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PREFACE 
 
In the case of good books, the point is not how many of them you can get through, but rather how many 
can get through to you. 
 
Target’s “Basic Science Chemistry” is a complete and thorough book critically analysed and extensively 
drafted to boost the students’ confidence. The book is prepared as per the revised scheme [G-scheme] of 
MSBTE curriculum effective from June 2012. 
 
 Each unit from the syllabus is divided into chapters bearing ‘specific objectives’ in mind. The sub-
topic wise classification of this book helps the students in easy comprehension. 
Each chapter includes the following features:  
 Theory is provided in the form of pointers. Neat labelled diagrams have been provided wherever 

required. Definitions, statements and laws are specified with italic representation. 
 Illustrative Examples are provided in relevant chapters in order to understand the application of 

different concepts and formulae.  
 
 Formulae provided for quick recap.  
 
 
 MSBTE Theory Questions covered in separate section to give a clear idea of the type of questions 

asked. (Reference of answer to each question is provided.) 
 
 MSBTE Numericals till latest year are included.   
 Additional Theory Questions to help the student gain insight on the various levels of theory-based 

questions. 
 

Problems for Practice (With final answers) in relevant chapters which covers an array of questions 
from simple to complex. 

 
 Knowledge Bank, Note, etc. to enrich students’ knowledge. 
 
Recent MSBTE Question Papers are added at the end to make students familiar with the examination. 
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we’ve nearly missed something or want to applaud us for our triumphs, we’d love to hear from you. 
 
Please write to us on : mail@targetpublications.org  
 
A book affects eternity; one can never tell where its influence stops. 
 
 

Best of luck to all the aspirants! 
 
From,  
Publisher 
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atomic mass number and their differences, Isotopes and Isobars: Definitions, 
examples and distinction, applications of carbon and cobalt isotopes. 
Orbits: Bohr’s energy levels, sub-energy levels, s, p, d, f-orbitals, shapes and 
description of s-orbital and p-orbital.  
Distribution of electrons in orbitals: Definition of electronic configuration, 
Aufbau’s principle, Hund’s rule, orbital electronic configurations (s, p, d, f) 
of elements having atomic number 1 to 30. 
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of covalent compounds - H2O, CO2, N2 

Topic 2 - Electrochemistry  
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 Ionisation and electrolytic dissociation, Arrhenius theory of electrolytic 

dissociation, degree of ionization, factors affecting degree of ionization. 
Definitions of electrolytic cell, electrodes - cathode, anode, electrode 
potential - oxidation potential and reduction potential. 

2.2 Electrolysis:                       [10 Marks] 
 Mechanism of electrolysis - Electrolysis, electrochemical series for cations 

and anions. 
 Mechanism of electrolysis of CuSO4 solution by using platinum electrodes 

and copper electrodes. 
 Applications of electrolysis - Electroplating of silver, electrorefining of blister 

copper. 
 Faraday’s laws of electrolysis: Faraday’s first and second law, relation 

between electrochemical equivalent and chemical equivalent, Numericals. 
 pH and pOH:  Definition of pH, pOH, pH Scale, Numericals. 



Topic 3 - Metals and Alloys  
Specific objectives: 

08 12 

 Identify the properties of metals and alloys related to engineering 
applications. 

 Describe the process of extraction of metals. 
3.1 Metals:                 [8 Marks] 
 
 

Occurrence of metals in free and combined state, definitions - mineral, ore, 
gangue, flux and slag, metallurgy. 

 Metallurgy - Detailed flow chart for extraction of metal. 
 Important extraction processes: Concentration - gravity separation, 

electromagnetic separation, froth floatation, calcination and roasting, 
Reduction - smelting, aluminothermic process, Refining - poling, 
electrorefining. 

 
 

Mechanical properties of metals - Hardness, ductility, malleability, tensile 
strength, toughness, machinability, weldability, forging, soldering, brazing, 
castability. 

3.2 Alloys:                         [4 Marks] 
 Definition, purposes of making alloys with examples. 
 Preparation methods - Fusion, compression. 
 Classification of alloys - Ferrous and non-ferrous alloys with examples. 
 Examples of alloys - Composition, properties and applications of duralumin, 
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Topic 4 - Non-metallic Engineering Materials  
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 Distinguish between thermosoftening and thermosetting plastics. 
 List the properties of rubber. 
 State the applications of thermal insulators. 
4.1 Polymers (Plastics, Rubber):                        [8 Marks] 
 
 

Plastics: Definitions of plastic, polymer, polymerization, types of 
polymerization with examples. 
Types of plastic - thermosoftening plastics and thermosetting plastics and 
their differences, properties and applications of plastics. 

 Rubber: Types of rubber. 
 
 

Natural rubber: Definition, drawbacks of natural rubber, vulcanization of 
rubber with chemical reaction, applications of vulcanized rubber. 
Synthetic rubber: Definition, difference between natural and synthetic rubber, 
examples of synthetic rubber, properties of synthetic rubber like - elasticity, 
tack and abrasion resistance, their definitions and related applications. 

4.2 Thermal Insulators:                        [4 Marks] 
 Thermal Insulators - Definition, characteristics of thermal insulators, 
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1.1 Introduction  
  
 A Greek philosopher Democritus introduced the term ‘atom’. The word ‘atom’ was derived 
from Greek word ‘a-tomio’ meaning indivisible. Maharshi Kanad, an Indian saint and philosopher, 
first used the term ‘Permanu’ (A Sanskrit word which means atom) to describe the ultimate particle of 
matter. Dalton, a British school teacher, in 1808, proposed that matter was made up of extremely 
small, indivisible particles called atoms.  
 Modern researches have conclusively proved that atom is no longer an indivisible particle. The 
works of Sir J. J. Thomson and Ernest Rutherford laid the foundation of the modern picture of the 
atom. Atom consists of three sub-atomic particles: protons, electrons and neutrons which are known 
as fundamental particles. 
 
1.2 Atoms  
  
 1.2.(a) Atoms: 
  
 i. The smallest indivisible particle of an element is called an atom. 
 ii. Atom takes part in all the chemical changes.  
 iii. Atoms may or may not exist freely. It possesses all the properties of original element. 
 iv. Atoms of almost all the elements can react with one another to form compounds. 
 v. Atom consists of three sub-atomic particles: protons, electrons and neutrons. 
 
 1.2.(b) Molecules:  
 
 i. The smallest particle of substance (which can be an element or a compound) is called a 

molecule. 
 ii. It possesses all the properties of the original substance.  
 iii. It has free existence. 
  iv. The elementary particles which build up a molecule are known as atoms. 
 v. Molecules are made up of two or more either similar or different kinds of atoms. 
 Note:  

Species Number of atoms  Examples 
Monoatomic element Contains only one atom Noble gases, carbon, silicon and metals 

like sodium, iron, etc. 
Diatomic molecule Contains two atoms per 

molecule 
Hydrogen (H2), Oxygen (O2), Nitrogen (N2), 
Hydrogen chloride (HCl), etc. 

Polyatomic molecule Contains more than two 
atoms per molecule 

Phosphorus (P4), Sulphur (S8), Copper 
sulphate (CuSO4), etc. 

 
1.3  Bohr’s atomic model 
  
 1.3.(a) Introduction: 
 
  Danish physicist Neils Bohr in 1913 modified Rutherford’s model of an atom and 

proposed a model for the hydrogen atom. The model explained the stability of the atom and the 
atomic spectrum of hydrogen atom. 

Atomic Structure 01 
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 1.3.(b) Postulates or assumptions of Bohr’s atomic theory: 
 
 i. An atom consists of a dense positively charged central part known as ‘nucleus’ which is 

at rest and contains protons and neutrons. 
 ii. Electrons revolve around the nucleus in concentric circular paths called orbits or shells 

situated at a definite distance from the nucleus. Due to this, the electrostatic force of 
attraction between the nucleus and electron(s) is exactly balanced by the centrifugal 
force. Hence, the electrons do not fall into the nucleus and the atom remains stable.  

 iii. The electron can revolve around the nucleus only in certain permitted orbits which are 
known as stationary states. 

 iv. Each stationary state or stationary orbit is associated with a definite amount of energy. 
Hence, these are also called as energy levels or energy shells.  

 v. As long as the electrons revolve in these stationary orbits, they do not radiate energy (i.e., 
the energies of electrons remain constant in stationary orbits).    

   Different stationary levels or stationary orbits or shells are represented by capital 
letters K, L, M, N with corresponding shell numbers 1, 2, 3, 4, etc.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vi. An electron can revolve only in those stationary orbits, without radiating energy, for 
which the angular momentum of an electron is an integral multiple of h/2. 

  mvr =  n
h

2
 

  Where, m =  mass of the electron, v =  linear velocity of the electron 
      r =  radius of orbit, h =  Planck’s constant 
    n =  integral number called Principal quantum number 
             (n = 1 for K shell 
      = 2 for L  shell 
     = 3 for M shell 
        = 4 for N shell, and so on.) 
 vii. Electrons in the energy level nearest to the nucleus possess lower energy than those at 

greater distance from the nucleus.   

Schematic representation of Bohr’s stationary 
orbits or stationary energy-levels 

K

 n = 6

Orbits

L M N O P

2
8
18 
32 
50 
72

 n = 5 
 n = 4 
 n = 3 
 n = 2 
 n = 1 
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Maximum number of 
electrons an orbit can

accommodate 
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  The order of stationary orbits according to the energy associated with them is:   

K < L < M < N < O < P 
 viii. The energy of an electron can change only when it moves from one level to another in the 

atom. A definite amount of energy or quantum of energy is absorbed when an electron 
jumps from a lower energy level to the higher energy level. Similarly, a definite amount 
of energy is given out when an electron jumps from a higher energy level to a lower 
energy level. The energy absorbed or emitted is the difference between energies of these 
two energy levels. 

  This difference in energy (E) between two energy levels is given as, 
  E = h 
  where h is Planck’s constant and  is the frequency of radiation of energy. 
 
1.4  Modern atomic structure  
 
i. According to the modern concept of the atom, it is the smallest unit of matter that is composed 

of three sub-atomic particles: protons, electrons and neutrons. 
ii. An atom consists of two parts: 
 a. Nucleus: It consists of protons and neutrons. 
 b. Extra-nuclear part: It consists of electrons.  
iii. The nucleus of an atom is positively charged as the protons present in it are positively charged 

while the neutrons are neutral in nature.  
iv. Protons and neutrons are together known as nucleons while the electrons are called as extra 

nuclear particles. 
v. The electrons are negatively charged and revolve around the nucleus in fixed orbits like planets 

revolve around the sun in solar system. Hence, the electrons are also called as orbital or 
planetary electrons. 

 vi. The number of protons found in the nucleus of an atom equals the number of electrons that 
surround it. So the positive charge of nucleus is balanced by negative charge. Thus, an atom as 
a whole is electrically neutral. 

Note: In view of the shortcomings of Bohr’s model of an atom, efforts were made to develop a new 
model of atom which could overcome the limitations of Bohr model. The development of new 
model was mainly based on the following two concepts that had been put forward: 

 i. de Broglie concept of dual nature of matter 
 ii. Heisenberg uncertainty principle. 
 
1.5  Characteristics of fundamental particles of an atom   

Atom consists of particles like protons, electrons and neutrons, which are known as sub-atomic 
or fundamental particles.  
 1.5.(a) Protons:  
 i. Protons were discovered by Eugen Goldstein and are positively charged particles. 
 ii. A proton is represented by the symbol p or 1

l p . 
 iii. The relative mass of a proton  is 1.00727 amu (atomic mass unit) i.e., equal to the mass of 

one hydrogen atom. 
 iv. The electrical charge of a proton is equal in magnitude and opposite in sign to that of the 

electron. A proton carries a charge of +1.60221019 coulombs or +1 elementary charge unit.  
 v. They are present in the nucleus of atom. 
 vi. As protons are positively charged, they get deflected by electric and magnetic fields.  
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 1.5.(b) Electrons: 
   
 i. Electrons were discovered by Sir J. J. Thomson and are negatively charged particles. 
 ii. An electron is represented by the symbol e or 0

1e . 
 iii. The relative mass of an electron is 0.00055 amu (atomic mass unit) i.e., (1/1837)th of the 

mass of hydrogen atom. 
 iv. The charge on the electron is equal to 1.6022  10–19 coulombs or 1 elementary charge 

unit.  
 v. Electrons revolve around the nucleus of atom in definite orbits or shells. 
 vi. As electrons are negatively charged, they get deflected by electric and magnetic fields. 
 
 1.5.(c) Neutrons:  
 
 i. Neutrons were discovered by James Chadwick. 
 ii. A neutron is represented by the symbol n or l

0 n.  
 iii. The relative mass of a neutron is 1.008665 amu (atomic mass unit). 
 iv. Neutron has no electrical charge i.e., it is electrically neutral. 
 v. Neutron(s) are present in the nucleus of all atoms (with exception of 1

1H ). 
 vi. As neutrons have no charge, they do not get deflected in electric and magnetic fields. 
 
 
 
 
 
 
 
   
 1.5.(d) Comparison between sub-atomic or fundamental particles:  
  

 Proton Electron Neutron 
Discovered by  Discovered by Eugen 

Goldstein. 
Discovered by  
Sir J. J.  Thomson. 

Discovered by James 
Chadwick. 

Symbol/ 
representation 

Represented as p or 1
1p. Represented as e or 0

1e. Represented as n or 1
0 n . 

 
Relative mass Mass = 1.672  1024 g 

(1.00727 amu). 
Mass = 9.108  1028 g 
(0.00055 amu). 

Mass = 1.674  1024 g 
(1.008665 amu). 

Relative 
charge 

Carries unit positive 
charge equal to 
+1.6022  1019 C. 

Carries unit negative 
charge equal to 
1.6022  1019 C. 

Carries no electric 
charge i.e., neutral. 

Location in an 
atom 

Present in nucleus of 
all atoms. 

Present in extra-nuclear 
part of all atoms. 

Present in nucleus of all 
atoms except 1

1H . 
 
1.6 Atomic number and atomic mass number 
  
 1.6.(a) Atomic number:  
 i. The number of protons present in the nucleus of an atom of a particular element is called 

the atomic number of that element.  

 
Atoms are extremely small, hence it is difficult to express their weights in usual units
like gram(g). So, a smaller unit known as atomic mass unit (amu) is used.  
1 amu (atomic mass unit) = 1.66056  1024 g 
Now-a-days, amu has been replaced by ‘u’ which is known as ‘unified mass’. 

Knowledge Bank 
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 ii. Atomic number is represented by Z.  
  Atomic Number (Z) =  Number of protons present in the nucleus 
                                         =  Number of electrons present in the extra-nuclear part of that atom 
 iii. Atomic number is always a whole number. 
 
 1.6.(b) Atomic mass number:  
 
 i. The sum of the total number of protons and neutrons present in the nucleus of an atom is 

called as atomic mass number of that atom. 
 ii. Mass number is represented by A.  
  Mass number (A)  =  Number of protons  +  Number of neutrons 
                                      =  Number of nucleons 
 iii. The electrons possess negligible mass. They do not contribute much to the mass of an 

atom. Hence, the entire mass of an atom is supposed to be present in the nucleus which 
consists of protons and neutrons. 

 iv.  The atomic number (Z) is written at the left bottom of the symbol of an element while the 
atomic mass number is written at the left top of the symbol of an element. Hence, an 
element with symbol X is represented as A

ZX.  
 
 1.6.(c) Relationship between atomic number and atomic mass number: 
 
 For a neutral atom with atomic mass number A and atomic number Z, 
 Number of electrons  =  Z 
 Number of protons    =  Z 
 Number of neutrons  =  A  Z  
 e.g. i. 23

11Na :   ii. 32
16S :  

   Atomic number (Z)  = 11  Atomic number (Z)            = 16  
   Atomic mass number (A) = 23   Atomic mass number (A) = 32 
          Number of electrons  = 11   Number of electrons          = 16 
   Number of protons   = 11   Number of protons             = 16 
   Numbers of neutrons  = A  Z   Number of neutrons  = A  Z  
     = 23  11      = 32  16 
         = 12      = 16  
 Illustrative Examples: 
  
 Example 1 
 Calculate the atomic number and atomic mass number of a neutral atom containing              

9 electrons and 10 neutrons.    
 Solution: 
 Given:  Number of electrons = 9, Number of neutrons = 10 
 To find:  Atomic number (Z) and atomic mass number (A) 
 Formulae: i. Atomic number (Z) = Number of protons = Number of electrons 
   ii. Atomic mass number (A) = Number of protons + Number of neutrons 
 Calculation: Atomic number (Z) = Number of protons = Number of electrons    
         Atomic number (Z) = 9  
   Atomic mass number (A)  = Number of protons + Number of neutrons 
                   = 9 + 10 = 19 
 Ans:  Atomic number (Z) = 9 and atomic mass number (A) = 19  
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 Example 2 
 If atomic number and atomic mass number of an element is 21 an 45 respectively, write 

the number of protons, neutrons and electrons.                          
 Solution: 
 Given: Atomic number (Z) = 21 and atomic mass number (A) = 45 
 To find:  Number of protons, neutrons and electrons 
 Formulae:  i. Atomic number (Z) = Number of protons = Number of electrons 
   ii. Atomic mass number (A) = Number of protons + Number of neutrons 
 Calculation:  Number of protons = Number of electrons = Z = 21 
   Number of protons + Number of neutrons = A 
   Number of neutrons  = A  Number of protons 
        = 45  21 = 24 
 Ans:  Number of protons = 21; Number of neutrons = 24; Number of electrons = 21  
 
 1.6.(d) Difference between atomic number and atomic mass number:  
  

No. Atomic number Atomic mass number 
i. Atomic number is the number of protons 

present in the nucleus and is also equal to 
the number of electrons revolving around 
the nucleus in extra nuclear part of the 
atom. 

Atomic mass number is the sum of number 
of protons and neutrons present in the 
nucleus of atom of an element. 

ii. Atomic number is a fundamental 
property of an element as it decides the 
position of the element in the modern 
periodic table.  

Atomic mass number of the atoms of the 
same element may be different. So, atomic 
mass number does not decide the position of 
an element in the modern periodic table. 

iii. It does not indicate the mass of the 
nucleus of an atom of the element. 

It indicates the mass of the nucleus of an 
atom of the element. 

iv. Atoms of the same element always have 
the same atomic number. 

Atoms of the same element may or may not 
have the same atomic mass number. 

 
1.7  Isotopes and isobars   
 1.7.(a) Isotopes:    

 Atoms of the same element possessing same atomic number but different mass number 
are called isotopes.                     OR 
 Atoms of the same element which have the same number of protons but different number 
of neutrons are called isotopes. 

 e.g.  
 i. a. Hydrogen has three isotopes. These are named as protium ( 1

1H or H), deuterium 

( 2
1H or D) and tritium ( 3

1H or T) respectively. 
 

Isotope  Mass number No. of protons No. of electrons No. of neutrons 
1
1H (H) 1 1 1 0 
2
1H (D) 2 1 1 1 
3
1H (T) 3 1 1 2 
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  b. The atomic structure of the three isotopes of hydrogen can be represented as follows: 
 
 
 
 
 
 
 
 
 
 
     
 ii.  a. Oxygen has three isotopes. 
 

Isotope  Mass number No. of protons No. of electrons No. of neutrons 
16
8O  16 8 8 8 

17
8O  17 8 8 9 

18
8O  18 8 8 10 

    
  b. The atomic structure of the three isotopes of oxygen can be represented as follows: 
 
 
 
 
 
 
 
     
 
    
 Note:  Isotopes of some common elements:  
   

Element Isotopes  Element Isotopes 
Carbon (C) 12 13 14

6 6 6C, C, C   Nitrogen (N) 13 14 15
7 7 7N, N, N  

Chlorine (Cl) 35 37
17 17Cl, Cl   Uranium (U) 233 235 238

92 92 92U, U, U  
  

Illustrative Examples: 
 
 Example 1 

Calculate the number of electrons and neutrons in an atom of deuterium ( 2
1H ). 

 Solution: 
 Given:  An atom of deuterium ( 2

1H ) 
 To find:  Number of electrons and neutrons  
 Formulae:   i. Atomic number (Z) = Number of protons = Number of electrons 
   ii. Atomic mass number (A) = Number of protons + Number of neutrons 

16
8O

17
8O

18
8O

   Atomic structure of three isotopes of oxygen



8p
8n




  

 



8p
9n




 





8p
10n




 



3
1H  

Tritium 
At. No.1 

Mass No. 3

Atomic structure of three isotopes of hydrogen

1
1H  

Protium 
At. No.1 

Mass No. 1

1p
 

2
1H  

Deuterium
At. No.1 

Mass No. 2

 

1p
1n

1p
2n
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 Calculation:  
  Deuterium ( 2

1H ) is an isotope of hydrogen having atomic mass number of 2. 

  Since, atomic number (Z) of hydrogen is 1,  the atomic number (Z) of deuterium is also 1. 
  Hence, for deuterium ( 2

1H ), atomic number (Z) = 1 and atomic mass number (A) = 2. 

  Atomic number (Z) = Number of proton(s) = Number of electron(s) = 1 
  Number of electrons in deuterium = 1 
  Atomic mass number (A) = Number of protons + Number of neutrons 
  Number of neutrons in deuterium = A  Number of protons = 2 – 1 = 1 
 Ans: Number of electron(s) in deuterium = 1 
  Number of neutrons(s) in deuterium = 1 
 
 Example 2 

Calculate the number of neutrons in the following isotopes of chlorine:  
i. 35

17Cl  ii. 37
17Cl  

 Solution: 
 Given:  Isotopes of chlorine: 35

17Cl and 37
17Cl  

 To find:  Number of neutrons in 35
17Cl and 37

17Cl   

 Formulae:   i. Atomic number (Z) = Number of protons  
   ii. Atomic mass number (A) = Number of protons + Number of neutrons 
 Calculation:  
 i. 35

17Cl : 

  Atomic number (Z) = 17 
  Atomic mass number (A) = 35 
  Atomic number (Z) = Number of protons = 17 
  Atomic mass number (A) = Number of protons + Number of neutrons 
  Number of neutrons = A  Number of protons = 35 – 17 = 18 
 
 ii. 37

17Cl : 

  Atomic number (Z) = 17 
  Atomic mass number (A) = 37 
  Atomic number (Z) = Number of protons = 17 
  Atomic mass number (A) = Number of protons + Number of neutrons 
  Number of neutrons = A  Number of protons = 37 – 17 = 20 
 Ans: i. Number of neutrons in 35

17Cl = 18 

  ii. Number of neutrons in 37
17Cl = 20 

 
 1.7.(b) Characteristics of isotopes: 
 
 i. The isotopes of an element have same atomic number, but different mass numbers, i.e., 

the nuclei of isotopes contain same number of protons but different number of neutrons. 
 ii. They have identical chemical properties. 
 iii. They have slightly different physical properties as they contain different number of 

neutrons in their nucleus. 
 iv. The position of the isotopes of an element in the modern periodic table is same. 
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 v. All the isotopes of an element have same arrangement of electrons in their orbits (i.e., 

they have same electronic configuration). 
 Note: Since chemical properties are mainly determined by number of protons in the nucleus 

and the number of electrons in the atom, the different isotopes of an element exhibit 
similar properties.        

 1.7.(c) Applications of carbon isotopes:  
 There are three isotopes of carbon viz., 12C, 13C, 14C of which 14C is radioactive. 
 i. 12C isotope: It is the most abundant carbon isotope on earth.  
  a. It is used for all metabolic processes such as life sustaining process of respiration 

and photosynthesis. 
  b. All our energy needs are satisfied by fossil fuels such as coke, crude oil, etc. These 

fossil fuels are formed from carbon-based dead organic matters. 
 ii. 13C isotope:  
  a.  It is used in Nuclear Magnetic Resonance (NMR) spectroscopy which helps to 

determine structure of proteins. This is because 13C has nuclear spin which respond 
to radio frequency signal. 

  b. It is used to determine identity of water sources. 
 iii. 14C isotope: It is used in radiocarbon dating technique which is used to calculate the age 

of carbon containing materials. This technique is based on the ratio of 14C to 12C. In living 
material, the ratio of 14C to 12C remains nearly constant. When an animal or plant dies, 
the amount of 14C in the tissue decreases due to radioactive disintegration of 14C. As a 
result, the ratio of 14C to 12C in the dead tissue decreases, depending on the age of the tissue.   

 1.7.(d) Applications of cobalt isotopes:  
  Naturally occurring cobalt (Co) is composed of one stable isotope, 59Co. However, there 

are several radioactive isotopes of cobalt that have been identified; with the most stable being 
60Co followed by 57Co. 

 i. 57Co isotope:  
a. It is used in medical tests.  
b. It is used as a radiolabel for vitamin B12 uptake.  
c. It is useful for Schilling test. 

 ii. 60Co isotope: It is a radioactive material useful in radiotherapy. It is useful as a gamma 
ray source which are used in: sterilization of medical supplies and medical wastes, 
radiation treatment of foods for sterilization, industrial radiography, density 
measurement, tank fill height switches, detecting flaws in metal components, brachy 
therapy to treat various types of cancer.  

 1.7.(e) Isobars:    
The atoms of different elements which have the same mass number but different atomic number 
are called isobars. 

 e.g. i. Argon  40
18Ar , Potassium  40

19K , Calcium  40
20Ca   

Isobar Mass number No. of protons No. of electrons No. of neutrons 
40
18 Ar  40 18 18 22 
40
19K  40 19 19 21 

40
20Ca  40 20 20 20 
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  ii. Lead  210

82Pb and bismuth  210
83Bi  

 
Isobar Mass number No. of protons No. of electrons No. of neutrons 

210
82Pb  210 82 82 128 

210
83Bi  210 83 83 127 

   
 1.7.(f) Characteristics of isobars:       
 i. Isobars have different atomic numbers and hence, they possess different number of 

protons and electrons.  
 ii. Isobars have same mass number. So, the sum of protons and neutrons i.e., number of 

nucleons is the same. 
 iii. Isobars possess different chemical and physical properties.  
 iv. They occupy different positions in the periodic table.  
 v. They have different electronic configurations as they have different number of 

electrons. 
 
 1.7.(g) Difference between isotopes and isobars: 
  

No. Isotopes Isobars 
i. They have the same atomic number but 

different mass numbers. 
They have the same mass number but 
different atomic numbers.  

ii. They have same electronic configuration.  They have different electronic 
configurations.

iii. They occupy the same place in the 
modern periodic table.   

They occupy different places in the 
modern periodic table.  

iv. Their chemical properties are identical. Their chemical properties are different. 
v. Isotopes are atoms of the same element 

having different mass numbers and hence, 
they  have the same number of protons and 
electrons but different number of neutrons. 

Isobars are atoms of different elements 
having same mass number but different 
atomic numbers and hence, they have 
different number of protons, electrons and 
neutrons. 

e.g. 16
8O, 17

8O, 18
8O  40

18Ar, 40
19K, 40

20Ca  
  
1.8   Energy levels (shells) and sub-energy levels (subshells) 
   
 1.8.(a) Energy levels (shells):  
 
 i. The electrons revolve around the nucleus in various stationary energy levels called as 

orbits or principal energy levels or shells.  
 ii. Each shell has a different energy level. The first shell, nearest to the nucleus, is 

known as the ‘K’ shell. It is followed by L, M, N, … shells. The energy of the shell 
increases with increase in the distance of the shell from the nucleus. The energies of 
electrons present in the shells also increase from K-shell onwards. 
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 iii. The energy levels or shells are also designated using principal quantum number (n)  

where  n = 1, 2, 3, 4, 5, 6,…… corresponds to K, L, M, N, O, P,…… shells respectively. 
 iv. Each shell can accommodate maximum of 2n2 electrons (where n is the principal 

quantum number). Thus, K-shell can accommodate maximum of 2 electrons, L-shell can 
accommodate maximum of 8 electrons, M-shell can accommodate maximum of 18 
electrons and N-shell can accommodate maximum of 32 electrons. On this line, O-shell 
can accommodate maximum of 50 electrons and P-shell can accommodate maximum of 
72 electrons. 

  This can be summarised as shown in the following table: 
  

Principal shell n 
Maximum number of electrons that can be 

accommodated (2n2) 
K 1 2  12 = 2 

L 2 2  22 = 8 

M 3 2  32 = 18 

N 4 2  42 = 32 

O 5 2  52 = 50 

P 6 2  62 = 72 
  
 1.8.(b) Sub-energy levels (subshells):  
 
 i. A close grouping of number of energy levels in the main energy levels (or main 

shells) are known as sub-energy levels or subshells.  
 ii. Each shell is divided into subshells which are designated as s, p, d, f.  
 iii. The energies of the different subshells present within the same principal shell is in the 

order: s < p < d < f.                                                                                                                    
 iv. The maximum number of electrons that can be accommodated in the s, p, d and f 

subshells are 2, 6, 10 and 14 respectively. 
 v. Total number of subshells in a main shell (with a given value of n) is equal to n.  
 vi. a. K shell (n = 1) contains one subshell (1s).  
  b. L shell (n = 2) contains two subshells (2s, 2p). 
  c. M shell (n = 3) contains three subshells (3s, 3p, 3d). 
  d. N shell (n = 4) contains four subshells (4s, 4p, 4d, 4f). 
  This can be summarised as shown in the following table: 
 

Principal shell Number of subshells Designation of subshells 
K(n = 1) 1 1s 
L(n = 2) 2 2s, 2p 
M(n = 3) 3 3s, 3p, 3d 
N(n = 4) 4 4s, 4p, 4d, 4f 

          
 Note: The notations s, p, d and f are the initial letters of the words – sharp, principal, diffused 

and fundamental, formerly used in spectroscopy to describe the nature of spectral line 
present in the emission spectrum of atom. 
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 1.8.(c) Difference between energy levels and sub-energy levels: 
 

No. Energy levels Sub-energy levels 
i. Orbits associated with definite amount 

of energy are called energy levels. 
A close grouping of number of energy levels 
in the main energy levels are called sub-
energy levels. 

ii. These are designated by the letters K, 
L, M, N, etc. 

These are designated by the letters s, p, d, f, 
etc. 

iii. The maximum number of electrons that 
can be accommodated in the energy 
level is given by 2n2 rule where n is the 
principal quantum number.  

The maximum number of electrons that can 
be accommodated in sub-energy levels are:  
s = 2, p = 6, d = 10, f = 14. 

iv. Energy levels are circular or elliptical 
in shape around the nucleus. 

Sub-energy levels consists of orbitals having 
different geometrical shapes.  
e.g. s = spherical, p = dumb-bell shaped, etc.  

 Note: Shapes of orbitals are discussed under section 1.9 Atomic orbitals. 
 
1.9 Atomic orbitals    
 1.9.(a) Atomic orbitals:  
 i. A French physicist, de Broglie, advanced the idea that all material particles possess a dual 

nature i.e., particle as well as a wave nature. Thus, an electron is not only a particle but 
has a wave character. 

 ii. As a consequence of dual nature of matter, Werner Heisenberg, a German physicist, in 
1927 gave a principle about the uncertainties in simultaneous determination of position 
and velocity of small particles. This principle is known as Heisenberg’s uncertainty 
principle. 

 iii. In the light of uncertainty principle and de Broglie concept of dual nature of matter, Bohr 
model of atom became unacceptable. This is because according to Bohr model, the 
electrons are moving in fixed circular paths. However, the path can be defined only if the 
velocity and position of the electron are known exactly at the same time which is 
contradicted by Heisenberg uncertainty principle. Similarly, Bohr model does not take 
wave nature of the electron into consideration. 

 iv. The movement of electron around the nucleus is random, i.e., sometimes it may come 
close to the nucleus and sometimes it may move away from it. So, we use the concept of 
‘probability’ of finding the electron at any particular position about the nucleus at any 
instant of time. 

 v. The three dimensional region in the space around the nucleus in which the probability of 
finding an electron is maximum is called an atomic orbital. 

 vi. An atomic orbital can accommodate maximum of 2 electrons only and these electrons 
have opposite spins        .  

 vii. The s-subshell has only one s-orbital, the p-subshell has three p-orbitals, the d-subshell 
has five d-orbitals and f-subshell has seven f-orbitals.  

 1.9.(b) s-orbitals:  
 i. For each value of principal quantum number ‘n’, there is only one ‘s’ orbital.  
 ii. s-orbital is spherically symmetrical around the nucleus. 
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 iii. For ‘s’ orbital, the probability of finding the electrons is same in all directions i.e., it is 

non-directional. 
 iv. The value of n determines the size of an orbital. With increase in the value of n, the size 

of the s-orbital increases. Thus, the increasing order of the size of orbitals is 1s < 2s < 3s 
and so on. 

 v. There is a region between 1s and 2s orbitals where the probability of finding the electron 
is zero. This region is known as node. 

 
 
 
 
 
 
 
  
 
 
 1.9.(c) p-orbitals:  
  
 i. Each p-subshell has three p-orbitals. There are no p-orbitals in first energy level. The              

p-orbitals are present in the second and higher energy levels.  
 ii. Each p-orbital has two lobes i.e., it is dumb-bell shaped.  
 iii. They have directional character which determines the geometry of molecules.  
 iv. Three p-orbitals are designated as px, py and pz. They are perpendicular to each other and 

oriented in space along X, Y and Z axes respectively.  
 
 
 
 
 
 
 
 
 
 
 v. The value of n determines the size and energy of 

an orbital. With increase in the value of n, the 
size of the p-orbital increases. Thus, the 
increasing order of the size of orbitals is                  
2p < 3p < 4p and so on. 

 vi.  The two lobes of each p-orbital are separated by 
a plane having zero electron density. This plane 
is called nodal plane.  

 vii. In the absence of magnetic field, the three                
p-orbitals of a subshell have equivalent energies. 

 

Shapes of 1s, 2s and 3s orbitals

Node 

Y

X

Z

2s orbital Nodes 

Y 

X

Z 
3s orbital 

Y

X 

Z

1s orbital 

X 

Nodal plane 
Y 

Nodal plane of py orbital 

Shapes of p-orbitals

pz - orbital py - orbital 

Z

X 

px - orbital

X

Z 
Y Y

Z

X

Y
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 1.9.(d) d-orbitals:                                     
 i. Each d-subshell has five d-orbitals. The d-orbitals are present in the third and higher 

energy levels. 
 ii. They are designated as dxy, dyz, dzx, 2 2d

x y
 and 2z

d .    

 1.9.(e) f-orbitals:   
 i. Each f-subshell has seven f-orbitals. The f-orbitals are present in the fourth and higher 

energy levels. 
 ii. The f-orbitals are complicated in shape. 
 Note: The co-relation of shell, subshell and orbital can be summarised as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
   
 1.9.(f) Difference between orbit and orbital:                                    

No. Orbit Orbital 
i. An orbit is a well defined circular path 

around the nucleus in which electrons 
revolve according to Bohr’s model of 
an atom. 

An orbital is a three dimensional space around 
the nucleus in which the probability of finding 
an electron is maximum. This is in accordance 
with the quantum mechanical model of an atom. 

ii. An orbit can accommodate maximum of 
2n2 electrons where n represents the 
number of the orbit. 

An orbital can accommodate maximum of  
2 electrons only. 

iii. The concept of revolution of electrons 
in an orbit is not in accordance with the 
Heisenberg’s uncertainty principle. 

The concept of an orbital is in accordance 
with the Heisenberg’s uncertainty principle. 

iv. Orbits are circular or elliptical. The shapes of different orbitals are different.  
v. Orbits are non-directional. Except the s-orbital, all other orbitals are 

directional in nature. 

vi. An orbit represents the planar motion of 
an electron around the nucleus. 

An orbital represents the three dimensional 
motion of an electron around the nucleus. 

vii. The distance of electron from the 
nucleus is fixed for a given orbit. 

The distance of electron from the nucleus is 
not known exactly and it lies within a range 
for a given orbital. 

viii. The orbits are designated as K, L, M, 
etc. or 1, 2, 3, etc.  

The orbitals are designated by letters s, p, d, f, 
etc. 

Main energy shell/level

Three p-orbitals 
(Px, Py and Pz) 
Maximum number
of electrons 
= 3  2  
= 6 

Five d-orbitals 
Maximum number
of electrons 
= 5  2  
= 10 

Seven f-orbitals 
Maximum number
of electrons 
= 7  2  
= 14 

One s-orbital 
Maximum number of electrons
= 1  2 ( Each orbital can   

         accommodate maximum 
                   of 2 electrons.) 
= 2 

s-subshell 
(for n = 1, 2, 3, …)

d-subshell 
(for n = 3, 4, 5, …)

f-subshell 
(for n = 4, 5, 6, …) 

p-subshell 
(for n = 2, 3, 4, …)



Basic Physics (F.Y.Dip.Sem.-1) MSBTEBasic Science Chemistry (F.Y.Dip.Sem.-1) MSBTE

16 

 

  

Publications Pvt. Ltd. Target 
1.10  Distribution of electrons in orbitals 
  
 1.10.(a) Electronic configuration of atoms: 
 
  Electronic configuration is defined as the distribution of electrons in the various shells, 

subshells and orbitals of an atom.   
 Note: The distribution of electrons in various subshells and orbitals of the outermost shell of an 

atom is called valence shell electronic configuration of that atom. 
 
 1.10.(b) General representation of electronic configuration: 
  
 Generally, the number of electrons present in a subshell is represented as: nlx 

 Where n = shell number, l = subshell and x = number of electrons   
 e.g. i. 3p2   ii. 3d1 
          3 = shell number (n = 3)  3 = shell number (n = 3) 
          p = subshell (l = 1)  d = subshell (l = 2) 
          2 = number of electrons         1 = number of electron 
 The electronic configuration of hydrogen, helium and lithium are represented as follows: 
 H(Z = 1) 1s1; He(Z = 2) 1s2; Li(Z = 3) 1s2 2s1 
  
 1.10.(c) Pictorial representation of electronic configuration: 
 
 i. A circle or a square box is used 

to represent an orbital.  
 ii. The s-subshell has only one                

s-orbital. Therefore, s-subshell is 
represented using a circle or a 
square box. 

 
 iii. The p-subshell has three p-orbitals. Therefore, p-subshell is represented as a set of three 

circles or a set of three boxes.               
 iv. Similarly, the d-subshell having five d-orbitals is represented as a set of five circles or a 

set of five boxes.  
 v. Single electron in an orbital indicates unpaired electron. When an unpaired electron is to 

be represented, an arrow   is drawn inside the circle or square box. 
 vi. Two electrons in an orbital indicate that electrons are paired and have opposite spins. 

When such electrons are to be represented, two arrows in the opposite directions  are 
drawn inside the circle or square box. 

  
 1.10.(d) Rules for writing electronic configuration of atoms: 
 
 i. Each main energy level (shell) can hold a maximum of 2n2 electrons, where ‘n’ is main 

energy level (or principal quantum number). 

 ii. Electrons are added one by one as we move from one element to the next in the order of 
increasing atomic number in the modern periodic table. 

 iii. These electrons enter s, p, d, f orbitals as per their maximum capacity of accommodating 
the electrons. 





ors-subshell 
orp-subshell 

or d-subshell 
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 iv. The electronic configuration is mainly explained by three principles or rules: 

  a. Aufbau principle: This principle explains how electrons are added one by one 
to various orbitals in order of their increasing energies. 

  b. Pauli’s exclusion principle: This principle explains that an orbital can hold 
only two electrons and these electrons have opposite spins. 

  c. Hund’s rule of maximum multiplicity: This rule explains filling of electrons 
in orbitals having equal energy (i.e., degenerate orbitals). 

  
1.11 Aufbau principle  
  
i. Aufbau principle gives the sequence in which 

various orbitals are filled with electrons. 
ii. Statement: In an atom, the orbitals are filled with 

electrons in order of the increasing energies.  
iii. The lower energy orbitals are filled first; then 

higher energy orbitals are filled. The order of 
filling of the electrons in different orbitals in an 
atom is: 
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s               
< 4d < 5p < 6s < 4f < 5d and so on. 

 
Note: Aufbau is a German word. It means ‘building 

up’. 
 
  
1.12  Hund’s rule of maximum multiplicity  
     
 1.12.(a) Hund’s rule of maximum multiplicity: 
  
 i. Statement: When several orbitals of equal energy (degenerate orbitals) are available, 

the electrons first fill all the orbitals singly before pairing in any of these orbitals. 

 ii. This rule helps in understanding the filling of electrons in degenerate orbitals such as 
in p, d and f-orbitals. 

 iii. According to Hund’s rule, electron pairing in p, d and f orbitals cannot occur until 
each orbital of a given subshell contains one electron each or is singly occupied. 

  e.g.  The electronic configuration of oxygen (Z = 8) is 1s2 2s2 2p4. It has four electrons in 
the p-subshell and the filling of these electrons is explained as follows:              
Each p-subshell has three p-orbitals. Each of the three p-orbitals must get one 
electron of parallel spin before any one of them receives the second electron of 
opposite spin. Therefore, the configuration of four electrons in degenerate              
p-orbitals is represented as 

 
 
            
 

and not as 



 

 

Order of filling of atomic orbitals

7s 7p 

6s 6p 6d 6f

5s 5p 5d 5f

4s 4p 4d 4f

3s 3p 3d 

2s 2p 

1s
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 1.12.(b) Electronic configuration of some elements: 
 
 i. Hydrogen (Z = 1) has only one electron which must be filled in the orbital of lowest 

energy, i.e., 1s. Thus, the electronic configuration of hydrogen is represented as: 
 
 
   
 ii. Helium (Z = 2) has two electrons. Both these electrons can be filled into the s-orbital but 

they should have opposite spins in accordance with Pauli’s exclusion principle. Thus, the 
electronic configuration of helium is represented as: 

 
 
 
 
 iii. Lithium (Z = 3) has three electrons. Two electrons go to 1s-orbital while the remaining 

one electron goes to the orbital of next higher energy, i.e., 2s. Thus, the electronic 
configuration of lithium is represented as: 

 
 
 
 iv. Carbon (Z = 6) has six electrons. The first four electrons are filled, two each in 1s and 2s 

orbitals. The remaining two electrons will go to any two of the three 2p-orbitals in 
accordance with Hund’s rule and these will have parallel spins. Thus, the following 
electronic configuration can be written for carbon: 

 
 
  
 v. Similarly, electronic configurations for nitrogen, oxygen, fluorine and neon can be 

written as follows: 
 

Element Electronic configuration 

Nitrogen (Z = 7) 

 
 
 
 

Oxygen (Z = 8) 

 
 
 
 

Fluorine (Z = 9) 

 
 
 
 

Neon (Z = 10) 

 
 
 
 

1s2 or

1s

1s2 2s1 or

1s


2s

1s2 2s2 2p3 or

1s 2s


2px


2py 2pz



1s2 2s2 2p4 or

1s 2s 2px


2py 2pz





1s2 2s2 2p5 or

1s 2s 2px 2py 2pz



 

1s2 2s2 2p6 or

1s 2s 2px 2py 2pz  

1s2 2s2 2p2 or

1s 2s


2px


2py 2pz 

1s1 or 

1s
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 Note: Electronic configuration of inert gas elements: 
  There are some gaseous elements which are not reactive at all. These are called inert or 

noble gases. They are monoatomic elements and form a group in the modern periodic 
table known as ‘group 18’. Inert gas elements are He, Ne, Ar, Kr, Xe and Rn. The valence 
shell electronic configuration of the atoms of all these gases is represented as ns2 np6 (except 
He having 2 electrons). Such an electronic arrangement in which 8 electrons are present in 
the outermost shell of an atom is known as stable electronic configuration. 

 
 1.12.(c) Stability of half filled and completely filled orbitals:   
 i. The atoms with completely filled or half filled orbitals have extra stability.   
 ii. Due to more stability of half-filled or completely filled orbitals, some elements show 

variation from the standard pattern of electronic configuration. 
   e.g. Chromium and copper. 
 iii.   Electronic configuration of chromium:  
  a. Chromium (Cr) has atomic number 24.  
  b. Its expected electronic configuration is 1s2 2s2 2p6 3s2 3p6 3d4 4s2. 
  c. The 3d orbital is less stable as it is not half filled. 
  d. In order to achieve stability, one 4s electron enters into 3d orbital. This makes 4s 

and 3d orbitals half filled which gives extra stability and the configuration of Cr 
atom becomes 1s2 2s2 2p6 3s2 3p6 3d5 4s1. 

 
 
 
 
 
 
 
 
  
 iv.   Electronic configuration of copper: 
  a. Copper (Cu) has atomic number 29.  
  b. Its expected electronic configuration is 1s2 2s2 2p6 3s2 3p6 3d9 4s2. 
  c. The 3d orbital is neither half filled nor completely filled. Hence, it has less 

stability.  
  d. In order to achieve stability, one 4s electron enters into 3d orbital. This makes 3d 

orbital  completely filled and 4s orbital half filled which gives extra stability and 
the configuration of Cu atom becomes 1s2 2s2 2p6 3s2 3p6 3d10 4s1. 

 
 
 
 
 
 
 
 
 
 

Expected electronic configuration of Cr atom:

Observed electronic configuration of Cr atom:

4s1

 
3d5

  

4s2



 
3d4

1s2 2s2 2p6 3s2 3p6

1s2 2s2 2p6 3s2 3p6

Expected electronic configuration of Cu atom:

Observed electronic configuration of Cu atom:

 4s13d10



   

1s2 2s2 2p6 3s2 3p6

4s23d9

   

1s2 2s2 2p6 3s2 3p6



Basic Physics (F.Y.Dip.Sem.-1) MSBTEBasic Science Chemistry (F.Y.Dip.Sem.-1) MSBTE

20 

 

  

Publications Pvt. Ltd. Target 
 Note: It is a common practice that after filling the various orbitals in order of the increasing 

energies (i.e., according to Aufbau principle), the electronic configuration thus obtained 
is rearranged so that the orbitals of the same energy level are grouped together. 

 
1.13  Orbital electronic configuration of elements having atomic number 1 to 30  
 
 The orbital electronic configuration of the elements having atomic number 1 to 30 is given in 
the following table: 
 

Atomic 
No. 

Element Symbol 
Orbital electronic configuration 

K (n = 1) L (n = 2) M (n = 3) N (n = 4) 

1 Hydrogen H 1s1 -   
2 Helium He 1s2 -   
3 Lithium Li 1s2 2s1   
4 Beryllium Be 1s2 2s2   
5 Boron B 1s2 2s2 2p1   
6 Carbon C 1s2 2s2 2p2   
7 Nitrogen N 1s2 2s2 2p3   
8 Oxygen O 1s2 2s2 2p4   
9 Fluorine F 1s2 2s2 2p5   
10 Neon Ne 1s2 2s2 2p6   
11 Sodium Na 1s2 2s2 2p6 3s1  
12 Magnesium Mg 1s2 2s2 2p6 3s2  
13 Aluminium Al 1s2 2s2 2p6 3s2 3p1  
14 Silicon Si 1s2 2s2 2p6 3s2 3p2  
15 Phosphorus P 1s2 2s2 2p6 3s2 3p3  
16 Sulphur S 1s2 2s2 2p6 3s2 3p4  
17 Chlorine Cl 1s2 2s2 2p6 3s2 3p5  
18 Argon Ar 1s2 2s2 2p6 3s2 3p6  
19 Potassium K 1s2 2s2 2p6 3s2 3p6 4s1 

20 Calcium Ca 1s2 2s2 2p6 3s2 3p6 4s2 
21 Scandium Sc 1s2 2s2 2p6 3s2 3p6 3d1 4s2 
22 Titanium Ti 1s2 2s2 2p6 3s2 3p6 3d2 4s2 
23 Vanadium V 1s2 2s2 2p6 3s2 3p6 3d3 4s2 
24 Chromium Cr 1s2 2s2 2p6 3s2 3p6 3d5 4s1 
25 Manganese Mn 1s2 2s2 2p6 3s2 3p6 3d5 4s2 
26 Iron Fe 1s2 2s2 2p6 3s2 3p6 3d6 4s2 
27 Cobalt Co 1s2 2s2 2p6 3s2 3p6 3d7 4s2 
28 Nickel Ni 1s2 2s2 2p6 3s2 3p6 3d8 4s2 
29 Copper Cu 1s2 2s2 2p6 3s2 3p6 3d10 4s1 
30 Zinc Zn 1s2 2s2 2p6 3s2 3p6 3d10 4s2 
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Formulae 

MSBTE Theory Questions

 
 
  
1. Atomic number:  
 Atomic number (Z) = Number of protons  
                         = Number of electrons 
 
2. Atomic mass number: 
 Atomic mass number (A)  
 = Number of protons + Number of  

neutrons 
 
 
 
 
1. Give four postulates of Bohr’s theory of 

atom.                  [W-06, 09; S-14] [4 M] 
OR 

 Write four assumptions of Bohr’s 
atomic theory.  

[W-07, 08, 11; S-11, 13] [4 M] 
Ans: Refer 1.3.(b). 
 
2. State the number of subshells in K, L, 

M, N shells.       [W-06, 14; S-14] [2 M] 
Ans: Refer 1.8.(b):(vi).                                                          
 
3. Differentiate between orbit and orbital.  

 [W-06, 07, 08, 11] [2 M] 
Ans: Refer 1.9.(f).                                      
 
4. Write orbital electronic configuration of 

following elements. 

 23 14 40 20
11 7 20 10Na, N, Ca, Ne          

[W-06] [4 M] 
Ans: Refer 1.13.                      
 
5. Why is an atom electrically neutral?  

[S-07, 09, 13; W-10, 13] [2 M] 
Ans: Refer 1.4.(vi).             
 
6. Define isotope and isobar with example.  

  [S-07] [2 M] 
Ans: Refer 1.7.(a) and 1.7.(e).  
 
7. Write the four properties of isotopes and 

isobars.                    [W-07; S-12] [4 M] 

Ans: Refer 1.7.(b) and 1.7.(f).   

8. State Hund’s rule.   
[W-07, 11; S-10, 11] [2 M] 

OR 
 State Hund’s rule of maximum 

multiplicity.                 [W-09, 14] [2 M] 
Ans: Refer 1.12.(a).  
 
9. Write down orbital electronic 

configuration of following elements. 

 23 27
11 13Na, Al.                          [S-07] [4 M] 

Ans: Refer 1.13.      
 
10. Explain terms isotopes and isobars with 

examples.        [S-08] [4 M] 
Ans: Refer 1.7.(a) and 1.7.(e). 
 
11. Define sub-energy level. Name different 

sub-energy levels. Give maximum 
number of electrons in each of them. 
Write number of sub-energy levels in K, 
L, M, N orbits.            [S-08] [4 M] 

Ans: Refer 1.8.(b):(i), (ii), (iv) and (vi).  
 
12. Give the difference between energy 

levels and sub-energy levels.  
[W-08] [4 M] 

Ans: Refer 1.8.(c). 
            
13. Define orbit and orbital.     

[S-08; W-14] [2 M] 
Ans: Refer 1.8.(a):(i) and 1.9.(a):(v).  
          
14. Write orbital  electronic configuration of 

following elements: 

 40 39 20 40 19 23 31
20 19 10 18 9 11 15Ca, K, Ne, Ar, F, Na, P  

                          [S-08] [4 M] 
 Ans: Refer 1.13.                     
 
 15. Write orbital electronic configuration of 

the following elements: 

 40 27 35 39
20 13 17 19Ca, Al, Cl, K           [W-08] [4 M] 

Ans: Refer 1.13.                      
 
16. Why electrons do not fall in the 

nucleus?          [W-09] [2 M] 
Ans: Refer 1.3.(b):(ii).       
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17. Differentiate between electrons, protons 

and neutrons on the basis of symbol, 
location, relative mass and relative 
charge.     [W-09] [4 M] 

OR 
 Give the comparison of electron, proton 

and neutron w. r. t. their symbol, charge, 
mass and location within an atom.              

[W-10] [4 M] 
Ans: Refer 1.5.(d).      
 
18. Name isotopes of hydrogen. Draw their 

atomic diagram.     [S-09] [2 M]                           
Ans: Refer 1.7.(a):e.g. (i). 
 
19. Define: Isobar.       [S-09] [1 M] 
Ans: Refer 1.7.(e).                      
 
20. Define: Atomic orbital.       [S-09] [1 M] 
Ans: Refer 1.9.(a):(v).   
 
21. State Aufbau’s principle. Write 

electronic configuration of:  
 i. 23

11Na    ii. 52
24Cr        

[S-09] [4 M] 
Ans: Refer 1.11:(ii) and 1.13.  
 
22. Write electronic configuration of: 
 i.  Al (13)  ii.  P (15)  
 iii.  Cr (24)   iv.  Cu (29) 

 [W-09] [4 M] 
Ans: Refer 1.13.  
 
23. Differentiate isotopes and isobars, 

giving examples.               [W-09] [4 M] 
OR 

 Give difference between isotopes and 
isobars.                    [S-11; W-11] [4 M] 

Ans: Refer 1.7.(g).  
 
24. Describe Bohr’s atomic theory.     

[S-10] [4 M] 
Ans: Refer 1.3.                             
 
25. Differentiate between isotopes and 

isobars.               [S-10; W-10] [2 M] 
Ans: Refer 1.7.(g). 
 
26. Give four points of distinction between 

orbit and orbital.[S-10, 12; W-10] [4 M] 
Ans: Refer 1.9.(f).  

27. Write orbital electronic configuration of  
 28 39 23 31

14 19 11 15Si, K, Na, P               [S-10] [4 M] 

Ans: Refer 1.13.                    
 
28. Write orbital electronic configuration of 

the following elements: 
 14 24 39 20

7 12 19 10N , Mg, K, Ne        [W-10] [4 M] 

Ans: Refer 1.13.                       
 
29. Explain Aufbau’s principle. [S-11] [4 M]  
Ans: Refer 1.11.                           
 
30. Write electronic configuration of 

following elements:  
 23 35 24 20

11 17 12 10Na, Cl, Mg, Ne          [S-11] [4 M] 

Ans: Refer 1.13.                         
 
31. Show the orbital configuration of 

following elements: 
 i. 20

10Ne  ii. 40
20Ca  

 iii. 32
16 S  iv. 52

24Cr  
 [W-11] [4 M] 

Ans: Refer 1.13.                       
 
32. Differentiate between atomic number 

and atomic mass number.   
[S-11] [2 M]; [W-12] [4 M] 

Ans: Refer 1.6.(d).  
 
33. Define the term: Atom.     [W-12] [1 M] 
Ans: Refer 1.2.(a):(i), (ii), (iii). 
 
34. Compare proton, neutron, electron with 

respect to their mass, charge, location. 
Define an atom.           [S-12] [4 M] 

Ans: Refer 1.5.(d) and 1.2.(a):(i), (ii), (iii).    
 
35. Draw the atomic diagram of  isotopes of 

hydrogen.                         [W-12] [2 M] 
Ans: Refer 1.7.(a):e.g.(i):(b).  
 
36.  Name different sub-energy levels with 

maximum number of electrons in each 
of them.      [W-12] [2 M] 

Ans: Refer 1.8.(b):(ii) and (iv).  
            
37. State Hund’s rule with one example.  

[S-12] [2 M] 
Ans: Refer 1.12.(a).  
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38. Write orbital electronic configuration of 
39 52 40 35
19 24 18 17K, Cr, Ar, Cl.    [S-12] [4 M]  

Ans: Refer 1.13.     
        
39. Write the electronic configuration of the 

following: (in s, p, d, f orbitals) 

 4 12 24 39
2 6 12 19He, C, Mg, K     [W-12] [4 M] 

Ans: Refer 1.13.                                             
 
40. State Aufbau’s principle.  [W-13] [2 M] 
Ans: Refer 1.11.         
                                     
41. Write orbital configuration of following 

elements: 

 27 40 14 32
13 20 7 16Al, Ca, N, S               [S-13] [4 M] 

Ans: Refer 1.13.                       
 
 42. Write electronic configuration of 

 12 40 16 24
6 20 8 12C, Ca, O, Mg      [W-13] [4 M] 

Ans: Refer 1.13.         
              
43. Define atom. Name the sub-atomic 

particles.                              [S-14] [2 M] 
Ans: Refer 1.2.(a):(i), (ii), (iii) and (v). 
 
44. Define atom and state fundamental 

particles of an atom with their 
properties.     [W-14] [4 M] 

 Ans: Refer 1.2.(a):(i), (ii), (iii) and 1.5.(a), 
(b) and (c).                                                                            

 
45. State Aufbau principle. Write electronic 

configuration of 39 23
19 11K, Na .  

[W-14] [4 M] 
Ans: Refer 1.11:(ii) and 1.13.  
 
46. Write the orbital configuration of the 

following elements: 
 i. 39

19 K  ii. 52
24Cr   

 iii. 20
10 Ne  iv. 32

16 S    

[S-14] [4 M] 
Ans: Refer 1.13.            
 
47. Distinguish between energy level and 

subenergy level. (any two points)  
[S-15] [2 M] 

Ans: Refer 1.8.(c).                                             

48. Give two applications of carbon and 
cobalt isotopes.      [S-15] [2 M] 

Ans: Refer 1.7.(c) and 1.7.(d). 
 
49. Write orbital electronic configuration of 

19 31 52 40
9 15 24 20F, P, Cr, Ca .       [S-15] [4 M] 

Ans: Refer 1.13. 
            
 
 
  
1.  Calculate the atomic number and 

atomic mass of an atom containing 19 
electrons and 20 neutrons. What 
should be its electrochemical nature? 
Answer with reason.      [S-07] [4 M] 

Solution: 
Given:  Number of electrons = 19 
  Number of neutrons = 20 
To find:  Atomic number (Z), atomic mass 

number (A) and electrochemical 
nature of the given atom. 

Formulae:   
i. Atomic number (Z) = No. of protons  
                        = No. of electrons 
ii. Atomic mass number (A)  
 = No. of protons + No. of neutrons 
Calculation: 
 Atomic number (Z) = No. of protons   
                             = No. of electrons  
 Atomic number (Z) = 19  
 Atomic mass number (A) 
 = No. of protons + No. of neutrons 
 = 19 + 20 = 39 
 The given atom containing 19 electrons 

and 20 neutrons have atomic number (Z) 
= 19 and atomic mass number (A) i.e., 
atomic mass = 39. So, the atom is of 
element potassium and it is 
electrochemically neutral as the number 
of electrons equals the number of 
protons. 

Ans: Atomic number (Z) = 19 
 Atomic mass number (A) = 39 
 The atom containing 19 electrons and 20 

neutrons is of potassium and it is 
electrochemically neutral. 
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2.  Calculate the atomic number and 

atomic mass number of an atom 
containing 20 electrons and 20 
neutrons.                      [S-12, 13] [2 M] 

Solution: 
Given:   Number of electrons = 20 
   Number of neutrons = 20 
To find:  Atomic number (Z) and 
   atomic mass number (A) 
Formulae: 
i. Atomic number (Z) = No. of protons  
                        = No. of electrons 
ii. Atomic mass number (A)  
 = No. of protons + No. of neutrons 
Calculation: 
 Atomic number (Z) = No. of protons  
                         = No. of electrons    
      Atomic number (Z) = 20  
 Atomic mass number (A) 

= No. of protons + No. of neutrons 
 = 20 + 20 = 40 
Ans:  Atomic number (Z) = 20  
 Atomic mass number (A) = 40    
3. If atomic number and atomic mass 

number of an element is 11 and 23 
resp. Write the number of protons, 
neutrons and electrons each.  

           [S-08; W-13] [2 M]; [S-15] [4 M] 
Solution: 
Given:  Atomic number (Z) = 11  
  Atomic mass number (A) = 23 
To find: Number of protons, neutrons and 

electrons  
Formulae: 
i. Atomic number (Z) = No. of protons  
                        = No. of electrons 
ii. Atomic mass number (A)  
 = No. of protons + No. of neutrons 
Calculation: 
  No. of protons = No. of electrons = Z = 11 
 No. of protons + No. of neutrons = A 
 No. of neutrons  = A  No. of protons 
    = 23  11 = 12 
Ans:  Number of protons = 11 
 Number of neutrons = 12 
 Number of electrons = 11 

 
 
 
1. Define the term: molecule.  
Ans: Refer 1.2.(b):(i), (ii), (iii). 
 
2. Why is the nucleus of an atom 

positively charged?  
Ans: Refer 1.4:(ii) and (iii). 
 
3. Give any four properties of protons.  
Ans: Refer 1.5.(a). 
 
4. What are the characteristics of electrons?  
Ans: Refer 1.5.(b). 
 
5. State four properties of neutrons.  
Ans: Refer 1.5.(c).  
 
6. Define:   
 i. Atomic number    
 ii. Atomic mass number 
Ans: Refer 1.6.(a):(i) and 1.6.(b):(i). 
 
7. The entire mass of an atom is present in 

the nucleus. Explain.  

Ans: Refer 1.6.(b):(iii). 
 
8.  Give the applications of isotopes of 

carbon.  
Ans: Refer 1.7.(c).  
 
9.  Give the applications of isotopes of 

cobalt.  
Ans: Refer 1.7.(d). 
 
10. Define shell and subshells in reference 

to an atom. 
Ans: Refer 1.8.(a):(i) and 1.8.(b):(i). 
 
11. How many atomic orbitals are present in         

s-subshell, p-subshell, d-subshell and              
f-subshell? 

Ans: Refer 1.9.(a):(vii). 
 
12. With the help of suitable diagram, 

explain the shape of s-orbital. 
Ans: Refer 1.9.(b):(ii), (iii), (iv) and diagram. 

Additional Theory Questions 
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13. Describe the shapes of p-orbitals with 

the help of diagram.  
Ans: Refer 1.9.(c): (ii) to (v). 
 
14. Define electronic configuration.  
Ans: Refer 1.10.(a). 
 
15. Explain with a suitable example, how 

four electrons are filled in degenerate           
p-orbitals as per Hund’s rule. 

Ans: Refer 1.12.(a):(iii). 
 
16. Explain the anomalies in the electronic 

configuration of chromium and copper.  
Ans: Refer 1.12.(c):(iii) and (iv).  
 
17.  Give the electronic configuration of 

atoms with atomic number 11, 14, 24 
and 29.  

Ans: Refer 1.13. 
 
 
 
 
 1. The atomic number and atomic mass 

number of an element is 15 and 31 
respectively. Calculate the number of 
protons, neutrons and electrons in an 
atom of the element. 

  
2. An atom contains 17 protons, 17 

electrons and 18 neutrons. Calculate its 
atomic number and atomic mass number. 

 
3. Calculate the number of electrons and 

neutrons in an atom of tritium 3
1( H).  

 
4. Three isotopes of carbon are 

12 13 14
6 6 6C, C, C . Calculate the number of 

neutrons in each of these isotopes. 
  

Answers to Practice Problems 
  
1. Number of protons = 15 
 Number of neutrons = 16 
 Number of electrons = 15 
 
2. Atomic number = 17 
 Atomic mass number = 35 

3. Number of electron(s) in tritium = 1 
 Number of neutrons in tritium = 2 
 
4.  Number of neutrons in 12

6C  = 6 

 Number of neutrons in 13
6C  = 7 

 Number of neutrons in 14
6C  = 8 

Problems for Practice
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