 17:
Write down the products of ozonolysis of 1, 2-dimethylbenzene ( o-xylene). How does the
result support Kekule structure for benzene?
Solution 17:
o-xylene has two resonance structures:

All three products, i.e., methyl glyoxal, 1, 2-demethylglyoxal, and glyoxal are obtained from
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two Kekule structures. Since all three products cannot be obtained from any one of the two
structures, this proves that o-xylene is a resonance hybrid of two Kekule structures (I and II).

Question 18:
Arrange benzene, n-hexane and ethyne in decreasing order of acidic behaviour. Also give
reason for this behaviour.

m

Solution 18:
Acidic character of a species is defined on the basis of ease with which it can lose its H–
atoms.
The hybridization state of carbon in the given compound is:

Ed
uf
ev

er

.c
o

As the s–character increases, the electronegativity of carbon increases and the electronsof C–H
bond pair lie closer to the carbon atom. As a result, partial positive charge of H atom
increases and H+ions are set free.
The s–character increases in the order:
sp3<sp2<sp
Hence, the decreasing order of acidic behaviour is Ethyne> Benzene > Hexane.

Question 19:
Why does benzene undergo electrophilic substitution reactions easily and nucleophilic
substitutions with difficulty?
Solution 19:
Benzene is a planar molecule having delocalized electrons above and below the plane of ring.
Hence, it is electron-rich. As a result, it is highly attractive to electron deficient species i.e.,
electrophiles.
Therefore, it undergoes electrophilic substitution reactions very easily. Nucleophiles are
electron-rich. Hence, they are repelled by benzene. Hence, benzene undergoes nucleophilic
substitutions with difficulty.
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Question 20:
How would you convert the following compounds into benzene?
(i) Ethyne
(ii) Ethene
(iii) Hexane
Solution 20:
(i) Benzene from Ethyne:

Ed
uf
ev
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(ii) Benzene from Ethene:

(iii) Hexane to Benzene
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Question 21:
Write structures of all the alkenes which on hydrogenation give 2-methylbutane.
Solution 21:
The basic skeleton of 2-methylbutane is shown below:
C1 C 2 C 3 C 4

3

uf
ev
er
.c

3

Ed

|
CH3 C CH 
CH
(c)
CH 2 C 
CH CH

|
CH3

om

|
C
On the basis of this structure, various alkenes that will give 2-methylbutane on hydrogenation
are:
(a)
H3C 
CH CH

CH2
|
CH3
(b)
CH3

Question 22:
Arrange the following set of compounds in order of their decreasing relative reactivity with an
electrophile, E+
(a) Chlorobenzene, 2,4-dinitrochlorobenzene, p-nitrochlorobenzene
(b) Toluene, p-H3C–C6H4–NO2, p-O2N–C6H4–NO2.
Solution 22:
Electrophiles are reagents that participate in a reaction by accepting an electron pair in order to
bond to nucleophiles.
The higher the electron density on a benzene ring, the more reactive is the compound towards
an electrophile, E +(Electrophilic reaction).
(a) The presence of an electron withdrawing group (i.e., NO2 –and Cl–) deactivates the
aromatic ring by decreasing the electron density.
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Since NO2 group is more electron withdrawing (due to resonance effect) than the Cl– group
(due to inductive effect), the decreasing order of reactivity is as follows:
Chlorobenzene >p – nitrochlorobenzene> 2, 4 – dinitrochlorobenzene
(b) While CH3–is an electron donating group, NO2 group is electron withdrawing.
Hence, toluene will have the maximum electron density and is most easily attacked by E +.
NO2 is an electron withdrawing group. Hence, when the number of NO2 substituents is
greater, the order is as follows:
Toluene > p–CH3–C6H4–NO2,>p –O2N–C 6H4–NO2

Question 23:
Out of benzene, m–dinitrobenzene and toluene which will undergo nitration most easily and
why?

Ed
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er

.c

om

Solution 23:
The ease of nitration depends on the presence of electron density on the compound to form
nitrates. Nitration reactions are examples of electrophilic substitution reactions where an
electron-rich species is attacked by a nitronium ion (NO2+).
Now, CH 3– group is electron donating and NO2– is electron withdrawing. Therefore, toluene
will have the maximum electron density among the three compounds followed by benzene. On
the other hand, m– Dinitrobenzene will have the least electron density.
Hence, it will undergo nitration with difficulty. Hence, the increasing order of nitration is as
follows:

Question 24:
Suggest the name of a Lewis acid other than anhydrous aluminium chloride which can be used
during ethylation of benzene.
Solution 24:
The ethylation reaction of benzene involves the addition of an ethyl group on the benzene ring.
Such a reaction is called Friedel-Craft alkylation reaction. This reaction takes place in the
presence of a Lewis acid.
Any Lewis acid like anhydrous FeCl3, SnCl4, BF3etc. can be used during the ethylation of
benzene.
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Question 25:
Why is Wurtz reaction not preferred for the preparation of alkanes containing odd number of
carbon atoms? Illustrate your answer by taking one example.
Solution 25:
Wurtz reaction is limited for the synthesis of symmetrical alkanes (alkanes with an even
number of carbon atoms). In the reaction, two similar alkyl halides are taken as reactants and
an alkane, containing double the number of carbon atoms, are formed.
Example:
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Wurtz reaction cannot be used for the preparation of unsymmetrical alkanes because if two
dissimilar alkyl halides are taken as the reactants, then a mixture of alkanes is obtained as the
products. For example, the reaction of bromomethane and iodoethane gives a mixture of
following alkanes.

The boiling points of alkanes (obtained in the mixture) are very close. Hence, it becomes
difficult to separate them.
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Question 1:
Define environmental chemistry?
Solution 1:
Environmental Chemistry is the branch of cience which deals with the chemical phenomenon
occuring in the environment. It includes o r surroundings such as air, water, soil, forest etc.
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Question 2:
Explain the tropospheric pollution in 100 ords?
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Solution 2:
Tropospheric pollution occurs due to the p esence of undesirable substance in air. These may
be the solid or gaseous pollutants.
 Gaseous Air Pollutants: These are o ides of sulphur, nitrogen and carbon, hydrogen
sulphide, hydrocarbons, ozone and oth r oxidants.
 Particulate Pollutants:These are dust, mist, fumes, and smog etc.

Ed

Question 3:
Carbon monoxide gas is more dangerous t an carbon dioxide gas. Why?
Solution 3:
Carbon monoxide combines with haemoglobin to form a very stable compound known as
carboxyhaemoglobin when its concentration in blood reaches 3-4%, the oxygen carrying
capacity of the blood is greatly reduced because level of haemoglobin reduced and not
available for combination with oxygen. This results into headache, nervousness and sometimes
death of the person. On the other hand CO 2does not combine with haemoglobin and hence is
less harmful than CO.

Question 4:
List gases which are responsible for greenhouse effect.
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Solution 4:
CO2is mainly responsible for greenhouse effect. Other greenhouse gases are methane, nitrous
oxide, water vapours, CFCs and Ozone.

Question 5:
Statues and monuments in India are affected by acid rain. How?
Solution 5:
This is mainly due to the large number of industries and power plants in the nearby areas. Acid
rain has vapours of sulphuric acid dissolved in it. When it comes in contact with various
statues or monuments, the acid reacts chemically with calcium carbonate.
2
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CaCO3 H2SO4 CaSO4 H2O 
CO
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Question 6:
What is smog? How is classical smog different from photochemical smog?

Ed

Solution 6:
The word smog is a combination of smoke and fog. It is a type of air pollution that occurs in
many cities throughout world. Classical smog occurs in cool humid climate. It is also called as
reducing smog form by combination of smoke, dust and fog containing sulphur oxides.
Whereas photochemical smog occurs in warm and dry sunny climate. It has high concentration
of oxidizing agents and therefore, it is also called as oxidizing smog.

Question 7:
Write down the reactions involved during the formation of photochemical smog.
Solution 7:
Mechanism of formation of photochemical smog:
UV
NO2g( ) 
NO (g ) O(g )
O(g ) O2g( ) O3g( )
NO (g ) O3g( ) NO2g( ) O2g( )
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Question 8:
What are the harmful effects of photochemical smog and how can they be controlled?
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Solution 8:
Harmful effects of photochemical smog:
 Their’ high concentration causes headache, chest pain and dryness of the throat.
 Ozone and PAN act as powerful eye irritants.
 Photochemical smog leads to cracking or rubber and extensive damage to plant life.
 It causes corrosion of metals, stones, building materials, and painted surface etc.
Control:
 Use of catalytic converter in automobiles prevents the release of nitrogen dioxide and
hydrocarbons to the atmosphere.
 Pinus, Juniparus, Quercus, Pyrus like plants can metabolise nitrogen dioxide thus their
plantation could help to some extent.
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Question 9:
What are the reactions involved for ozone layer depletion in the stratosphere?
Solution 9:
The reaction can be shown as follows:
CF2 Cl2 ( g ) UV Cl( g ) CF2 Cl( g )

Ed

Cl( g ) O3 g( ) ClO(g ) O2g( )
ClO(g ) O(g ) 
Cl O2g( )

Question 10:
What do you mean by ozone hole? What are its consequences?
Solution 10:
Depletion of ozone layer creates some sort of holes in the blanket of ozone which surrounds
earth; this is known as ozone hole.
 With the depletion of the ozone layer, UV radiation filters into the troposphere which leads
to aging of skin, cataract, sunburn, skin cancer etc.
 By killing many of the phytoplanktons, it can damage the fish productivity.
 Evaporation rate increases through the surface and stomata of leaves which can decrease
the moisture content of the soil.
 Increase greenhouse effect.
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Question 11:
What are the major causes of water pollution? Explain.

Question 12:
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Solution 11:
Causes of water pollution:
 Pathogens:Pathogens include bacteria and other microorganisms that enter water from
domestic sewage and animal excreta.
Human excreta contain bacteria such as Escherichia coli and Streptococcus faecal is, which
cause gastrointestinal diseases.
 Organic wastes:Organic wastes when added to water, as these are biodegradable, bacteria
decomposes organic matter and consume dissolved oxygen in water. When the
concentration of dissolved oxygen of water is below 6 ppm, the growth of fish gets
inhibited. Breakdown of the organic wastes by anaerobic bacteria produces chemicals that
have a foul smell and are harmful to human health.
 Chemical pollutants: Some inorganic chemicals as an industrial wastes dissolve in water
like cadmium, mercury nickel etc. These metals are dangerous to humans and other
animals. These metals can damage kidneys and central nervous system lever etc. Petroleum
products pollute many sources of water.

Solution 12:

Ed

Have you ever observed any water pollution in your area? What measures would you suggest
to control it?

Water pollution arises as a result of various human activities. This includes discharges from
wastewater treatment plants, run-off from agricultural fields, storm-water drainage, etc.
Pollutants from these sources enter the water bodies, thereby contaminating the water and
rendering it impure.
Industries and chemical factories discharge toxic, heavy metals such as Fe, Mn, Al, etc., along
with organic wastes into water. Domestic sewage and animal excreta are also responsible for
pathogenic contamination of water. These pollutants make water unfit for drinking.
Therefore, all industrial and chemical discharges should be made free from toxic metals before
allowing them to enter a water body. The concentration of these pollutants should be checked
regularly. Compost should be preferred over chemical fertilizers in gardens and agricultural
fields to avoid harmful chemicals from entering ground water.
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Question 13:
What do you mean by Biochemical Oxygen Demand (BOD)?
Solution 13:
The amount of oxygen required by bacteria to breakdown the organic matter present in a
certain volume of a sample of water is called Biochemical Oxygen Demand (BOD).

Question 14:
Do you observe any soil pollution in your neighborhood? What efforts will you make for
controlling the soil pollution?
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Solution 14:
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Major sources of soil pollution are industrial wastes and agricultural pollutants such as
pesticides, fertilizers, etc.
It is very important to maintain the quality and fertility of soil to ensure and sustain the growth
of plants and food crops.

Ed

Insecticides like DDT are not soluble in water. For this reason, they remain in soil for a long
time, contaminating the root crops. Pesticides like Aldrin and Dieldrin are non- biodegradable
and highly toxic in nature. They can enter the higher trophic levels through food chains,
causing metabolic and physiological disorders. The same is true for industrial wastes that
comprises of several toxic metals like Pb, As, Hg, Cd, etc. Hence, the best way to check soil
pollution is to avoid direct addition of pollutants to the soil. Also, wastes should undergo
proper treatment. They should be recycled and only then, allowed to be dumped.
Question 15:
What are pesticides and herbicides? Explain giving examples.
Solution 15:
Pesticides are the chemical compounds used in agriculture to control the damages caused by
insects, rodents, weeds and various crop diseases.
Example: Aldrin, Dilldrin, B.H.C. etc.
Herbicides:These are the chemicals used to control weeds.
Example: Triazines.
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Question 16:
What do you mean by green chemistry? How will
pollution?

it help in decreasing environmental

om

Solution 16:
Green chemistry is a strategy to design chemical processes and products that reduce or
eliminates the use and regeneration of hazardous substance. This would bring about minimum
pollution or deterioration to the environment.
For example:
 Automobile engines have been fitted with catalytic converters which prevent the release of
the vapours of hydrocarbons and oxides of nitrogen into acrolein and peroxyacetyl nitrate.
 CO2has replaced CFCs as blowing agents in the manufacture of polystyrene foam sheets.
 Liquid carbon dioxides used for dry cleaning instead of other chemicals.
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Question 17:
What would have happened if the greenhouse gases were totally missing in the earth’s
atmosphere? Discuss.

Ed

Solution 17:
The solar energy radiated back from the earth surface is absorbed by the green house gases.
(CO2, CH4, O3, CFCs) are present near the earth’s surface.
They heat up the atmosphere near the earth’s surface and keep it warm. As a result of these,
there is growth of vegetation which supports the life. In the absence of this effect, there will be
no life of both plant and animal on the surface of the earth because temperature will be much
lower while CO2is very important part of green plants.

Question 18:
A large number of fish are suddenly found floating dead on a lake. There is no evidence of
toxic dumping but you find an abundance of phytoplankton. Suggest a reason for the fish kill.
Solution 18:
Excessive phytoplankton (organic pollutants such as leaves, grass trash etc.) present in water
are biodegradable. Bacteria decomposes these organic matters in water. During this process
when large number of bacteria decomposes these organic matters, they-consume the dissolved
oxygen in water. When the level of dissolved oxygen falls below 6 ppm and proper amount of
oxygen is not available so fish present in lake cannot survive.
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Question 19:
How can domestic waste be used as manure?
Solution 19:
Domestic waste consists of biodegradable waste which can be converted into manure by
suitable method.

Question 20:
For your agricultural field or garden you have developed a compost producing pit. Discuss the
process in the light of bad odour, flies and recycling of wastes for a good produce.

uf
ev
er
.c

om

Solution 20:
The compost producing pit should be kept covered so that flies cannot make entry into it and
bad odour is minimized.
The waste materials which are non-biodegradable like glasses, plastic bags, polybags, must be
handed over to the vendors who can send them to the recycling plants.

I. Very Short Answer Type Questions

Ed

Question 1:
What do you mean by primary and secondary pollutants of the air?
Solution 1:
Primary pollutants are those which after their formation remains as it was before e.g., No.
Secondary pollutants are formed as a reaction with primary pollutants e.g., PAN (peroxyacyl
nitrates).

Question 2:
What is the name of the compound formed when CO combines with blood?
Solution 2:
Carboxyhaemoglobin.
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Question 3:
How are NO and NO2formed in the atmosphere?
Solution 3:
NO is formed due to the reaction between N 2and O 2during lightning or by the combustion of
fossil fuels. NO is oxidised to form NO2.

Question 4:
What is chlorosis?

2is

called
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Solution 4:
Slowdown of process of formation of chlorophyll in plants with the presence of SO
chlorosis. It occur generally due to deficiency of iron and zinc.

Question 5:
Which zone is known as ozonosphere?

Ed

Solution 5:
Stratosphere.

Question 6:
Which main gases is responsible for damage is ozone layer?
Solution 6:
NO and CFCs

Question 7:
What is the nature of classical smog?
Solution 7:
Reducing.
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Question 8:
Name the acids which are responsible for acid rain?
Solution 8:
H2SO4, HNO3and HCl.

Question 9:
What is BOD?

uf
ev
er
.c

om

Solution 9:
The amount of oxygen consumed by micro organism in decomposing organic wastes of
sewage water is called BOD (Biochemical Oxygen Demand).

Question 10:
What do you mean by viable and non-viable particulates?

Ed

Solution 10:
Viable particulates are microorganisms like bacteria, fungi, moulds, algae etc. Non-viable
particulates are formed by the disintegration of bigger size particles or by the condensation of
water vapour.
e.g., mist, smoke, fume and dust.

Question 11:
What is siltation?
Solution 11:
Mixing of soil or rock particles in water in called siltation which become suspended after
sometime period in form of silt.

Question 12:
What is the composition of London Smog?
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Solution 12:
London Smog consists H2SO4deposited on the particulates suspended in the atmosphere.

Question 13:
List out the gases which are considered as major source of air pollution.
Solution 13:
Carbon monoxide (CO), sulphur dioxide (SO2) and oxides of nitrogen (NO2).

om

Question 14:
Why is acid rain considered as threat to Taj Mahal?
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Solution 14:
Acids present in acid rain can react with marble (CaCO3) and damage the monument.

Solution 15:
Triazines.

Ed

Question 15:
Give one example of organic herbicide.

Question 16:
What are pesticides?
Solution 16:
Pesticides are the substances used to kill unwanted pests. For example, DDT.

Question 17:
What is PAN stands for?
Solution 17:
It is Peroxyacetyl nitrate.
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Question 18:
Give the examples of insecticides.
Solution 18:
DDT, BHC.

Question 19:
Which gas was mainly responsible for Bhopal gas tragedy?
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Solution 19:
Methyl isocyanate.
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Question 20:
What is meant by polar vortex?

Ed

Solution 20:
A tight whirlpool of wind formed in the stratosphere which surrounds Antarctica is called
polar vortex.

Question 21:
What should be the tolerable limit of F ions in drinking water?
Solution 21:
1-1.5 ppm or 1-1.5 mg dm3.

II. Short Answer Questions
Question 1:
How carbon monoxide acts as a poison for human beings?
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Solution 1:
Carbon monoxide is poisonous because it combines with haemoglobin of R.B.C. to form
carboxyhaemoglobin as.
Carboxyhaemoglobin
CO + Haemoglobin

It inhibits the transport of oxygen to different parts of the body. Thus the body becomes
oxygen-starved.

Question 2:
What is ‘Acid Rain’? How is it harmful to the environment?
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Solution 2:
Acid rain is the rain water mixed with small amount of sulphuric acid, nitric and along with
hydrochloric acid which are formed from the oxides of sulphur and nitrogen present in air as
pollutants. It has a pH of 4-5.
Harmful effects of Acid Rain
 It is toxic to vegetation and aquatic life.
 It damages buildings and statues. Taj Mahal has been damaged by acid rain.
 Acid rain corrodes water conducting pipes resulting in the leaching of heavy metals such as
iron, lead, etc., to the drinking water.

Question 3:
What is photochemical smog? What are its effects? How can it be controlled?
Solution 3:
This is a type of smog formed in warm, dry and sunny climate. They are formed when sunlight
is absorbed by SO2, oxides of nitrogen and hydrocarbons.
They act as oxidizing agents.
Effects of photochemical smog
 They produce irritation in the eyes and also in respiratory system.
 They can damage many materials such as metals, stones, building material etc.
 NO2present gives a brown colour to the photochemical smog which reduces visibility.
 It is harmful to fabrics, crops and ornamental plants.
Control of photochemical smog
 By using catalytic converters in automobiles.
 By spraying certain compounds into atmosphere which generate free radicals that can
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easily combine with the free radicals that initiate the reaction forming toxic compounds of
photochemical smog.
 Certain plants such as Pinus, Juniparus, Pyrus could be helpful in this matter.

Question 4:
What do you mean by greenhouse effect? What is the role CO 2in the greenhouse effect?
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Solution 4:
It is the phenomenon in which earth’s atmosphere traps the heat from the sun and prevents it
from escaping in outer space. Gases such as CO 2, methane, ozone, CFCs are believed to be
responsible for this effect. Heat from the sun after being absorbed by the earth is absorbed by
CO2and then radiated back to the earth. Thus making the environment of the earth warm and
results in melting of glaciers and increases sea levels.

Question 5:
(a) Define eutrophication and pneumoconiosis.
(b) Write difference between photochemical and classical smog.

Ed

Solution 5:
(a)Eutrophication: When the growth of algaes increases in the surface of water, dissolved
oxygen in water is reduced. This phenomenon is known as eutrophication. (Due to this growth
of fish gets inhibited because algae growth releases toxins in water).
Pneumoconiosis:It is a disease which irritates lungs. It causes scarring or fibrosis of the lung.
(b)
Photochemical smog
Classical smog
(i)It is formed as a result of photochemical
(i) It is formed due to condensation of SO,
decomposition of nitrogen dioxide and vapours on particles of carbon in cold
chemical reactions involving hydrocarbons.
climate.
(ii) It takes place during dry warm season in (ii) It is generally formed during winter
presence of sunlight by reaction with when there is severe cold due to reaction of
nitrogen oxides and hydrocarbon released by sulphur oxide and polluted air.
automobiles.
(iii) It is reducing in nature.
(iii) It is oxidizing in nature.
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III. Multiple Choice Questions
Question 1:
Which of the following acid is most abundant in acid rain?
(a) HCl
(b) HNO3
(c) H2SO4

(d) Organic acid

Solution 1:
(c) H2SO4

Question 2:
Which of the following causes less pollution?
(a) NOx
(b) SOx
(c) CO2
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Solution 2:
(c) CO2

(d) CxHy

Question 3:
Besides CO2, the other greenhouse gas is
(a) Ar
(b) N2

(d) CH4

Ed

Solution 3:
(d) CH4

(c) O2

Question 4:
BOD is a measure of
(a) Organic pollutant in water
(c) Particulate matter in water

(b) Inorganic pollutant in water
(d) All of the above

Solution 4:
(a) Organic pollutant in water

Question 5:
The gas which reacts with haemoglobin in blood is
(a) CO
(b) SO2
(c) CO2

(d) NO2

Solution 5:
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(a) CO

Question 6:
Ozone depletion is mainly due to
(a) HCFs
(b) CFCs

(c) CH3Br

(d) all of the above

Solution 6:
(b) CFCs
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Solution 7:
(d) Methyl isocyanate

(d) CO2

Ed

Question 8:
Which of the following will increase the BOD of water supply?
(a) O3
(b) C2H5OH
(c) H2O
Solution 8:
(c) H2O

(d) Methyl isocyanate

om

Question 7:
The pollutant released in Bhopal gas tragedy was
(a) Ammonia
(b) Mustard gas
(c) Nitrous oxide

IV. Hots Questions
Question 1:
What is meant by PCBs?
Solution 1:
PCBs are polychlorinated biphenyls. They are contaminants of water. They are used as fluids
in transformers and capacitors.

Question 2:
Which compound is formed when CO combines with blood?

14. Environmental Chemistry
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Solution 2:
When CO combines with blood, the following reaction occurs forming carboxyhaemoglobin
which is a permanent compound and does not dissociate furher:HB 
CO ( HBCO ) Carboxyhaemoglobin

Question 3:
Give three examples in which green chemistry has been applied.
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Solution 3:
 In dry-cleaning, use of liquefied CO2in place of tetrachlorethene (Cl 2C = CCl2).
 In bleaching of paper using H2O2in place of chlorine.
 In the manufacture of chemicals like ethanol using environment-friendly chemicals and
conditions.
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