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Atomic Structure 

Historical Background 

Maharshi Kanad (600 BC) 

➔ He said that matter is made up of very small particles. 

➔ They called it 'Parmanu'/'परमाण'ु.  

Democritus 

➔ Theory was proposed in 430 BC. 

➔ He said that all matter is made up of very small particles. 

➔ He called that particle 'atoms'. 

John Dalton 

➔ In 1808, he proposed his theory. 

➔ All matter is made up of small particles, called atoms. 

➔ An atom cannot be created or destroyed. 

Drawback: According to these three theories, it is not possible to say about the charge and particle in an atom. 

J. J. Thomson 

➔ In 1867, he proposed his model of an atom. 

➔ He discovered the inner particle of an atom. 

➔ He compared an atom to watermelon. Where he considered: 1. The red part of the watermelon as 

positively charged. 2. Watermelon seeds as negatively charged particles, embedded in it. 

➔ He said that an atom resembles a sphere of positive charge with electrons (negatively charged particles) 

present inside the sphere. 

Drawback: Positive charge is scattered all over the atom and negative charge is scattered in it. Thomson was wrong 

to say this. 

Ernest Rutherford 

➔ In 1911, he proposed his theory. 

➔ He compared an atom to a solar system. In it, the sun is the nucleus and the planet is the election. 

➔ An atom is hollow. 

➔ The midpoint of an atom is called the nucleus. 

➔ All the mass of the atom is contained in the nucleus. 

➔ Electrons move in a circular path outside the nucleus. 

Drawback: Rutherford could not say that the electron rotates in a certain orbit. 
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Atoms 

A. Nucleus  

Discovered by Rutherford.  

Atoms contain protons and neutrons. 

Protons Neutrons 

Discovered by - Eugen Goldstein Discovered by- James Chadwick 

Charge- +ve 

 +1.6 𝑋 10−19𝐶 

Charge-  Neutral  

Mass-  

 1𝜇 = 1.67 𝑋 10−27 𝐾𝑔  

Mass-  

 1𝜇 = 1.67 𝑋 10−27 𝐾𝑔  

 

B. Orbit 

Orbits contain electrons and positrons.  

Electrons  Positrons 

Discovered by - J. J. Thomson Discovered by - Carl Anderson 

Charge- -ve 

 −1.6 𝑋 10−19𝐶 

Charge-  Same as protons  

I.e.  +1.6 𝑋 10−19𝐶 

Mass- 

 0.0005𝜇 = 9.1 𝑋 10−31 𝐾𝑔  

Mass- Same as electrons   

 0.0005𝜇 = 9.1 𝑋 10−31 𝐾𝑔  

 

Atomic Number 

➔ The number of protons or electrons in an atom is called the atomic number. 

➔ Atomic numbers are denoted by the letter 'Z'. 
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➔ E.g. A carbon atom has 6 protons and 6 electrons. So the atomic number (Z) of carbon is 6. 

Atomic mass number 

➔ The complete amount in the protons and neutrons in the nucleus of an atom. 

➔ Atoms contain particles like Protons, Neutrons & Electrons. But since the mass of the electron is very small, only 

the mass of the protons and the neutrons are taken into account while measuring the mass of the atom. 

➔ The combined number of protons and neutrons in an atom is the atomic mass. 

➔ Molecules are denoted by the letter 'A'. 

 

 𝐴 =  𝑝 +  𝑛 

As, Z = p 

Atomic Mass (A) = atomic number (Z) + n 

Neutron = Atomic Mass (A) - Atomic Number (Z) 

➔ E.g. The atom of carbon has 6 protons and 6 neutrons, so the atomic mass (A) of carbon is 6 + 6 = 12. 

रेणू वसु्तमान 

➔ Molecular mass is the sum of the aggregate masses of atoms in a molecule.  

➔ Example- 𝐻2𝑂 

  =  𝐻 𝑋 2 +  𝑂 

  =  1 𝑋 2 +  16 

  =  1 𝑋 2 +  16 

Note: The hydrogen atom has 1 proton & 0 neutrons, so H has a molecular mass of 1. 

Shell 

      Niels Bohr 

➔ He said that electrons move in a fixed orbit, with a certain energy, at a certain speed. 

➔ There is a hollow space between the two chambers, the electron only found in orbit. 

➔ He named these shells K, L, M, N in ascending order of energy level. 

➔ The ability to accommodate electrons in each shell is different and specific. 

➔ Formula to fill the electron in the orbit: 2𝑛2 
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Shell = 2𝑛2 (n = Orbit number) 

𝐾 = 2𝑋(1)2  =  2 

𝐿 = 2𝑋(2)2  =  8 

𝑀 = 2𝑋(3)2  =  18 

𝑁 = 2𝑋(4)2  =  38 

Subshells 

➔ Each shell has specific subshells. 

➔ It is named after the ascending order of the energy level. 

➔ Each subshell has the capacity to accommodate specific electrons. 

➔ Formulas used for accommodate an election in subshells: 2(2𝑙 +  1) 

𝑙 Subshells 2(2𝑙 +  1) 

0 s 2 

1 p 6 

2 d 10 

3 f 14 

 

Shell Subshells 

𝐾 = 2 1𝑠2 

𝐿 = 8 2𝑠22𝑝6 

𝑀 = 18 3𝑠23𝑝63𝑑10 

𝑁 = 38 4𝑠24𝑝64𝑑104𝑓14 
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The radius of the nth orbit  

➔ The distance between the orbit and the nucleus of an atom is called radius. 

➔ The radius of orbit of each atom is different. 

 𝑟 =  
0.53 𝑛2

𝑧
𝐴0 

n = Orbit number 

z= Atomic Number 

E.g. The radius of the second orbit of oxygen 

n = 2 

z= 8 

 𝑟 =  
0.53 𝑋 22

8
𝐴0 

 𝑟 = 0.26 𝐴0 

The velocity of the electron in the nth orbit 

➔ The speed of electrons varies in each cell. 

➔ The velocity of the electron in the innermost orbital of the atom is the highest, while the velocity of the electron 

in the outermost orbital of the atom is the lowest. 

𝑣 =  (2.18 𝑋 106)
𝑧

𝑛
 𝑚/𝑠 

 E.g. The speed of electron in the second orbit of hydrogen 

 n = 2 

 z = 1  

 𝑣 =  (2.18 𝑋 106)
1

2
 𝑚/𝑠 

 𝑣 =  1.9 𝑋 106 𝑚/𝑠 

Energy of an electron in the nth orbit 

➔ The energy of the electron in each orbit is different. 
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➔ Electron has the lowest energy in the innermost orbit of the atom, while Electron has the highest energy in the 

outermost orbital of the atom. 

  

 E.g. The energy for the second shell of hydrogen is  

 n = 2 

 z = 1  

 𝐸 =  −13.6 
𝑧2

𝑛2 𝑒𝑉 

 𝐸 =  −13.6 
12

22 𝑒𝑉 

 𝐸 =  −13.6/4 𝑒𝑉 

 𝐸 =  −3.4 𝑒𝑉 

Ions Formation 

➔ Most of the elements important in biology need eight electrons in their outermost shell in order to be stable, and 

these electrons participate in chemical reactions in order to get stable.  

➔ In a chemical reaction, metals have a tendency to give electrons, while non-metals have a tendency to take 

electrons. 

➔ In the outermost orbital of metal — there are 1 or 2 or 3 electrons, while in the outermost orbital of non-metallic 

—  there are 5 or 6 or 7 electrons. 

Bonds 

Ionic Bond Covalent Bond 

Is formed by the exchange of electrons Is formed from the sharing of electrons. 

This bond is stronger. Ionic is weaker than bond. 

This bond found in stable compounds. This bond is seen in air compounds.  

Example-  HCl, NaCl, etc.    Example- 𝐻2𝑂, 𝐶𝑂2, 𝐶𝐻4, etc.  
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Valency 

 

➔ The number of electrons that an element needs to give or take to complete the octave state is called Valency. 

➔ If the element is taking an electron, then it has negative valency. 

Example- CI = -1, O = -2 

➔ If the element gives Election, then it has Positive Valency. 

Example- Na = +1, Mg = +2 

➔ The compound of metals is positive, while the compound of nonmetals is negative. 

➔ The lower the compound of the element, the more active it is. 

➔ Electron Valency: The number of electrons in the outermost orbital of an atom is an Electron Valency. 

Isotopes  

➔ Isotopes are several forms of the same element. 

➔ The isotopes are the same in isotopes, but the atomic numbers are different. 

➔ Isotopes have the same number of protons and electrons, but different numbers of neutrons. [p & e => same] 

➔ The chemical properties of the elements depend on the election and the number of electrons in the isotope is the 

same. So the chemical properties of isotopes are similar to Election. 

➔ The physical properties of isotopes are different. 

➔ In the Periodic Table, the elements are given space according to their chemical properties (number of electrons / 

number of protons). 

➔ Because isotopes have similar chemical properties, they are spaced together in the Periodic Table. 

Examples: 

Oxygen: 𝑂𝑍
𝐴= 𝑂8

16, 𝑂8
17, 𝑂8

18 

Isobar 

➔ In a group of these elements (which have the same atomic number but different atomic number), the elements 

in that group are called Isobar elements. 

➔ The number of Protons, Elections, and Neutrons in the Isobar is different, but the combined number of Protons + 

Neutrons is the same. [p+n i.e. A => same] 

➔ Isobars have different chemical as well as physical properties. 

➔ In the Periodic Table, the Isobars are placed in different places. 

 Examples: 

𝐼𝑠𝑜𝑏𝑎𝑟𝑠 =  𝐴𝑟18
40, 𝐾19

40, 𝐶𝑎20
40 
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Isotones 

➔ A group of elements that have different atomic numbers (Z) and atomic masses (A), but have the same number of 

neutrons, that group of elements is called isotones. 

➔ Isotones have different numbers of protons and electrons, but the number of neutrons is the same. [n => same] 

➔ Isotones have different chemical as well as physical properties. 

➔ Isotones are placed in different places in the Periodic Table. 

➔ Example: 

 𝐼𝑠𝑜𝑏𝑎𝑟𝑠 =  𝑃15
31, 𝑆𝑖14

30 n=16 

Q. The Discoverer of the electron is : (MPSC Subordinate Prelim - 2018) 

1. Sir J.J. Thomson 

2. Gold Stein 

3. James Chadwick 

4. Rutherford 

Q. Two atoms are called Isobars if (MPSC Subordinate Prelim - 2017) 

1. Number of protons in both atoms are same 

2. Number of neutrons in both atoms are same  

3. Sum of number of protons and neutrons is same   

4. Sum of number of protons and neutrons is different 

Q. The third shell of an atom can have a maximum of electrons.  (MPSC Subordinate Prelim - 2019) 

1.  3 

2. 18 

3. 12 

4. 32 
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