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Chapter 1
Some basic concepts of Chemistry
NCERT Exercise

Question 1:
Calculate the molecular mass of the following:
(i) H 2O (ii) CO2 (iii) CH4
Solution 1:
(i) H 2O

ev

er

.c

om

The molecular mass of water, H 2O
= (2 Atomic mass of hydrogen) + (1 Atomic mass of oxygen)
= [2(1.0084) + 1(16.00 u)]
= 2.016 u + 16.00 u
= 18.016
= 18.02 u
(ii) CO2
The molecular mass of carbon dioxide, CO2
= (1 Atomic mass of carbon) + (2 Atomic mass of oxygen)
= [1(12.011 u) + 2 (16.00 u)]
= 12.011 u + 32.00 u
= 44.01 u
(iii) CH4

Ed

uf

The molecular mass of methane, CH4
= (1 Atomic mass of carbon) + (4 Atomic mass of hydrogen)
= [1(12.011 u) + 4 (1.008 u)]
= 12.011 u + 4.032 u
= 16.043 u

Question 2:
Calculate the mass percent of different elements present in sodium sulphate Na2SO4 .
Solution 2:
The molecular formula of sodium sulphate is Na2SO 4
Molar mass of Na2SO 4 =[(2 23.0) + (32.066) + 4 (16.00)]
142.066 g
Mass ofthat element in thecompound
Mass percent of an element 
100
Molar massof thecompound
∴Mass percent of sodium:

1.

stry

1
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46.0 g
142.066 g 100
32.379
32.4%
Mass percent of sulphur:
32.066 g
142.066 g 100
22.57
22.6%
Mass percent of oxygen:
64.0 g
142.066 g 100

om

45.049
45.05%

Ed
uf
e

Solution 3:
% of iron by mass 69.9 % [Given]
% of oxygen by mass 30.1 % [Given]
Relative moles of iron in iron oxide:
% of iron by mass

Atomic mass of iron
69.9
 55.85
1.25
Relative moles of oxygen in iron oxide:
% of oxygen by mass
 Atomic mass or oxygen

ve

r.c

Question 3:
Determine the empirical formula of an oxide of iron which has 69.9% iron and 30.1%
dioxygen by mass.

30.1
16.00
1.88
Simplest molar ratio of iron to oxygen:
= 1.25 : 1.88
=1:1.5
2:3
∴The empirical formula of the iron oxide is Fe2O3 .

1.Some basic concepts of Chemistry
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Question 4:
Calculate the amount of carbon dioxide that could be produced when
(i) 1 mole of carbon is burnt in air.
(ii) 1 mole of carbon is burnt in 16 g of dioxygen.
(iii) 2 moles of carbon are burnt in 16 g of dioxygen.

om

Solution 4:
The balanced reaction of combustion of carbon can be written as:
C+ O2→ C O 2
(i) As per the balanced equation, 1 mole of carbon burns in 1 mole of dioxygen (air) to
produce 1 mole of carbon dioxide.
(ii) According to the question, only 16 g dioxygen is available. Hence, it will react with 0.5
mole of carbon to give 22 g of carbon dioxide. Hence, it is a limiting reactant.
(iii) According to the question, only 16 g dioxygen is available. It is a limiting reactant. Thus,
16 g of dioxygen can combine with only 0.5 mole of carbon to give 22 g of carbon dioxide.

er

.c

Question 5:
Calculate the mass of sodium acetate (CH 3COONa) required to make 500 mL of 0.375 molar
aqueous solution. Molar mass of sodium acetate is 82.0245 g mol-1

Ed

uf

ev

Solution 5:
0.375 M aqueous solution of sodium acetate
1000 mL of solution containing 0.375 moles of sodium acetate
Number of moles of sodium acetate in 500 mL
0.375
 1000 500
0.1875 mole
Molar mass of sodium acetate = 82.0.245 g mole-1(Given)
-1
Required mass of sodium acetate = (82.0245 g mol ) (0.1875 mole)
= 15.38 g

Question 6:
Calculate the concentration of nitric acid in moles per litre in a sample which has a density,
1.41g mL-1and the mass percent of nitric acid in it being 69%.
Solution 6:
Mass percent of nitric acid in the sample = 69% [Given]
Thus, 100 g of nitric acid contains 69 g of nitric acid by mass.
Molar mass of nitric acid (HNO3)

1.Some basic concepts of Chemistry
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.c

ev

er

10 3 L
70.92mL 70.92
Concentration of nitric acid
1.095 mole
=
70.92 
10 3 L
15.44 mol / L
∴Concentration of nitric acid = 15.44 mol/L

om

= {1 + 14 + 3 (16)} g mol-1
= 1 + 14 + 18
= 63 g mol-1
∴Number of moles in 69 g of HNO 3
69 g
 63 g mol 1
1.095mol
Volume of 100g of nitric acid solution
Mass of solution
=
density of solution
100g
=
1.41gmL1

uf

Question 7:
How much copper can be obtained from 100 g of copper sulphate (CuSO 4)?

Ed

Solution 7:
1 mole of CuSO4contains 1 mole of copper.
Molar mass of CuSO 4= (63.5) + (32.00) + 4(16.00)
= 63.5 + 32.00 + 64.00
= 159.5 g
159.5 g of CuSO4contains 63.5 g of copper.
63.5
100 g
of copper.
100 g of CuSO 4will contain
159.5
Amount of copper that can be obtained from 100g CuSO 4 

63.5 
100
159.5

= 39.81 g

Question 8:
Determine the molecular formula of an oxide of iron in which the mass percent of iron and
oxygen are 69.9 and 30.1 respectively. Given that the molar mass of the oxide is 159.69g mol
1
.

1.Some basic concepts of Chemistry
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Solution 8:
Mass percent of iron (Fe) = 69.9% (Given)
Mass percent of oxygen (O) = 30.1% (Given)

.c

om

69.90
Number of moles of iron present in the oxide 
55.85
= 1.25
30.1
Number of moles of oxygen present in the oxide 
16.0
=1.88
Ratio of iron to oxygen in the oxide,
= 1.25 : 1.88
1.25 1.88
1.25 :1.25
= 1 : 1.5
=2:3
The empirical formula of the oxide is Fe 2O3.
Empirical formula mass of Fe2O3= [2(55.85) + 3(16.00)] g
Molar mass of Fe2O3= 159.69 g
Molar mass
159.69 g
n


Empirical formula mass 159.7 g

Ed

uf

ev

er

0.999
1(approx)
Molecular formula of a compound is obtained by multiplying the empirical formula with n.
Thus, the empirical formula of the given oxide is Fe2O3and n is 1.
Hence, the molecular formula of the oxide is Fe2O3.

Question 9:
Calculate the atomic mass (average) of chlorine using the following data:
% Natural Abundance Molar Mass
35
CI
75.77
34.9689
37
CI
24.23
36.9659
Solution9:
The average atomic mass of chlorine
 Fractional abundanceMolar mass Fractional abundanceMolar mass
= 
of 35 CI
of 35CI
+ of 37 CI
of 37 CI



 




75.77  34.9689u + 24.23  36.9659u 
= 
  100 

 100 


 


= 26.4959 + 8.9568
= 35.4527 u

1.Some basic concepts of Chemistry
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The average atomic mass of chlorine = 35.4527 u

Question 10:
In three moles of ethane (C2H6), calculate the following:
(i) Number of moles of carbon atoms.
(ii) Number of moles of hydrogen atoms.
(iii)Number of molecules of ethane.

er

.c

om

Solution10:
(i) 1 mole of C2H6contains 2 moles of carbon atoms.
Number of moles of carbon atoms in 3 moles of C 2H6.
= 2 3 = 6
(ii) 1 mole of C2H6contains 6 moles of hydrogen atoms.
Number of moles of carbon atoms in 3 moles of C 2H6.
= 3 6 = 18
(iii) 1 mole of C2H6contains 6.023 1023molecules of ethane.
in 3 moles of C 2H6.
Number of molecules
23
= 3 6.023 10 = 18.069 1023

Ed

uf

ev

Question 11:
What is the concentration of sugar (C12H22O11) in mol L-1if its 20 g are dissolved in enough
water to make a final volume up to 2 L?
Solution 11:
Molarity (M) of a solution is given by,
Number of moles of solute
=
Volume of solution in Litres
Mass of sugar/molar mass of sugar
=
2L
20 g /  12 
12  122  11 
    16 g

2L
20 g / 342 g

2L
=

0.0585 mol
2L
= 0.02925 mol L-1
Molar concentration of sugar = 0.02925 mol L


1.Some basic concepts of Chemistry
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Question 12:
If the density of methanol is 0.793 kg L-1, what is its volume needed for making 2.5 L of its
0.25 M solution?

er

.c

om

Solution12:
Molar mass of methanol (CH3OH) = (1 12) + (4 1) + (1 16)
= 32 g mol -1
= 0.032 kg mol-1
0.793kgL1
Molarity of methanol solution 
0.032 kg mol1
= 24.78 mol L-1
(Since density is mass per unit volume)
Applying,
M1V1= M 2V2
(Given solution) (Solution to be prepared)
(24.78 mol L-1) V 1= (2.5 L) (0.25 mol L -1)
V1= 0.0252 L
V1= 25.22 mL

Ed

uf

ev

Question 13:
Pressure is determined as force per unit area of surface. The SI unit of pressure,
Pascal is as shown below:
1Pa = 1N m-2
If mass of air at sea level is 1034 g cm-2, calculate the pressure in Pascal.
Solution13:
Pressure is defined as force acting per unit area of the surface.
F
P 
A
2

100 cm2
1034 g 9.8 ms 2
1 kg



1000 g  1 m 2
cm2
= 1.01332 10 5kg m -1s -2
We know,
1 N = 1 kg ms-2
Then,
1 Pa = 1 Nm-2= 1 kg m -2s -2
1 Pa = 1 kg m-1s -2
5
Pressure = 1.01332 10 Pa

1.Some basic concepts of Chemistry
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Question 14:
What is the SI unit of mass? How is it defined?

er
ev

uf

Multiples
10-6
10
106
109
10-15

Ed

Solution 15:
Prefixes
(i)
micro
(ii)
deca
(iii)
mega
(iv)
giga
(v)
femto

.c

Question 15:
Match the following prefixes with their multiples:
Prefixes
Multiples
(i)
micro
106
(ii)
deca
109
(iii)
mega
10-6
(iv)
giga
10-15
(v)
femto
10

om

Solution14:
The SI unit of mass is kilogram (kg). 1 Kilogram is defined as the mass equal to the mass of
the international prototype of kilogram.

Question 16:
What do you mean by significant figures?
Solution16:
Significant figures are those meaningful digits that are known with certainty.
They indicate uncertainty in an experiment or calculated value. For example, if 15.6 mL is the
result of an experiment, then 15 is certain while 6 is uncertain, and the total number of
significant figures are 3.
Hence, significant figures are defined as the total number of digits in a number including the
last digit that represents the uncertainty of the result.

Question 17:
A sample of drinking water was found to be severely contaminated with chloroform, CHCl 3,
supposed to be carcinogenic in nature. The level of contamination was 15 ppm (by mass).

1.Some basic concepts of Chemistry
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(i) Express this in percent by mass.
(ii) Determine the molality of chloroform in the water sample.

er

.c
om

Solution 17:
(i) 1 ppm is equivalent to 1 part out of 1 million (106) parts.
Mass percent of 15 ppm chloroform in water
15
106 100
3
1.5 
10 %
(ii) 100 g of the sample contains 1.5 10 -3g of CHCI 3.
-2
1000 g of the sample contains 1.5 10 g of CHCI 3
Molality of chloroform in water
1.5×10-2g
=
Molar massof CHCI3
Molar mass of CHCI3= 12.00 + 1.00 + 3(35.5)
= 119.5 g mol -1
-2
Molality of chloroform in water = 0.0125 10 m
-4
= 1.25 10 m

Ed

uf

ev

Question 18:
Express the following in the scientific notation:
(i) 0.0048
(ii) 234,000
(iii)8008
(iv) 500.0
(v) 6.0012
Solution 18:
(i) 0.0048 = 4.8 10-3
(ii) 234,000 = 2.34 105
(iii)8008 = 8.008 103
(iv) 500.0 = 5.000 102
(v) 6.0012 = 6.0012 100

Question 19:
How many significant figures are present in the following?
(i) 0.0025
(ii) 208

1.Some basic concepts of Chemistry
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(iii)5005
(iv) 126,000
(v) 500.0
(vi) 2.0034

er

.c

om

Solution 19:
(i) 0.0025
There are 2 significant figures.
(ii) 208
There are 3 significant figures.
(iii)5005
There are 4 significant figures.
(iv) 126,000
There are 3 significant figures.
(v) 500.0
There are 4 significant figures.
(vi) 2.0034
There are 5 significant figures.

Solution 20:
(i) 34.2
(ii) 10.4
(iii)0.0460
(iv) 2810

Ed

uf

ev

Question 20:
Round up the following upto three significant figures.
(i) 34.216
(ii) 10.4107
(iii)0.04597
(iv) 2808

Question 21:
The following data are obtained when dinitrogen and dioxygen react together to form different
compounds:
Mass of dinitrogen
Mass of dioxygen
(i)
14 g
16 g
(ii)
14 g
32 g
(iii)
28 g
32 g

1.Some basic concepts of Chemistry
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(iv)
28 g
80 g
(a) Which law of chemical combination is obeyed by the above experimental data? Give its
statement.
(b) Fill in the blanks in the following conversions:
(i) 1 km = ……………………. mm ……………………. pm
(ii) 1 mg = ……………………. kg ……………………. ng
(iii)1 mL = ……………………. L ……………………. dm 3

Ed

uf

ev

er

.c

om

Solution 21:
(a) If we fix the mass of dinitrogen at 28g, then the masses of dioxygen that will combine with
the fixed mass of dinitrogenen are 32 g, 64 g, 32 g, and 80 g.
The masses of dioxygen bear a whole number ratio of 1:2:1:5. Hence, the given experimental
data obeys the law of multiple proportions. The law states that if two elements combine to
form more than one compound, then the masses of one element that combines with the fixed
mass of another element are in the ratio of small whole numbers.
1000 m 100 cm 10 mm
(b)(i) 1 km = 1 km 
1 km  1 m  1 cm
6
1 km = 10 mm
1000 m 1 pm
1 km = 1 km 
1 km 10 12 m
15
1 km = 10 pm
Hence, 1 km = 106mm = 10 15pm
1g
1 kg
(ii) 1 mg = 1 mg 

1000 mg 1000 g
6
1 mg = 10 -6kg
6
1 mg = 10 kg = 10 ng
1L
(iii) 1 mL = 1 mL 
1000 mL
-3
1 mg = 10 L
1 dm 1 dm 1 dm
1 mL = 1 cm 3= 1 cm 3 
10 cm 10 cm 10 cm
-3
3
1 mL = 10-3 dm -3 3
1 mL = 10 L = 10 dm

Question 22:
If the speed of light is 3.0 10 8ms -1, calculate the distance covered by light in 2.00 ns.
Solution 22:
According to the question:

1.Some basic concepts of Ch
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Time taken to cover the distance = 2.00 ns
= 2.00 10 -9s
Speed of light = 3.0 10 8ms -1
Distance travelled by light in 2.00 ns
= Speed of light Time taken
= (3.0 10 8ms -1) (2.00 10 -9s)
= 6.00 10 -1m
= 0.600 m

er

.c

om

Question 23:
In a reaction
A + B 2 AB 2
Identify the limiting reagent, if any in the following reaction mixtures.
(i) 300 atoms of A + 200 molecules of B
(ii) 2 mol A + 3 mol B
(iii)100 atoms of A + 100 molecules of B
(iv) 5 mol A+ 2.5 mol B
(v) 2.5 mol A + 5 mol B

Ed

uf

ev

Solution 23:
A limiting reagent determines the extent of a reaction. It is the reactant which is the first to get
consumed during a reaction, thereby causing the reaction to stop and limiting the amount of
products formed.
(i) According to the given reaction, 1 atom of A reacts with 1 molecule of B. thus, 200
molecules of B will react with 200 atoms of A, thereby leaving 100 atoms of A unused.
Hence, B is the limiting reagent.
(ii) According to the reaction, 1 mol of A reacts with 1 mol of B. thus, 2 mol of A will react
with only 2 mol of B. As a result, 1 mol of A will not be consumed. Hence, A is the
limiting reagent.
(iii)According of the given reaction, 1 atom of A combines with 1 molecule of B. the mixture
is stoichiometric where no limiting reagent is present.
(iv) 1 mol of atom A combines with 1 mol of molecule B. Thus, 2.5 mol of B will combine
with only 2.5 mol of A. As a result, 2.5 mol of A will be left as such. Hence, B is the
limiting reagent.
(v) According to the reaction, 1 mol of atom A combines with 1 mol of molecule B. Thus, 2.5
mol of A will combine with only 2.5 mol of B and the remaining 2.5 mol of B will be left
as such. Hence, A is the limiting reagent.

1.Some basic concepts of Chemistry
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Question 24:
Dinitrogen and dihydrogen react with each other to produce ammonia according to the
following chemical equation:
N 2( g ) H 2( g ) 2 NH 3( g )
(i) Calculate the mass of ammonia produced if 2.00 103g dinitrogen reacts with 1.00 103g
of dihydrogen.
(ii) Will any of the two reactants remain unreacted?
(iii)If yes, which one and what would be its mass?

Ed

uf

ev

er

.c

om

Solution 24:
(i) Balancing the given chemical equation,
N 2( g ) 3H 2( g ) 2 NH 3( g )
From the equation, 1 mole (28g) of dinitrogen reacts with 3 mole (6g) of dihydrogen to give 2
mole (34g) of ammonia.
6g
3
10 3 g dihydrogen i.e.,
2.00 10 g of dinitrogen will react with 28 g 2.00 
2.00 103g of dinitrogen will react with 428.6 g of dihydrogen.
Given,
Amount of dihydrogen = 1.00 103g
Hence, N2is the limiting reagent.
28 g of N 2produces 34 g of NH 3.
34 g
Hence, mass of ammonia produced by 2000 g of N 2 
2000 g
28 g 
= 2428.57 g
(ii) N2is the limiting reagent and H 2is the excess reagent. Hence, H 2 will remain unreacted.
(iii) Mass of dihydrogen left unreacted = 1.00 103g – 428.6 g
= 571.4 g

Question 25:
How are 0.50 mol Na2CO3and 0.50 M Na 2CO3different?
Solution 25:
Molar mass of Na2CO3= (2 23) + 12.00 + (3 6)
= 106 g mol-1
Now, 1 mole of Na 2CO3 means 106 g of Na2CO3.
106 g
N a2CO3
0.5 mol
0.5 mol of Na 2CO3 
1 moel 
= 53 g Na2CO3
0.50 M of Na 2CO3= 0.50 mol/L Na 2CO3
Hence, 0.50 mol of Na2CO3is present in 1 L of water or 53 g Na 2CO3is present in 1 L of water.

1.Some basic concepts of Chemistry
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Question 26:
If ten volumes of dihydrogen gas react with five volumes of dioxygen gas, how many volumes
of water vapour would be produced?
Solution 26:
Reaction of dihydrogen with dioxygen can be written as:
2 H 2( g ) O2( g ) 2 H 2O ( g )

.c
er

ev

Question 27:
Convert the following into basic units:
(i) 28.7 pm
(ii) 15.15 pm
(iii)25365 mg

om

Now, two volumes of dihydrogen react with one volume of dihydrogen to produce two
volumes of water Vapour.
Hence, ten volumes of dihydrogen will react with five volumes of dioxygen to produce ten
volumes of water Vapour.

Ed

uf

Solution 27:
(i) 28.7 pm:
1 pm = 10-12m
12
28.7 pm = 28.7 10 m
= 2.87 1011 m
(ii) 15.15 pm:
1 pm = 10-12m
12
15.15 pm = 15.15 10 m
= 1.515 1012 m
(iii) 25365 mg:
1 mg = 10-3g
25365 mg = 2.5365 104 10-3g
Since,
1 g = 10 -3kg
2.5365 101g = 2.5365 10 -1 10-3kg
-2
25365 mg = 2.5365 10 kg

Question 28:

1.Some basic concepts of Chemistry
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Which one of the following will have largest number of atoms?
(i) 1 g Au (s)
(ii) 1 g Na (s)
(iii)1 g Li (s)
(iv) 1 g of CI2(g)
Solution 28:

Ed

uf

ev

er

.c

om

1
(i) 1 g of Au (s) 
mol of Au (s)
197
6.022 
10 23
atoms of Au (s)

197
= 3.06 1021atoms of Au (s)
1
(ii) 1 g of Na (s)  mol of Na (s)
23
23
6.022 
10
atoms of Na (s)

23
= 0.262 1023 atoms of Na (s)
= 26.2 1021 atoms of Na (s)
1
(iii) 1 g of Li (s)  mol of Li (s)
7
23
6.022 
10
atoms of Li (s)

7
= 0.86 1023 atoms of Li (s)
= 86.0 1021 atoms of Li (s)
1
(iv) 1 g of CI2(g)  mol of CI 2(g)
71
(Molar mass of CI2molecules = 35.5 2 = 71 g mol 1 )
6.022 
10 23
atoms of CI 2(g)

71
= 0.0848 1023 atoms of CI 2(g)
= 8.48 1021 atoms of CI 2(g)
Hence, 1 g of Li (s) will have the largest number of atoms.

Question 29:
Calculate the molarity of a solution of ethanol in water in which the mole fraction of ethanol is
0.040 (assume the density of water to be one).
Solution 29:

1.Some basic concepts of Chemistry
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Number of molesC H
2 OH
5
Number of moles of solution

nC2H 5OH

.........(1)
nC2H 5OH nH 2O
Number of moles present in 1 L water:
1000 g
nH 2O =
18 g mol1
nH 2O = 55.55mol
Substituting the value of nH 2O in equation (1),

nC2H 5OH

om

=0.040
nC2H 5OH 55.55
nC2H 5OH =0.040 nC2H 5OH (0.040)(55.55)
0.96nC2H 5OH =2.222 mole
2.222
mole
0.96
=2.314 mole

Molarity of solution 

uf

ev

= 2.314 M

2.314 mol
1L

er

nC2H 5OH

.c

nC2H 5OH =

Ed

Question 30:
What will be the mass of one 12C atom in g?

Solution 30:
1 mole of carbon atoms = 6.023 10 23atoms of carbon
= 12 g of carbon
12g
12
Mass of one C atom =
6.022
10 23
-23
= 1.993 10 g

Question 31:
How many significant figures should be present in the answer of the following calculations?
0.2856298.150.112
(i) =
0.5785
(ii) 5 5.364

1.Some basic concepts of Chemistry
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(iii)0.0125 + 0.7864 + 0.0215

er

.c

om

Solution 31:
0.2856298.150.112
(i) =
0.5785
Least precise number of calculation = 0.112
Number of significant figures in the answer
= Number of significant figures in the least precise number
=3
(ii) 5 5.364
Least precise number of calculation = 5.364
Number of significant figures in the answer = Number of significant figures in 5.364
=4
(iii) 0.0125 + 0.7864 + 0.0215
Since the least number of decimal places in each term in four, the number of significant figures
in the answer is also 4.

Ed

uf

ev

Question 32:
Use the data given in the following table to calculate the molar mass of naturally occurring
argon isotopes:
Isotope
Isotopic molar mass Abundance
36
Ar
35.96755 gmol-1
0.337%
38
Ar
37.96272 gmol-1
0.063%
40
-1
Ar
39.9624 gmol
99.600%
Solution 32:
Molar mass of argon
0.337  
0.063  
90.60 

1
35.96755 100 37.96272 100 39.9624 100 gmol
 
 


1
0.1210.024 39.802gmol
=39.947 gmol-1

Question 33:
Calculate the number of atoms in each of the following
(i) 52 moles of Ar
(ii) 52 u of He
(iii) 52 g of He.

1.Some basic concepts of Chemistry
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Solution 33:
(i) 1 mole of Ar = 6.022 1023 atoms of Ar
23
52 mole of Ar = 52 6.022 10 atoms of Ar
25
=3.131 10 atoms of Ar
(ii) 1 atom of He = 4 u of the
Or,
4 u of He = 1 atom of He
1
1 u of He  atom of He
4
52
52u of He =  atom of He
4
= 13 atoms of He

er

.c

om

(iii) 4 g of He = 6.022 1023 atoms of He
6.022 
10 23 52
52
g
of
He
=
atoms of He


4
= 7.8286 1024 atoms of He

Ed

uf

ev

Question 34:
A welding fuel gas contains carbon and hydrogen only. Burning a small sample of it in oxygen
gives 3.38 g carbon dioxide, 0.690 g water and no other products. A volume of 10.0 L
(measured at STP) of this welding gas is found to weigh 11.6 g. Calculate
(i) empirical formula,
(ii) molar mass of the gas, and
(iii) molecular formula.
Solution 34:
(i) 1 mole (44 g) of CO2contains 12 g carbon.
12 g
3.38 g
3.38 g of CO 2will contain carbon 
44 g 
= 0.9217 g
18 g of water contains 2 g of hydrogen.
2g
0.690 g of water will contain hydrogen  g 0.690
18
= 0.0767 g
Since carbon and hydrogen are the only constituents of the compound, the total mass of the
compound is:
= 0.9217 g + 0.0767 g
= 0.9984 g
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Percent of C in the compound 

0.9217 g
100
0.9984 g 

= 92.32%

om

0.0767 g
Percent of H in the compound 
100
0.9984 g 
= 7.68%
92.32
Moles of carbon in the compound 
12.00
= 7.69
7.68
Moles of hydrogen in the compound = 
1
= 7.68
Ration of carbon to hydrogen in the compound = 7.69 : 7.68
= 1.1
Hence, the empirical formula of the gas is CH.

Ed

uf

ev

er

.c

(ii) Given,
Weight of 10.0L of the gas (at S.T.P) = 11.6 g
11.6 g
22.4L
Weight of 22.4 L of gas at STP = 
10.0L 
= 25.984 g
26 g
Hence, the molar mass of the gas is 26 g.
(iii) Empirical formula mass of CH = 12 + 1 = 13 g
Molar mass of gas
n 
Empirical Formula mass of gas
26 g
 13 g
n=2
Molecular formula of gas = (CH) n
= C2 H 2

Question 35:
Calcium carbonate reacts with aqueous HCl to given CaCl2and CO 2according to the reaction,
CaCO3( s ) 2 HCl( aq ) CaCl2( aq ) CO2( g ) H 2O ( l)
What mass of CaCO3is required to react completely with 25 mL of 0.75 M HCl?
Solution 35:
0.75 M of HCI 0.75 mol of HCl are present in 1 L of water
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om

0.75 mol  36.5 gmol1 HCl is present in 1 L of water




27.375
g
of
HCI
is
present
in 1 L of water

Thus, 1000 mL of solution contains 27.375 g of HCl.
Amount of HCl present in 25 mL of solution
27.375 g
 1000 mL 25 mL
= 0.6844 g
From the given chemical equation,
CaCO3( s ) 2 HCl( aq ) CaCl2( aq ) CO2( g ) H 2O ( l)
2 mol of HCl (2 36.5 = 71 g) react with 1 mol of CaCO 3(100 g).
100
0.6844 g
Amount of CaCO 3that will react with 0.6844 g 
71 
= 0.9639 g

er

.c

Question 36:
Chlorine is prepared in the laboratory by treating manganese dioxide (MnO2) with aqueous
hydrochloric acid according to the reaction
4 HCl( aq ) MnO2( l) MnCl2( aq ) Cl2( g )

ev

How many grams of HCl react with 5.0 g of manganese dioxide?

Ed

uf

Solution 36:
1 mol [55 + 2 16 = 87 g] MnO 2reacts completely with 4 mol [4 36.5 = 146 g] of HCl.
5.0 g of MnO 2will react with
146 g
 87 g 5.0 g
=8.4 g of HCl
Hence, 8.4 g of HCl will react completely with 5.0 g of manganese dioxide.
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Question 1:
(i) Calculate the number of electrons which will together weigh one gram.
(ii) Calculate the mass and charge of one mole of electrons.
Solution 1:
(i) Mass of one electron = 9.10939×10

–31

kg

Number of electrons that weigh 9.10939 × 10

–31

kg = 1
–3

.c
om

Number of electrons that will weigh 1 g = (1 × 10 kg)
1
(110 3 kg )
31

9.10939 
10 kg
–3 + 31

ev
er

= 0.1098 × 10
= 0.1098 × 10 28
= 1.098 × 1027

(ii) Mass of one electron = 9.10939 × 10

–31

kg

23

uf

Mass of one mole of electron = (6.022 × 10 ) × (9.10939 ×10
–7

Ed

= 5.48 × 10 kg

Charge on one electron = 1.6022 × 10

–19

–31

kg)

coulomb

Charge on one mole of electron = (1.6022 × 10

–19

23

C) (6.022 × 10 )

4

= 9.65 × 10 C
Question 2:
(i) Calculate the total number of electrons present in one mole of methane.
14

(ii) Find (a) the total number and (b) the total mass of neutrons in 7 mg of C. (Assume that mass of a
–27

neutron = 1.675 × 10 kg).
(iii) Find (a) the total number and (b) the total mass of protons in 34 mg of NH3 at STP. Will the answer
change if the temperature and pressure are changed?

Solution 2:
2. Structure of Atom
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(i) Number of electrons present in 1 molecule of methane (CH4)
{1(6) + 4(1)} = 10
23

Number of electrons present in 1 mole i.e., 6.023 × 10 molecules of methane
23

= 6.022 × 10 × 10 = 6.022 × 10

24

23

(ii) (a) Number of atoms of 14C in 1 mole= 6.023 × 10
Since 1 atom of 14C contains (14 – 6) i.e., 8 neutrons, the number of neutrons in 14 g of 14C is (6.023 ×
1023) ×8. Or, 14 g of 14C contains (6.022 × 10 23 × 8) neutrons.
Number of neutrons in 7 mg

21

= (2.4092 × 10 ) (1.67493 × 10
–6

kg)

14

kg Mass of total neutrons in 7 g of C

uf

= 4.0352 × 10 kg

–27

–27

ev
er

(b) Mass of one neutron = 1.67493 × 10

.c
om

6.022
10 23 
8 7mg

1400mg
= 2.4092 × 10 21

Ed

(iii) (a) 1 mole of NH3 = {1(14) + 3(1)} g of NH 3
= 17 g of NH3
= 6.022× 10 23 molecules of NH3
Total number of protons present in 1 molecule of NH 3
= {1(7) + 3(1)}
= 10
Number of protons in 6.023 × 1023 molecules of NH3
= (6.023 × 10 23) (10)
= 6.023 × 1024
⇒17 g of NH 3 contains (6.023 × 1024) protons.
Number of protons in 34 mg of NH3

6.022
10 24 34mg

1700mg
= 1.2046 × 10 22
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(b) Mass of one proton = 1.67493 × 10
Total mass of protons in 34 mg of NH 3
= (1.67493 × 10

–27

kg

kg) (1.2046 × 10 22)

–5

= 2.0176 × 10 kg
The number of protons, electrons, and neutrons in an atom is independent of temperature and pressure
conditions. Hence, the obtained values will remain unchanged if the temperature and pressure is changed.

.c
om

Question 3:
How many neutrons and protons are there in the following nuclei?
13
16
24
56
88
6 C , 8 O , 12 Mg , 26 Fe, 38 Sr

ev
er

Solution 3:
13
6 C:

O:

Ed

16
8

uf

Atomic mass = 13
Atomic number = Number of protons = 6
Number of neutrons = (Atomic mass) – (Atomic number)
= 13 – 6 = 7

Atomic mass = 16 Atomic number = 8 Number of protons = 8
Number of neutrons = (Atomic mass) – (Atomic number)
= 16 – 8 = 8
24
12

Mg :

Atomic mass = 24
Atomic number = Number of protons = 12
Number of neutrons = (Atomic mass) – (Atomic number)
= 24 – 12 = 12
56
26

Fe :

Atomic mass = 56

2. Structure of Atom
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Atomic number = Number of protons = 26
Number of neutrons = (Atomic mass) – (Atomic number)
= 56 – 26 = 30
88
38

Sr :

.c
om

Atomic mass = 88
Atomic number = Number of protons = 38
Number of neutrons = (Atomic mass) – (Atomic number)
= 88 – 38 = 50

233
92

U

(iii) 94 Be

uf

(ii)

Ed

Solution 4:
35
(i) 17
Cl

ev
er

Question 4:
Write the complete symbol for the atom with the given atomic number (Z) and Atomic mass (A)
(i) Z = 17, A = 35
(ii) Z = 92, A = 233
(iii) Z = 4, A = 9

Question 5:
Yellow light emitted from a sodium lamp has a wavelength (λ) of 580 nm. Calculate the frequency ( ν)
and wave number ( v ) of the yellow light.
Solution 5:
From the expression,
c
v
We get,
c
v  …….. (i)
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Where,
ν = frequency of yellow light
c = velocity of light in vacuum = 3 × 10 8 m/s
–9

λ = wavelength of yellow light = 580 nm = 580 × 10 m Substituting the values in expression (i):
3 
10 8
5.17 
10 14 S 1
580 
10 9 
Thus, frequency of yellow light emitted from the sodium lamp
v 

–1

= 5.17 × 1014 s

1



1
10 6 m1
580 10 9 1.72


uf

ev
er

Question 6:
Find energy of each of the photons which
(i) correspond to light of frequency 3× 10 15 Hz.
(ii) have wavelength of 0.50 Å

.c
om

Wave number of yellow light, v 

Ed

Solution 6:
(i) Energy (E) of a photon is given by the expression,
E = hv
Where,
h = Planck’s constant = 6.626×10

–34

Js

15

ν = frequency of light = 3×10 Hz
Substituting the values in the given expression of E: E = (6.626×10

–34

) (3×1015)

–18

E = 1.988×10 J
(ii) Energy (E) of a photon having wavelength (λ) is given by the expression,
hc
E=



–34

h = Planck’s constant = 6.626×10 Js
c = velocity of light in vacuum = 3×108 m/s Substituting the values in the given expression of E:
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6.626
10
3 
10

J
E 
34

8

0.50
10 10
E 3.98
10 15 J
Question 7:

Calculate the wavelength, frequency and wave number of a light wave whose period is 2.0 × 10

–10

s.

Solution 7:

Ed

uf

ev
er

.c
om

1
Frequency (ν) of light 
Period
1
10 9 s 1
2.0 10 10 s 5.0 

c
Wavelength ( λ) of light 
v
Where,
c = velocity of light in vacuum = 3×108 m/s
Substituting the value in the given expression of λ
3 
10 8
10 2 m
5.0 10 9 6.0 

1
1
Wave number v of light
10 1 m1 16.66m
6.0 10 2 1.66 
 



Question 8:
What is the number of photons of light with a wavelength of 4000 pm that provide 1 J of energy?
Solution 8:
Energy (E) of a photon = hν
Energy (En) of ‘n’ photons = nhν
En 
n

hc
Where,
λ = wavelength of light = 4000 pm = 4000 ×10
2. Structure of Atom
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c = velocity of light in vacuum = 3 × 10 8 m/s
–34

h = Planck’s constant = 6.626 × 10 Js
Substituting the values in the given expression of n:

n 

1  4000

 10

6.62610

34

 2.01210
3 
10
 
12

16

8

Hence, the number of photons with a wavelength of 4000 pm and energy of 1 J are 2.012×10 16.
Question 9:
–7

.c
om

A photon of wavelength 4 × 10 m strikes on metal surface, the work function of the metal being 2.13
eV. Calculate
(i) the energy of the photon (eV),
(ii) the kinetic energy of the emission, and

Solution 9:

Where,

hc



J).

uf

(i) Energy (E) of a photon = hv 

–19

ev
er

(iii) the velocity of the photoelectron (1 eV= 1.6020 × 10

Ed

–34

h = Planck’s constant = 6.626 × 10 Js
c = velocity of light in vacuum = 3 × 10 8 m/s
–7

λ = wavelength of photon = 4 × 10 m
Substituting the values in the given expression of E:

6.626
10
3 
10

4.969510
E 
34

4 
10

8

7

19

J

–19

Hence, the energy of the photon is 4.97×10 J.
(i) The kinetic energy of emission Ek is given by
hv hv0
eV
E W 
10 19 
4.9695 
1.6020 1019 eV 2.13eV
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= (3.1020 – 2.13) eV
= 0.9720 eV
Hence, the kinetic energy of emission is 0.97 eV.
(ii) The velocity of a photoelectron ( ν) can be calculated by the expression,
1 2
mv hv hv0
2

2 hv hv0 
m
Where, hv hv0 is the kinetic energy of emission in Joules and ‘m’ is the mass of the photoelectron.
v




v 



19

2  0.9720 
1.6020 10

9.10939 
10

31

kg

ev
er

10 12 m2s 2
 0.3418
–1
v = 5.84 × 105 ms

J

.c
om



Substituting the values in the given expression of v:

–1

uf

Hence, the velocity of the photoelectron is 5.84 × 105 ms .

Ed

Question 10:
Electromagnetic radiation of wavelength 242 nm is just sufficient to ionise the sodium atom. Calculate
–1

the ionisation energy of sodium in kJ mol .
Solution 10:
Energy of sodium (E) 

6.023
10 mol


23

1

N Ahc


8
6.626
10 34 Js 3 
10 ms


242
10 9 m

1



= 4.947×105 J mol–1
= 494.7×103 J mol–1
–1

= 494 kJ mol
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Question 11:
A 25 watt bulb emits monochromatic yellow light of wavelength of 0.57 µm. Calculate the rate of
emission of quanta per second.
Solution 11:
–1

Power of bulb, P = 25 Watt = 25 Js
hc
Energy of one photon, E = hν =



Substituting the values in the given expression of E:
6.626 
10
3 
10

34.87 10
E 
0.57 
10
 –20 
34

20

E = 34.87×10 J
Rate of emission of quanta per second
25
10 19 s 1
34.87 10 20 7.169


J

ev
er

6

.c
om

8

Ed

uf

Question 12:
Electrons are emitted with zero velocity from a metal surface when it is exposed to radiation of
wavelength 6800 Å. Calculate threshold frequency v0 and work function w0 of the metal.

 

 

Solution 12:
Threshold wavelength of radian

0 6800 Å = 6800 × 10

–10

m

 

Threshold frequency v0 of the metal
1

8

3 
10 ms
14 1
6.8 10 7 m 4.4110 s
0


Thus, the threshold frequency v0 of the metal is 4.41×10 14 s-1.


c

 

Hence, work function w0 of the metal = hv0
= (6.626×10
= 2.922×10

–34

–19

2. Structure of Atom
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Question 13:
What is the wavelength of light emitted when the electron in a hydrogen atom undergoes transition from
an energy level with n = 4 to an energy level with n = 2?

1 1 
E 2.18
10 18 
n2 n2 
f
 1



Substituting the values in the given expression of E:
1 1
E 2.18 
10 18  2  2 

4 2 


ev
er

1 4 

 16 

3
10 18  
2.18 

16 

18

uf

10
2.18 

.c
om

Solution 13:
The ni = 4 to nf = 2 transition will give rise to a spectral line of the Balmer series. The energy involved in
the transition is given by the relation,

–19

Ed

E = – (4.0875 × 10 J)
The negative sign indicates the energy of emission.
hc
Wavelength of light emitted 
E
hc
Since E 



Substituting the values in the given expression of λ:
6.626 10
3 
10




34

4.0875 
10
7
10  m
4.8631 
10
486.3 

9

8

19

m

486 nm

Question 14:
2. Structure of Atom

www.vedantu.com

https://www.edufever.com/

10

Class XI – NCERT – Chemistry

Chapter 2
Structure of Atom

How much energy is required to ionise a H atom if the electron occupies n = 5 orbit? Compare your
answer with the ionization enthalpy of H atom (energy required to remove the electron from n =1 orbit).
Solution 14:
The expression of energy is given by,







2





2

.c
om



10 18 Z 2
 2.18
En 
n2
Where,
Z = atomic number of the atom
n = principal quantum number
For ionization from n1 = 5 to n2 ,
E E E5






ev
er

10 18 J 1   2.18 
10 18 J 1 
 2.18 


 J


2
2
 



5
 


18

2.18 
10 J

Ed

uf

Hence, the energy required for ionization from n = 5 to n = is 8.72 × 10
1 to n = ,
E E E5


–20

J. Energy required for n1 =

10 18 J 1   2.18
10 18 J 1 
 2.18



 J

2
2

1
 




 


18

10 J 1 0 
 2.18 
2



2



18

= 2.18 
10 J
Hence, less energy is required to ionize an electron in the 5thorbital of hydrogen atom as compared to
that in the ground state.
Question 15:
What is the maximum number of emission lines when the excited electron of an H atom in n = 6 drops to
the ground state?
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er
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om

Solution 15:
When the excited electron of an H atom in n = 6 drops to the ground state, the following transitions are
possible:

Ed
uf

ev

Hence, a total number of (5 + 4 + 3 + 2 + 1) 15 lines will be obtained in the emission spectrum.
The number of spectral lines produced when an electron in the nth level drops down to the ground state is
nn 1
given by. Given,    
2
n=6
66 1
Number of spectral lines    15
2
Question 16:
(i) The energy associated with the first orbit in the hydrogen atom is –2.18 × 10
energy associated with the fifth orbit?
(ii) Calculate the radius of Bohr’s fifth orbit for hydrogen atom.

–18

–1

J atom . What is the

Solution 16:
(i) Energy associated with the fifth orbit of hydrogen atom is calculated as:



10
 2.18 
E5 
2
5
2. Structure of Atom
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–20

E5 = –8.72×10 J
(ii) Radius of Bohr’s nth orbit for hydrogen atom is given by,
rn = (0.0529 nm) n2
For,
n=5
r5 = (0.0529 nm) (5)2
r5 = 1.3225 nm

.c
om

Question 17:
Calculate the wave number for the longest wavelength transition in the Balmer series of atomic
hydrogen.

 


10 7 m1
 1.097 


v is inversely proportional to wavelength of transition. Hence, for the longest





 

 

uf

 1
1
v = 2  2
2  n f

Wave number

ev
er

Solution 17:
For the Balmer series, ni = 2. Thus, the expression of wave number v is given by,

 

Ed

wavelength transition, v has to be the smallest.
For v to be minimum, nf should be minimum. For the Balmer series, a transition from ni = 2 to nf = 3 is
allowed. Hence, taking nf = 3, we get:
–1

v = 1.5236 × 10 6 m

1 
 1
v = 1.097 
10 7 m1  2  2 
2  3 


1
1
7
1 

v = 1.097 
 10 m 4 9 
9 4
v = 1.097 
10 7 m1   

 36 





v = 1.097 
10

2. Structure of Atom
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10 6 m 1
v 1.5236 
Question 18:
What is the energy in joules, required to shift the electron of the hydrogen atom from the first Bohr orbit
to the fifth Bohr orbit and what is the wavelength of the light emitted when the electron returns to the
ground state? The ground state electron energy is –2.18
10

11

ergs .

Solution 18:
Energy (E) of the nthBohr orbit of an atom is given by,





= –2.18×10

–11

–11

ergs

–7

×10 J

–18

ev
er

Ground state energy = –2.18×10

.c
om

10 18 Z 2
 2.18
En 
n2
Where,
Z = atomic number of the atom

2.18 
10


2
5

18

 

2

Ed

uf

= –2.18×10 J
Energy required to shift the electron from n = 1 to n = 5 is given as:
E = E5 E1

1  2.18 10


1 1 
 25 
24
2.18 
10 18  2.0928 
10

25 
hc
Weight of emitted light 
E
2.18 
10


18



18

18

6.626
10
3 
10




2.0928
10


34

8

18

10 8 m
9.498
2. Structure of Atom
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Question 19:
–18

The electron energy in hydrogen atom is given by E n = (–2.18 × 10 )/n2 J. Calculate the energy
required to remove an electron completely from the n = 2 orbit. What is the longest wavelength of light in
cm that can be used to cause this transition?
Solution 19:
2.18 
10
n2
Given,
E E E2


18

En 

.c
om

J

–18

uf

= 0.545 × 10

ev
er

2.18
10 18  2.18
10 18 

2

2
J
 
  2 


 


18
10 
2.18
0 J



4


Energy required for ionization from n = 2 is given by,
J

–19



Ed

∆E = 5.45 × 10 J
hc
 E

Here, λ is the longest wavelength causing the transition.

 

6.626
10 34 3 
10 8
3.647
10 7 m

19


5.45
10
= 3647 × 10
= 3647 Å

–10

m

Question 20:
7

–1

Calculate the wavelength of an electron moving with a velocity of 2.05 × 10 ms .

Solution 20:
2. Structure of Atom
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According to de Broglie’s equation,
h
mv
Where,
λ = wavelength of moving particle
m = mass of particle, v = velocity of particle, h = Planck’s constant
Substituting the values in the expression of λ:

6.626
10 34 Js
 9.10939 10 31 kg 2.05 10 7 ms1









m

.c
om

10
3.548 

11

–1

Hence, the wavelength of the electron moving with a velocity of 2.05×107 ms is 3.548 
10

–25

kg. If its K.E. is 3.0 × 10

J, calculate its wavelength.

Ed

Solution 21:
From de Broglie’s equation,
h
mv
Given,

–31

m

uf

The mass of an electron is 9.1 × 10

ev
er

Question 21:

11

Kinetic energy (K.E.) of the electron = 3.0 × 10 –25 J
1
Since K.E. mv2
2
2K .E.
Velocity v 
m



2 3.0 10


25

 9.10939 10


J

31



kg

4

10
 6.5866
V = 811.579ms -1
Substituting the value in the expression of λ:
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6.626
10 34 Js
 9.10939 10 31 kg 811.579ms1








10 7 m
8.9625 
Hence, the wavelength of the electron is 8.9625×10–7 m.
Question 22:
Which of the following are isoelectronic species i.e., those having the same number of electrons?
Na+, K+, Mg2+,Ca 2+, S2-, Ar

.c
om

Solution 22:

Isoelectronic species have the same number of electrons.
Number of electrons in sodium (Na) = 11

ev
er

Number of electrons in (Na+) = 10

A positive charge denotes the loss of an electron.

uf

Similarly,

Ed

Number of electrons in K+= 18
Number of electrons in Mg2+= 10
Number of electrons in Ca2+ = 18

A negative charge denotes the gain of an electron by a species.
Number of electrons in sulphur (S) = 16
∴Number of electrons in S 2-= 18
Number of electrons in argon (Ar) = 18
Hence, the following are isoelectronic species:
(1) Na+and Mg 2+(10 electrons each)
(2) K+, Ca2+, S2-and Ar (18 electrons each).

Question 23:

2. Structure of Atom
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(i) Write the electronic configurations of the following ions: (a) H – (b) Na+ (c) O2–(d) F–
(ii) What are the atomic numbers of elements whose outermost electrons are represented by (a) 3 s1 (b)
2p3 and (c) 3 p5?
(iii) Which atoms are indicated by the following configurations? (a) [He] 2 s1 (b) [Ne] 3s2 3p3 (c) [Ar] 4s2
3d1.
Solution 23:
(i) (a) H– ion

om

The electronic configuration of H atom is 1s1.
A negative charge on the species indicates the gain of an electron by it.
∴Electronic configuration of H – = 1s2

ev
er

.c

(b) Na + ion
The electronic configuration of Na atom is 1s2 2s2 2p6 3s1.
A positive charge on the species indicates the loss of an electron by it.
∴Electronic configuration of Na + = 1s2 2s2 2p6 3s0 or 1 s2 2s2 2p6

Ed

uf

(c) O 2– ion
The electronic configuration of 0 atom is 1s2 2s2 2p4.
A dinegative charge on the species indicates that two electrons are gained by it.
∴Electronic configuration of O 2- ion = 1s2 2s2 p6
(d) F– ion
The electronic configuration of F atom is 1s2 2s2 2p5.
A negative charge on the species indicates the gain of an electron by it.
∴Electron configuration of F – ion = 1s2 2s2 2p6
(ii) (a) 3s1
Completing the electron configuration of the element as 1s2 2s2 2p6 3s1.
∴Number of electrons present in the atom of the element
= 2 + 2 + 6 + 1 = 11
∴Atomic number of the element = 11
(b) 2p3
Completing the electron configuration of the element as 1s2 2s2 2p3.
2. Structure of Atom
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∴Number of electrons present in the atom of the element = 2 + 2 + 3 = 7
∴Atomic number of the element = 7
(c) 3p5
Completing the electron configuration of the element as 1s2 2s2 2p5.
∴Number of electrons present in the atom of the element = 2 + 2 + 5 = 9
∴Atomic number of the element = 9

.c
om

(iii) (a) [He] 2s1
The electronic configuration of the element is [He] 2s1 = 1s2 2s1.
∴Atomic number of the element = 3
Hence, the element with the electronic configuration [He] 2 s1 is lithium (Li).
(b) [Ne] 3s 2 3p3

ev
er

The electronic configuration of the element is [Ne] 3s2 3p3 = 1s2 2s2 2p6 3s2 3p3.
∴Atomic number of the element = 15
Hence, the element with the electronic configuration [Ne] 3 s2 3p3 is phosphorus (P).

Ed

uf

(c) [Ar] 4s2 3d1
The electronic configuration of the element is [Ar] 4s2 3d1 = 1s2 2s2 2p6 3s2 3p6 4s2 3d1.
∴Atomic number of the element = 21
Hence, the element with the electronic configuration [Ar] 4 s2 3d1 is scandium (Sc).
Question 24:
What is the lowest value of n that allows g orbitals to exist?
Solution 24:
For g-orbitals, l = 4.
As for any value ‘n’ of principal quantum number, the Azimuthal quantum number ( l) can have a value
from zero to (n – 1).
∴For l = 4, minimum value of n = 5.
Question 25:
An electron is in one of the 3d orbitals. Give the possible values of n, l and m, for this electron.
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Solution 25:
For the 3d orbital:
Principal quantum number (n) = 3
Azimuthal quantum number (l) = 2
Magnetic quantum number (ml) = –2, –1, 0, 1, 2

.c
om

Question 26:
An atom of an element contains 29 electrons and 35 neutrons. Deduce
(i) the number of protons and
(ii) the electronic configuration of the element.

ev
er

Solution 26:
(i) For an atom to be neutral, the number of protons is equal to the number of electrons.
∴Number of protons in the atom of the given element = 29
(ii) The electronic configuration of the atom is
1s2 2s2 2p6 3s2 3p6 4s2 3d10.

uf

Question 27:

Solution 27:
H 2:

Ed

Give the number of electrons in the species H 2, H2 and O2

Number of electrons present in hydrogen molecule (H2) = 1 + 1 = 2
∴Number of electrons in H 2= 2 – 1 = 1 H 2:

H2 :
Number of electrons in H2 = 1 + 1 = 2

O2:
Number of electrons present in oxygen molecule (O2) = 8 + 8 = 16
∴Number of electrons in O2= 16 – 1 = 15

Question 28:
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(i) An atomic orbital has n = 3. What are the possible values of l and ml?
(ii) List the quantum numbers (ml and l) of electrons for 3d orbital.
(iii) Which of the following orbitals are possible?
1p, 2s, 2p and 3f

Ed

uf

ev
er
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Solution 28:
(i) n = 3 (Given)
For a given value of n, l can have values from 0 to (n – 1).
∴For n = 3
l = 0, 1, 2
For a given value of l, ml can have (2l + 1) values.
For l = 0, m = 0
l = 1, m = –1, 0, 1
l = 2, m = –2, –1, 0, 1, 2
∴For n = 3
l = 0, 1, 2
m0 = 0
m1 = –1, 0, 1
m2 = –2, –1, 0, 1, 2
(ii) For 3d orbital, l = 2.
For a given value of l, mlcan have (2 l + 1) values i.e., 5 values.
∴For l = 2
m2 = –2, –1, 0, 1, 2
(iii) Among the given orbitals only 2 s and 2p are possible. 1p and 3f cannot exist. For p-orbital, l = 1.
For a given value of n, l can have values from zero to (n – 1).
∴For l is equal to 1, the minimum value of n is 2.
Similarly,
For f-orbital, l = 4.
For l = 4, the minimum value of n is 5. Hence, 1p and 3f do not exist.
Question 29:
Using s, p, d notations, describe the orbital with the following quantum numbers.
(a) n = 1, l = 0;
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(b) n = 3; l =1
(c) n = 4; l = 2;
(d) n = 4; l =3.
Solution 29:
(a) n = 1, l = 0 (Given) The orbital is 1s.
(b) For n = 3 and l = 1 The orbital is 3p.
(c) For n = 4 and l = 2 The orbital is 4d.
(d) For n = 4 and l = 3 The orbital is 4f.

.c
om

Question 30:
Explain, giving reasons, which of the following sets of quantum numbers are not
1
m 
n=0
l=0
A
ml = 0
2
s

C

n=1

l=1

D

n=2

l=1

E

n=3

l=3

F

n=3

l=1

ml = 0

1
ms 
2

ev
er

l=0

ml = 0
ml = 0

1
ms 
2
1
ms 
2

ml = – 3

1
ms 
2

ml = 0

1
ms 
2

uf

n=1

Ed

B

Solution 30:
(a) The given set of quantum numbers is not possible because the value of the principal quantum number
(n) cannot be zero.
(b) The given set of quantum numbers is possible.
(c) The given set of quantum numbers is not possible.
For a given value of n, ‘l’ can have values from zero to ( n – 1). For n = 1, l = 0 and not 1.
(d) The given set of quantum numbers is possible.
(e) The given set of quantum numbers is not possible. For n = 3,
l = 0 to (3 – 1)
l = 0 to 2 i.e., 0, 1, 2
(f) The given set of quantum numbers is possible.
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Question 31:
How many electrons in an atom may have the following quantum numbers?
1
(a) n = 4, and ms 
2
(b) n = 3, l = 0

uf

ev
er
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om

Solution 31:
(a) Total number of electrons in an atom for a value of n = 2n2
∴For n = 4,
Total number of electrons = 2 (4) 2
= 32
The given element has a fully filled orbital as 1s2 2s2 2p6 3s2 3p6 4s2 3d10.
Hence, all the electrons are paired.
1
∴Number of electrons (having n = 4 and ms  ) = 16
2
(b) n = 3, l = 0 indicates that the electrons are present in the 3s orbital. Therefore, the number of electrons
having n = 3 and l = 0 is 2.

Ed

Question 32:
Show that the circumference of the Bohr orbit for the hydrogen atom is an integral multiple of the de
Broglie wavelength associated with the electron revolving around the orbit.
Solution 32:
Since a hydrogen atom has only one electron, according to Bohr’s postulate, the angular momentum of
that electron is given by:
h
mvr n
..................
1
2 
Where,
n = 1, 2, 3, …
According to de Broglie’s equation:

2. Structure of Atom

www.vedantu.com

https://www.edufever.com/

23

Class XI – NCERT – Chemistry

Chapter 2
Structure of Atom

h
 mv
h

.................. 2
 

Substituting the value of ‘mv’ from expression (2) in expression (1):
hr
h
...........
3
n 2


Since ‘2πr’ represents the circumference of the Bohr orbit ( r), it is proved by equation (3) that the
circumference of the Bohr orbit of the hydrogen atom is an integral multiple of de Broglie’s wavelength
associated with the electron revolving around the orbit.

.c
om

or mv 

ev
er

Question 33:
What transition in the hydrogen spectrum would have the same wavelength as the Balmer transition n = 4
to n = 2 of He+ spectrum?
Solution 33:
For He+ ion, the wave number v associated with the Balmer transition, n = 4 to n = 2 is given by:

Ed

1
1 1
v  RZ 2  2  2 
n1 n2 



Where,
n1 2

uf

 

n2 4
Z = atomic number of helium
1
1
2 1
v  R 2    
4 16 



4 1 
4 R  16 


1 3R
v  
 4
4
  3R
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According to the question, the desired transition for hydrogen will have the same wavelength as that of
He+.

.c
om

1
1
3R
2
R 1  2  2 
 n1 n2  4


1  3
 1
… (1)
n12 n2 2 4


By hit and trail method, the equality given by equation (1) is true only when
n1 = 1and n2 = 2.
The transition for n2 = 2 to n = 1 in hydrogen spectrum would have the same wavelength as Balmer
transition n = 4 to n = 2 of He+ spectrum.

ev
er

Question 34:
Calculate the energy required for the process He g 
He 2g e
 
 

The ionization energy for the H atom in the ground state is 2.18×10 –18 J atom-1

Ed

uf

Solution 34:
Energy associated with hydrogen-like species is given by,
2
Z J
n2 
 
For ground state of hydrogen atom,
E E E1

En 2.18
10

18

2


 1 
10 18 2 J
 2.18 
0 
1 





28
E 2.18 
10  J

For the given process, He g 
He 2g e 
 

 

An electron is removed from n = 1 to n = ∞.
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E E E1
2


 2 
J
10 18  
 2.18 
0 
2 
 
1 




18

E 8.72 10 J
The energy required for the process 8.72 
10

18

J

Solution 35:
1 m = 100 cm
1 cm = 10–2 m
Length of the scale = 20 cm
= 20×10–2 m

uf

Diameter of a carbon atom = 0.15 nm
= 0.15×10 –9 m

ev
er
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Question 35:
If the diameter of a carbon atom is 0.15 nm, calculate the number of carbon atoms which can be placed
side by side in a straight line across length of scale of length 20 cm long.

Ed

One carbon atom occupies 0.15×10–9 m.
Number of carbon atoms that can be placed in a straight line
20 
10 2 m
 0.15 10 9 m

7
133.3310
10 9
1.33

Question 36:
2×108 atoms of carbon are arranged side by side. Calculate the radius of carbon atom if the length of this
arrangement is 2.4 cm.
Solution 36:
Length of the given arrangement = 2.4 cm
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Number of carbon atoms present = 2×108
∴Diameter of carbon atom

2.4 
10 2 m
 2 10 8 m

10 16 m
1.2 
Radius of carbon atom 

Diameter
2

1.2 
10 10 m

2
11

m

.c
om

10
6.0 

Question 37:
o

ev
er

The diameter of zinc atom is 2.6 A . Calculate (a) radius of zinc atom in pm and (b) number of atoms
present in a length of 1.6 cm if the zinc atoms are arranged side by side lengthwise.
Solution 37:

o

2.6 A
 2
10 10 m
1.3 

uf

Diameter
2

Ed

(a) Radius of zinc atom 

12
130 10 m
130 pm
(b) Length of the arrangement = 1.6 cm
= 1.6×10–2 m

Diameter of zinc atom = 2.6×10–10 m
Number of zinc atoms present in the arrangement
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1.6 102 m
 2.6 1010 m

0.6153
10 8 m


10
6.153 

7

Question 38:

Solution 38:
Charge on one electron = 1.6022×10 –19 C
⇒1.6022×10 –19C charge is carried by 1 electron.

.c
om

A certain particle carries 2.5×10 –16C of static electric charge. Calculate the number of electrons present
in it.

Ed

uf

16

10 C 
 2.5 
11.6022 10 19 



= 1.560 × 103 C
=1560 C

ev
er

Number of electrons carrying a charge of 2.5×10 –16 C

Question 39:
In Milikan’s experiment, static electric charge on the oil drops has been obtained by shining X-rays. If
the static electric charge on the oil drop is –1.282×10 –18C, calculate the number of electrons present on
it.
Solution 39:
Charge on the oil drop = 1.282×10 –18 C
Charge on one electron = 1.6022×10 –19C
∴Number of electrons present on the oil drop
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1.282 1018 C
1.6022 1019 C

0.8001
10 1


8.0

.c
om

Question 40:
In Rutherford’s experiment, generally the thin foil of heavy atoms, like gold, platinum etc. have been
used to be bombarded by the α-particles. If the thin foil of light atoms like aluminium etc. is used, what
difference would be observed from the above results?

ev
er

Solution 40:
A thin foil of lighter atoms will not give the same results as given with the foil of heavier atoms.
Lighter atoms would be able to carry very little positive charge. Hence, they will not cause enough
deflection of α-particles (positively charged).

Br and 35 Br

Ed

are not acceptable. Answer briefly.

35
79

uf

Question 41:
79
Symbols 35
Br and 79 Br can be written, whereas symbols

Solution 41:
The general convention of representing an element along with its atomic mass (A) and atomic number (Z)
is ZA X
Hence

79
35

Br is acceptable but

79

81
35

Br is not acceptable.

35

Br can be written but Br cannot be written because the atomic number of an element is constant, but
the atomic mass of an element depends upon the relative abundance of its isotopes. Hence, it is necessary
to mention the atomic mass of an element.
Question 42:
An element with mass number 81 contains 31.7% more neutrons as compared to protons. Assign the
atomic symbol.

Solution 42:
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Let the number of protons in the element be x.
∴Number of neutrons in the element
= x + 31.7% of x
= x + 0.317x
= 1.317x
According to the question,
Mass number of the element = 81
(Number of protons + number of neutrons) = 81
x 1.317 x 81

2.317 x 81
81
x 
2.317
x 35

.c
om

Chapter 2
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uf

ev
er

Hence, the number of protons in the element i.e., x is 35.
Since the atomic number of an atom is defined as the number of protons present in its nucleus, the atomic
number of the given element is 35.
81
The atomic symbol of the element is 35
Br .

Ed

Question 43:
An ion with mass number 37 possesses one unit of negative charge. If the ion contains 11.1% more
neutrons than the electrons, find the symbol of the ion.
Solution 43:
Let the number of electrons in the ion carrying a negative charge be x.
Then,
Number of neutrons present
= x + 11.1% of x
= x + 0.111 x
= 1.111 x
Number of electrons in the neutral atom = (x – 1)
(When an ion carries a negative charge, it carries an extra electron)
∴Number of protons in the neutral atom = x – 1
Given,
2. Structure of Atom
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Mass number of the ion = 37
∴( x – 1) + 1.111 x = 37
2.111 x = 38
x = 18
Number of electrons = 18; Number of protons = 18 – 1 = 17
Atomic number of the ion = 17; Atom correspondence to ion = cl
1
∴The symbol of the ion is 37
17 Cl

Ed

uf

ev
er

Solution 44:
Let the number of electrons present in ion A3 be x
Number of neutrons in it = x + 30.4% of x = 1.304 x
Since the ion is tripositive,
⇒Number of electrons in neutral atom = x + 3
∴Number of protons in neutral atom = x + 3
Given,
Mass number of the ion = 56
(x+ 3) + (1.304 x) = 56
2.304x= 53
53
x 
2.304
x= 23
Number of protons = x + 3 = 23 + 3 = 26
3
The symbol of the ion 56
26 Fe

.c
om

Question 44:
An ion with mass number 56 contains 3 units of positive charge and 30.4% more neutrons than electrons.
Assign the symbol to this ion.

Question 45:
Arrange the following type of radiations in increasing order of frequency:
(a) radiation from microwave oven
(b) amber light from traffic signal
(c) radiation from FM radio
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(d) cosmic rays from outer space and
(e) X-rays.
Solution 45:
The increasing order of frequency is as follows:
Radiation from FM radio < amber light < radiation from microwave oven < X- rays < cosmic rays
The increasing order of wavelength is as follows:
Cosmic rays < X-rays < radiation from microwave ovens < amber light < radiation of FM radio.

ev
er

Solution 46:
Power of laser = Energy with which it emits photons
Nhc
Power E 

.c
om

Question 46:
Nitrogen laser produces a radiation at a wavelength of 337.1 nm. If the number of photons emitted is 5.6
× 1024, calculate the power of this laser.



Ed

uf

Where,
N = number of photons emitted
h = Planck’s constant
c = velocity of radiation
λ = wavelength of radiation
Substituting the values in the given expression of Energy ( E):

5.6 10
6.626 10

E 
337.1
10

7
24

34




Js 3 
10 8 ms1
9 m



= 0.3302×10 J
= 3.33×10 6 J
Hence, the power of the laser is 3.33×106 J.
Question 47:
Neon gas is generally used in the sign boards. If it emits strongly at 616 nm, calculate
(a) the frequency of emission,
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(b) distance traveled by this radiation in 30 s
(c) energy of quantum and
(d) number of quanta present if it produces 2 J of energy.
Solution 47:
Wavelength of radiation emitted = 616 nm = 616×10 –9 m (Given)
(a) Frequency of emission v

 



Where,
c = velocity of radiation
λ = wavelength of radiation
Substituting the values in the given expression of: v

.c
om

v 

c

3.0 
10 m/s
616 
10 9 m

= 4.87×10 8 ×109 ×10–3 s–1
ν = 4.87×1014 s–1

uf

v 

ev
er

 

8

Ed

Frequency of emission (ν) = 4.87×10 14 s–1
(b) Velocity of radiation, ( c) = 3.0×108 ms–1
Distance travelled by this radiation in 30 s
= (3.0×10 8 ms–1) (30 s)
= 9.0×109 m

(c) Energy of quantum (E) = hν (6.626×10–34 Js) (4.87×1014 s–1)
Energy of quantum (E) = 32.27×10 –20 J
(d) Energy of one photon (quantum) = 32.27×10
Therefore, 32.27×10
2J
32.27 10 20 J


–20

–20

J

J of energy is present in 1 quantum. Number of quanta in 2 J of energy

= 6.19 × 1018
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= 6.2 × 10 18
Question 48:
In astronomical observations, signals observed from the distant stars are generally weak. If the photon
detector receives a total of 3.15×10
received by the detector.

–18

J from the radiations of 600 nm, calculate the number of photons

Solution 48:



E = 3.313×10–19 J



uf

6.626
10 34 Js 3 
10 8 ms1


E 
600 
10 9 m



ev
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Where,
λ = wavelength of radiation
h = Planck’s constant
c = velocity of radiation
Substituting the values in the given expression of E:

hc

.c
om

From the expression of energy of one photon ( E), E 

Ed

Energy of one photon = 3.313×10 –19 J

Number of photons received with 3.15×10–18 J energy
3.15 
10 18 J
3.313 10 19 J

= 9.5
≈ 10
Question 49:
Lifetimes of the molecules in the excited states are often measured by using pulsed radiation source of
duration nearly in the nano second range. If the radiation source has the duration of 2 ns and the number
of photons emitted during the pulse source is 2.5 × 10 15, calculate the energy of the source.

Solution 49:
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Frequency of radiation (ν),
1
v 
2.0 
10 9 s
ν = 5.0×108 s–1

.c
om

Energy (E) of source = Nhν
Where,
N = number of photons emitted
h = Planck’s constant
ν = frequency of radiation
Substituting the values in the given expression of (E):
E = (2.5×1015) (6.626×10 –34 Js) (5.0×108 s–1)
E = 8.282×10–10 J

ev
er

Hence, the energy of the source ( E) is 8.282×10–10 J.

uf

Question 50:
The longest wavelength doublet absorption transition is observed at 589 and 589.6 nm. Calculate the
frequency of each transition and energy difference between two excited states.

Ed

Solution 50:
(i) Given,
Wavelength associated with first transition, λ 1=589 nm =589 × 10 –9 m
Wavelength associated with second transition, λ 2= 589.6 nm =589.6 × 10 –9 m
Frequency of first wavelength is v1=
= 5.093 × 1014 s–1

8
3 
10 m
s1
589 10 –9 m
1



c

And, frequency of second wavelength is v2=

3 
10 8 ms1
589.6 10–9 m
2



c

= 5.088 × 1014s-1
(ii) Energy difference between two excited states is given as,
ΔE= hv1– hv2
Or, Δ E= h(v1– v2)
= 6.626 ×10 -34 Js ×(5.093 ×10 14s -1– 5.088 ×10 14s -1)
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= 6.626 ×10 -34 Js ×0.005 ×10 14s -1
= 3.31 ×10 -22 J
Question 51:
The work function for caesium atom is 1.9 eV. Calculate (a) the threshold wavelength and (b) the
threshold frequency of the radiation. If the caesium element is irradiated with a wavelength 500 nm,
calculate the kinetic energy and the velocity of the ejected photoelectron.

(a) From the expression, W0 

hc



.c
om

Solution 51:
It is given that the work function (W0 ) for caesium atom is 1.9 eV.
, we get:

0

ev
er

hc
0 

W0
Where,
0 = threshold wavelength






Ed

uf

h = Planck’s constant
c = velocity of radiation
Substituting the values in the given expression of ( 
0 ):
8
1
6.626
10 14 Js 3.0 
10 ms
0 

19
1.9 
1.602 10
J

10 7 m
0 6.53 




Hence, the threshold wavelength 
0 is 653 nm.
(b) From the expression, W0 hv0 , we get:

W
v0  0
h
Where,
v0 = threshold frequency
h = Planck’s constant
Substituting the values in the given expression of v0
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19 J
Following
results
when sodium metal is irradiated with different wavelengths. Calculate (a)
1.9 1.602
10
 are observed
v0  
34
threshold
wavelength
6.626
10  Js and, (b) Planck’s constant.

λ (nm)
450 400
(1
eV = 1.602×10 –19500
J)
14 -1
v 0= 4.593×10
s
2.55 4.35 5.35
v 10 –5 cm s –1
Hence, the threshold frequency of radiation ( v0 ) is 4.593×1014 s–1.





(c)
According
Solution
52: to the question:
Wavelength used in irradiation ( λ) = 500 nm
9
(a) Assuming the threshold wavelength to be 
0 nm  
0 10 m , the kinetic energy of the radiation is
Kinetic energy = h ( ν - v0 )
given as:
1 11 2
=
hc
 mv
h 
v 
v0 
02




Three different34 equalities can
be formed
bythe given value as:
0  

10  Js 3.0 
10 8 ms1 
 6.626



1 1
1
0
hc    mv2
 


 2
9 m
0


653 500 10


Jm    18 2 
1.9878

1
1 500 
m 
653
10 1 m


hc 
2.55 10 5 102 ms1

500 10 9 26 0 109 m 92  
 10  

1.9878
153
10 

hc  1653 1 500
 1 m 2.55 10 3 ms1 2
1




9 m 


10
500 -20
2
0

= 9.3149×10
J 
Similarly,
Kinetic energy of the ejected photoelectron = 9.3149×10–20 J
2
hc  1
1
1
1 2 m 3.45 
10203 ms 1

9 K.E
2 

Since
mv
J


10


10 m 450 
29.3149


0

2 
2
hc  1
1  201
2 9.3149
10  Jm 5.35 
10 3 ms 1
3


9




v  m 400 
10
2
0

9.10939
1011 m2s 2

Dividing equation
(3) by equation (1):
v  2.045110 11 m2s 2
 
0 400 
2
5ms–1
v =4.52×10
5.35 
10 3 ms 1
400 
0

  
  the velocity
3
1 2 photoelectron ( v) is 4.52×105 ms–1.


Hence,
of
the
ejected
500
10 ms
 
 2.55 
0 

 500 0  
 

Question 52:
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2

5 
0 2000
5.35  28.6225

2.55   6.5025
4 
0 2000


5 
0 2000
4.40177
4 
0 2000
17.6070 
0 5 
0 8803.5372000

Threshold wavelength

.c
om

6805.537
0 

12.607
0 539.8nm

0 540nm


0 = 540 nm

Note: part (b) of the question is not done due to the incorrect values of velocity given in the question.

uf

6805.537
0 

12.607
0 539.8nm

0 540nm


Ed

17.6070 
0 5 
0 8803.5372000

ev
er

2

5 
0 2000
5.35  28.6225

2.55   6.5025
4 
0 2000


5 
2000
0 
4.40177
4 
0 2000

Question 53:
The ejection of the photoelectron from the silver metal in the photoelectric effect experiment can be
stopped by applying the voltage of 0.35 V when the radiation 256.7 nm is used. Calculate the work
function for silver metal.
Solution 53:
From the principle of conservation of energy, the energy of an incident photon ( E) is equal to the sum of
the work function (W0 ) of radiation and its kinetic energy (K.E.) i.e., E = W0 + K.E.
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W0 = E – K.E.
Energy of incident photon (E) =

hc

Where,



c = velocity of radiation
h = Planck’s constant
λ = wavelength of radiation
Substituting the values in the given expression of E:







= 4.83 eV – 0.35 eV
= 4.48 eV
2

Ed

uf

ev
er

.c
om

6.626
10 34 Js 3.0 
10 8 ms1
E 
256.7
10 9 m
10 19 J
7.744 
7.744 
10 19
1.602 
10 19 eV
E = 4.83 eV
The potential applied to silver metal changes to kinetic energy (K.E) of the photoelectron. Hence,
K.E = 0.35 V
K.E = 0.35 eV
Work function, W0 = E – K.E.

5 
0 2000
5.35  28.6225

2.55   6.5025
4 
0 2000


5 
0 2000
4.40177
4 
0 2000

17.6070 
0 5 
0 8803.5372000
6805.537
0 

12.607
0 539.8nm

0 540nm

Question 54:
If the photon of the wavelength 150 pm strikes an atom and one of its inner bound electrons is ejected out
2. Structure of Atom
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with a velocity of 1.5×107 ms–1, calculate the energy with which it is bound to the nucleus.
Solution 54:
Energy of incident photon ( E) is given by,
hc
E 



6.626 10 Js 3.0 10 ms




150 10 m


34

1

8

12

= 10.2480 × 1017 J

ev
er

Energy of the electron ejected (K.E)
1
2
 2 mev
2
1
9.10939 1031 kg 1.5 
10 7 ms 1
 2 
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om

15
1.3252 10 J
16
13.252 10 J

Ed

uf

= 1.025
10 16 J
Hence, the energy with which the electron is bound to the nucleus can be obtained as:
= E – K.E
= 13.252×10–16 J – 1.02×10–16 J
= 12.227×10–16 J
12.227 
10 16
 1.602 10 19 eV

3
10 eV
7.6 
2

5 
0 2000
5.35  28.6225

2.55   6.5025
4 
0 2000


5 
2000
0 
4.40177
4 
0 2000
17.6070 
0 5 
0 8803.5372000
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6805.537
0 

12.607
0 539.8nm

0 540nm

Question 55:
Emission transitions in the Paschen series end at orbit n = 3 and start from orbit n and can be represented

.c
om

as v = 3.29×1015(Hz) [1/32- 1/n ]2
Calculate the value of n if the transition is observed at 1285 nm. Find the region of the spectrum.
Solution 55:
Wavelength of transition = 1285 nm
= 1285×10–9 m (Given)

uf

ev
er

1 1
v = 3.29×1015  2  2 
3 n 


(Given)
c
Since v 



Ed

3.0 
10 ms 1
1285 10 9 m

v = 2.33×1014s 1
Substituting the value of ν in the given expression,
1 1
3.29 
10 15   2 2.33 
10 14
9 n 


8

1 1 2.33 
10 14
9  n 2  3.29 
10 15
1
1
0.7082
10 1  2

n
9
1
10 1 0.7082
10 1
 n2 1.1
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1
4.029 102
2 
n
1
4.029 102
n = 4.98
n≈5
Hence, for the transition to be observed at 1285 nm, n = 5. The spectrum lies in the infra-red region.
n 

.c
om

Question 56:
Calculate the wavelength for the emission transition if it starts from the orbit having radius 1.3225 nm
and ends at 211.6 pm. Name the series to which this transition belongs and the region of the spectrum.

= 1322.25×10 –12 m
= 1322.25 pm
rZ
n12  1
52.9
Z
1322.25
n12 
52.9
Similarly,
211.6 Z
n22 
52.9
2
n1 1322.5
n22  211.6

2. Structure of Atom
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Solution 56:
The radius of the nth orbit of hydrogen-like particles is given by,
0.529n 2 o
r 
A
Z
52.9n2
r 
pm
Z
For radius ( r1 ) = 1.3225 nm
= 1.32225×10 –9 m
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n12
6.25
n22 
n1
2.5
n2 
n1 25 5
n2 10  2
 n1= 5 and n 2=2
Thus, the transition is from the 5thorbit to the 2 ndorbit. It belongs to the Balmer series. Wave number
v for the transition is given by,

.c
om

 

ev
er

1 1
1.097 
10 7 m 1  2  2 
2 5 


21

10 7 m 1 
1.097 
100 


–1
2.303 106
 m

λ = 434 nm

Ed

uf

1
Wavelength ( λ) associated with the emission transition is given by, 
v
1
2.303 10 6 m1

= 0.434×10–6 m

Question 57:
Dual behavior of matter proposed by de Broglie led to the discovery of electron microscope often used
for the highly magnified images of biological molecules and other type of material. If the velocity of the
electron in this microscope is 1.6×106 ms–1, calculate de Broglie wavelength associated with this
electron.
Solution 57:
From de Broglie’s equation,
h
mv
2. Structure of Atom
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6.626
10 34 Js
 9.10939 10 31 kg 1.6 10 ms
6





= 4.55×10 –10 m



1



λ = 455 pm
de Broglie’s wavelength associated with the electron is 455 pm.

Ed
uf

ev

er
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Solution 58:
From de Broglie’s equation,
h
mv
h
v 
m 
Where,
v = velocity of particle (neutron)
h = Planck’s constant
m = mass of particle (neutron)
λ = wavelength
Substituting the values in the expression of velocity (v),
(6.626 10 34 ) Kg m2s 1
 1.675 10 27 kg 8 10 10 m



om

Question 58:
Similar to electron diffraction, neutron diffraction microscope is also used for the determination of the
structure of molecules. If the wavelength used here is 800 pm, calculate the characteristic velocity
associated with the neutron.







3

6.626 10
1
 1.675 8 ms

2
–1
4.94 10 ms
v 494 ms–1
Velocity associated with the neutron = 494 ms –1
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Question 59:
If the velocity of the electron in Bohr’s first orbit is 2.19×10 6 ms–1, calculate the de Broglie wavelength
associated with it.





1

ev
er

6.626
10 34 Js
 9.10939 10 31 kg 2.19 10 ms
6



.c
om

Solution 59:
According to de Broglie’s equation,
h
mv
Where,
λ = wavelength associated with the electron
h = Planck’s constant
m = mass of electron
v = velocity of electron
Substituting the values in the expression of λ:



Ed

uf

100
10 10 m 3.32
10 10 m 
3.32
100
12
10  m
332 
= 332 pm
Wavelength associated with the electron = 332 pm
Question 60:

The velocity associated with a proton moving in a potential difference of 1000 V is 4.37×10 5 ms–1. If the
hockey ball of mass 0.1 kg is moving with this velocity, calculate the wavelength associated with this
velocity.
Solution 60:
According to de Broglie’s expression,
h
mv
Substituting the values in the expression,
2. Structure of Atom
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10 38 m
1.516

34



Ed



uf

1
6.626 10 34 Js
p
 0.002 nm  4 3.14


ev
er

Solution 61:
From Heisenberg’s uncertainty principle,
h
1 h
x p
p
.


4 
x 4 
Where,
∆x = uncertainty in position of the electron
∆p = uncertainty in momentum of the electron
Substituting the values in the expression of ∆p:

.c
om

Question 61:
If the position of the electron is measured within an accuracy of +0.002 nm, calculate the uncertainty in
the momentum of the electron. Suppose the momentum of the electron is h/4π m × 0.05 nm, is there any
problem in defining this value.

1
6.626 10 Js
 2 1012 m  4 3.14


–1
= 2.637×10–23 Js m

∆p = 2.637 × 10–23 kg ms–1 (1 J = 1 kg ms2s–1)
Uncertainty in the momentum of the electron = 2.637×10–23 kg ms–1.
h
Actual momentum 
4 m 0.05nm
6.626 
10 34 Js
 4 3.14 5.0 10 11 m

 
= 1.055 × 10–24 kg ms–1

Since the magnitude of the actual momentum is smaller than the uncertainty, the value cannot be defined.
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Question 62:
The quantum numbers of six electrons are given below. Arrange them in order of increasing energies. If
any of these combination(s) has/have the same energy lists:
1. n = 4, l = 2, ml = –2 , ms = –1/2
2. n = 3, l = 2, ml= 1 , ms = +1/2
3. n = 4, l = 1, ml = 0 , ms = +1/2
4. n = 3, l = 2, ml = –2 , ms = –1/2
5. n = 3, l = 1, ml = –1 , ms= +1/2
6. n = 4, l = 1, ml = 0 , ms = +1/2

uf

ev
er

Solution 62:
For n = 4 and l = 2, the orbital occupied is 4d.
For n = 3 and l = 2, the orbital occupied is 3d.
For n = 4 and l = 1, the orbital occupied is 4p.
Hence, the six electrons i.e., 1, 2, 3, 4, 5, and 6 are present in the 4d, 3d, 4p, 3d, 3p, and 4p orbitals
respectively.
Therefore, the increasing order of energies is 5(3 p) < 2(3 d) = 4(3d) < 3(4p) = 6(4p) < 1 (4d).

Ed

Question 63:
The bromine atom possesses 35 electrons. It contains 6 electrons in 2p orbital, 6 electrons in 3p orbital
and 5 electrons in 4p orbital. Which of these electron experiences the lowest effective nuclear charge?
Solution 63:
Nuclear charge experienced by an electron (present in a multi-electron atom) is dependant upon the
distance between the nucleus and the orbital, in which the electron is present. As the distance increases,
the effective nuclear charge also decreases.
Among p-orbitals, 4p orbitals are farthest from the nucleus of bromine atom with (+35) charge. Hence,
the electrons in the 4p orbital will experience the lowest effective nuclear charge. These electrons are
shielded by electrons present in the 2p and 3p orbitals along with the s-orbitals. Therefore, they will
experience the lowest nuclear charge.

Question 64:
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Among the following pairs of orbitals which orbital will experience the larger effective nuclear charge?
(i) 2s and 3s, (ii) 4d and 4f, (iii) 3d and 3p

om

Solution 64:
Nuclear charge is defined as the net positive charge experienced by an electron in the orbital of a multielectron atom. The closer the orbital, the greater is the nuclear charge experienced by the electron(s) in it.
(i) The electron(s) present in the 2s orbital will experience greater nuclear charge (being closer to the
nucleus) than the electron(s) in the 3s orbital.
(ii) 4d will experience greater nuclear charge than 4 f since 4d is closer to the nucleus.
(iii) 3p will experience greater nuclear charge since it is closer to the nucleus than 3f .

ev
e

r.c

Question 65:
The unpaired electrons in Al and Si are present in 3p orbital. Which electrons will experience more
effective nuclear charge from the nucleus?

Ed

uf

Solution 65:
Nuclear charge is defined as the net positive charge experienced by an electron in a multi-electron atom.
The higher the atomic number, the higher is the nuclear charge. Silicon has 14 protons while aluminium
has 13 protons. Hence, silicon has a larger nuclear charge of (+14) than aluminium, which has a nuclear
charge of (+13). Thus, the electrons in the 3 p orbital of silicon will experience a more effective nuclear
charge than aluminium.
Question 66:
Indicate the number of unpaired electrons in: (a) P, (b) Si, (c) Cr, (d) Fe and (e) Kr.
Solution 66:
(a) Phosphorus (P): Atomic number = 15
The electronic configuration of P is: 1s2 2s2 2p6 3s2 3p3
The orbital picture of P can be represented as:

From the orbital picture, phosphorus has three unpaired electrons.
(b) Silicon (Si): Atomic number = 14
The electronic configuration of Si is: 1s2 2s2 2p6 3s2 3p2
2. Structure of Atom
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The orbital picture of Si can be represented as:

From the orbital picture, silicon has two unpaired electrons.
(c) Chromium (Cr): Atomic number = 24
The electronic configuration of Cr is: 1s2 2s2 2p6 3s2 3p6 4s1 3d5
The orbital picture of chromium is:

er
.c

om

From the orbital picture, chromium has six unpaired electrons.
(d) Iron (Fe): Atomic number = 26
The electronic configuration is: 1s2 2s2 2p6 3s2 3p6 4s2 3d6
The orbital picture of chromium is:

Ed
uf

ev

From the orbital picture, iron has four unpaired electrons.
(e) Krypton (Kr): Atomic number = 36
The electronic configuration is: 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6
The orbital picture of krypton is:

Since all orbitals are fully occupied, there are no unpaired electrons in krypton.
Question 67:
(a) How many sub-shells are associated with n = 4?
(b) How many electrons will be present in the sub-shells having ms value of –1/2 for n = 4?
Solution 67:
(a) n = 4 (Given)
For a given value of ‘n’, ‘l’ can have values from zero to ( n – 1).
l = 0, 1, 2, 3
Thus, four sub-shells are associated with n = 4, which are s, p, d and f.
(b) Number of orbitals in the nth shell = n2
For n = 4
2. Structure of Atom

www.vedantu.com

https://www.edufever.com/

50

Class XI – NCERT – Chemistry

Chapter 2
Structure of Atom

Number of orbitals = 16

Ed
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1
If each orbital is taken fully, then it will have 1 electron with ms value of  .
 2 
 
 1 
Number of electrons with ms value of  is 16.
 2 
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Question 1:
What is the basic theme of organisation in the periodic table?
Solution 1:
The basic theme of organisation of elements in the periodic table is to classify the elements in
periods and groups according to their properties. This arrangement makes the study of
elements and their compounds simple and systematic. In the periodic table, elements with
similar properties are placed in the same group.

om

Question 2:
Which important property did Mendeleev use to classify the elements in his periodic table and
did he stick to that?

Ed
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Solution 2:
Mendeleev arranged the elements in his periodic table by atomic weight or mass. He arranged
the elements in periods and groups in order of their increasing atomic weight. He placed the
elements with similar properties in the same group.
However, he did not stick to this arrangement for long. He found out that if the elements were
arranged strictly in order of their increasing atomic weights, then some elements did not fit
within this scheme of classification.
Therefore, he ignored the order of atomic weights in some cases. For example, the atomic
weight of iodine is lower than that of tellurium. Still Mendeleev placed tellurium (in Group
VI) before iodine (in Group VII) simply because iodine’s properties are so similar to fluorine,
chlorine, and bromine.

Question 3:
What is the basic difference in approach between the Mendeleev’s Periodic Law and the
Modern Periodic Law?
Solution 3:
Mendeleev’s Periodic Law states that the physical and chemical properties of elements are
periodic functions of their atomic weights. On the other hand, the Modern periodic Law states
that the physical and chemical properties of elements are periodic functions of their atomic
numbers.
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Question 4:
On the basis of quantum numbers, justify that the sixth period of the periodic table should have
32 elements.
Solution 4:
In the periodic table of the elements, a period indicates the value of the principal quantum
number (n) for the outermost shells. Each period begins with the filling of principal quantum
number (n). The value of n for the sixth period is 6. For n = 6, azimuthal quantum number (l)
can have values of 0, 1, 2, 3, 4.
According to Aufbau’s principle, electrons are added to different orbitals in order of their
increasing energies. The energy of the 6 d subshell is even higher than that of the 7s subshell.
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In the 6thperiod, electrons can be filled in only 6 s, 4f, 5d, and 6 p subshells. Now, 6 s has one
orbital, 4f has seven orbitals, 5d has five orbitals, and 6p has three orbitals. Therefore, there are
a total of sixteen (1 + 7 + 5 + 3 = 16) orbitals available. According to Pauli’s exclusion
principle, each orbital can accommodate a maximum of 2 electrons.
Thus, 16 orbitals can accommodate a maximum of 32 electrons.
Hence, the sixth period of the periodic table should have 32 elements.

Question 5:
In terms of period and group where would you locate the element with Z =114?

Ed

Solution 5:
Elements with atomic numbers from Z = 87 to Z = 114 are present in the 7 thperiod of the
periodic table. Thus, the element with Z = 114 is present in the 7 thperiod of the periodic table.
In the 7thperiod, first two elements with Z = 87 and Z= 88 are s-block elements, the next 14
elements excluding Z = 89 i.e., those with Z = 90 – 103 are f – block elements, ten elements
with Z = 89 and Z = 104 – 112 are d – block elements, and the elements with Z = 113 – 118 are
p – block elements. Therefore, the element with Z = 114 is the second p – block element in the
7thperiod. Thus, the element with Z = 114 is present in the 7 thperiod and 4th group of the
periodic table.

Question 6:
Write the atomic number of the element present in the third period and seventeenth group of
the periodic table.
Solution 6:
There are two elements in the 1 stperiod and eight elements in the 2 ndperiod. The third period
starts with the element with Z = 11. Now, there are eight elements in the third period. Thus, the
3rdperiod ends with the element with Z = 18 i.e., the element in the 18 thgroup of the third
period has Z = 18. Hence, the element in the 17 thgroup of the third period has atomic number Z
= 17.
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Question 7:
Which element do you think would have been named by
(i) Lawrence Berkeley Laboratory
(ii) Seaborg’s group?
Solution 7:
(i) Lawrencium (Lr) with Z = 103 and Berkelium (Bk) with Z = 97
(ii) Seaborgium (Sg) with Z = 106

Question 8:
Why do elements in the same group have similar physical and chemical properties?
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Solution 8:
The physical and chemical properties of elements depend on the number of valence electrons.
Elements present in the same group have the same number of valence electrons. Therefore,
elements present in the same group have similar physical and chemical properties.

Question 9:
What does atomic radius and ionic radius really mean to you?

Ed

Solution9:
Atomic radius is the radius of an atom. It measures the size of an atom. If the element is a
metal, then the atomic radius refers to the metallic radius, and if the element is a nonmetal,
then it refers to the covalent radius. Metallic radius is calculated as half the internuclear
distance separating the metal cores in the metallic crystal. For example, the internuclear
distance between two adjacent copper atoms in solid copper is 256 pm.
256
Thus, the metallic radius of copper is taken as.
pm=128pm
2
Covalent radius is measured as the distance between two atoms when they are found together
by a single bond in a covalent molecule. For example, the distance between two chlorine
atoms in chlorine molecule is 198 pm. Thus, the covalent radius of chlorine is taken as
198
pm=99pm
2
Ionic radius means the radius of an ion (cation or anion). The ionic radii can be calculated by
measuring the distances between the cations and anions in ionic crystals. Since a cation is
formed by removing an electron from an atom, the cation has fewer electrons than the parent
atom resulting in an increase in the effective nuclear charge.
Thus, a cation is smaller than the parent atom. For example, the ionic radius of Na + ion is 95
pm, whereas the atomic radius of Na atom is 186 pm. On the other hand, an anion is larger in
size than its parent atom. This is because an anion has the same nuclear charge, but more
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electrons than the parent atom resulting in an increased repulsion among the electrons and a
decrease in the effective nuclear charge. For example, the ionic radius of F –ion is 136 pm,
whereas the atomic radius of F atom is 64 pm.
Question 10:
How does atomic radius vary in a period and in a group? How do you explain the variation?

om

Solution10:
Atomic radius generally decreases from left to right across a period. This is because within a
period, the outer electrons are present in the same valence shell and the atomic number
increases from left to right across a period, resulting in an increased effective nuclear charge.
As a result, the attraction of electrons to the nucleus increases.
On the other hand, the atomic radius generally increases down a group. This is because down a
group, the principal quantum number ( n) increases which results in an increase of the distance
between the nucleus and valence electrons.
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Question 11:
What do you understand by isoelectronic species? Name a species that will be isoelectronic
with each of the following atoms or ions.
(i) F–
(ii) Ar
(iii)Mg2+
(iv) Rb+

Ed

Solution11:
Atoms and ions having the same number of electrons are called isoelectronic species.
(i) F–ion has 9 + 1 = 10 electrons. Thus, the species isoelectronic with it will also have 10
electrons. Some of its isoelectronic species are Na+ion (11 – 1 = 10 electrons), Ne (10
electrons), O2–ion (8 + 2 = 10 electrons), and Al 3+ion (13 – 3 = 10 electrons).
(ii) Ar has 18 electrons. Thus, the species isoelectronic with it will also have 18 electrons.
Some of its isoelectronic species are S 2–ion (16 + 2 = 18 electrons), Cl –ion (17 + 1 = 18
electrons), K+ion (19 – 1 = 18 electrons), and Ca 2+ion (20 – 2 = 18 electrons).
(iii)Mg2+ion has 12 – 2 = 10 electrons. Thus, the species isoelectronic with it will also have 10
electrons. Some of its isoelectronic species are F– ion (9 + 1 = 10 electrons), Ne (10
electrons), O2–ion (8 + 2 = 10 electrons), and Al 3+ion (13 – 3 = 10 electrons).
(iv) Rb+ ion has 37 – 1 = 36 electrons. Thus, the species isoelectronic with it will also have 36
electrons. Some of its isoelectronic species are Br–ion (35 + 1 = 36 electrons), Kr (36
electrons), and Sr2+ion (38 – 2 = 36 electrons).
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Question 12:
Consider the following species: N3–, O2–, F–, Na+, Mg2+and Al 3+
(a) What is common in them?
(b) Arrange them in the order of increasing ionic radii.
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Solution12:
(a) Each of the given species (ions) has the same number of electrons (10 electrons). Hence,
the given species are isoelectronic.
(b) The ionic radii of isoelectronic species increases with a decrease in the magnitudes of
nuclear charge.
The arrangement of the given species in order of their increasing nuclear charge is as follows:
N3–< O2–< F–< Na+< Mg2+< Al 3+
Nuclear charge = +7 +8 +9 +11 +12 +13
Therefore, the arrangement of the given species in order of their increasing ionic radii is as
follows:
Al3+< Mg2+< Na+< F–< O2–< N3–

Question 13:
Explain why cations are smaller and anions larger in radii than their parent atoms?

Ed

Solution13:
A cation has a fewer number of electrons than its parent atom, while its nuclear charge remains
the same. As a result, the attraction of electrons to the nucleus is more in a cation than in its
parent atom. Therefore, a cation is smaller in size than its parent atom. On the other hand, an
anion has one or more electrons than its parent atom, resulting in an increased repulsion among
the electrons and a decrease in the effective nuclear charge. As a result, the distance between
the valence electrons and the nucleus is more in anions than in it’s the parent atom. Hence, an
anion is larger in radius than its parent atom.

Question 14:
What is the significance of the terms - ‘isolated gaseous atom’ and ‘ground state’ while
defining the ionization enthalpy and electron gain enthalpy?
Hint: Requirements for comparison purposes.
Solution14:
Ionization enthalpy is the energy required to remove an electron from an isolated gaseous atom
in its ground state. Although the atoms are widely separated in the gaseous state, there are
some amounts of attractive forces among the atoms. To determine the ionization enthalpy, it is
impossible to isolate a single atom. But, the force of attraction can be further reduced by
lowering the pressure. For this reason, the term ‘isolated gaseous atom’ is used in the
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definition of ionization enthalpy.
Ground state of an atom refers to the most stable state of an atom. If an isolated gaseous atom
is in its ground state, then less amount energy would be required to remove an electron from it.
Therefore, for comparison purposes, ionization enthalpy and electron gain enthalpy must be
determined for an ‘isolated gaseous atom’ and its ‘ground state’.

Question 15:
Energy of an electron in the ground state of the hydrogen atom is –2.18 10 –18J.
Calculate the ionization enthalpy of atomic hydrogen in terms of J mol–1.
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Solution 15:
The energy of an electron in the ground state of the hydrogen atom is –2.18 10 –18J.
Therefore, the energy required to remove that electron from the ground state of hydrogen atom
is 2.18 10 –18J.
–18
Ionization enthalpy of atomic hydrogen = 2.18 10 J
Hence, ionization enthalpy of atomic hydrogen in terms of J mol–1
= 2.18 10 –18 6.02 10 23J mol –1= 1.31 10 6J mol –1

Ed

Question 16:
Among the second period elements the actual ionization enthalpies are in the order
Li < B < Be < C < O < N < F < Ne.
Explain why
(i) Be has higher i H than B
(ii) O has lower i H than N and F?

Solution16:
(i) During the process of ionization, the electron to be removed from beryllium atom is a 2selectron, whereas the electron to be removed from boron atom is a 2p-electron.
Now, 2 s-electrons are more strongly attached to the nucleus than 2p-electrons. Therefore,
more energy is required to remove a 2 s-electron of beryllium than the energy required to
remove a 2p-electron of boron. Hence, beryllium has higher i H than boron.
(ii) In nitrogen, the three 2p-electrons of nitrogen occupy three different atomic orbitals.
However, in oxygen, two of the four 2 p-electrons of oxygen occupy the same 2p-orbital.
This results in increased electron-electron repulsion in oxygen atom. As a result, the
energy required to remove the fourth 2 p-electron from oxygen is less as compared to the
energy required to remove one of the three 2 p-electrons from nitrogen. Hence, oxygen has
lower i H than nitrogen.
Fluorine contains one electron and one proton more than oxygen. As the electron is being
added to the same shell, the increase in nuclear attraction (due to the addition of a proton)
is more than the increase in electronic repulsion (due to the addition of an electron).
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Therefore, the valence electrons in fluorine atom experience a more effective nuclear
charge than that experienced by the electrons present in oxygen. As a result, more energy
is required to remove an electron from fluorine atom than that required to remove an
electron from oxygen atom. Hence, oxygen has lower i H than fluorine.

Question 17:
How would you explain the fact that the first ionization enthalpy of sodium is lower than that
of magnesium but its second ionization enthalpy is higher than that of magnesium?

Ed
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Solution 17:
The first ionization enthalpy of sodium is more than that of magnesium. This is primarily
because of two reasons:
(a) The atomic size of sodium is greater than that of magnesium
(b) The effective nuclear charge of magnesium is higher than that of sodium
For these reasons, the energy required to remove an electron from magnesium is more than the
energy required in sodium. Hence, the first ionization enthalpy of sodium is lower than that of
magnesium.
However, the second ionization enthalpy of sodium is higher than that of magnesium. This is
because after losing an electron, sodium attains the stable noble gas configuration. On the
other hand, magnesium, after losing an electron still has one electron in the 3s-orbital. In order
to attain the stable noble gas configuration, it still has to lose one more electron. Thus, the
energy required to remove the second electron in case of sodium is much higher than that
required in case of magnesium. Hence, the second ionization enthalpy of sodium is higher than
that of magnesium.

Question 18:
What are the various factors due to which the ionization enthalpy of the main group elements
tends to decrease down a group?
Solution 18:
The factors responsible for the ionization enthalpy of the main group elements to decrease
down a group are listed below:
(i) Increase in the atomic size of elements: As we move down a group, the number of shells
increases. As a result, the atomic size also increases gradually on moving down a group.
As the distance of the valence electrons from the nucleus increases, the electrons are not
held very strongly. Thus, they can be removed easily. Hence, on moving down a group,
ionization energy decreases.
(ii) Increase in the shielding effect: The number of inner shells of electrons increases on
moving down a group. Therefore, the shielding of the valence electrons from the nucleus
by the inner core electrons increases down a group. As a result, the valence electrons are
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not held very tightly by the nucleus. Hence, the energy required to remove a valence
electron decreases down a group.

Question 19:
The first ionization enthalpy values (in kJmol–1) of group 13 elements are :
B
Al
Ga
In
801

577

579

558

Tl
589

How would you explain this deviation from the general trend?

Ed
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Solution 19:
On moving down a group, ionization enthalpy generally decreases due to an increase in the
atomic size and shielding of electrons . Thus, on moving down group 13, ionization enthalpy
decreases from B to Al. But, Ga has higher ionization enthalpy than Al. Al follows
immediately after s–block elements, whereas Ga follows after d–block elements. The shielding
provided by d-electrons is not very effective. These electrons do not shield the valence
electrons very effectively. As a result, the valence electrons of Ga experience a greater
effective nuclear charge than those of Al. Further, moving from Ga to In, the ionization
enthalpy decreases due to an increase in the atomic size and shielding. But, on moving from In
to Tl, the ionization enthalpy again increases. In the periodic table, Tl follows after 4 f and 5 d
electrons. The shielding provided by the electrons in both these orbitals is not very effective.
Therefore, the valence electron is held quite strongly by the nucleus. Hence, the ionization
energy of Tl is on the higher side.

Question 20:
Which of the following pairs of elements would have a more negative electron gain enthalpy?
(i) O or F
(ii) F or Cl
Solution 20:
(i) O and F are present in the same period of the periodic table. An F atom has one proton and
one electron more than O and as an electron is being added to the same shell, the atomic
size of F is smaller than that of O. As F contains one proton more than O, its nucleus can
attract the incoming electron more strongly in comparison to the nucleus of O atom. Also,
F needs only one more electron to attain the stable noble gas configuration. Hence, the
electron gain enthalpy of F is more negative than that of O.
(ii) F and Cl belong to the same group of the periodic table. The electron gain enthalpy usually
becomes less negative on moving down a group. However, in this case, the value of the
electron gain enthalpy of Cl is more negative than that of F. This is because the atomic size
of F is smaller than that of Cl. In F, the electron will be added to quantum level n = 2, but

3.Classifications of Elements and Periodicity

www.vedantu.com

https://www.edufever.com/

8

Class XI – NCERT – Chemistry

Chapter 3
Classifications of Elements and Periodicity

in Cl, the electron is added to quantum level n = 3. Therefore, there are less electronelectron repulsions in Cl and an additional electron can be accommodated easily. Hence,
the electron gain enthalpy of Cl is more negative than that of F.

Question 21:
Would you expect the second electron gain enthalpy of O as positive, more negative or less
negative than the first? Justify your answer.
Solution 21:
When an electron is added to O atom to form O
electron gain enthalpy of O is negative.
O g e  O  g
 

–

ion, energy is released. Thus, the first
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On the other hand, when an electron is added to O–ion to form O 2–ion, energy has to be given
out in order to overcome the strong electronic repulsions. Thus, the second electron gain
enthalpy of O is positive.
O  g e  O 2 g

Question 22:
What is the basic difference between the terms electron gain enthalpy and electronegativity?

Ed

Solution 22:
Electron gain enthalpy is the measure of the tendency of an isolated gaseous atom to accept an
electron, whereas electronegativity is the measure of the tendency of an atom in a chemical
compound to attract a shared pair of electrons.

Question 23:
How would you react to the statement that the electronegativity of N on Pauling scale is
3.0 in all the nitrogen compounds?
Solution23:
Electronegativity of an element is a variable property. It is different in different compounds.
Hence, the statement which says that the electronegativity of N on Pauling scale is 3.0 in all
nitrogen compounds is incorrect. The electronegativity of N is different in NH 3and NO 2.
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Question 24:
Describe the theory associated with the radius of an atom as it
(a) gains an electron
(b) loses an electron

om

Solution24:
(a) When an atom gains an electron, its size increases. When an electron is added, the number
of electrons goes up by one. This results in an increase in repulsion among the electrons.
However, the number of protons remains the same. As a result, the effective nuclear charge
of the atom decreases and the radius of the atom increases.
(b) When an atom loses an electron, the number of electrons decreases by one while the
nuclear charge remains the same. Therefore, the interelectronic repulsions in the atom
decrease. As a result, the effective nuclear charge increases. Hence, the radius of the atom
decreases.
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Question 25:
Would you expect the first ionization enthalpies for two isotopes of the same element to be the
same or different? Justify your answer.

Ed

Solution 25:
The ionization enthalpy of an atom depends on the number of electrons and protons (nuclear
charge) of that atom. Now, the isotopes of an element have the same number of protons and
electrons. Therefore, the first ionization enthalpy for two isotopes of the same element should
be the same.

3.Classifications of Elements and Periodicity

www.vedantu.com

https://www.edufever.com/

10

Class XI – NCERT – Chemistry

Chapter 3
Classifications of Elements and Periodicity

Question 26:
What are the major differences between metals and non-metals?
Solution 26:
Metals

Non–metals

Metals can lose electrons easily.

1.

Non-metals cannot lose electrons easily.

2.

Metals cannot gain electrons easily.

2.

Non-metals can gain electrons easily.

3.

Metals generally form ionic
compounds.

3.

Non–metals generally form covalent
compounds.

4.

Metals oxides are basic in nature.

4.

Non–metallic oxides are acidic in nature

5.

Metals have low ionization enthalpies.

5.

Non–metals have high ionization
enthalpies.

6.

Metals have less negative electron
gain enthalpies.

6.

Non–metals have high negative electron
gain enthalpies.

7.

Metals are less electronegative. They
are rather electropositive elements.

7.

Non–metals are electronegative.

8.

Metals have a high reducing power.

8.

Non–metals have a low reducing power.
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Question 27:
Use the periodic table to answer the following questions.
(a) Identify an element with five electrons in the outer subshell.
(b) Identify an element that would tend to lose two electrons.
(c) Identify an element that would tend to gain two electrons.
(d) Identify the group having metal, non-metal, liquid as well as gas at the room temperature.
Solution 27:
(a) The electronic configuration of an element having 5 electrons in its outermost subshell
should be ns2np5. This is the electronic configuration of the halogen group. Thus, the
element can be F, CL, Br, I, or At.
(b) An element having two valence electrons will lose two electrons easily to attain the stable
noble gas configuration. The general electronic configuration of such an element will be
ns2. This is the electronic configuration of group 2 elements. The elements present in group
2 are Be, Mg, Ca, Sr, Ba.
(c) An element is likely to gain two electrons if it needs only two electrons to attain the stable
noble gas configuration. Thus, the general electronic configuration of such an element
should be ns2np4. This is the electronic configuration of the oxygen family.
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(d) Group 17 has metal, non–metal, liquid as well as gas at room temperature.

Question 28:
The increasing order of reactivity among group 1 elements is Li < Na < K <Rb<Cs whereas
that among group 17 elements is F > CI > Br > I. Explain.
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Solution 28:
The elements present in group 1 have only 1 valence electron, which they tend to lose. Group
17 elements, on the other hand, need only one electron to attain the noble gas configuration.
On moving down group 1, the ionization enthalpies decrease. This means that the energy
required losing the valence electron decreases. Thus, reactivity increases on moving down a
group. Thus, the increasing order of reactivity among group 1 elements is as follows:
Li < Na < K <Rb<Cs
In group 17, as we move down the group from Cl to I, the electron gain enthalpy becomes less
negative i.e., its tendency to gain electrons decreases down group 17. Thus, reactivity
decreases down a group. The electron gain enthalpy of F is less negative than Cl. Still, it is the
most reactive halogen. This is because of its low bond dissociation energy. Thus, the
decreasing order of reactivity among group 17 elements is as follows: F > Cl > Br > I

Question 29:
Write the general outer electronic configuration of s-, p-, d- and f- block elements.

General outer electronic configuration

s– block
p– block
d– block
f– block

ns1-2, where n = 2 – 7
ns-2np1–6 , where n = 2 – 6
(n – 1)d1-10ns0-2, where n = 4 – 7
(n – 2)f1-14 (n – 1)d0-10ns2, where n = 6 – 7

Ed

Solution 29:
Element

Question 30:
Assign the position of the element having outer electronic configuration
(i) ns2np4for n = 3
(ii) (n - 1)d2ns2 for n = 4, and
(iii)(n - 2) f7( n - 1)d1ns2for n = 6, in the periodic table.
Solution 30:
(i)Since n = 3, the element belongs to the 3 rdperiod. It is a p–block element since the last
electron occupies the p–orbital.
There are four electrons in the p–orbital. Thus, the corresponding group of the element
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Question 31:
The first i H1and the second

om

= Number of s–block groups + number of d–block groups + number of p–electrons
= 2 + 10 + 4
= 16
Therefore, the element belongs to the 3 rdperiod and 16thgroup of the periodic table.
Hence, the element is Sulphur.
(ii)Since n = 4, the element belongs to the 4 thperiod. It is a d–block element as d– orbitals are
incompletely filled.
There are 2 electrons in the d–orbital.
Thus, the corresponding group of the element
= Number of s–block groups + number of d–block groups
=2+2=4
Therefore, it is a 4thperiod and 4thgroup element. Hence, the element is Titanium.
(iii)Since n = 6, the element is present in the 6thperiod. It is an f –block element as the last
electron occupies the f–orbital. It belongs to group 3 of the periodic table since all f -block
elements belong to group 3. Its electronic configuration is [Xe] 4f 75 d16 s2.
Thus, its atomic number is 54 + 7 + 2 + 1 = 64. Hence, the element is Gadolinium.

i H ionization enthalpies (in kJ mol

electron gain enthalpy (in kJ mol–1) of a few elements are given below:
Elements
i H
i H

–1

) and the eg H
 

eg H

Ed

I
520
7300
-60
II
419
3051
-48
III
1681
3374
-328
IV
1008
1846
-295
V
2372
5251
+48
VI
738
1451
-40
Which of the above elements is likely to be :
(a) the least reactive element.
(b) the most reactive metal.
(c) the most reactive non-metal.
(d) the least reactive non-metal.
(e) the metal which can form a stable binary halide of the formula MX2, (X=halogen).
(f) the metal which can form a predominantly stable covalent halide of the formula MX
(X=halogen)?
Solution 31:
(a) Element V is likely to be the least reactive element. This is because it has the highest first
ionization enthalpy i H1 and a positive electron gain enthalpy eg H .





(b) Element II is likely to be the most reactive metal as it has the lowest first ionization
enthalpy i H1 and a low negative electron gain enthalpy eg H .
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(c) Element III is likely to be the most reactive non–metal as it has a high first ionization
enthalpy i H1 and the highest negative electron gain enthalpy eg H .









(d) Element V is likely to be the least reactive non–metal since it has a very high first
ionization enthalpy i H 2 and a positive electron gain enthalpy eg H .
(e) Element VI has a low negative electron gain enthalpy eg H . Thus, it is a metal. Further,
 
H
it has the lowest second ionization enthalpy i 2 . Hence, it can form a stable binary
halide of the formula MX2(X=halogen).
(f) Element I has low first ionization energy and high second ionization energy. Therefore, it
can form a predominantly stable covalent halide of the formula MX (X=halogen).
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Question 32:
Predict the formula of the stable binary compounds that would be formed by the combination
of the following pairs of elements.
(a) Lithium and oxygen
(b) Magnesium and nitrogen
(c) Aluminium and iodine
(d) Silicon and oxygen
(e) Phosphorus and fluorine
(f) Element 71 and fluorine

Ed

Solution 32:
(a) Li 2O
(b) Mg3N2
(c) AlI3
(d) SiO2
(e) PF3or PF 5
(f) The element with the atomic number 71 is Lutetium (Lu). It has valency 3. Hence, the
formula of the compound is LuF3.

Question 33:
In the modern periodic table, the period indicates the value of:
(a) Atomic number
(b) Atomic mass
(c) Principal quantum number
(d) Azimuthal quantum number.
Solution 33:
The value of the principal quantum number (n) for the outermost shell or the valence shell
indicates a period in the Modern periodic table.
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Question 34:
Which of the following statements related to the modern periodic table is incorrect?
(a) The p-block has 6 columns, because a maximum of 6 electrons can occupy all the orbitals
in a p-shell.
(b) The d-block has 8 columns, because a maximum of 8 electrons can occupy all the orbitals
in a d-subshell.
(c) Each block contains a number of columns equal to the number of electrons that can occupy
that subshell.
(d) The block indicates value of azimuthal quantum number (l) for the last subshell that
received electrons in building up the electronic configuration.

om

Solution 34:
The d-block has 10 columns because a maximum of 10 electrons can occupy all the orbitals in
a d subshell.
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Question 35:
Anything that influences the valence electrons will affect the chemistry of the element.
Which one of the following factors does not affect the valence shell?
(a) Valence principal quantum number ( n)
(b) Nuclear charge (Z)
(c) Nuclear mass
(d) Number of core electrons.

Ed

Solution 35:
Nuclear mass does not affect the valence electrons

Question 36:
The size of isoelectronic species - F–, Ne and Na+is affected by
(a) Nuclear charge (Z )
(b) Valence principal quantum number ( n)
(c) Electron-electron interaction in the outer orbitals
(d) None of the factors because their size is the same.
Solution 36:
The size of an isoelectronic species increases with a decrease in the nuclear charge ( Z).
For example, the order of the increasing nuclear charge of F–, Ne, and Na+is as follows:
F– < Ne < Na+
Z
9
10
11
Therefore, the order of the increasing size of F–, Ne and Na+is as follows:
Na+< Ne < F–
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Question 37:
Which one of the following statements is incorrect in relation to ionization enthalpy?
(a) Ionization enthalpy increases for each successive electron.
(b) The greatest increase in ionization enthalpy is experienced on removal of electron from
core noble gas configuration.
(c) End of valence electrons is marked by a big jump in ionization enthalpy.
(d) Removal of electron from orbitals bearing lower n value is easier than from orbital having
higher n value.

om

Solution 37:
Electrons in orbitals bearing a lower n value are more attracted to the nucleus than electrons in
orbitals bearing a higher n value. Hence, the removal of electrons from orbitals bearing a
higher n value is easier than the removal of electrons from orbitals having a lower n value.
( option d)
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Question 38:
Considering the elements B, Al, Mg, and K, the correct order of their metallic character is:
(a) B > Al > Mg > K
(b) Al > Mg > B > K
(c) Mg > Al > K > B
(d) K > Mg > Al > B

Ed

Solution 38:
The metallic character of elements decreases from left to right across a period. Thus, the
metallic character of Mg is more than that of Al.
The metallic character of elements increases down a group. Thus, the metallic character of Al
is more than that of B.
Considering the above statements, we get K > Mg.
Hence, the correct order of metallic character is K > Mg > Al > B.

Question 39:
Considering the elements B, C, N, F, and Si, the correct order of their non-metallic character
is:
(a) B > C > Si > N > F
b) Si > C > B > N > F
(c) F > N > C > B > Si
d) F > N > C > Si > B
Solution 39:
The non-metallic character of elements increases from left to right across a period. Thus, the
decreasing order of non-metallic character is F > N > C > B.
Again, the non-metallic character of elements decreases down a group. Thus, the decreasing
order of non-metallic characters of C and Si are C > Si. However, Si is less non-metallic than
B i.e., B > Si.
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Hence, the correct order of their non-metallic characters is F > N > C > B > Si.

Question 40:
Considering the elements F, Cl, O and N, the correct order of their chemical reactivity in terms
of oxidizing property is:
(a) F > Cl > O > N
(b) F > O > Cl > N
(c) Cl > F > O > N
(d) O > F > N > Cl

Ed
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Solution 40:
The oxidizing character of elements increases from left to right across a period. Thus, we get
the decreasing order of oxidizing property as F > O > N.
Again, the oxidizing character of elements decreases down a group. Thus, we get F > Cl.
However, the oxidizing character of O is more than that of Cl i.e., O > Cl.
Hence, the correct order of chemical reactivity of F, Cl, O, and N in terms of their oxidizing
property is F > O > Cl > N.
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Question 1:
Explain the formation of a chemical bond.
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Solution1:
A chemical bond is defined as an attractive force that holds the constituents (atoms, ions etc.)
together in a chemical species.
Various theories have been suggested for the formation of chemical bonds such as the
electronic theory, valence shell electron pair repulsion theory, valence bond theory, and
molecular orbital theory.
A chemical bond formation is attributed to the tendency of a system to attain stability. It was
observed that the inertness of noble gases was because of their fully filled outermost orbitals.
Hence, it was postulated that the elements having incomplete outermost shells are unstable
(reactive). Atoms, therefore, combine with each other and complete their respective octets or
duplets to attain the stable configuration of the nearest noble gases. This combination can
occur either by sharing of electrons or by transferring one or more electrons from one atom to
another. The chemical bond formed as a result of sharing of electrons between atoms is called
a covalent bond. An ionic bond is formed as a result of tranfer of electrons from one atom to
another.

Ed

Solution 2:

uf

Question 2:
Write Lewis dot symbols for atoms of the following elements: Mg, Na, B, O, N, Br.

Mg: There are two valence electrons in Mg atom. Hence, the Lewis dot symbol for Mg is: Mg
Na: There is only one valence electron in an atom of sodium. Hence, the Lewis dot structure
is: Na
B: There are 3 valence electrons in Boron atom. Hence, the Lewis structure is:
O: There are six valence electrons in an atom of oxygen. Hence, the Lewis dot structure is:

N: There are five valence electrons in an atom of nitrogen. Hence, the Lewis dot structure is:

Br : There are seven valence electrons in bromine. Hence, the Lewis dot structure is:
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Question 3:
Write Lewis symbols for the following atoms and ions:
S and S2-; Al and Al 3+; H and HSolution 3:
(i) S and S-2
The number of valence electrons in sulphur is 6.
The Lewis dot symbol of sulphur (S) is
The dinegative charge infers that there will be two electrons more in addition to the six valence
electrons. Hence, that Lewis dot symbol of S2-is
(ii) Al and Al 3+
The number of valence electrons in aluminium is 3.
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The Lewis dot symbol of aluminium (Al) is
The tripositive charge on a species infers that it has donated its three electrons. Hence, the
3+
Lewis do symbol is Al .


(iii) H and HThe number of valence electrons in hydrogen is 1.
The Lewis do symbol of hydrogen (H) is H 
The uninegative charge infers that there will be one electron more in addition to the one


Ed
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valence electron. Hence, the Lewis dot symbol is H  .
 

Question 4:
Draw the Lewis structure for the following molecules and ions:
H2S, SiCl4, BeF2, CO32- , HCOOH
Solution 4:

4.Chemical Bonding and Molecular Structure Chemistry

www.vedantu.com

https://www.edufever.com/

2

Class XI – NCERT – Chemistry

Chapter 4
Chemical Bonding and Molecular
Structure Chemistry

H2S
S
H

H

SiCl4
Cl
Si
Cl

Cl

Cl

BeF2
F

Be

F

CO32C

O

O
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Question 5:
Define octet rule. Write its significance and limitations.
Solution 5:
The octet rule or the electronic theory of chemical bonding was developed by Kossel and
Lewis. According to this rule, atoms can combine either by transfer of valence electrons from
one atom to another or by sharing their valence electrons in order to attain the nearest noble
gas configuration by having an octet in their valence shell.
O

C

O

Or

O - C- O

The octet rule successfully explained the formation of chemical bonds depending upon the
nature of the element.
Limitations of the octet theory:
The following are the limitations of the octet rule:
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(a) The rule failed to predict the shape and relative stability of molecules.
(b) It is based upon the inert nature of noble gases. However, some noble gases like xenon and
krypton from compounds such as XeF2, KrF2 etc.
(c) The octet rule cannot be applied to the elements in and beyond the third period of the
periodic table. The elements present
in these periods have more than eight valence
electrons around the central atom. For example: PF5, SF6, etc.

om

(d) The octet rule is not satisfied for all atoms in a molecule having an odd number of
electrons. For example, NO and NO2do not satisfy the octet rule.

Ed

uf

ev

er
.c

(e) This rule cannot be applied to those compounds in which the number of electrons
surrounding the central atom is less than eight. For example, LiCl, BeH 2, AlCl 3etc. do not
obey that octet rule.

Question 6:
Write the favourable factors for the formation of ionic bond.
Solution 6:
An ionic bond is formed by the transfer of one or more electrons from one atom to another.
Hence, the formation of ionic bonds depends upon the ease with which neutral atoms can lose
or gain electrons. Bond formation also depends upon the lattice energy of the compound
formed.
Hence, favorable factors for ionic bond formation are as follows:
(i) Low ionization enthalpy of metal atom.
(ii) High electron gain enthalpy eg H of a non-metal atom.





(iii) High lattice energy of the compound formed.
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Question 7:
Discuss the shape of the following molecules using the VSEPR model:
BeCl2, BCl3, SiCl4, AsF 5, H2S, PH3
Solution 7:
BeCl2:
Cl :Be : Cl
The central atom has no lone pair and there are two bond pairs. i.e., BeCl 2is of the type AB 2.
Hence, it has a linear shape.
BCl3:

3.

uf
e

ve
r.c

om

The central atom has no lone pair and there are three bond pairs. Hence, it is of the type AB
Hence, it is trigonal planar.

4is

Ed

The central atom has no lone pair and there are four bond pairs. Hence, the shape of SlCl
tetrahedral being the AB 4type molecule.
AsF5:

The central atom has no lone pair and there are five bond pairs. Hence, AsF
AB5. Therefore, the shape is trigonal bipyramidal.
H2S:

The central atom has one lone pair and there are two bond pairs. Hence, H
AB2E. The shape is Bent.
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PH3:

The central atom has one lone pair and there are three bond pairs. Hence, PH
type. Therefore, the shape is trigonal bipyramidal.

3is

of the AB 3E

Question 8:
Although geometries of NH 3and H 2O molecules are distorted tetrahedral, bond angle in water
is less than that of ammonia. Discuss.

.c

om

Solution 8:
The molecular geometry of NH3and H 2O can be shown as:

Ed

uf
ev

er

The central atom (N) in NH 3has one lone pair and there and three bond pairs. In H 2O, there
are two lone pairs and two bond pairs.
The two lone pairs present in the oxygen atom of H 2O molecule repel the two bond pairs. This
repulsion is stronger than the repulsion between the lone pair and the three bond pairs on the
nitrogen atom.
Since the repulsions on the bond pairs in H 2O molecule are greater than that in NH 3, the bond
angle in water is less than that of ammonia.

Question 9:
How do you express the bond strength in terms of bond order?
Solution9:
Bond strength represents the extent of bonding between two atoms forming a molecule.
The larger the bond energy, the stronger is the bond and the greater is the bond order.

Question 10:
Define the bond length.
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Solution 10:
Bond length is defined as the equilibrium distance between the nuclei of two bonded atoms in
a molecule.
Bond lengths are expressed in terms of Angstrom (10 -10m) or picometer (10 -12m) and are
measured by spectroscopic X-ray diffractions and electron-diffraction techniques.
In an ionic compound, the bond length is the sum of the ionic radii of the constituting atoms
(d = r++ r-). In a covalent compound, it is the sum of their covalent radii(d = rA+ r B).

Question 11:

Explain the important aspects of resonance with reference to the CO32- ion.

Ed
uf

Solution 11:

According to experimental findings, all carbon to oxygen bonds in CO32- are equivalent.
Hence, it is inadequate to represent

CO32- ion by a single Lewis structure having two single

bonds and one double bond.
Therefore, carbonate ion is described as a resonance hybrid of the following structures:

Question 12:
H3PO3can be represented by structures 1 and 2 shown below. Can these two structures be
taken as the canonical forms of the resonance hybrid representing H 3PO3? If no, give reason
for the same.
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Solution12:
The given structures cannot be taken as the canonical forms of the resonance hybrid of H 3PO3
because the positions of the atoms have changed.

om

Question 13:

.c

Write the resonance structures for SO 3, NO2and NO3- .

(b) NO2:

Ed

uf
e

ve
r

Solution13:
The resonance structures are:
(a) SO3:

(c) NO3-
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Question 14:
Use Lewis symbols to show electron transfer between the following atoms to form cations and
anions: (a) K and S (b) Ca and O (c) Al and N.
Solution14:
(a) K and S:
The electronic configurations of K and S are follows:
K: 2, 8, 8, 1
S: 2, 8, 6

ve
r.c

om

Sulphur (S) requires 2 more electrons to complete its octet. Potassium (K) requires one
electron more than the nearest noble gas i.e., Argon. Hence, the electron transfer can be shown
as:

Ed
u

fe

(b) Ca and O:
The electronic configurations of Ca and O are as follows:
Ca: 2, 8, 8, 2
O: 2, 6
Oxygen requires two electrons more to complete its octet, whereas calcium has two electrons
more than the nearest noble gas i.e., Argon. Hence, the electron transfer takes place as:

(c) Al and N:
The electronic configurations of Al and N are as follows:
Al: 2, 8, 3
N: 2, 5
Nitrogen is three electrons short of the nearest noble gas (Neon), whereas aluminium has three
electrons more than Neon. Hence, the electron transference can be shown as:
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Question 15:
Although both CO 2and H 2O are triatomic molecules, the shape of H 2O molecule is bent while
that of CO2is linear. Explain this on the basis of dipole moment.
Solution 15:
According to experimental results, the dipole moment of carbon dioxide is zero. This is
possible only if the molecule is linear so that the dipole moments of C-O bonds are equal and
opposite to nullify each other.

uf

ev

er

.c
o

m

Resultant 0 D
H2O, on the other hand, has a dipole moment value of 1.84 D (though it is a triatomic molecule
as CO 2). The value of the dipole moment suggests that the structure of H 2O molecule is bent
where the dipole moment of O-H bonds are unequal.

Ed

Question 16:
Write the significance/applications of dipole moment.
Solution16:
In heteronuclear molecules, polarization arises due to a difference in the electronegativities of
the constituents of atoms. As a result, one end of the molecule acquires a positive charge while
the other end becomes negative. Hence, a molecule is said to possess a dipole.
The product of the magnitude of the charge and the distance between the centres of positivenegative charges is called the dipole moment

of the molecule. It is a vector quaintly and is

represented by an arrow with its tail at the positive centre and head pointing towards a negative
centre.
Dipole moment

= charge (Q)

distance of separation (r)
The SI unit of a dipole moment is ‘esu’.
1 esu = 3.335 10 -30cm
Dipole moment is the measure of polarity of a bond. It is used to differentiate between polar
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and non-polar bonds since all non-polar molecules (e.g. H 2, O 2) have zero dipole moments. It
is also helpful in calculating the percentage ionic character of a molecule.

Question 17:
Define electronegativity. How does it differ from electron gain enthalpy?

Ed

uf
ev
er
.c

om

Solution 17:
Electronegativity is the ability of an atom in a chemical compound to attract a bond pair of
electrons towards itself.
Electronegativity of any given element is not constant. It varies according to the element to
which it is bound. It is not a measurable quantity. It is only a relative number.
On the other hand, electron gain enthalpy is the enthalpy change that takes place when an
electron is added to a neutral gaseous atom to form an anion. It can be negative or positive
depending upon whether the electron is added or removed. An element has a constant value of
the electron gain enthalpy that can be measured experimentally.

Question 18:
Explain with the help of suitable example polar covalent bond.
Solution 18:
When two dissimilar atoms having different electronegativities combine to form a covalent
bond, the bond pair of electrons is not shared equally. The bond pair shifts towards the nucleus
of the atom having greater electronegativity. As a result, electron distribution gets distorted
and the electron cloud is displaced towards the electronegative atom.
As a result, the electronegative atom becomes slightly negatively charged while the other atom
becomes slightly positively charged. Thus, opposite poles are developed in the molecule and
this type of a bond is called a polar covalent bond.
HCl, for example, contains a polar covalent bond. Chlorine atom is more electronegative than
hydrogen atom. Hence, the bond pair lies towards chlorine and therefore, it acquires a partial
negative charge.
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Bond pair attracted
more toward Chlorine

Question 19:
Arrange the bonds in order of increasing ionic character in the molecules: LiF, K
and ClF3.

2O,

N 2, SO 2,

ve
r

.c
om

Solution 19:
The ionic character in a molecule is dependent upon the electronegativity difference between
the constituting atoms. The greater the difference, the greater will be the ionic character of the
molecule.
On this basis, the order of increasing ionic character in the given molecules is
N2< SO2< ClF3< K2O < LiF

Ed

uf
e

Question 20:
The skeletal structure of CH 3COOH as shown below is correct, but some of the bonds are
shown incorrectly. Write the correct Lewis structure for acetic acid.

Solution 20:
The correct Lewis structure for acetic acid is as follows:

Question 21:
Apart from tetrahedral geometry, another possible geometry for CH 4is square planar with the
four H atoms at the corners of the square and the C atom at its centre. Explain why CH 4is not
square planar?
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Solution 21:
Electronic configuration of carbon atom:
s 2 2s 2 2 p2
6 C :1
Om the excited state, the orbital picture of carbon can be represented as:

1s

2s

2px2py2pz
3

hybridization in CH

4molecule

and takes a tetrahedral

m

Hence, carbon atom undergoes sp
shape.

Ed

uf
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er
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For a square planar shape, the hybridization of the central atom has to be dsp2.
However, an atom of carbon does not have d-orbitals to undergo dsp 2hybridization.
Hence, the structure of CH4cannot be square planar.
Moreover, with a bond angle of 90 oin square planar, the stability of CH 4will be very less
because of the repulsion existing between the bond pairs. Hence, VSEPR theory also supports
a tetrahedral structure for CH4.

Question 22:
Explain why BeH2molecule has a zero dipole moment although the Be-H bonds are polar.
Solution 22:
The Lewis structure for BeH2is as follows:
H : Be : H
There is no lone pair at the central atom (Be) and there are two bond pairs. Hence, BeH
the type AB 2. It has a linear structure.

2is

of

Dipole moments of each H-Be bond are equal and are in opposite directions. Therefore, they
nullify each other. Hence, BeH 2molecule has zero dipole moment.
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Question 23:
Which out of NH3and NF 3has higher dipole moment and why?

.c
om

Solution23:
In both molecules i.e NH 3and NF 3, the central atom (N) has a lone pair electron and there are
three bond pairs. Hence, both molecules have a pyramidal shape. Since fluorine is more
electronegative than hydrogen, it is expected that the net dipole moment of NF 3is greater than
NH3. However, the net dipole moment of NH 3(1.46 D) is greater than that of NF 3(0.24 D).
This can be explained on the basis of directions of the dipole moments of each individual bond
in NH3and NF 3. These directions can be shown as:

uf
ev
er

Thus, the resultant moment of the N-H bonds add up to the bond moment of the lone pair (the
two being in the same direction), whereas that of the three N – F bonds partly cancels the
moment of the lone pair.
Hence, the net dipole moment of NF3is less than that of NH 3.

2

, sp 3hybrid

Ed

Question 24:
What is meant by hybridization of atomic orbitals? Describe the shapes of sp, sp
orbitals.

Solution 24:
Hybridization is defined as an intermixing of a set of atomic orbitals of slightly different
energies, thereby forming a new set of orbitals having equivalent energies and shapes.
For example, one 2s-orbital hybridizes with two 2p-orbitals of carbon to form three new
sp2hybrid orbitals.
These hybrid orbitals have minimum repulsion between their electron pairs and thus, are more
stable. Hybridization helps indicate the geometry of the molecule.
Shape of sp hybrid orbitals: sp hybrid orbitals have a linear shape. They are formed by the
intermixing of s and p orbitals as:
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Shape of sp2hybrid orbitals:
sp2hybrid orbitals ae formed as a result of the intermixing of one s-orbital and two 2p-orbitals.
The hybrid orbitals are oriented in a trigonal planar arrangement as:

Ed
uf

Shape of sp3hybrid orbitals:
Four sp3hybrid orbitals are formed by intermixing one s-orbital with three p-orbitals.
The four sp3hybrid orbitals are arranged in the form of a tetrahedron as:

Question 25:
Describe the change in hybridization (if any) of the Al atom in the following reaction.

AlCl3 Cl AlCl4
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Solution25:
The valence orbital picture of aluminium in the ground state can be represented as:

3d
3paluminium in the excited state can be represented as:
The orbital picture of
3s3s2

3s

3px3 py3

pz

Hence, it undergoes sp 2hybridization to give a trigonal planar arrangement (in AlCl 3).
To form AlCl4 , the empty 3p zorbital also gets involved and the hybridization changes from

om

sp2to sp 3. As a result, the shape gets changed to tetrahedral.
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Question 26:
Is there any change in the hybridization of B and N atoms as a result of the following reaction?

BF3 NH3 F3 B. NH3

2s

Ed

Solution26:
Boron atom in BF 3is sp2 hybridized. The orbital picture of boron in the excited state can be
shown as:

2px2 py2

pz

Nitrogen atom in NH3is sp 3hybridized. The orbital picture of nitrogen can be represented as:

2s

2px2 py2

pz

After the reaction has occurred, an adduct F 3B.NH3is formed as hybridization of ‘B’ changes
to sp3. However, the hybridization of ‘N’ remains intact.

Question 27:
Draw diagrams showing the formation of a double bond and a triple bond between carbon
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atoms in C2H4and C 2H2molecules.
Solution27:
C2H4:
The electronic configuration of C-atom in the excited state is:
2
1
1
1
1
6 C 1s 2 s 2 px 2 p y 2 pz

Ed
uf

ev
e
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In the formation of an ethane molecule (C 2H4), one sp 2hybrid orbital of carbon overlaps a sp 2
hybridized orbital of another carbon atom, thereby forming a C-C sigma bond. The remaining
two sp 2orbitals of each carbon atom from a sp 2-s sigma bond with two hydrogen atoms. The
unhybridized orbital of one carbon atom undergoes sidewise overlap with the orbital of a
similar kind present on another carbon atom to form a weak n-bond.

C2H2:
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In the formation of C 2H2molecule, each C-atom is sp hybridized with two 2p-orbitals in an
unhybridized state.
One sp orbital of each carbon atom overlaps with the other along the internuclear axis forming
a C-C sigma bond. The second sp orbital if each C-atom overlaps a half-filled 1s-orbital to
form a bond.
The two unhybridized 2p-orbitals of the first carbon undergo sidewise overlap with the 2p
orbital of another carbon atom, thereby forming two pi (n) bonds between carbon atoms.
Hence, the triple bond between two carbon atoms is made up of one sigma and two n-bonds.

Question 28:
What is the total number of sigma and pi bonds in the following molecules?
(a) C2H2
(b) C2H4
Solution28:
A single bond is a result of that axial overlap of bonding orbitals. Hence, it contributes a sigma
bond. A multiple bond (double or triple bond) is always formed as a result of the sidewise
overlap of orbitals. A pi-bond is always present in it. A triple bond is a combination of two pibonds and one sigma bond.
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Structure of C2H2can be represented as:

Hence, there are three sigma and two pi-bonds in C2H2.
The structure of C2H4can be represented as:

Hence, there are five sigma bonds and one pi-bond in C2H4.

.c
om

Question 29:
Considering x-axis as the inter-nuclear which out of the following will not form a sigma bond
and why? (a) 1s and 1s (b) 1s and 2p x(c) 2p yand 2p y(d) 1s and 2s.

y
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er

Solution29:
2pyand 2p yorbitals will not a form a sigma bond. Taking x-axis as the inter-nuclear axis, 2p
and 2pyorbitals will undergo lateral overlapping, thereby forming a pi (n) bond. Option c

Solution30:
(a)

Ed

Question 30:
Which hybrid orbitals are used by carbon atoms in the following molecules?
(a) CH3– CH 3; (b) CH 3– CH = CH 2; (c) CH3– CH 2– OH; (d) CH 3-CHO (e) CH3COOH

Both C1and C 2are sp 3hybridized.
(b)
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C1is sp 3hybridized, while C 2and C 3are sp 2 hybridized.
(c)

uf
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er
.c

C1is sp 3hybridized and C 2is sp 2hybridized.
(e)

om

Both C1and C 2are sp 3hybridized.
(d)

Ed

C1is sp 3hybridized and C 2is sp 2hybridized.

Question 31:
What do you understand by bond pairs and lone pairs of electrons? Illustrate by giving one
example of each type.
Solution 31:
When two atoms combine by sharing their one or more valence electrons, a covalent bond is
formed between them.
The shared pairs of electrons present between the bonded atoms are called bond pairs.
All valence electrons may not participate in bonding. The electron pairs that do not participate
in bonding are called lone pairs of electrons.
For example, in C2H6(ethane), there are seven bond pairs but no lone pair present.
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In H2O, there are two bond pairs and two lone pairs on the central atom (oxygen).

om

Question 32:
Distinguish between a sigma and a pi bond.

Ed
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Solution32:
The following are the differences between sigma and p-bonds.
Sigma ( σ ) Bond
Pi (n) bond
(a) It is formed by the end to end overlap of It is formed by the lateral overlap of orbitals.
orbitals.
(b) The orbitals involved in the overlapping These bonds are formed by the overlap of pare s-s, s-p, or p-p.
p orbitals only.
(c) It is a strong bond
It is weak bond.
(d) The electron cloud is symmetrical about The electron cloud is not symmetrical.
the line joining the two nuclei.
(e) It consists of one electron cloud, which is There are two electron clouds lying above
symmetrical about the internuclear axis.
the below the plane of the atomic nuclei.
(f) Free rotation about σ bonds is possible.
Rotation is restricted in case of pi-bonds.

Question 33:
Explain the formation of H2 molecule on the basis of valence bond theory.
Solution 33:
Let us assume the two hydrogen atoms (A and B) with nuclei (N Aand N B) and electrons (e A
and eB) are taken to undergo a reaction to form a hydrogen molecule.
When A and B are at a large distance, there is no interaction between them. As they begin to
approach each other, the attractive and repulsive forces start operating.
Attractive force arises between:
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(a) Nucleus of one atom and its own electron i.e., N A– e Aand N B– e B.
(b) Nucleus of one atom and electron of another atom i.e., N A– e Band N B– e A.
Repulsive force arises between:
(a) Electrons of two atoms i.e., eA– e B.
(b) Nuclei of two atoms i.e., NA– N B.
The force of attraction brings the two atoms together, whereas the force of repulsion tends to
push them apart.

Ed

The magnitude of the attractive forces is more than that of the repulsive forces. Hence, the two
atoms approach each other. As a result, the potential energy decreases. Finally a state is
reached when the attractive forces balance the repulsive forces and the system acquires
minimum energy. This leads to the formation of a dihydrogen molecule.

Question 34:
Write the important conditions required for the linear combination of atomic orbitals to form
molecular orbitals.
Solution34:
The given conditions should be satisfied by atomic orbitals of form molecular orbitals:
(a) The combining atomic orbitals must have the same or nearly the same energy. This means
that in a homonuclear molecule, the 1s-atomic orbital of an atom can combine with the 1satomic orbital of another atom, and not with the 2s-orbital.
(b) The combing atomic orbitals must have proper orientations to ensure that the overlap is
maximum.
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(c) The extent of overlapping should be large.

Question 35:
Use molecular orbital theory to explain why the Be2molecule does not exist.
Solution 35:
The electronic configuration of Beryllium is 1s 2 2 s 2 .
The molecular orbital electronic configuration for Be2molecule can be written as:
2

2

2

2

1s 1s 2s 2s

1
( Nb Na ) .
2

Where,
Nb = Number of electrons in bonding orbitals

.c
o

Na = Number of electrons in anti-bonding orbitals

m

Hence, the bond order for Be2is

1
2
A negative or zero bond order means that the molecule is unstable. Hence, Be 2molecule does
not exist.

Ed
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Bond order of Be2  (4 4) 0

Question 36:
Compare the relative stability of the following species and indicate their magnetic properties;
2O2,O +2,O (superoxide),
O (peroxide)
2
2
Solution36:
There are 16 electrons in a molecule of dioxygen, 8 from each oxygen atom. The electronic
configuration of oxygen molecule can be written as:
2

2

2

2

2

2

2

1

1

*
*
*
*
(2 p )
(1s)(1s) (2s) (2s)  (1pz )(2 px )(2 py )  (2 px ) 
  y 


Since the 1s orbital of each oxygen atom is not involved in bonding, the number of bonding
electrons = 8 = Nband the number of anti-bonding orbitals = 4 = N a.
1
Bond order =  ( Nb Na )
2
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1
2 (8 4)
2
Similarly, the electronic configuration of O+2 can be written as:
2

2

2

2

2

1

2

2

2

2

2

2

2

2

KK (2s) * (2s)  (2 pz ) (2 px ) (2 py )  * (2 px ) 
 


 
 

Nb= 8
Na= 3
1
Bond order of O2  (8 3)
2
= 2.5
Electronic configuration of O 2 ion will be

1
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KK (2s) * (2s)  (2 pz ) (2 px ) (2 py )  * (2 px )  * (2 p y ) 
 


 
 
 

Nb= 8
Na= 5
1
Bond order of O2  (8 5)
2
= 1.5
Electronic configuration of O22 ion will be
2

2

2

2

2

Ed

KK (2s) * (2s)  (2 pz ) (2 px ) (2 py )  * (2 px )  * (2 py ) 
 


 
 
 

Nb= 8
Na= 6
1
Bond order of O22  (8 6)
2
=1
Bond dissociation energy is directly proportional to bond order. Thus, the higher the bond
order, the greater will be the stability. On this basis, the order of stability is
O+2>O 2>O -2>O 2-2

Question 37:
Write the significance of a plus and a minus sign shown in representing the orbitals.
Solution37:
Molecular orbitals are represented by wave functions. A plus sign in an orbital indicates a
positive wave function while a minus sign in an orbital represents a negative wave function.
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Question 38:
Describe the hybridization in case of PCl
equatorial bonds?

5.

Why are the axial bonds longer as compared to

om

Solution38:
The ground state and excited state outer electronic configuration of phosphorus (Z = 15) are:
Ground state:

Cl

Cl Cl Cl

uf
ev
e

r.c

Phosphorus atom is sp 3d hybridized in the excited state. These orbitals are filled by the
electron pairs donated by five Cl atoms as:
PCl5

Cl

Ed

The five sp 3d hybrid orbitals are directed towards the five corners of the trigonal bipyramidals.
Hence, the geometry of PCl5can be represented as:

There are five P-Cl sigma bonds in PCl 5. Three P-Cl bonds lie in one plane and make an angle
of 120owith each other. These bonds are called equatorial bonds.
The remaining two P-Cl bonds lie above and below the equatorial plane and make an angle of
90owith the plane. These bonds are called axial bonds.
As the axial bond pairs suffer more repulsion from the equatorial bond pairs, axial bonds are
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slightly longer than equatorial bonds.

Question 39:
Define hydrogen bonds. Is it weaker or stronger than the van der Waals forces?

Ed
uf
e

ve
r

.c

om

Solution39:
A hydrogen bond is defined as an attractive force acting between the hydrogen attached to an
electronegative atom of one molecule and an electronegative atom of a different molecule
(may be of the same kind).
Due to a difference between electro-negativities, the bond pair between hydrogen and the
electronegative atom gets drifted for away from the hydrogen atom. As a result, a hydrogen
atom becomes electropositive with respect to the other atom and acquires a positive charge.
4  X ........H  X .........H  X 
The magnitude of H-bonding is maximum in the solid state and minimum in the gaseous state.
There are two types of H-Bonds:
(i) Intermolecular H-bond e.g., HF, H 2O etc.
(ii) Intramolecular H-bond e.g., o-nitrophenol

Hydrogen bonds are stronger than Vander Walls forces since hydrogen bonds are regarded as
an extreme form of dipole-dipole interaction.

Question 40:
What is meant by the term bond order? Calculate the bond order of: N2, O2, O+2 , O2 .
Solution 40:
Bond order is defined as one half of the difference between the number of electrons present
in the bonding and anti-bonding orbitals of a molecule.
If N ais equal to the number of electrons in an anti-bonding orbital, then N
bis equal to the
number of electrons in a bonding orbital.
1
Bond order =  ( Nb Na )
2
Nb Na , then the molecule is
If Nb Na , then the molecule is said be stable. However, if
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considered to be unstable.
Bond order of N2can be calculated from its electronic configuration as:
2

2

2

2

2

2

2

*
*
(1s) (1s) (2s) (2s)  (2 px )(2 py )  (2 pz )
Number of bonding electrons, Nb= 10
Number of anti-bonding electrons, Na= 4
1
Bond order of nitrogen molecule =  (104)
2
=3
There are 16 electrons in a dioxygen molecule, 8 from each oxygen atom. The electronic
configuration of oxygen molecule can be written as:
2

2

2

2

2

2

2

1

1

*
*
*
*
(2 p )
(1s)(1s) (2s) (2s)  (1pz )(2 px ) (2 py )  (2 pz ) 
  y 


uf
ev
er
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Since the 1s orbital of each oxygen atom is not involved in bonding, the number of bonding
electrons = 8 = Nb and the number of anti-bonding electrons = 4 = Na.
1
Bond order =  ( Nb Na )
2
1
2 (8 4)
=2
Hence, the bond order of oxygen molecule is 2.
Similarly, the electronic configuration of O+2 can be written as:
2

2

2

2

2

2

2

1

2

2

2

Ed

KK (2s) * (2s)  (2 pz ) (2 px ) (2 py )  * (2 px ) 
 


 
 

Nb= 8
Na= 3
1
Bond order of O2  (8 3)
2
= 2.5
Thus, the bond order O2 ion will be:
2

1

KK (2s) * (2s)  (2 pz ) (2 px ) (2 py )  * (2 px )  * (2 p y ) 
 


 
 
 

Nb= 8
Na= 5
1
Bond order of O2  (8 5)
2
= 1.5
Thus, the bond order of O2 ion is 1.5.

4.Chemical Bonding and Molecular Structure Chemistry

www.vedantu.com

https://www.edufever.com/

27

Class XI – NCERT – Chemistry

Chapter 5
Status of Matter
NCERT Exercise

Question 1:
What will be the minimum pressure required to compress 500 dm 3of air at 1 bar to 200 dm 3at
30oC?

uf
ev
er
.c

om

Solution 1:
Given,
Initial pressure, p1= 1 bar
Initial volume, V1= 500 dm3
Final volume, V2 = 200 dm3
Since the temperature remains constant, the final pressure (p2) can be calculated using Boyle’s
law.
According to Boyle’s law,
p1V1  p2V2
p1V1
p2  V
2
1×500
=
bar
200
= 2.5 bar
Therefore, the minimum pressure required is 2.5 bar.

Ed

Question 2:
A vessel of 120 mL capacity contains a certain amount of gas at 35 oC and 1.2 bar pressure.
The gas is transferred to answer vessel of volume 180 mL at 35 oC. What would be its
pressure?
Solution 2:
Given,
Initial pressure, p1= 1.2 bar
Initial volume, V1= 120 mL
Final volume, V2 = 180 mL
Since the temperature remains constant, the final pressure (p2) can be calculated using Boyle’s
law.
According to Boyle’s law,
p1V1  p2V2
pV
p2  1 1
V2
1.2×120
=
bar
180
= 0.8 bar

1
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Therefore, the pressure would be 0.8 bar.

Question 3:
Using the equation of state = pV = nRT ; show that at a given temperature density of a gas is
proportional to gas pressure ep.

Ed

uf
ev
er
.c

om

Solution 3:
The equation of state is given by,
pV = nRT ………… (i)
Where,
p Pressure of gas
V Volume of gas
n Number of moles of gas
R Gas constant
T Temperature of gas
From equation (i) we have,
n
p

V RT
m
Replacing n with
, we have
M
m
p
…….. (ii)

MV RT
Where,
m Mass of gas
M Molar mass of gas
m
d (d = density of gas)
But,
V 
Thus, from equation (ii), we have
d
p

M RT
M
d  p

RT 
 
Molar mass (M) of gas is always constant and therefore, at constant temperature
M
= constant,
(T ),
RT
d = (constant)p
d p
Hence, at a given temperature, the density (d) of gas is proportional to its pressure (p)
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Question 4:
At 0oC, the density of certain oxide of a gas at 2 bar is same as that of dinitrogen at 5 bar.
What is the molecular mass of the oxide?

Ed

uf
ev
er
.c

M1p 1 M 2p 2
Given,
p1= 2 bar
p2= 5 bar
Molecular mass of nitrogen, M2= 28 g/mol
Mp
Now, M1  2 2
p1
28×5
=
2
=70g/mol
Hence, the molecular mass of the oxide is 70 g/mol.

om

Solution 4:
Density (d) of substance at temperature (T) can be given by the expression,
Mp
d 
RT
Now, density of oxide (d 1) is given by,
Mp
d1  1 1
RT
Where, M1and p 1are the mass and pressure of the oxide respectively.
Density of dinitrogen gas (d2) is given by,
Mp
d2  2 2
RT
Where, M2and p 2are the mass and pressure of the oxide respectively.
According to the given question,
d1 d2

Question 5:
Pressure of 1 g of an ideal gas A 27 oC is found to be 2 bar. When 2 g of another ideal gas B is
introduced in the same flask at same temperature the pressure becomes 3 bar. Find a
relationship between their molecular masses.
Solution 5:
For ideal gas A, the ideal gas equation is given by,
pBV nBRT ……… (ii)
Where, pB and nB represent the pressure and number of moles of gas B.
[V and T are constants for gases A and B]
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From equation (i), we have
m
pM
RT
pAV  A RT  A A 
……. (iii)
MA
mA
V
From equation (ii), we have
m
pM
RT
pBV  B RT  B B 
…….(iv)
MB
mB
V
Where, MAand M Bare the molecular masses of gases A and B respectively.
Now, from equations (iii) and (iv), we have
pAM B pBM B
……. (v)
mB  mB
Given,
m A=1g
p A=2 bar

om

m B=2g

Ed

4M A M B

uf
ev
er
.c

p B=(3-2)=1bar
(Since total pressure is 3 bar)
Substituting these values in equation (v), we have
2 M A 1M B
1  1
4M A M B
Thus, a relationship between the molecular masses of A and B is given by

Question 6:
The drain cleaner, Drainex contains small bits of aluminum which react with caustic soda to
produce dihydrogen. What volume of dihydrogen at 20 oC and one bar will be released when
0.15g of aluminum reacts?
Solution 6:
The reaction of aluminum with caustic soda can be represented as:
2Al+2NaOH+2H2 0 2NaAlO2 +3H2

2×27g
3×22400mL
At STP (273.15 K and 1 atm), 54 g (2 27 g) of Al gives 3 22400 mL of H 2.
3×22400×0.15
mL of H2 i.e., 186.67 mL of H 2.
0.15 g Al gives
54
At STP,

5.Status of Matter
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p1=1 atm
V1 =186.67 mL

uf
ev
er
.c

om

T1 =273.15K
Let the volume of dihydrogen be V 2at p 2= 0.987 atm (since 1 bar = 0.987 atm) and T 2= 20 oC
= (273.15 + 20) K = 293.15 K.
p1V1 p2V2
=
T1
T2
pVT
ÞV2 = 1 1 2
p2T1
1×186.67×293.15
=
0.987×273.15
=202.98mL
= 203mL
Therefore, 203 mL of dihydrogen will be released.

Solution 7:
It is known that,
m RT
p 
MV
For methane (CH4),

Ed

Question 7:
What will be the pressure exerted by a mixture of 3.2 g of methane and 4.4 g of carbon dioxide
contained in a 9 d3flask at 27 oC?

3
-3 3
3.2 8.314×300 Since9dm =9×10 m 
pCH 4 = ×

16
9×10-3 27oC=300K


4
=5.543×10 Pa
For carbon dioxide (CO2),
4.4 8.314×300
pCO4 =
×
44
9×10-3
=2.771×104 Pa
The pressure exerted by the mixture can be obtained as:
p  pCH 4 pCO2

5.543
10 4 2.77110 4 Pa


4
10 Pa
8.314
Hence, the total pressure exerted by the mixture is 8.314 
10 4 Pa .
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Question 8:
What will be the pressure of he gaseous mixture when 0.5 L of H
dioxygen at 0.7 bar are introduced in a 1L vessel at 27 oC?

2at

0.8 bar and 2.0 L of

Solution 8:
Let the partial pressure of H2in the vessel be pH 2 .
Now,
p1= 0.8bar
p 2= p H 2 =?
V1 = 0.5L
It is known that,
p1V1  p2V2
p1V1
 p2  V
2

V2=1L

om

0.8 0.5
1
0.4
bar


uf
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 pH 2 

Now, let the partial pressure of O 2in the vessel be pO2 .
V1 =2.0L
p1V1  p2V2
p1V1
 p2  V
2

p 2= p O2 =?
V2=1L

Ed

p1=0.7 bar

0.7 20
1
0.4 bar
Total pressure of the gas mixture in the vessel can be obtained as:
ptotal  pH 2 pO2
 pO2 

0.4 1.4
1.8 bar
Hence, the total pressure of the gaseous mixture in the vessel is 1.8 bar.

Question 9:
Density of a gas is found to be 5.46 g/dm3at 27 oC at 2 bar pressure. What will be its density at
STP?
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Solution9:
Given,
d1 5.46 g / dm3

p1 2 bar
T1 27o C (27 273)K 300 K
p2 1bar

Ed

uf
ev
er
.c

om

T2 273 K
d2 ?
The density (d2) of the gas at STP can be calculated using the equation,
Mp
d 
RT
Mp1
d1
RT1
d  Mp
2
2
RT2
d1 p1T2
d  p T
2
2 1
p2T1d1
d 2  p T
1 2
1300 5.46
 2 273

3
gdm
3

Hence, the density of the gas at STP will be 3 g dm -3.

Question 10:
34.05 mL of phosphorus vapour weighs 0.0625 g at 546 oC and 0.1 bar pressure. What is the
molar mass of phosphorus?
Solution10:
Given,
p = 0.1 bar
V = 34.05 mL = 34.05 10 -3L = 34.05 10 -3dm -3
R =0.083 bar dm3K -1mol -1
T = 546 oC = (546 + 273) K = 819 K
The number of mass (n) can be calculated using the ideal gas equation as:

5.Status of Matter
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pV nRT
pV
n

RT
0.134.05 
10 3
 0.083 819

5 mol
5.01
10



0.0625
Therefore, molar mass of phosphorus 
1247.5 g mol1
5 
5.01
10
Hence, the molar mass of phosphorus is 1247.5g mol1 .

uf
ev
er
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Question 11:
A student forgot to add the reaction mixture to the round bottomed flask at 27 oC but instead
he/she placed the flask on the flame. After a lapse of time, he realized his mistake, and using a
pyrometer he found the temperature of the flask was 477 oC. What fraction of air would have
been expelled out?

Ed

Solution11:
Let the volume of the round bottomed flask be V.
Then, the volume of air inside the flask at 27 oC is V.
Now,
V1= V
T1= 27 oC = 300 K
V2= ?
T2= 477 oC = 750 K
According to Charles’s law,
V1 V2
T1 T2
V2


V1T2
T1

750V
 300
2.5V
Therefore, volume of air expelled out = 2.5 V – V = 1.5 V
1.5V 3
Hence, fraction of air expelled out 
2.5V 5

5.Status of Matter
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Question 12:
Calculate the temperature of 4.0 mol of gas occupying 5 dm3at 3.32 bar.
(R = 0.083 bar dm3K -1mol-1).

uf
ev
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.c
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Solution12:
Given,
n = 4.0 mol
V = 5 dm3
p = 3.32 bar
R = 0.083 bar dm3K -1mol -1
The temperature (T) can be calculated using the ideal gas equation as:
pV nRT
pV
T

nR
3.32 5
 4 0.083

50
 K
Hence, the required temperature is 50 K.

Question 13:
Calculate the total number of electrons present in 1.4 g of dinitrogen gas.

Ed

Solution13:
Molar mass of dinitrogen (N2) = 28 g mol-1
1.4
Thus, 1.4 g of N2  0.05 mol
28
= 0.05 6.02 1023number of molecules
= 3.01 1023number of molecules
Now, 1 molecule of N 2contains 14 electrons.
Therefore, 3.01 10 23molecules of N 2contains = 14 3.01 1023
= 4.214 1023electrons

Question 14:
How much time would it take to distribute one Avogadro number of wheat grains, if 10 10
grains are distributed each second?
Solution14:
Avogadro number = 6.02 10 23
Thus, time required
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6.02×1023
=
s
1010
=6.02×1023s
6.02×1023
years
60×60×24×365
=1.909×106 years
=

Hence, the time taken would be =1.909×106 years.

Thus, number of moles of O2=

uf
ev
er
.c

Solution 15:
Given,
Mass of dioxygen (O2) = 8 g

om

Question 15:
Calculate the total pressure in a mixture of 8 g of dioxygen and 4 g of dihydrogen confined in
a vessel of 1 dm3at 27 oC. (R = 0.083 bar dm3K -1 mol-1).

8
=0.25mole
32

Ed

Mass of dihydrogen (H2) = 4 g
4
H2= =2mole
2
Therefore, total number of moles in the mixture = 0.25 + 2 2.25 mole
Given,
V = 1 dm3
n = 2.25 mol
R = 0.083 bar dm3K -1mol -1
T = 27 oC = 300 K
Total pressure (p) can be calculated as:
pV nRT
nRT
p

V
225 0.083 300

1
bar
56.025
Hence, the total pressure of the mixture is 56.025 bar.

Question 16:
Pay load is defined as the difference between the mass of displaced air and the mass of the

5.Status of Matter
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balloon. Calculate the pay load when a balloon of radius 10 m, mass 100 kg is filled with
helium at 1.66 bar 27oC. (Density of air = 1.2 kg m-3. And R = 0.083 bar dm -3K -1 mol-1).

Ed

uf
ev
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Solution16:
Given,
Radius of the balloon, r = 10 m
4 
Volume of the balloon  r
3
4 22
= × ×1023
3 7
=4190.5m3(approx)
Thus, the volume of the displaced air is 4190.5 m3.
Given,
Density of air = 1.2 kg m-3
Then, mass of displaced air = 4190.5 1.2 kg
= 5028.6 kg
Now, mass of helium (m) inside the balloon is given by,
MpV
m 
RT
Here,
M = 4 10 -3kg mol -1
p = 1.66 bar
V = Volume of the balloon
= 4190.5 m 3
R = 0.083 bar dm3K -1 mol-1
T = 27 oC = 300 K
4×10-3×1.66×4190.5×103
m=
Then,
0.083×300
=1117.5kg(approx)
Now, total mass of the balloon filled with helium = (100 + 1117.5) kg
= 1217.5 kg
Hence, pay load = (5028.6 – 1217.5) kg
=3811.1 kg
Hence, the pay load of the balloon is 3811.1 kg.

Question 17:
Calculate the volume occupied by 8.8 g of CO2at 31.1 oC and 1 bar pressure.
R = 0.083 bar L K -1mol -1.
Solution 17:
It is known that,

5.Status of Matter
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m
pV  RT
N
mRT
V

Mp
Here,
m = 8.8 g
R = 0.083 bar LK-1mol -1
T = 31.1 oC = 304.1 K
M = 44 g
p = 1 bar
8.8 0.083304.1
Thus, Volume (V)  
44 
1
= 5.04806 L
= 5.05 L
Hence, the volume occupied is 5.05 L.

uf
ev
er
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Question 18:
2.9 g of gas at 95 oC occupied the same volume as 0.184 g of dihydrogen at 17 oC, at the same
pressure. What is the molar mass of the gas?

Ed

Solution 18:
Volume (V) occupied by dihydrogen is given by,
m RT
V 
Mp
0.184 R 290
 2  p
Let M be the molar mass of the unknown gas. Volume (V) occupied by the unknown gas can
be calculated as:
m RT
V 
Mp
2.9 R 368
 M  p
According to the equation,
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0.184 R 290 2.9 R 368
2  p  M  p
0.184 290 2.9 368

 M
2
2.9 368 2
M  0.184 290

1
g
mol
40

Hence, the molar mass of the gas is 40 g mol-1.

om

Question 19:
A mixture of dihydrogen and dioxygen atone bar pressure contains 20% by weight of
dihydrogen. Calculate the partial pressure of dihydrogen.

Ed
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Solution 19:
Let the weight of dihydrogen be 20 g and the weight of dioxygen be 80 g.
20
Then, the number of moles of dihydrogen, nH 2  10 moles and the number of moles of
2
80
dioxygen, nO2  2.5 moles .
32
Given,
Total pressure of the mixture, Ptotal 1 bar
Then, partial pressure of dihydrogen,
nH 2
pH 2 
P
nH 2 nO2  total
10
10 2.5 1

0.8
 bar
Hence, the partial pressure of dihydrogen is 0.8 bar.

Question 20:
What would be the SI units for the quantity pV2T2/n?
Solution 20:
The SI units for pressure, p is Nm-2.
The SI unit for volume, V is m3.
The SI unit for temperature, T is K.
The SI unit for the number of moles, n is mol.
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pV 2T
Therefore, the SI unit for quantity
n

= 

2

2

is given by,

 K 

Nm-2 m3

2

mol
=Nm K mol -1
4

2

Question 21:
In terms of Charles’ law explain why -273 oC is the lowest possible temperature.

Ed
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Solution 21:
Charles’s law states that at constant pressure, the volume of a fixed mass of gas is directly
proportional to its absolute temperature.

It was found that for all gases (at any given pressure), the plots of volume vs. temperature
(inoC) is a straight line. If this line is extended to zero volume, then
it intersects the
temperature-axis at –273 oC. In other words, the volume of any gas at 273 oC is zero. This is
o
because all gases get liquefied before reaching a temperature of 273
C. Hence, it can be
o
concluded that – 273 C is the lowest possible temperature.

Question 22:
Critical temperature for carbon dioxide and methane are 31.1 oC and – 81.9 oC respectively.

5.Status of Matter
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Which of these has stronger intermolecular forces and why?
Solution 22:
Higher is the critical temperature of a gas, easier is its liquefaction. This means that the
intermolecular forces of attraction between the molecules of a gas are directly proportional to
its critical temperature. Hence, intermolecular forces of attraction are stronger in the case of
CO2.

Question 23:
Explain the physical significance of Van der Waals parameters.

ev
er
.c

om

Solution23:
The vander waals equation is an equation of state for a fluid composed of particles that have a
non-zero volume and a pair wise attractive inter-particle force( Vander waals force) The
equation is

Ed
uf

Physical significance of ‘a’:
‘a’ is a measure of the magnitude of intermolecular attractive forces within a gas.
Physical significance of ‘b’:
‘b’ is a measure of the volume of a gas molecule.
V is the total volume of the container containing the fluid.
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Question 1:
Choose the correct answer. A thermodynamic state function is a quantity
(i) used to determine heat changes
(ii) whose value is independent of path
(iii) used to determine pressure volume work
(iv) Whose value depends on temperature only.

r.c
om

Solution 1:
A thermodynamic state function is a quantity whose value is independent of a path.
Functions like p, V, T etc. depend only on the state of a system and not on the path.
Hence, alternative (ii) is correct.

Ed
u

fe

ve

Question 2:
For the process to occur under adiabatic conditions, the correct condition is:
(i) ∆T = 0
(ii) ∆p = 0
(iii) q = 0
(iv) w = 0
Solution 2:
A system is said to be under adiabatic conditions if there is no exchange of heat
between the system and its surroundings. Hence, under adiabatic conditions, q = 0.
Therefore, alternative (iii) is correct.

Question 3:
The enthalpies of all elements in their standard states are:
(i) unity
(ii) zero
(iii) < 0
(iv) different for each element
Solution 3:
The enthalpy of all elements in their standard state is zero. Therefore, alternative (ii)
is correct.

1
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Question 4:
∆Uθof combustion of methane is - X kJ mol-1. The value of ∆Hθ is
(i) = ∆ Uθ
(ii) > ∆Uθ
(iii) < ∆Uθ
(iv) = 0

∆Hθ = (-X) + ∆ngRT.
⇒∆ Hθ < ∆Uθ
Therefore, alternative (iii) is correct.

r.c
om

Solution 4:
Since ∆Hθ = ∆Uθ + ∆ngRT and ∆Uθ = -X kJ mol-1 ,

fe

ve

Question 5:
The enthalpy of combustion of methane, graphite and dihydrogen at 298 K
-1
-1
-1
are, -890.3 kJ mol , -393.5 kJ mol , and -285.8 kJ mol respectively. Enthalpy of

Ed
u

formation of CH4(g) will be
(i) -74.8 kJ mol-1
(ii) -52.27 kJ mol-1
(iii) +74.8 kJ mol-1

(iv) +52.26 kJ mol-1.

Solution 5:
According to the question,
(i)

CH4g( ) 2O2 g( ) CO2 (g ) 2H2O(l ); c H  890.3kJ mol1
(ii)

C(s) O2 g( ) CO2 (g ); c H  393.5kJ mol1
(ii)
2H 2g( ) O2g( ) 2H 2O (l ); c H  285.8kJ mol1
Thus, the desired equation is the one that represents the formation of CH4 (g) i.e.,
C (s) 2H 2g( ) CH 4g( ); f HCh4 C H C 
2 C H h2 C H Co2
1
 393.5  2* 285.8   890.3  74.8kJmol
Enthalpy of formation of CH4(g) = -74.8 kJ mol-1
Hence, alternative (i) is correct

2
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Question 6:
A reaction, A + B C + D + q is found to have a positive entropy change. The
reaction will be
(i) possible at high temperature
(ii) possible only at low temperature
(iii) not possible at any temperature
(iv) possible at any temperature

fe

ve

r.c
om

Solution 6:
For a reaction to be spontaneous, ∆G should be negative.
∆G = ∆H - T∆S
According to the question, for the given reaction,
∆S = positive
∆H = negative (since heat is evolved) ⇒∆G = negative
Therefore, the reaction is spontaneous at any temperature.
Hence, alternative (iv) is correct.

Ed
u

Question 7:
In a process, 701 J of heat is absorbed by a system and 394 J of work is done by the
system. What is the change in internal energy for the process?
Solution 7:
According to the first law of thermodynamics,
U = q + W (i)
Where,
U = change in internal energy for a process
q = heat
W = work
Given,
q = + 701 J (Since heat is absorbed)
W = -394 J (Since work is done by the system
Substituting the values in expression (i), we get
U = 701 J + (-394 J)
U = 307 J
Hence, the change in internal energy for the given process is 307 J.

3
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Question 8:
The reaction of cyanamide, NH2CN(s) with dioxygen was carried out in a bomb
calorimeter and U was found to be -742.7 KJ mol -1at 298 K. Calculate the
enthalpy change for the reaction at 298 K.
3
NH2CN (g)+
O2(g) N2 g +CO2 g +H2O l
 
 

2
Solution 8:
Enthalpy change for a reaction (∆H) is given by the expression,

Ed
u

fe

ve

r.c
om

H U ng RT
Where,
∆U = change in internal energy
∆ng= change in number of moles
For the given reaction,
n g= n g (products) - n g (reactants)
= (2 - 1.5) moles
n g = +0.5 moles
And, ∆U = -742.7 kJ mol-1
T = 298 K
R = 8.314 × 10 -3kJ mol -1 K -1
Substituting the values in the expression of ∆H:
∆H = (-742.7 kJ mol-1) + (+0.5 mol) (298 K) 8.314 × 10 -3kJ mol
= -742.7 + 1.2
∆H = -741.5kJ mol-1

-1

K

-1

Question 9:
Calculate the number of kJ of heat necessary to raise the temperature of 60 g of
aluminium from 35oC to 55 oC. Molar heat capacity of Al is 24 J mol -1K -1.
Solution9:
From the expression of heat (q),
q = m. c. ∆T
Where,
c = molar heat capacity
m = mass of substance
∆T = change in temperature
Substituting the values in the expression of
4
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60
q=  mol  24 J mol 1 K 1 20
 K 
27




q = 1066.7J
q= 1.07 kJ

r.c
om

Question 10:
Calculate the enthalpy change on freezing of 1.0 mol of water at 10.0 oC to ice
at - 10.0oC. ,∆fusH = 6.03 KJ mot -1at 0 oC.
Cp[H 2O(l) ] = 75.3 J mol-1K -1;
Cp[H 2O(s) ] = 36.8 J mol-1K -1.

Ed
u

fe

ve

Solution 10:
Total enthalpy change involved in the transformation is the sum of the following
changes:
(a) Energy change involved in the transformation of 1 mol of water at 10°C to 1
molof water at 0°C.
(b) Energy change involved in the transformation of 1 mol of water at 0° to 1 mol of
ice at 0°C.
(c) Energy change involved in the transformation of 1 mol of ice at 0°C to 1 mol of
ice at 10°C.
Total H C p H 2O 
l 
T
H freezing C p H 2O 
s T




= (75.3 J mol-1K -1) (0 - 10)K + (-6.03 × 10 3J mol -1) + (36.8 J mol-1K -1) (-10 - 0)K
= -753 J mol -1- 6030 J mol -1- 368 J mol -1
= -7151 J mol-1
= -7.151 kJ mol-1
Hence, the enthalpy change involved in the transformation is -7.151 kJ mol-1
Question 11:
Enthalpy of combustion of carbon to carbon dioxide is -393.5 kJ mol-1
Calculate the heat released upon formation of 35.2 g of CO2from carbon and
dioxygen gas.
Solution 11:
Formation of CO2 from carbon and dioxygen gas can be represented as
C( s ) O2( g ) CO2( g ) ; H 393.5 kJ mol 1
(1mole=44g)
Heat released in the formation of 44 g of CO2= 393.5 KJmol -1
5
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Heat released in the formation of 35.2 g of
CO 2=(393.5KJ)×(35.2g)/(44g)=314.8 KJ

Question 12:
Enthalpies of formation of CO(g), CO2(g), N2O(g)and N2O4(g) are -110 ,-393, 81 kJ
and 9.7 kJ mol-1 respectively. Find the value of ∆ rH for the reaction:

N2O 4(g) + 3CO(g) 
N O(g)
+ 3CO
2

2(g)







r.c
om

Solution 12:
∆rH for a reaction is defined as the difference between ∆fH value of products and
∆fH value of reactants.
r H f H product f H reac tan t



2(g)

ve

For the given reaction,
N2O 4(g) + 3CO(g) 
N O(g)
+ 3CO
2

Ed
u

fe

{ HNO
3 H CO } { H N O
3 H CO }
r H 
 f  2  f  2   f  2  f  

Substituting the values of ∆fH for N2O, CO2, N2O4, and CO from the question, we
get:
{81kJ mol1 3 393KJ mol1} {9.7kJ mol1 3 110KJ mol1}
r H 


1
r H 777.7kJmol
Hence, the value of ∆rH for the reaction is 777.7kJmol 1 .

Question 13:
Given
N 2 g 3H 2 g 
2 NH 3 g ; r H = -92.4 kJ mol -1
 
 
 
What is the standard enthalpy of formation of NH3 gas?
Solution 13:
Standard enthalpy of formation of a compound is the change in enthalpy that takes
place during the formation of 1 mole of a substance in its standard form from its
constituent elements in their standard state.
Re-writing the given equation for 1 mole of NH3(g),
1
3
N2 g  H 2 g 
2 NH3 g
 
2   2  
6
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Standard enthalpy of formation of NH3(g)
= ½ ∆rHθ
= ½ (-92.4 kJ mol-1)
= -46.2 kJ mol-1

om

Question 14:
Calculate the standard enthalpy of formation of CH3OH(l) from the following data:
3
CH3OH (l)  O2g( ) 
CO2( g ) 2 H 2O l ; r H  -726 kJ mol -1

2
C( g ) + O2( g ) 
CO2( g ) ; c H  -393 kJ mol -1

r.c

1
H 2( g )  O2( g ) 
H 2O (l) ; f H  -286 kJ mol -1 .
2

Ed
uf

ev
e

Solution 14:
The reaction that takes place during the formation of CH3OH(l) can be written as:
1
C(s) + 2H2O(g) + O2(g) 
CH3OH(l) (1)
2
The reaction (1) can be obtained from the given reactions by following the algebraic
calculations as:
Equation (ii) + 2 × equation (iii) - equation (i)
∆fHθ [CH3OH(l)] = ∆cHθ + 2∆fHθ [H2O(l)] - ∆rHθ
= (-393 kJ mol-1) + 2(-286 kJ mol-1) - (-726 kJ mol-1)
= (-393 - 572 + 726) kJ mol-1
∆fHθ [CH3OH(l)] = -239 kJ mol-1

Question 15:
Calculate the enthalpy change for the process
CCl4(g) → C(g) + 4Cl(g)
and calculate bond enthalpy of C-Cl in CCl4(g).
∆vapHθ (CCl ) = 30.5 kJ mol-1.
4

∆fHθ (CCl4) = -135.5 kJ mol-1.
∆aHθ (C) = 715.0 kJ mol-1, where ∆aHθ is enthalpy of atomisation
7
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∆aHθ (Cl2) = 242 kJ mol-1
Solution 15:
The chemical equations implying to the given values of enthalpies are:
(i) CCl4 l 
CCl4 g vap H  30.5kJ mol 1


 

C g a H  715.0 kJ mol 1
(ii ) C s 
 
 
(iii ) Cl2 g 
2Cl g a H  242 kJ mol 1
 

 

.c
o

m

CCl4 g f H 135.5 kJ mol 1
(iv) C g 4Cl g 
 
 
 
C g 4Cl g can be calculated
Enthalpy change for the given process CCl4 g 
 
 
 
using the following algebraic calculations as:
Equation (ii) + 2 × Equation (iii) - Equation (i) - Equation (iv)
∆H = ∆aHθ(C) + 2∆aHθ (Cl2) - ∆vapHθ - ∆fH

er

= (715.0 kJ mol-1) + 2(242 kJ mol-1) - (30.5 kJ mol-1) - (-135.5 kJ mol-1)
∆H = 1304 kJ mol-1

Ed

uf
ev

Bond enthalpy of C-Cl bond in CCl4 (g)
1304
1
 4 kJ mol
= 326 kJ mol-1

Question 16:
For an isolated system, ∆U = 0, what will be ∆S?
Solution 16:
∆S will be positive i.e., greater than zero.
Since ∆U = 0, ∆S will be positive and the reaction will be spontaneous.

Question 17:
For the reaction at 298 K,
2A + B → C
∆H = 400 kJ mol-1 and ∆S = 0.2 kJ K-1 mol-1
At what temperature will the reaction become spontaneous considering ∆H and ∆S
to be constant over the temperature range?

Solution 17:
8
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Question 18:
For the reaction,
2Cl ( g )  Cl2 g 
what are the signs of ∆H and ∆S ?

r.c
om

From the expression,
∆G = ∆H - T∆S
Assuming the reaction at equilibrium, ∆T for the reaction would be:
1
T 
 H G S
H
= 
S
(∆G = 0 at equilibrium)
400kJ mol 1
0.2kJ K mol
1
1
T = 2000 K
For the reaction to be spontaneous, ∆ G must be negative. Hence, for the given
reaction to be spontaneous, T should be greater than 2000 K.

Solution 18:
∆H and ∆S are negative
The given reaction represents the formation of chlorine molecule from chlorine
atoms. Here, bond formation is taking place. Therefore, energy is being released.
Hence, ∆H is negative.
Also, two moles of atoms have more randomness than one mole of a molecule. Since
spontaneity is decreased, ∆S is negative for the given reaction.

Question 19: For the reaction 2A(g) + B(g) → 2D(g)
g  B 
g 2 D 
g 
2 A 
∆Uθ = -10.5 kJ and ∆Sθ= -44.1 JK-1.
Calculate ∆Gθ for the reaction, and predict whether there action may occur
spontaneously.
Solution 19:
For the given reaction,
9
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g  B 
g 2 D 
g
2 A 
∆ng = 2 - (3)
= -1 mole



Substituting the value of ∆Uθ in the expression of ∆H:
∆Hθ = ∆Uθ + ∆ngRT
= (-10.5 kJ) - (-1) (8.314 × 10-3 kJ K-1 mol-1) (298 K)
= -10.5 kJ - 2.48 kJ
∆Hθ = -12.98 kJ

r.c
om

Substituting the values of ∆Hθ and ∆Sθ in the expression of ∆Gθ:
∆Gθ = ∆Hθ - T∆Sθ
= -12.98 kJ - (298 K) (-44.1 J K-1)
= -12.98 kJ + 13.14 kJ
∆Gθ = + 0.16 kJ

ve

Since ∆Gθ for the reaction is positive, the reaction will not occur spontaneously.

fe

Question 20:

Ed
u

The equilibrium constant for a reaction is 10. What will be the value of ∆ Gθ ? R =
8.314 JK-1 mol-1, T = 300 K.
Solution 20:
From the expression,
∆Gθ = -2.303 RT logKeq
∆Gθ for the reaction,

= (2.303) (8.314 JK-1 mol-1) (300 K) log10
= -5744.14 Jmol-1
= -5.744 kJ mol-1

Question 21:
Comment on the thermodynamic stability of NO(g), given
1
1
NO 
g  O2g  NO2 g : r H  90 kJ mol 1
2
2
10
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1
NO g  O2 g 
O2 g : r H  74 kJ mol 1
  2  
 

.c
o

m

Solution 21:
The positive value of ∆rH indicates that heat is absorbed during the formation of
NO(g). This means that NO (g) has higher energy than the reactants (N2 and O2).
Hence, NO(g) is unstable.
The negative value of ∆rH indicates that heat is evolved during the formation of
NO2(g) from NO(g) and O2(g). The product, NO2(g) is stabilized with minimum
energy.
Hence, unstable NO(g) changes to unstable NO2(g).

uf
ev

Solution 22:

er

Question 22:
Calculate the entropy change in surroundings when 1.00 mol of H2O(l) is formed
under standard conditions. ∆fHθ = -286 kJ mol-1.

Ed

It is given that 286 kJ mol-1 of heat is evolved on the formation of 1 mol of H2O(l).
Thus, an equal amount of heat will be absorbed by the surroundings.
qsurr = +286 kJ mol-1
q
Entropy change (∆Ssurr) for the surroundings = Surr
7
286kJ mol 1

298k
∆Ssurr = 959.73 J mol-1 K-1

11
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Question 1:
A liquid is in equilibrium with its vapour in a sealed container at a fixed temperature. The
volume of the container is suddenly increased.
(a) What is the initial effect of the change on vapour pressure?
(b) How do rates of evaporation and condensation change initially?
(c) What happens when equilibrium is restored finally and what will be the final vapour
pressure?

Solution 1:

Ed

Question 2:

uf
ev
er
.c

om

(a) If the volume of the container is suddenly increased, then the vapour pressure would
decrease initially. This is because the amount of vapour remains the same, but the volume
increases suddenly. As a result, the same amount of vapour is distributed in a larger
volume.
(b) Since the temperature is constant, the rate of evaporation also remains constant. When the
volume of the container is increased, the density of the vapour phase decreases. As a result,
the rate of collisions of the vapour particles also decreases. Hence, the rate of condensation
decreases initially.
(c) When equilibrium is restored finally, the rate of evaporation becomes equal to the rate of
condensation. In this case, only the volume changes while the temperature remains
constant. The vapour pressure depends on temperature and not on volume. Hence, the final
vapour pressure will be equal to the original vapour pressure of the system.

What is Kc for the following equilibrium when the equilibrium concentration of each substance
is: [SO2]= 0.60 M, [O2] = 0.82 M and [SO3] = 1.90 M ?

2SO2 (g ) O2 g( ) 2SO3 (g )

Solution 2:
The equilibrium constant (Kc) for the give reaction is:
2
SO3
K c=  2 
SO 2 O 2

  
2
1.90  M 2

=
2
3
0.60  (0.821)M

=12.239 M-1(approximately)
Hence, Kc for the equilibrium is 12.239 M–1.

7.Equilibrium
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Question 3:
At a certain temperature and total pressure of 105Pa, iodine vapour contains 40% by volume
of I atoms
I2 ( g) 2I( g) . Calculate Kp for the equilibrium.

Solution 3:

uf
ev
er
.c

(4 10 4) Pa 2
 6 10 4 Pa

4
2.67

10 Pa

Ed

12

om

Partial pressure of I atoms,
40
p1 
ptotal
100 
40
5
100 10
4
4 10 Pa
Partial pressure of I2molecules,
60
p12 
ptotal
100 
60
5
100 10
4
6 10 Pa
Now, for the given reaction,
2
pI


K p 
p

Question 4:
Write the expression for the equilibrium constant, Kc for each of the following reactions:
(i) 2NOCI(g)2NO(g) + Cl2 (g)
(ii) 2Cu(NO3 )2 (s) 2CuO(s) + 4NO2 (g) + O
2 (g)
(iii) CH3 COOC2 H5 (aq) + H2 O(1)CH 3COOH(aq) + C2 H5 OH(aq)
(iv) Fe3+ (aq)+3OH- (aq)Fe(OH)3 (s)
(v) I2(s)+5F2 2IF5

Solution 4:

7.Equilibrium
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2

Cl
NO( g ) 
 
 2(2 g ) 

(i) Kc  
NOCl
( g ) 



2

4

uf
ev
er
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om

NO
O
CuO( s ) 
 
 2( g ) 
 
 2( g ) 

(ii) K c  
2
Cu (NO 3 ) 2( s ) 



4
NO
O

 2( g ) 
 
 2( g ) 

CH
COOH
C H OH
CH COOH( aq ) C2H 5OH ( aq ) 
( aq ) 
 3
 2 5 ( aq ) 
  
 3


(iii) Kc  
CH
COOC
H
H
O
CH
COOC
H
2 5( aq )  2 ( l) 
2 5( aq ) 


 3


 3

Fe
OH
(
)
3( s ) 

 3
(iv) Kc  
3

Fe
OH

 ( aq ) 
 ( aq ) 

1
 3
3
Fe ( aq ) OH(aq ) 




2
IF
(v) Kc   5  5
I
F

 2( s ) 
 2 
2
IF
5
 5

F2

Question 5:

Ed

 

Find out the value of Kc for each of the following equilibria from the value of Kp:
10 2 at 500 K
(i) 2 NOCI ( g ) 2 NO(g ) Cl2 ( g ); K p 1.8 
(ii) CaCO3 (s ) CaO(s) CO2g( ); K p 167 at 1073K

Solution 5:
The relation between Kp and Kc is given as:
K p KcRT
( )n
(a) Here,
Δn = 3 – 2 = 1
R = 0.0831 barLmol–1K–1
T = 500 K
Kp= 1.8 × 10–2
Now,
K p KcRT
( )n

7.Equilibrium
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2

1
K c (0.0831 500)
1.8 
10 2
K
 c  0.0831 500

4 (approximately)
4.33
10


(b)Here,
Δn = 2 – 1 = 1
R = 0.0831 barLmol–1K–1T
= 1073 K
Kp= 167
Now,
K p KcRT
( )n

10
1.8 

uf
ev
er
.c

Question 6:

om

1073) n
167 K c (0.0831 
167
K c  0.0831 1073

1.87
(approximately)


10 14 at 1000K
For the following equilibrium, Kc 6.3

NO(g ) O3 (g ) NO2 (g ) O2 g( )

Solution 6:

Ed

Both the forward and reverse reactions in the equilibrium are elementary bimolecular
reactions. What is Kc, for the reverse reaction?

It is given that Kc for the forward reaction is 6.3 
10 14
1
Then, Kc for the reverse reaction will be, K 'C 
KC
1
6.3 10 14

10 15
1.59

Question 7:
Explain why pure liquids and solids can be ignored while writing the equilibrium constant
expression?

Solution 7:
For a pure substance (both solids and liquids),
7.Equilibrium
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Number of moles
Volume
Mass/molecular mass
=
Volume
Mass
=
Volume×Molecular mass
Density
=
Molecular mass
Now, the molecular mass and density (at a particular temperature) of a pure substance is
always fixed and is accounted for in the equilibrium constant. Therefore, the values of pure
substances are not mentioned in the equilibrium constant expression.
[Pure substance]=

Reaction between N2and O 2takes place as follows:

2N2g( )



O2 g( )

om

Question 8:
 2N2O(g )

uf
ev
er
.c

If a mixture of 0.482 mol of N2and 0.933 mol of O 2is placed in a 10 L reaction vessel and
allowed to form N2O at a temperature for which Kc= 2.0 10 –37, determine the composition
of equilibrium mixture.

Solution 8:

Ed

Let the concentration of N2O at equilibrium be x.
The given reaction is:
O2g( )
2 N 2g( ) 
 2 N 2O (g )
Initial conc. 0.482 mol
0.933 mol
0
At equilibrium (0.482-x)mol (1.933-x)mol xmol
Therefore, at equilibrium, in the 10 L vessel:
x
0.482 x
0.933 x / 2
[ N2 ] 
,[O2 ] 
,[ N2O ] 
10
10
10
The value of equilibrium constant i.e. Kc= 2.0 10 –37is very small. Therefore, the amount of
N2and O 2reacted is also very small. Thus, x can be neglected from the expressions of molar
concentrations of N2and O 2. Then,
0.482
0.933
[ N2 ] 
0.0482molL-1and[ O2 ] 
0.0933molL-1


10
10
Now,
2

N 2O ( g ) 
K C   2 
N
O

 2( g ) 
 
 2( g ) 


7.Equilibrium
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37
2.0 10

 x 
10 
 

2
0.0482 0.0933

x2
2
37
100 2.0 10 0.0482 0.0933
2
10 40
x 43.35
x 6.6 
10 20

x 6.6 10 20
N 2O   
  10
10
21
6.6 10

om

Question 9:

Nitric oxide reacts with Br2and gives nitrosyl bromide as per reaction given below:

uf
ev
er
.c

2NO(g ) Br2 ( g ) 2NOBr( g )

When 0.087 mol of NO and 0.0437 mol of Br2are mixed in a closed container at constant
temperature, 0.0518 mol of NOBr is obtained at equilibrium. Calculate equilibrium amount of
NO and Br2.

Solution9:
The given reaction is:

2NOBr(g)
2mol 1mol
2mol
Now, 2 mol of NOBr are formed from 2 mol of NO. Therefore, 0.0518 mol of NOBr are
formed from 0.0518 mol of NO.
Again, 2 mol of NOBr are formed from 1 mol of Br.
0.0518
Therefore, 0.0518 mol of NOBr are formed from
mol of Br, or 0.0259 mol of NO.
2
The amount of NO and Br present initially is as follows:
[NO] = 0.087 mol [Br2] = 0.0437 mol
Therefore, the amount of NO present at equilibrium is:
[NO] = 0.087 – 0.0518 = 0.0352 mol
And, the amount of Br present at equilibrium is:
[Br2] = 0.0437 – 0.0259 = 0.0178 mol
2(g)

Ed

2NO(g)+Br

Question 10:
10 10 /bar for the given reaction at equilibrium.
At 450 K, K p 2.0 
7.Equilibrium
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2SO2( g ) O2( g ) 2SO3(g )
What is Kc at this temperature?

Solution 10:
For the given reaction,
n = 2 – 3 = – 1
T = 450 K
R = 0.0831 bar L bar K–1mol –1
K p 2.0
10 10 bar –1
We know that,
K P KC ( RT )n
1



om

10
1
0.0831Lbar K 1 mol1 450 K
2.0 10 bar KC 

2.0 1010 bar 1
KC 
1
0.0831Lbar K 1 mol 1 450 K
10 1
1
1


0.0831Lbar K mol 450 K
 2.0 10 bar



1
74.79 10 L mol



uf
ev
er
.c

14

Question 11:

Ed

A sample of HI (g)is placed in flask at a pressure of 0.2 atm. At equilibrium the partial pressure
of HI(g)is 0.04 atm. What is Kpfor the given equilibrium?

2HI( g) H2g( ) I2 ( g )

Solution 11:

The initial concentration of HI is 0.2 atm. At equilibrium, it has a partial pressure of 0.04 atm.
Therefore, a decrease in the pressure of HI is 0.2 – 0.04 = 0.16. The given reaction is:
H 2( g )
2 HI ( g )

 I 2( g )
Initial conc. 0.2 atm
0
0
At equilibrium 0.04atm

0.16
2
0.08atm

2.15
2
0.08atm

Therefore,
Hence, the value of Kpfor the given equilibrium is 4.0.

7.Equilibrium
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Question 12:
A mixture of 1.57 mol of N 2, 1.92 mol of H2and 8.13 mol of NH 3 is introduced into a 20 L
reaction vessel at 500 K. At this temperature, the equilibrium constant, Kc for the reaction
2
N 2(g)+3H (g)
2
2NH 3(g)is 1.7 10
Is the reaction mixture at equilibrium? If not, what is the direction of the net reaction?

Solution12:
The given reaction is:

  
2
8.13

uf
ev
er
.c

Now, reaction quotient Qcis:
2
NH
QC   3  3
N2 H 2

om

N 2(g) +3H 2(g) 2NH 3(g)
The given concentration of various species is
1.57
1.92
[N 2]=
mol L-1 [H 2]=
mol L-1
20
20
8.13
[NH3]=
mol L-1
20

Ed

 20 
 3
 
1.57 1.92 
 20  20 



3
2.4 10
Since, ��≠ ��, the reaction mixture is not at equilibrium.
Again, ��>��. Hence, the reaction will proceed in the reverse direction.

Question 13:
The equilibrium constant expression for a gas reaction is,
4
5
NH3 O2 

KC 
4
6
NO H 2O

 



Write the balanced chemical equation corresponding to this expression.

Solution13:
The balanced chemical equation corresponding to the given expression can be written as:
4NO (g)
+ 6H O2 (g) 4NH 3(g) 5O2(g)

7.Equilibrium
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Question 14:
One mole of H2O and one mole of CO are taken in 10 L vessel and heated to 725 K. At
equilibrium 40% of water (by mass) reacts with CO according to the equation,
H 2(g) + CO(g) H 2( g ) CO 2(g)
Calculate the equilibrium constant for the reaction.

Solution14:


1
M
10
1 0.4
At equilibrium  M
10
M
0.06

Initial conc.

CO( g )
1
M
10
1 0.4
M
10
0.06M



0

0

0.4
M
10
0.04 M

0.4
M
10
0.04M



 

Ed

Question 15:

uf
ev
er
.c

Therefore, the equilibrium constant for the reaction,
H CO
K C   2  2 
H 2O CO
0.04 0.04
 0.06 0.06

0.444
(approximately)


 CO2( g )

H 2( g )

om

The given reaction is:
H 2O ( g )

At 700 K, equilibrium constant for the reaction
H 2(g) + I2(g) 2HI (g)
is 54.8. If 0.5 molL–1of HI (g)is present at equilibrium at 700 K, what are the concentration of
H2(g) and I2(g) assuming that we initially started with HI(g) and allowed it to reach equilibrium at
700 K?

Solution 15:
It is given that equilibrium constant ��for the reaction
H 2(g) + I2(g) 2HI (g) is 54.8.
Therefore, at equilibrium, the equilibrium constant K 'C for the reaction
2HI (g) H 2(g) + I2(g)
[HI] = 0.5 molL-1will be 1/54.8.
Let the concentrations of hydrogen and iodine at equilibrium be x molL–1
7.Equilibrium
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[ H 2 ] [ I 2 ]  x molL1
[ H 2 ][ I 2 ]
Therefore,
K 'C
[ HI ]2 
x x
1
(0.5)2 54.8
0.25
2
x 54.8
x 0.06754


x 0.068molL1(approximately)
Hence, at equilibrium, [ H 2 ] [ I 2 ] 0.068 molL1

Question 16:

Solution16:
The given reaction is:
2ICI( g )



Now, we can write,
[ I 2 ][CI 2 ]
K C
2
ICI
 
x x
0.14

2 
x
0.78
2
  
x2
0.14

2 
x
0.78
2



x
0.78 2 x 0.374

x
0.292

0.748x
x
1.748
0.292


x 0.167

Hence, at equilibrium,

7.Equilibrium

I 2( g )

0
xM

CI2( g )

0
xM

Ed

Initial conc. 0.78 M
At equilibrium (0.782 x)M

uf
ev
er
.c

om

What is the equilibrium concentration of each of the substances in the equilibrium when the
initial concentration of ICl was 0.78 M?
2ICI(g) I 2(g) +CI 2(g) ; K c 0.14
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[ H 2 ] [ I 2 ] 0.167 M
[ HI ] (0.78 
2 0.167)M
0.446M

Question 17:
Kp= 0.04 atm at 899 K for the equilibrium shown below. What is the equilibrium
concentration of C2H6when it is placed in a flask at 4.0 atm pressure and allowed to come to
equilibrium?
C 2H 6(g) C 2H 4(g) +H (g)
2

Solution 17:

0
p

Ed

p  p
 40 p 0.04

2
 p 0.16 0.04 p

0
p

uf
ev
er
.c

Initial conc. 4.0 atm
At equilibrium 4.0p
We can write,
pC2H 4 pH 2
K p
pC2H 6

om

Let p be the pressure exerted by ethene and hydrogen gas (each) at equilibrium. Now,
according to the reaction,
C2H 6( g )  C 2H 4( g ) 
H 2( g )

2
 p 0.04 p 0.16 0

2

0.04  0.04 
4 1 ( 0.16)
Now, p  
2 
1
0.04 0.08

2
0.76
(Taking positive value)
 2
= 0.38
Hence, at equilibrium,
[C2H 6 ] 4 p 4 0.38
3.62 atm

7.Equilibrium
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Question 18:
Ethyl acetate is formed by the reaction between ethanol and acetic acid and the equilibrium is
represented as:
CH 3COOH (l ) C2H 5OH l( ) CH 3COOC 2H l5 ( ) H 2O (l )
(i) Write the concentration ratio (reaction quotient), Qc, for this reaction (note: water is not in
excess and is not a solvent in this reaction)
(ii) At 293 K, if one starts with 1.00 mol of acetic acid and 0.18 mol of ethanol, there is 0.171
mol of ethyl acetate in the final equilibrium mixture. Calculate the equilibrium constant.
(iii)Starting with 0.5 mol of ethanol and 1.0 mol of acetic acid and maintaining it at293 K, 0.214
mol of ethyl acetate is found after sometime. Has equilibrium been reached?

Solution 18:

uf
ev
er
.c

om

CH COOC 2H 5 H 2O
 
(i) Reaction quotient, QC   3
CH 3COOH C H2 OH

 5 
(ii) Let the volume of the reaction mixture be V. Also, here we will consider that water is a
solvent and is present in excess.
The given reaction is:
CH 3COOH ( l ) 
C2H 5OH (l ) 
CH 3COOC 2H 5( l )
 H 2O ( l )
1
0.18
M
M
V
V
1 0.17
0.18 0.171
M
M
At equilibrium
V
V
0.829
0.009
 V M
 V M
Therefore, equilibrium constant for the given reaction is:
CH COOC 2H 5 H 2O
 
K C   3
CH COOH C H OH



3

0
0.171
M
V

0
0.171
M
V

Ed

Initial conc.

 2

5



0.171 0.171
V  V
 0.829 0.829 3.919
V  V
3.92 (approximately)
(iii)Let the volume of the reaction mixture be V.

7.Equilibrium
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CH 3COOH ( l )



1.0
M
V
10 0.214
M
At equilibrium
V
0.786
 V M
Therefore, the reaction quotient is,
CH COOC2H 5 H 2O
 
QC   3
CH COOH C H OH
Initial conc.

3

 2

5

CH 3COOC 2H 5( l )

0.5
M
V
0.5 0.214
M
V
0.286
 V M

0
0.214
M
V



H 2O ( l )
0
0.214
M
V



uf
ev
er
.c

0.214 0.214
V  V
 0.786 0.786 3.919
V  V
0.2037
0204 (approximately)
Since QC K C , equilibrium has not been reached.

Question 19:



om



C2H 5OH (l )

Solution 19:

Ed

A sample of pure PCl 5was introduced into an evacuated vessel at 473 K. After equilibrium
was attained, concentration of PCl5was found to be 0.5 10 –1mol L –1. If value of Kc is
8.3 10 –3, what are the concentrations of PCl3and Cl 2at equilibrium?
PCl5(g) PCl3(g) + Cl 2 (g)

Let the concentrations of both PCl3and Cl 2at equilibrium be x molL–1. The given reaction
is:
PCl5( g )
PCl3( g ) 
Cl2( g )

x mol L1
x mol L1
At equilibrium 0.5
10 1 mol L1
It is given that the value of equilibrium constant, Kcis 8.3 10-3.
Now we can write the expression for equilibrium as:
[ PCl2 ][Cl2 ]
KC
[ PCl5 ] 
x x
10 3
0.5 10 1 8.3 
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2
4
 x 4.15 10
x 2.04 102

0.0204
0.02 (approximately)
Therefore, at equilibrium,
[ PCl3 ] [Cl2 ] 0.02 mol L1.

Question 20:

om

One of the reactions that takes place in producing steel from iron ore is the reduction of iron
(II) oxide by carbon monoxide to give iron metal and CO2.
FeO(s) CO (g ) Fe(s) CO2g( ); K p 0.0265at 1050 K.
What are the equilibrium partial pressures of CO and CO2at 1050 K if the initial partial
pressures are: pCO= 1.4 atm and P��2= 0.80 atm?

For the given reaction,
FeO( g )

p
Q p  CO2
pCO
0.80
 1.4

1.4 atm

CO( g )



Fe( s )

 CO2( g )
0.80 atm

Ed

Initialy,



uf
ev
er
.c

Solution 20:

0.571
It is given that Kp= 0.265.
Since Q p K p , the reaction will proceed in the backward direction.
Therefore, we can say that the pressure of CO will increase while the pressure of CO2 will
decrease.
Now, let the increase in pressure of CO = decrease in pressure of CO 2be p. Then, we can
write,

7.Equilibrium
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pCO
K p  2
pCO
0.80  p
0.265  1.4 p

p 0.80  p
0.371
0.265


1.265 p 0.429
p 0.339 atm

Therefore, equilibrium partial of CO2p,

0.080 0.339 0.461atm.
And, equilibrium partial pressure of CO,p CO 1.4 0.339 1.739atm.
CO2

Question 21:

Solution 21:
The given reaction is:
N 2( g )

uf
ev
er
.c

om

Equilibrium constant, Kc for the reaction
N 2(g) + 3H (g)
2
 2NH 3(g) at 500 K is 0.061.
At a particular time, the analysis shows that composition of the reaction mixture is 3.0 mol
L–1N 2, 2.0 mol L–1H 2and 0.5 mol L –1NH 3. Is the reaction at equilibrium? If not in which
direction does the reaction tend to proceed to reach equilibrium?

2

QC 

NH3 

3

N2 H2 

3H 2( g )

2.0mol L1

2 NH 3( s )



0.5 mol L1

Ed

At a particular time: 3.0 mol L1
Now, we know that,



2

0.5

(3.0)(2.0)3
0.0104
It is given that KC= 0.061.
Since QC  K C , the reaction is not at equilibrium.
Since QC K C , the reaction will proceed in the forward direction to reach equilibrium.

Question 22:
Bromine monochloride, BrCl decomposes into bromine and chlorine and reaches the
equilibrium:

7.Equilibrium
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2BrCl(g) Br2(g) + Cl 2 (g)

for which Kc= 32 at 500 K.
If initially pure BrCl is present at a concentration of 3.3 10 -3molL -1, what is its molar
concentration in the mixture at equilibrium?

Solution 22:
Let the amount of bromine and chlorine formed at equilibrium be x. The given reaction is:
Br2( g ) 
Cl2( g )
2BrCl( g ) 

At equilibrium 3.3103 2 x
Now, we can write,
[ Br2 ][Cl2 ]
KC
[ BrCl ]2 
x x
32

2 
3

3.3 10 2 x 
x
3.3 10 3 2 x 5.66


x
18.678
10 3 11.32 x



0

0

x

x

om

3.3
10 3

uf
ev
er
.c

Initial conc.

10 3
12.32 x 18.678 
x 1.5 
10 3

Therefore, at equilibrium
[ BrCl] 3.3 
10 3 (2 1.5 103 )

Ed

10 3 3.0 103
3.3 
10 3
0.3 
4
1
3.0 10 molL

Question 23:
At 1127 K and 1 atm pressure, a gaseous mixture of CO and CO2 in equilibrium with solid
carbon has 90.55% CO by mass
C (s) CO2g( ) 2CO (g )
Calculate Kc for this reaction at the above temperature.

Solution23:
Let the total mass of the gaseous mixture be 100 g.
Mass of CO = 90.55 g
And, mass of CO2= (100 – 90.55) = 9.45 g

7.Equilibrium
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.c

3.234
3.234 0.215 1

0.938atm

nCO2
ptotal
Partial pressure of CO2, pCO2 
nCO nCO2 
0.215
3.234 0.215 1

0.062atm

Therefore,
[CO]2
K p 
[CO2 ]
2

Ed

0.938


0.062
14.19
For the given reaction,
n = 2 – 1 = 1
We know that,
K p KC ( RT )n

om

90.55
Now, number of moles of CO, nCO 
3.234mol
28 
9.45
Number of moles of CO2, nCO2 
0.215mol
44 
nCO
ptotal
Partial pressure of CO, pCO 
nCO nCO2 

1
14.19  K C (0.082 1127)
14.19
 K C  0.082 1127

0.154
(approximately)


Question 24:
Calculate
a) G o and
b) the equilibrium constant for the formation of NO2 from NO and O2at 298 K
NO(g ) 1 O2g( ) NO2 g( )
2
Where:

7.Equilibrium
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o

f G (NO )2 = 52.0kJ/mol
o
f G (NO) = 87.0kJ/mol
o

f G (O )2 = 0kJ/mol

=1.36 106

uf
ev
er
.c

(a) For the given reaction,
o
o
o
G = G ( Products) – G (Reactants)
o
+ 0}
G = 52.0 – {87.0
–1
= – 35.0 kJ mol
(b) We know that,
o
G = RT log K c
o
G = 2.303 RT log K c
3
35.0 10
log K c 
2.303 8.314 298
6.134
K c  antilog (6.134)

om

Solution 24:

Hence, the equilibrium constant for the given reaction Kcis 1.36 
10 6 .

Question 25:

Ed

Does the number of moles of reaction products increase, decrease or remain same when each
of the following equilibria is subjected to a decrease in pressure by increasing the volume?
(a) PCl5 ( g )  PCl3 ( g ) Cl2 ( g )
(b) CaO(s) CO2g( ) CaCO3 s( )
(c) 3Fe(s) 4 H 2O (g ) Fe3O4s( ) 4 H 2g( )

Solution 25:
(a) The number of moles of reaction products will increase. According to Le Chatelier’s
principle, if pressure is decreased, then the equilibrium shifts in the direction in which the
number of moles of gases is more. In the given reaction, the number of moles of gaseous
products is more than that of gaseous reactants. Thus, the reaction will proceed in the
forward direction. As a result, the number of moles of reaction products will increase.
(b) The number of moles of reaction products will decrease.
(c) The number of moles of reaction products remains the same.

Question 26:
7.Equilibrium
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Which of the following reactions will get affected by increasing the pressure?
Also, mention whether change will cause the reaction to go into forward or backward
direction.
(i) COCl2 ( g ) CO(g ) Cl2 ( g )
(ii) CH 4g( ) 2 S 2 ( g ) CS 2 ( g ) 2 H 2S g( )
(iii) CO2g( ) C (s) 2CO (g )
(iv) 2 H 2g( ) CO(g ) CH 3OH (g )
(v) CaCO3s( ) CaO(s) CO2g( )
(vi) 4 NH 3g( ) 5O2g( ) 4 NO(g ) 6 H 2O (g )

Solution 26:

uf
ev
er
.c

om

The reactions given in (i), (iii), (iv), (v), and (vi) will get affected by increasing the pressure.
The reaction given in (iv) will proceed in the forward direction because the number of moles
of gaseous reactants is more than that of gaseous products.
The reactions given in (i), (iii), (v), and (vi) will shift in the backward direction because the
number of moles of gaseous reactants is less than that of gaseous products.

Question 27:

Solution 27:

Ed

The equilibrium constant for the following reaction is 1.6 105at 1024 K.
H 2g( ) Br2 ( g ) 2 HBr (g )
Find the equilibrium pressure of all gases if 10.0 bar of HBr is introduced into a sealed
container at 1024 K.

Given,
��for the reaction i.e., H 2( g ) Br2( g ) 2 HBr( g ) is 1.6
10 .5
Therefore, for the reaction 2 HBr( g )  H 2( g ) Br2( g ) , the equilibrium constant will be,

1
K ' p 
Kp
1

1.6 105
6
6.25 10
Now, let p be the pressure of both H 2and Br 2at equilibrium.
H 2( g ) 
Br2( g )
2HBr( g )

Initial conc.
10
At equilibrium 102 p
Now, we can write,

7.Equilibrium
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pHBr p2
2
K ' p
pHBr
p p
6.25
10 6
2 
p
(102 )
p
2.5
10 3

10 2 p
10 ) p
(5.0
p (5.0
10 3 ) p 2.5
10 2
(100510 3 ) p 2.5
10 2
p 2.5
10

2





[HBr] =10 - 2 2.49 102 bar

Question 28:

uf
ev
er
.c

= 9.95 bar = 10 bar (approximately)

om

p 2.49
10 2 bar = 2.510 2 bar (approximately)
Therefore, at equilibrium,
2 bar
[H 2] = [Br 2] = 2.49 10


Ed

Dihydrogen gas is obtained from natural gas by partial oxidation with steam as per following
endothermic reaction:
CH 4g( ) H 2O (g ) Co(g ) 3H 2g( )
(a) Write as expression for Kpfor the above reaction.
(b) How will the values of Kpand composition of equilibrium mixture be affected by
(i) Increasing the pressure
(ii) Increasing the temperature
(iii)Using a catalyst?

Solution 28:
(a) For the given reaction,
pCO pH3 2
K p 
pCH 4 pH 2O
(b)
(i) According to Le Chatelier’s principle, the equilibrium will shift in the backward
direction.
(ii) According to Le Chatelier’s principle, as the reaction is endothermic, the equilibrium
will shift in the forward direction.
(iii)The equilibrium of the reaction is not affected by the presence of a catalyst. A catalyst
only increases the rate of a reaction. Thus, equilibrium will be attained quickly.

7.Equilibrium
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Question 29:
Describe the effect of:
a) Addition of H2
b) Addition of CH3OH
c) Removal of CO
d) Removal of CH3OH on the equilibrium of the reaction:
2 H 2g( ) CO(g ) CH 3OH (g )

Solution 29:

om

(a) According to Le Chatelier’s principle, on addition of H2, the equilibrium of the given
reaction will shift in the forward direction.
(b) On addition of CH3OH, the equilibrium will shift in the backward direction.
(c) On removing CO, the equilibrium will shift in the backward direction.
(d) On removing CH3OH, the equilibrium will shift in the forward direction.

uf
ev
er
.c

Question 30:

Ed

At 473 K, equilibrium constant Krfor decomposition of phosphorus pentachloride, PCl5is
8.3 10-3. If decomposition is depicted as,
PCl5 ( g ) PCl3 ( g ) Cl2 ( g ) r H o 124.0 kJmol 1
a) Write an expression for K c for the reaction.
b) What is the value of Kc for the reverse reaction at the same temperature?
c) What would be the effect on Kc if
(i) more PCl5is added
(ii) pressure is increased?
(iii)The temperature is increased?

Solution 30:

[ PCl3( g ) ][Cl2( g ) ]
(a) K c 
[ PCl ]
5( g )

(b) Value of K cfor the reverse reaction at the same temperature is:
1
K 'c 
Kc
1
2
8.3 103 1.204810

120

48
(c) (i) Kc would remain the same because in this case, the temperature remains the same.
(ii) Kc is constant at constant temperature. Thus, in this case, Kcwould not change.
(iii) In an endothermic reaction, the value of Kc increases with an increase in temperature.
Since the given reaction in an endothermic reaction, the value of Kcwill increase if the
temperature is increased.
7.Equilibrium
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Question 31:
Dihydrogen gas used in Haber’s process is produced by reacting methane from natural gas
with high temperature steam. The first stage of two stage reaction involves the formation of
CO and H2. In second stage, CO formed in first stage is reacted with more steam in water gas
shift reaction,
CO(g ) H 2O (g ) CO2g( ) H 2g( )
If a reaction vessel at 400°C is charged with an equimolar mixture of CO and steam such that
pCO  pH 2O 4.0 bar, what will be the partial pressure of H 2at equilibrium?
Kp= 10.1 at 400°C

Solution 31:

 (4.0
p

3.178
 p
p 12.712 3.178 p

4.178 p 12.712
p 3.04

Hence, at equilibrium, the partial pressure of H2will be 3.04 bar.

Ed

 40

p  p
10.1
 p )(4.0  p )

uf
ev
er
.c

om

Let the partial pressure of both carbon dioxide and hydrogen gas be p. The given reaction is:
CO( g ) 
H 2O( g )  CO2( g ) 
H 2( g )
Initial conc. 4.0 bar
4.0 bar
0
0
p
p
At equilibrium 4.0p
4.0 p
It is given that Kp= 10.1
Now,
pco2  p2
Kp
pCO  pH 2O 

Question 32:
Predict which of the following reaction will have appreciable concentration of reactants and
products:
a) Cl2 ( g ) 2Cl ( g ); K c 
5 10 39
b) Cl2 ( g ) 2 NO(g ) 2 NOCl ( g ); K c 3.7 
10
c) Cl2 ( g ) 2 NO2g( ) 2 NO2Cl ( g ); K c 1.8

8

Solution 32:
7.Equilibrium
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If the value of Kc lies between 10–3and 10 3, a reaction has appreciable concentration of
reactants and products. Thus, the reaction given in (c) will have appreciable concentration of
reactants and products.

Question 33:
The value of Kc for the reaction 3O2g( ) 2O3g( )is 2.0 
10 50 at 25°C. If the equilibrium
concentration of O2in air at 25°C is 1.6 10–2, what is the concentration of O3?

Solution 33:
The given reaction is:
3O2g( ) 2O3g( )

50

and [ O2( g ) ] 1.6 
10 .2

uf
ev
er
.c

10
It is given that KC 2.0 
Then, we have,
[O3( g ) ]2
50
2.0 10 =
[1.6102 ]3

om

[O3( g ) ]2
Then, KC 
[O2( g ) ]3

3

2
50
1.6 102
[O3( g ) ] 2.0 10 

2
50

[O3( g ) ] 8.19210
28
[O3( g ) ] 2.8610 M

Ed

Hence, the concentration of O3is 2.86 
10

28

M.

Question 34:
The reaction, CO(g ) 3H 2g( ) CH 4g( ) H 2O (g ) is at equilibrium at 1300 K in a 1L flask.
It also contain 0.30 mol of CO, 0.10 mol of H2and 0.02 mol of H 2O and an unknown amount
of CH4in the flask. Determine the concentration of CH 4in the mixture.
The equilibrium constant, Kc for the reaction at the given temperature is 3.90.

Solution 34:
Let the concentration of methane at equilibrium be x.
CO( g )
3H 2( g ) 
CH 4( g )

0.3
0.1
At equilibrium
0.3M
0.1M
x
1
1 
It is given that Kc= 3.90.
7.Equilibrium



H 2O ( g )
0.02
0.02 M
1 
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Therefore,
CH
HO

 4( g ) 
 2 ( g ) 
 K
3  c
CO
H

 ( g ) 
 2( g ) 

x 0.02
 0.3 (0.1)3 3.90

3.90 0.3 (0.1)3
x

0.02
0.00117
 0.02
0.0585M

om

2
5.85 10 M
Hence, the concentration of CH4at equilibrium is 5.85 10 –2M.

Question 35:

Solution 35:

uf
ev
er
.c

What is meant by the conjugate acid-base pair? Find the conjugate acid/base for the following
species:
2 
,

,
HNO2CN
F OH
CO
S 
, HClO
,
4,
3 and

Ed

A conjugate acid-base pair is a pair that differs only by one proton.
The conjugate acid-base for the given species is mentioned in the table below.
Species
Conjugate acid-base

HNO2
NO 3(base)
–
CN
HCN (acid)
HClO4 ClO4(base)
F–HF (acid)
OH– H 2O (acid) /O2–(base)
CO32
HCO3(acid)
S2–HS –(acid)

Question 36:
Which of the followings are Lewis acids? H2O, BF3, H+, and NH 4

Solution 36:
Lewis acids are those acids which can accept a pair of electrons. For example, BF3, H+, and
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NH 4 are Lewis acids.

Question 37:
What will be the conjugate bases for the Brönsted acids: HF, H 2SO4and HCO 3?

Solution 37:
The table below lists the conjugate bases for the given Bronsted acids.
Bronsted acid
Conjugate base
HF
F–
H2SO4
HSO4
CO32

om

HCO3

Question 38:

uf
ev
er
.c

Write the conjugate acids for the following Brönsted bases: NH 2–, NH3and HCOO –.

Solution 38:

The table below lists the conjugate acids for the given Bronsted bases.
Bronsted base
Conjugate acid
NH3
NH 2

Question 39:

Ed

NH 4
HCOOH

NH3
HCOO–

The species: H2O, HCO3 , HSO4 and NH 3can act both as Brönsted acids and bases. For each
case give the corresponding conjugate acid and base.

Solution 39:
The table below lists the conjugate acids and conjugate bases for the given species.
Species
Conjugate acid
Conjugate base
H2O
H3O+
OH –
H2CO3
HCO3
CO32
HSO4

H2SO4

SO24

NH3

NH 4

NH 2

7.Equilibrium
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Question 40:
Classify the following species into Lewis acids and Lewis bases and show how these act as
Lewis acid/base:
(a) OH–
(b) F–
(c) H+
(d) BCl3.

Solution 40:

om

(a) OH–is a Lewis base since it can donate its lone pair of electrons.
(b) F–is a Lewis base since it can donate a pair of electrons.
(c) H+is a Lewis acid since it can accept a pair of electrons.
(d) BCl3is a Lewis acid since it can accept a pair of electrons.

Question 41:
Solution 41:

3.8 103
log 
3

log
3.8
log10


log 3.8 3
0.58 3
2.42

Ed

Given,
[ H ] 3.8 
10 3 M
pH Value of soft drink

log[H ]

uf
ev
er
.c

The concentration of hydrogen ion in a sample of soft drink is 3.8 10 –3M. what is its pH?

Question 42:
The pH of a sample of vinegar is 3.76. Calculate the concentration of hydrogen ion in it.

Solution 42:
Given, pH
= 3.76
It is known that,
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pH log[H]

log[H ] pH

[H ] antilog (-pH)
antilog (-3.76)
4
=1.74
10 M
4
Hence, the concentration of hydrogen ion in the given sample of vinegar is 1.74 
10 M

.

Question 43:

Solution 43:

Ed

1014
 6.8 10 4

11
1.5
 10

uf
ev
er
.c

It is known that,
K
K b  w
Ka
Given,
Kaof HF = 6.8 10 –4
Hence, Kbof its conjugate base F–
Kw
 K
a

om

The ionization constant of HF, HCOOH and HCN at 298K are 6.8 10 –4, 1.8 10 –4and 4.8
–9
10 respectively. Calculate the ionization constants of the corresponding conjugate base.

Given,
Kaof HCOOH = 1.8 10–4
Hence, Kbof its conjugate base HCOO–
Kw
 K
a
1014
1.8 10 4

11
5.6
 10
Given,
Kaof HCN = 4.8 10 –9
Hence, Kbof its conjugate base CN –
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Kw
 K
a

10 14
 4.8 10 9

6
2.08

10

Question 44:
The ionization constant of phenol is 1.0 10 –10. What is the concentration of phenolate ion in
0.05 M solution of phenol? What will be its degree of ionization if the solution is also 0.01M
in sodium phenolate?

Solution 44:
C6H 5O  
0
x

H3O 

om



0
x

uf
ev
er
.c

Ionization of phenol:
C6H 5OH  H 2O
Initialconc. 0.05
At equilibrium
0.05 x
[C H O ][ H 3O ]
K a  6 5
[C6H 5OH ]

12

Ed

x x
K a  
0.05 x
As the value of the ionization constant is very less, x will be very small. Thus, we can ignore x
in the denominator.
x
1
10 10 0.05

10
 5 
6

2.2 10 M [ H 3O ]
Since [ H 3O ] [C6H 5O ]

[C6H 5O ] 2.2 10 6 M
Now, let α be the degree of ionization of phenol in the presence of 0.01 M C6H5ONa.
C6H 5ONa C6H 5O  Na

Conc.

0.01

Also,


 H 2O  C6H 5O  H3O
Conc. 0.05 0.05 
0.05 
0.05 
[C6H 5OH ] 0.05 0.05 ;0.05 M

C6H 5OH

[C6H 5O ] 0.01 0.05 ;0.01 M
[ H3O ] 0.05 
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[C H O ][H3O ]
Ka  6 5
[C H OH ]
6

5

(0.01)(0.05
)
0.05
10
1.0 10 .01 
Ka 

1 10


8

Question 45:
The first ionization constant of H2S is 9.1 10 –8. Calculate the concentration of HS–ion in its
0.1 M solution. How will this concentration be affected if the solution is 0.1 M in HCl also? If
the second dissociation constant of H2S is 1.2 10 –13, calculate the concentrationof S2–under
both conditions.

om

Solution 45:

uf
ev
er
.c

(i) To calculate the concentration of HS –ion:
Case I (in the absence of HCl):
Let the concentration of HS–be x M.
H 2S  H   HS 

Ed

Cl
0.1
0
0
Cf
x
0.1x x
Then,
[ H ][ HS ]
K al 
[ H 2S ]
( x)( x)
9.1 108 
0.1 x
8
2

 x  x
9.110 0.1
Taking 0.1 – xM ; 0.1 M, we have 9.1
10

9.1
10 9 x 2

8

 x
0.1

2

.

x  9.1
10 9
5
9.54 10 M

5
[ HS ] 9.54 10 M
Case II (in the presence of HCl):
In the presence of 0.1 M of HCl, let [ HS ] be y M
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H 2S  HS   H 
0.1
0
0
y
0.1y y

Then,
Cl
Cf

[ HS ][H ]
Now, Ka1 
[ H 2S ]
[ y ](0.1  y )
K a1 
0.1 y



9.1
10

8



y 0.1
 0.1

( 0.1 y ; 0.1M )
(and 0.1 y ; 0.1M )

5

.c

[ HS ] 9.54
10

M

(From first ionization, case I)
M

(From first ionization, case I)

ev

5

er

2 

Let, S be X .
 
Also, [ H ] 9.54 
10

om

9.1
10 8  y

10 8
[ HS ] 9.1
To calculate the concentration of [ S 2 ]
Case I (in the absence of 0.1 M HCl):
HS  H  S 2

Ed

uf

[ H ][S 2]
Ka2 
[ HS ]
9.54 105 X 

K a2   
9.54 105
1.2 1013  X S 2
 
Case II (in the presence of 0.1 M HCl):
Again, let the concentration of HS–be X' M.
[ HS ] 9.1
10 8 M
(From first ionization, case II)

[ H ] 0.1M
(From HCl case II)
2 
S
X'

 

[ H ][S 2]
Then, Ka2 
[ HS ]
0.1 X '
1.2 1013  8
9.1
10
21
10.9210 0.1X '
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10.92 10 21
 X '
0.1
1.092 10 20
X ' 
0.1
10
1.092 10 M
5
 K a1 1.74 10

Question 46:
The ionization constant of acetic acid is 1.74 10 –5. Calculate the degree of dissociationof
acetic acid in its 0.05 M solution. Calculate the concentration of acetate ion in the solution and
its pH.

om

Solution 46:



0.05 
.05 

0
0.05 

0
0.05 

Ed

Cl  0.05
0.05 .05 
.05
.05
K a    
.05 0.05 

uf
ev
er
.c

Method 1
K a 1.74 
1) CH 3COOH CH 3COO  H 
10 15


2) H 2O H
K w 1.0 
10 14
 O2 H 3O OH
Since Ka>>Kw,:
CH3COOH H 2O CH3COO H3O 

.05(1 )
.05 2
 1
 
.05 2
1.74 105  
1  
5
1.74 10 1.74 105 0.05 2
0.05 2 1.74 
10 5 1.74 
10 5
D b 2 4ac
2

5
1.74 10 5 4 

 .05 1.74
 10 
25
10
3.02 10 .348 

7.Equilibrium
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Ka
c

1.74 105

.05
34.8 10 5 10

10
6
 3.48 10


CH 3COOH CH 3COO H
3

5
 3.48 10

Ed

1.74 10 5

.05

uf
ev
er
.c

[CH 3COO ] 0.05 
1.86 10 3
0.93 
10 3
 1000
.000093
Method 2
Degree of dissociation,
Ka
 c
c = 0.05 M
Ka= 1.74 10 –5
Then,

om

1.86 10

4
 3.48 10

1.8610

2

CH 3COOH CH 3COO  H 
Thus, concentration of CH3COO–= c.α
2
1.86 10
.05


10 2
.093
.00093M
Since oAc H  ,

  

H
.00093
.093102 ,
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pH log H  
 
.093 102 ,
log 

pH 3.03
Hence, the concentration of acetate ion in the solution is 0.00093 M and its pH is 3.03.

Question 47:
It has been found that the pH of a 0.01M solution of an organic acid is 4.15. Calculate the
concentration of the anion, the ionization constant of the acid and its pKa.

K a 5.01
10 7
pK a log K a
log K a
10
 5.01



5



Ed

[ H ] 7.08
10 5
[ H ][ A]
Now, Ka 
[ HA]


[ H ] [ A ] 7.08
10 5
[ HA] 0.01
Then,
7.08
10 5 7.08
 10
Ka 
0.01

uf
ev
er
.c

Let the organic acid be HA.


HA  H A
Concentration of HA = 0.01 M pH
= 4.15

log[H ] 4.15

om

Solution 47:

7



pK a 6.3001

Question 48:
Assuming complete dissociation, calculate the pH of the following solutions:
(i) 0.003 M HCl
(ii) 0.005 M NaOH
(iii)0.002 M HBr
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(iv) 0.002 M KOH

HO   NaOH



 

HO  .005




uf
ev
er
.c

(i) 0.003MHCl:


H 2O HCl

H 3O Cl
Since HCl is completely ionized,
H O  HCl 

 3 

H O  0.003

 3 

Now,
pH log H 3O log(.003)


2.52

Hence, the pH of the solution is 2.52.
(ii) 0.005MNaOH:
NaOH ( aq )  Na(aq ) HO(aq )

om

Solution 48:

H O   HBr

 3 
  
H O  .002

 3 


Ed

pOH log HO   log(.005)


pOH 2.30
pH 14 2.30
11.70
Hence, the pH of the solution is 11.70.
(iii) 0.002 HBr:
HBr H 2O  H 3O  Br 

H O 
pH log 
 3 

log
0.002
 

2.69
Hence, the pH of the solution is 2.69.
(iv) 0.002 M KOH:
KOH ( aq )  K (aq ) OH (aq )
OH   KOH



 
OH   .002
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Now, pOH log OH  


2.69

pH
14

 2.69
11.31
Hence, the pH of the solution is 11.31.

Question 49:

om

Calculate the pH of the following solutions:
a) 2 g of TlOH dissolved in water to give 2 litre of solution.
b) 0.3 g of Ca(OH)2dissolved in water to give 500 mL of solution.
c) 0.3 g of NaOH dissolved in water to give 200 mL of solution.
d) 1mL of 13.6 M HCl is diluted with water to give 1 litre of solution.

Solution 49:

Ed

uf
ev
er
.c

(a) For 2g of TlOH dissolved in water to give 2 L of solution:
2
TIOH( aq )  g / L


 2
2 1
 2 221 M
1
 221 M
TIOH ( aq ) Tl(aq ) OH (aq )
1
OH (aq )   TIOH ( aq )  
M

 221

 
K w H  OH  
 

1

10 14  H  
 221 


14


221 10  H 
 


221 10
 pH log[ H ] log 


14




2.21 10
log 

11.65
(b) For 0.3 g of Ca(OH)2dissolved in water to give 500 mL of solution:
Ca(OH ) 2 Ca 2 2OH 
12

Ca OH
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2 aq 2 0.6
1.2M

Kw
H   

  OH aq 


10 14
 1.2 M
14
0.833 10
pH log 0.833 10
 
8.33 10
log 





14
13

OH  1.5 M

 aq 

1014
Then, H 
  1.5
10 13
6.66
13



Ed



uf
ev
er
.c

1000
NaOH
0.3
1.5M




200 

om


 0.902 13
12.098
(c) For 0.3 g of NaOH dissolved in water to give 200 mL of solution:
NaOH Na(aq) OH(aq)

pH log 6.66 
10

12.18
(d) For 1mL of 13.6 M HCl diluted with water to give 1 L of solution:
13.6 1 mL = M 2 1000 mL
(Before dilution) (After dilution)
13.6 10 –3= M 2 1L M 2
= 1.36 10 –2[H +] = 1.36 10 –2pH = – log (1.36 10 –2)
= (– 0.1335 + 2) = 1.866 1.87

Question 50:
The degree of ionization of a 0.1M bromoacetic acid solution is 0.132. Calculate the pH of the
solution and the pKaof bromoacetic acid.

Solution 50:
Degree of ionization, α = 0.132
7.Equilibrium
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Concentration, c = 0.1 M
Thus, the concentration of H3O+= c.α
= 0.1 0.132
= 0.0132
pH log H 
 
log
(0.0132)

1.879 :1.88
Now,
K a C 2
2

om

0.10.132 
K a .0017
pK a 2.75

Question 51:

uf
ev
er
.c

The degree of ionization of a 0.1M bromoacetic acid solution is 0.132. Calculate the pH ofthe
solution and the pKaof bromoacetic acid.

Solution 51:

Ed

Degree of ionization, α = 0.132
Concentration, c = 0.1 M
Thus, the concentration of H3O+= c.α
= 0.1 0.132
= 0.0132
pH log H 
 
log
(0.0132)

1.879 :1.88
Now,
K a C 2
2

0.10.132 
K a .0017
pK a 2.75

Question 52:
What is the pH of 0.001 M aniline solution? The ionization constant of aniline can be taken
from Table 7.7. Calculate the degree of ionization of aniline in the solution. Also calculate the
ionization constant of the conjugate acid of aniline.
7.Equilibrium
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Solution 52:
Kb= 4.27 10 –10
c = 0.001M
pH=?
α =?
ka C 2
4.27 10 10 0.001 2
4270 10 10  2
65.34 10 5  6.53 
10 4
Then, [anion] = c 0.01
65.34 10

5

10
0.65 
pOH log .065 105



5



Question 53:

5

.

Ed

uf
ev
er
.c

om

6.187
pH 7.813
Now,
Ka Kb K w
10
4.27 10 Ka K w
1014
Ka 
4.27 1010
5
2.34 10
Thus, the ionization constant of the conjugate acid of aniline is 2.34 
10

Calculate the degree of ionization of 0.05M acetic acid if its pKavalue is 4.74.
How is the degree of dissociation affected when its solution also contains (a) 0.01 M (b)
0.1 M in HCl?

Solution 53:
c = 0.05 M
pKa 4.74

pKa log(Ka )
Ka 1.82 105
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Ka
c

1.82 10 5
2
 5 102 1.908 10

When HCl is added to the solution, the concentration of H+ions will increase. Therefore, the
equilibrium will shift in the backward direction i.e., dissociation of acetic acid will decrease.
Case I:When 0.01 M HCl is taken.
Let x be the amount of acetic acid dissociated after the addition of HCl.


CH3COOH
 H  CH3COO



3

om

Initialconc. 0.05M
0
0
x
After dissociation 0.05 x
0.01x
As the dissociation of a very small amount of acetic acid will take place, the values i.e.,
0.05 – x and 0.01 + x can be taken as 0.05 and 0.01 respectively.

H 
CH 3COO 
 

K a  
CH COOH



Ed

uf
ev
er
.c

(0.01)x
K a  0.05
1.82
10 5 0.05
x 
0.01
x 1.82
10 3 0.05M
Now,
Amount of acid dissociated
 Amount of acid taken
1.82 
10 5 0.05

0.05
3
1.82 10
Case II:When 0.1 M HCl is taken.
Let the amount of acetic acid dissociated in this case be X. As we have done in the first case,
the concentrations of various species involved in the reaction are:
[CH3COOH ] 0.05 X ;0.05 M

[CH3COO] X
[ H ] 0.1X ; 0.1M
[CH 3COO ][ H ]
K a 
[CH 3COOH ]
(0.1)x
K a  0.05
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1.82 105 0.05
x 
0.1
x 1.82 104 0.05M
Now,
Amount of acid dissociated
 Amount of acid taken
1.82 
10 4 0.05

0.05
4
1.82 10

Question 54:

om

The ionization constant of dimethylamine is 5.4 10 –4. Calculate its degree of ionization in its
0.02 M solution. What percentage of dimethylamine is ionized if the solution is also 0.1 M in
NaOH?

K b 5.4 
10
c = 0.02 M
Then, 

uf
ev
er
.c

Solution 54:
4

Kb
c

Ed

5.4 
10 4

0.02
0.1643
Now, if 0.1 M of NaOH is added to the solution, then NaOH (being a strong base) undergoes
complete ionization.
NaOH( aq ) Na(aq ) OH(aq )
0.1M
And,
(CH3 ) 2 NH



H 2O

(0.02 x)
;0.02 M
Then, (CH 3 ) 2 NH 2   x



OH  x 0.1;0.1
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(CH 3 ) 2 NH 2 OH  




 K b 
(CH 3 ) 2 NH





x 0.1
5.4 104  
0.02
x 0.0054
It means that in the presence of 0.1 M NaOH, 0.54% of dimethylamine will get dissociated.

Question 55:

uf
ev
er
.c

Solution 55:

om

Calculate the hydrogen ion concentration in the following biological fluids whose pH are
given below:
(a) Human muscle-fluid, 6.83
(b) Human stomach fluid, 1.2
(c) Human blood, 7.38
(d) Human saliva, 6.4.

Ed

(a) Human muscle fluid 6.83:
pH = 6.83 pH = – log [H +]
+
6.83 = – log [H ]
+
–7
[H ] =1.48 10 M
(b) Human stomach fluid, 1.2:
pH =1.2
1.2 = – log [H+]
+
[H ] = 0.063
(c) Human blood, 7.38:
pH = 7.38 = – log [H+]
+
–8
[H ] = 4.17 10 M
(d) Human saliva, 6.4:
pH = 6.4
6.4 = – log [H+]
[H+] = 3.98 10 –7

Question 56:
The pH of milk, black coffee, tomato juice, lemon juice and egg white are 6.8, 5.0, 4.2,2.2 and
7.8 respectively. Calculate corresponding hydrogen ion concentration in each.

Solution 56:
The hydrogen ion concentration in the given substances can be calculated by using the given
relation: pH = –log [H+]
7.Equilibrium
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Ed

(i) pH of milk = 6.8
Since, pH = –log [H+]
6.8 = –log [H +] log
[H+] = –6.8
[H+] = anitlog(–6.8)
–7
= 1.5
19 M
(ii) pH of black coffee = 5.0
Since, pH = –log [H+]
5.0 = –log [H +] log
[H+] = –5.0
[H+] = anitlog(–5.0)
= 10–5M
(iii) pH of tomato juice = 4.2
Since, pH = –log [H+]
4.2 = –log [H +] log
[H+] = –4.2
[H+] = anitlog(–4.2)
–5
= 6.31
10 M
(iv) pH of lemon juice = 2.2
Since, pH = –log [H+]
2.2 = –log [H +] log
[H+]= –2.2
[H+] = anitlog(–2.2)
–3
= 6.31
10 M
(v) pH of egg white = 7.8
Since, pH = –log [H+]
7.8 = –log [H +] log
[H+] = –7.8
[H+] = anitlog(–7.8)
–8
=1.58
10 M

om

Chapter 7
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Question 57:
If 0.561 g of KOH is dissolved in water to give 200 mL of solution at 298 K. Calculate the
concentrations of potassium, hydrogen and hydroxyl ions. What is its pH?

Solution 57:
0.561
KOH aq 
g/L

1


5
2.805 g / L
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1
2.80556.11 M
.05 M
KOHaq K(aq ) OH(aq )
[OH ] .05 M [ K ]
[ H ][ H ] Kw
K
[ H ]  w
[OH ]

om

1014
11
 0.05 2 10 M
pH 12.70

Question 58:

Solution 58:

uf
ev
er
.c

The solubility of Sr(OH)2at 298 K is 19.23 g/L of solution. Calculate the concentrations of
strontium and hydroxyl ions and the pH of the solution.

Ed

Solubility of Sr(OH)2= 19.23 g/L
Then, concentration of Sr(OH) 2
19.23
121.63 M
0.1581M
Sr (OH ) 2( aq ) Sr 2 ( aq ) 2(OH )( aq )
Sr 20.1581 M



[OH ] 2 0.1581 M 0.3126 M
Now,
Kw OH H 

 
1014
H 




0.3126
H 3.2 
10 14

 
pH
 13.495 ;13.50

Question 59:
The ionization constant of propanoic acid is 1.32 10 –5. Calculate the degree of ionization of
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the acid in its 0.05M solution and also its pH. What will be its degree of ionization if the
solution is 0.01M in HCl also?

Solution 59:
Let the degree of ionization of propanoic acid be α.
Then, representing propionic acid as HA, we have:


HA
 H 2O
 H3O
 A

.05 0.0 0.5

.05 

.05 


A
H 3O 
 

K a  
HA

 

Ed

uf
ev
er
.c

om

.05 
.05 
.05 2


0.05
Ka
10 2
 .05 1.63
2
K b .15 
Then, H 3O .05 .05 
1.63 10
10 4 M




pH = 3.09
In the presence of 0.1M of HCl, let α´ be the degree of ionization.
Then, H 3O 0.01


[ A] 005 '
[ HA] .05
0.01 
.05 '
K a 
.05
5

1.32 10 .01 '
5
' 1.32 10

Question 60:
The pH of 0.1M solution of cyanic acid (HCNO) is 2.34. Calculate the ionization constant of
the acid and its degree of ionization in the solution.

Solution 60:
c = 0.1 M
pH = 2.34
H   pH
log 
 


H
log
2.34
 
 

H  4.5 
10
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Also,
H  c 

 

4.5 
10 3 0.1
4.5
10 3
0.1  
10 3 .045
4.5
Then,
K a c 2
2

45 10 3
0.1


om

6
202.5 10
10 4
2.02 

Question 61:

Solution 61:

uf
ev
er
.c

The ionization constant of nitrous acid is 4.5 10 –4. Calculate the pH of 0.04 M sodium nitrite
solution and also its degree of hydrolysis.

NaNO2is the salt of a strong base (NaOH) and a weak acid (HNO 2).
NO2 H 2O  HNO2 OH 

Ed

HNO2 OH  
 
K b 
NO 

 2 

Kw
1014
10
 K  4.5 1014 .22 10
a

Now, If x moles of the salt undergo hydrolysis, then the concentration of various
speciespresent in the solution will be:
NO  .04 x ; 0.04

 2 

HNO
 2 x
OH x



x2
K b 
0.22 1010
0.04 
x 2 .0088 
10 10
x .093 
10
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OH 0.093
10 5 M



1014

H
O
10.75
10 9 M
3


5 


 .093
10
10 9
 pH log 10.75 





7.96
Therefore, degree of hydrolysis
x
.093
10 5
0.04  .04
10 5
2.325

Question 62:

m

A 0.02 M solution of pyridinium hydrochloride has pH = 3.44. Calculate the ionization
constant of pyridine

er
2



concentration = 0.02 M

Ed

3.63
10 4


K
Then, b 
0.02
10 6
 K b 6.6 
K
Now, Kb  w
Ka
Kw
1014
K
 a  K  6.6 106
a


ev

4

uf

pH = 3.44
We know that,
pH = – log [H+]

10
[ H ] 3.63

.c
o

Solution 62:

10
1.51

9

Question 63:
Predict if the solutions of the following salts are neutral, acidic or basic:
NaCl, KBr, NaCN, NH 4NO3, NaNO2and KF

Solution 63:
(i) NaCl:
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NaCl  H 2O  NaOH  HCl
Strong base Strong base
Therefore, it is a neutral solution.
(ii) KBr:
KBr  H 2O  KOH  HBr
Strong base Strong base
Therefore, it is a neutral solution.
(iii) NaCN:
NaCN  H 2O  HCN  NaOH

uf
ev
er
.c

Weakacid
Strong base
Therefore, it is an acidic solution.
(v) NaNO 2
NaNO2  H 2O  NaOH  HNO2

om

Weakacid Strong base
Therefore, it is a basic solution.
(iv) NH4NO3
NH 4NO 3  H 2O  NH4OH  HNO3

Strong base Weakacid
Therefore, it is a basic solution.
(vi) KF
KF  H 2O  KOH  HF

Question 64:

Ed

Strong base Weakacid
Therefore, it is a basic solution.

The ionization constant of chloroacetic acid is 1.35 10 –3. What will be the pH of 0.1M acid
and its 0.1M sodium salt solution?

Solution 64:
It is given that Kafor ClCH2COOH is 1.35 10 –3.
2
Kb c 

 

Ka
c

1.35 103

0.1

7.Equilibrium
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3

10
 1.35
0.116

0.116
[ H ] c 0.1
.0116

 pH log[H ] 1.94
ClCH2COONa is the salt of a weak acid i.e., ClCH2COOH and a strong base i.e., NaOH.
ClCH 2COO  H 2O ClCH 2COOH OH 
ClCH 2COOH OH 
 
K b 

ClCH
COO


2


K
K b  w
Ka

om

1014
K b 
1.35 
10 3
10 11
0.740 

Ed

2
12
x 0.74 10
x 0.86 106
OH 0.86 10 6



Kw
H 

  0.86 10 6
10 14
 0.86 10 6

[ H ] 1.162
10 8

uf
ev
er
.c

x2
Also, K b  (where x is the concentration of OH–and ClCH2COOH)
0.1
x2
11

0.740 10 
0.1
11

0.074 10  x 2

pH log[ H ]
7.94

Question 65:
Ionic product of water at 310 K is 2.7 10 –14. What is the pH of neutral water at this
temperature?
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Solution 65:
Ionic product,
K w H OH 
 


Let H x.
 
Since H OH , K w  x 2 .
  

10 14 .
K w at 310K is 2.7 
2
14
2.7 10 x
x 1.64 107


uf
ev
er
.c

Question 66:

om


7
[ H ] 1.64 10

 pH log[H ]
1.64 107 
log 
 

6.78

Hence, the pH of neutral water is 6.78.

Solution 66:

Ed

Calculate the pH of the resultant mixtures:
a) 10 mL of 0.2M Ca(OH) 2+ 25 mL of 0.1M HCl
b) 10 mL of 0.01M H 2SO4+ 10 mL of 0.01M Ca(OH) 2
c) 10 mL of 0.1M H 2SO4 + 10 mL of 0.1M KOH

25 0.1
.0025mol
1000 
10 0.2 2
Moles of OH     .0040mol
1000

Thus, excess of OH = .0015 mol
.0015
OH  
mol / L .0428


 35 103
pOH log[OH ]
1.36
pH 14 1.36
(not matched)
12.63
2 10 0.1
(b) Moles of H3O     .0002 mol
1000
(a) Moles of H3O  

7.Equilibrium
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2 10 0.1
Moles of OH     .0002 mol
1000
Since there is neither an excess of H 3O  or OH 
The solution is neutral. Hence, pH = 7.
2 10 0.1
(c) Moles of H3O     .002 mol
1000
10
0.1
Moles of OH    0.001mol
1000
Excess of H 3O  = .001 mol

Question 67:

uf
ev
er
.c

om

.001
10 3
Thus, H 3O  
.05

 20 103  20 10 3 
pH log (0.05)
= 1.30

Determine the solubilities of silver chromate, barium chromate, ferric hydroxide, lead
chloride and mercurous iodide at 298K from their solubility product constants given in
Table 7.9 (page 221). Determine also the molarities of individual ions.

Solution 67:

Then,
2

Ed

(1) Silver chromate:
Ag2CrO4 2 Ag  CrO42

Ksp Ag   CrO42 

 

Let the solubility of Ag 2CrO 4 be s.
Ag   2 s and CrO42   s
 




Then,
2
K sp  2 s .s 4 s 3
 
3
12
1.1 10 4 s
.275 10 12  s 3

s 0.65 10 4 M
Molarity of Ag  = 2s = 2 0.65 10 –4= 1.30 10 –4M
Molarity of CrO42= s = 0.65 10 –4M
(2) Barium chromate:
7.Equilibrium
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BaCrO4 Ba2 CrO42
Then, K sp  Ba 2 CrO42 



Let the solubility of BaCrO4 be s.
So, Ba 2  = s and CrO42  = s K sp s 2




2
10
1.2 10 s
s 1.09 105 M

Molarity of Ba 2  = Molarity of CrO42 s 1.09 
10
(3) Ferric hydroxide:
Fe(OH )3 Fe2 3OH 

uf
ev
er
.c

3
s.27s
K sp 27 s 4

M

om

K sp [ Fe2][OH ]3
Let s be the solubility of Fe(OH )3
Thus, [ Fe3]  s and [OH ] 3s
3
Ksp s.(3s)

5

1.0 1038 27 s 4
.037 1038 27 s 4

Ed

10
.00037 1036  s 4
1.39 10 M  S
Molarity of Fe3  s 1.39 
10 10 M
Molarity of OH  3s 4.17 1010 M
(4) Lead chloride:
PbCl2 Pb2 2Cl 
2

KSP Pb2 Cl  

 
Let KSPbe the solubility of PbCl2 .
PB 2    s and Cl   2 s



 
Thus, Ksp s.(2s) 2
3
4s
3
5
1.6 10 4s
3
5
0.4 10 s
4 106 s3 1.58 102 M S.1
Molarity of PB 2   s 1.58 
10 2 M
Molarity of chloride = 2 s 3.16 
10
(5) Mercurous iodide:
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Hg2I 2 Hg 2 2I 
2

K sp Hg22 I  

 
Let s be the solubility of Hg 2I 2 .
Hg 2  s and [ I ] 2 s
 
 2 

K
Thus, sp s(2s) 2 K sp 4s 3

4.5 1029 4s3
1.1251029 s3

om

s 2.24 1010 M

Molarity of Hg 22  s 2.24 
10 10 M
Molarity of I  2 s 4.48 
10 10 M

Question 68:

Solution 68:

uf
ev
er
.c

The solubility product constant of Ag 2CrO4and AgBr are 1.1 10 –12and 5.0 10 –
13
respectively. Calculate the ratio of the molarities of their saturated solutions.

Ksp (2s) 2. s 4s 3
1.1
10 12 4s3

Ed

Let s be the solubility of Ag 2CrO4.
Then, Ag2CrO4 Ag 2 2CrO42

s 6.5 105 M
Let s´ be the solubility of AgBr.
AgBr( s )  Ag  Br 

K sp  s '2 5.0 10 13
s ' 7.07 10 7 M

Therefore, the ratio of the molarities of their saturated solution is
s
6.5 10 5 M
91.9.
s '  7.07 10 7 M 

Question 69:
Equal volumes of 0.002 M solutions of sodium iodate and cupric chlorate are mixed together.
Will it lead to precipitation of copper iodate?
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(For cupric iodate Ksp= 7.4 10 –8).

Solution 69:
When equal volumes of sodium iodate and cupric chlorate solutions are mixed together, then
the molar concentrations of both solutions are reduced to half i.e., 0.001 M. Then,


NalO3
 Na  lO3

0.001M
0.001M
2 

Cu(ClO3 )2  Cu
 2ClO3
0.001M
0.001M
Now, the solubility equilibrium for copper iodate can be written as:
Cu(lO3 )2  Cu 2( aq)  2lO3(aq)
Ionic product of copper iodate:
2

Cu 2  lO3 


  
2

uf
ev
er
.c

om

0.001
0.001
1 109


Since the ionic product (1 10 –9) is less than Ksp(7.4 10 –8), precipitation will not occur.

Question 70:

Ed

The ionization constant of benzoic acid is 6.46 10 –5and K spfor silver benzoate is 2.5 10–13.
How many times is silver benzoate more soluble in a buffer of pH 3.19 compared to its
solubility in pure water?

Solution 70:

Since pH = 3.19,
H 3O  6.46 104 M



C6H 5COOH H 2O C6H 5COO  H3O

H O 
C6H 5COO 
 3 

K a  
C H COOH

 6

5

C6H 5COOH  H 3O





4

  6.46 10 10
Ka
6.46 10 5
C6H 5COO  



Let the solubility of C6H5COOAg be x mol/L.
Then,
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Ag   x




C6H 5COOH C6H 5COO   x
10 C6H 5COO  C6H 5COO    x

 

x
C H COO   

 6 5
 11
Ksp Ag  C6H 5COO  



x
2.5 1013 x  
11 
 
x 1.66 106 mol/L
Thus, the solubility of silver benzoate in a pH 3.19 solution is 1.66 10 –6mol/L.
Now, let the solubility of C 6H5COOAg be x ' mol/L.
Then, Ag    x 'M and C6H 5COO    x 'M .






K sp  Ag C6H 5COO 




uf
ev
er
.c

2

K sp x ' 

Question 71:

Ed

x '  Ksp  2.5 1013 5 107 mol/L
x 1.66 106
x '  5 107 3.32

Hence, C6H5COOAg is approximately 3.317 times more soluble in a low pH solution.

What is the maximum concentration of equimolar solutions of ferrous sulphate and sodium
sulphide so that when mixed in equal volumes, there is no precipitation of iron sulphide?
(For iron sulphide, Ksp= 6.3 10 –18).

Solution 71:
Let the maximum concentration of each solution be x mol/L. After mixing, the volume of the
concentrations of each solution will be reduced to half i.e., x/2 .
x
FeSO 4   Na2S  M





2
x
Then, Fe 2  FeSO 4   M

 
 2
x
Also, S 2  Na2S  M
 2
  
2 
FeS( x )  Fe ( aq ) S 2 ( aq )
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K sp Fe2 S 2 

 
x x
6.3 1018   
2 2 
  
x2
6.3 1018

4
x 5.02 109

If the concentrations of both solutions are equal to or less than 5.02 10 9 M, then there will be
no precipitation of iron sulphide.

Question 72:

Solution 72:

uf
ev
er
.c

CaSO4( s ) Ca2( aq ) SO4(2aq )
K sp Ca2 SO42 



Let the solubility of CaSO4be s.
Then, K sp s 2

om

What is the minimum volume of water required to dissolve 1g of calcium sulphate at 298
K? (For calcium sulphate, Ksp is 9.1 10 –6).

Ed

9.1
10 6 s 2
s 3.02 103 mol/L
Molecular mass of CaSO4= 136 g/mol
Solubility of CaSO4 in gram/L
= 3.02 10 –3 136
= 0.41 g/L
This means that we need 1L of water to dissolve 0.41g of CaSO 4
1
Therefore, to dissolve 1g of CaSO4we require =
L=2.44Lof water.
0.41

Question 73:
The concentration of sulphide ion in 0.1M HCl solution saturated with hydrogen sulphide is
1.0 10 –19M. If 10 mL of this is added to 5 mL of 0.04 M solution of the following:
FeSO4, MnCl2, ZnCl2and CdCl 2. in which of these solutions precipitation will take place?
Given K sp for Fes 6.3 
10 18 , MnS 2.5 1013 , ZnS 1.6 1024 ,

CdS 8.0 1027
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Solution 73:

1.0 1019 10
2 
20
S

6.67 10 M
 
 
15
0.04 5
M 2  
1.33 10 2 M




15
Ionic product = M 2 S 2 

 
2
6.67 1020
 1.33 10







om

For precipitation to take place, it is required that the calculated ionic product exceeds the
Kspvalue.
Before mixing:
2 
S 2 1.0 1019 M M
0.04M



 



volume =10 mL
volume = 5 mL
After mixing:
S 2 ?
M 2 ?


 



volume =(10+5) = 15 mL volume = 15 mL

Ed

uf
ev
er
.c

22
8.87 10
This ionic product exceeds the Kspof Zns and CdS. Therefore, precipitation will occur in
CdCl2and ZnCl 2solutions.

7.Equilibrium

www.vedantu.com

https://www.edufever.com/

56

15


15



  




 

+  /


/0 

   1   



   



+  0 
 



/0  $%%%&  1  
  /0 0 



> 0     2  34
' 51    6



)    ,%&*!
 ;  



.  5   <
 <  0  
9    / 





 

 7  9    /

   

)((*+


(,

(  ;   
0   

*3 ; 0 
  3




:::

 



, 3 ?00 :?

.
'; 00 
<   


'    
(  


%$,%A,BB8CCC4D=E8%A#B888
 @

 
F(



