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Chapter-2 
 

ATOMIC STRUCTURE 
 

 

Greek philosopher Democritus gave the idea of atoms (460-370 BC). Atom is a word derived 

from Greek word ατoμoζ (atomos) meaning indivisible. Universe is made of two things matter 

and energy. Matter consists of tiny particles known as atoms. Atom is very small particle which 

cannot be seen even by microscope, therefore it is difficult to study its structure. However, some 

knowledge is gained by following studies. 

 

 Passage of electricity through gases at low pressure. 

 Radioactivity. 

 X-rays. 

 Spectroscopy etc. 

 

 Science, Society Relationship: 

 

 Fire work: 
 Different colours in fire work are due to incandescent solids. Heat cause a substance to 

become hot and glow. When the temperature of fire work is controlled, the desired colour can be 

obtained at proper time from the glow of charcoal. Metals also give different colour glow e.g 

Sodium imparts golden colour, Barium gives green colour, Strontium produce crimson red 

colour on heating.       

 

Passage of Electricity through Gases at Low Pressure: 
 

 Gases are bad conductor of electricity but it is observed that at low pressure they conduct 

electricity. For this William purpose Crooks developed discharge tube or cathode ray tube in 

1875. 

 

Discharge or cathode ray tube is a glass tube containing two metallic electrodes and a vacuum 

pump is attached to it. William Crooks observed that no current pass at ordinary pressure even 

when high voltage (10000 volts) is applied.  

But when the pressure inside the 

tube was reduced to 0.1mmHg by 

Removing gas or air by vacuum pump,  

an electric discharge took place i.e. flow   ⊝       ⊕  

of current started and also the 

gas started glowing. The color                      ↓ 

of glow depends upon composition   Vacuum Pump  

G 
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of glass and nature of gas. On further reducing pressure to 0.01mmHg original glow of gas 

disappears. Some rays were produced which created fluorescence on the glass wall opposite to 

the cathode. These rays were given the name as cathode rays as they are emitted from cathode 

and travel towards anode. 

Further investigations were made by performing different experiments, some are following 

 

(i) Hittorff (in 1869) modified discharge tube into shape as shown in figure. In this  

experiment he showed that cathode rays cast shadow       

 
of opaque object placed in their path. This experiment reveals that: 

a) cathode rays are capable of casting shadows of opaque objects. 

b) cathode rays travel in straight line. 

               

(ii) Crooks (in 1870) performed an experiment in discharge tube as shown in figure. He 

placed a small paddle wheel in the path of 

cathode rays. The cathode rays made paddle wheel rotating. 

              
This shows that 

a) cathode rays are capable of doing work. 

b) they possess energy and momentum. 

c) They are material particles. 

 

(iii) J. Perrin (in 1895) used a discharge tube (cathode ray tube) as shown in figure. He passed 

cathode rays through electric field.   ⊝    ⊝    

The rays on passing through            

electric plates, were bent 

towards +ve plate. 

This experiment shows that 

cathode rays are negatively charged.           ⊕     ⊕  
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(iv) An experiment similar to J. Perrin experiment was carried out. When cathode rays were 

passed through magnetic field     ⊕ 

they were bent perpendicular        ⊝               

to poles of magnet.                  

This experiment also proves 

that cathode rays are charged rays.  

 

 

(v) charge to mass ratio (e/m ratio) : 
 J.J.Thomson performed an experiment in 1897, to determine charge to mass ratio (e/m ratio) of 

cathode           
ray particle. For this purpose he used a                           

discharge tube as shown in figure. In this tube electric field and magnetic field are applied to 

cathode rays which were perpendicular to each other as well as to the cathode rays. In absence of 

electric as well as magnetic field cathode rays fall on P1 but in presence of magnetic field of 

known strength ‘B’ they fall on P2. At this point magnetic force and centrifugal force balance 

each other, so 

    Bev = mv2/r 

    e/m = v2/rBv 

    e/m = v/Br ………………… (1) 

But by applying electric field of variable strength cathode rays start coming back to point P1. Go 

on increasing strength of electric field and the strength when cathode rays again fall on P1 is 

noted as ‘E’. At this stage electric force and magnetic force balance each other, so 

    Bev = Ee 

    v = Ee/Be 

    v = E/B ……………….. (2) 

Putting value of ‘v’ in equation-1          where e = Charge of cathode ray particle  

    e/m = E/B.Br       m = mass of cathode ray particle  

    e/m = E/B2r ……………… (3)    E = Strength of electric field 

             B = Strength of magnetic field  

             r = distance from P1 to P2   

Thus by equation-3 we can determine charge to mass ratio of cathode ray particle, with out 

knowing charge as well as mass of the particle. 

 

The e/m ratio of cathode ray particle was found to be 1.76 x 1011 C/kg.  

 

It is further pointed out that e/m ratio of cathode ray particle is independent of nature of the gas 

used in the discharge tube as well as that of nature of cathode. It means cathode ray particle is a 

fundamental particle. 

 

 J.J.Thomson discovered this negative particle (having e/m ratio 1.76 x 1011 C/kg) in atom 

but the name electron is given to it by G.J.Stoney in 1891.   
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14 

 

(vi) Charge on Electron:  
 

R.A. Millikan in 1909 performed an experiment to determine charge on electron. 

 

The apparatus is shown in figure. 

It is a glass box having two             ●  ● 

metallic plates, one act as +ve      ● ●   ●    ● 

plate while other acts as –ve plate.   Atomizer 

The upper plate has a hole in        ●       ●       ●   ● 

it. These plates are 1.6 cm apart.             ●     ● ●  

10000 V voltage was applied      ● ● ● 

across the plates.             ●     ●      ●            

Oil was sprayed by atomizer.      ● ● ●  ●   ⊕ 

X-rays were introduce to charge  Telescope 

oil drops negatively also due to                   ●  

friction provided by atomizer,                 ● 

the oil drops were charged.   Light 

The area between two plates was  

illuminated by light to see oil drops.                ⊖  

Some of oil drops entered into 

area between two plates. The drops 

fell under the influence of gravity. 

Velocity ‘v1’ of an oil drop was calculated by noting its time of flow from upper plate to the 

lower one.   v1  ∝ mg   Where k = proportionality constant 

    v1 = kmg…………. (1) mg = weight of oil drop 
         g = acceleration due to gravity 
Then electric field was switched on and the oil drop started moving in the upward direction again 

upward velocity was determined by noting the time of flow from lower plate to the upper one.   

The upward velocity v2 depends upon charge on oil drop and strength of electric field. 

    v2 ∝ Een – mg  

    v2 = k (Een – mg)….. (2) 

Dividing equation-1 by eqation-2      

    v1       k mg   

     =     

    v2  k (Een – mg)    

           

    v1       mg     

     = 

    v2   (Een – mg) 

 

      v2 mg      

   Een – mg  = 
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            v1  

 

 

      v2 mg      

    Een   =        +   mg 

            v1  

Taking LCM 

      v2 mg  mg    

    Een   =        +    
            v1    1 

 

      v2 mg  +  v1mg 

    Een = 

       v1 

Taking common 

      mg (v2  +  v1) 

    Een =    Where: 

       v1  en = charge on oil drop 

Or         mg = weight of oil drop 

      mg (v1 + v2)  v1 = downward velocity 

 Charge on oil drop  = en =    v2 = upward velocity 

    Ev1   E = strength of electric field 

  

 

In this way charge on oil drop was determined. Millikan repeated this procedure for several 

hundred oil drops and found that charges on these oil drops were some whole number multiples 

of 1.6022 x 10-19 coulomb. From these investigations he concluded that this is the charge of an 

electron. 

     

On the basis of these experiments following characteristics of cathode rays are noted: 

 

1. Cathode rays travel in straight line 

2. They cast shadow of opaque objects on fluorescent screen. 

3. Cathode rays deflect from their straight path when passed through electric or magnetic fields. 
4. Cathode rays are negatively charged. 

5. Cathode rays are stream of material particles which possess energy and momentum. 

6. They are capable of doing work. 

7. Cathode rays heat up thin metal film placed in their path. Kinetic energy of cathode 

ray particles changes to heat energy. 

8. High speed cathode ray particles when strike metallic anode, X-Rays are emitted. 

9. Their e/m ratio is independent of nature of gas as well as nature of cathode. 
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16 

 

 

Positive Rays or Canal Rays: 

 

 Eugene Goldstein, in 1886, discovered positive rays in discharge tube. He used a 

discharge tube having perforated cathode. 

          

Goldstein noted that glow is produced on      ⊕→        ⊕→ 

the wall opposite to anode i.e on the         +         ←⊖   ⊕→ 

back of cathode. These rays were   ⊕→    ⊕→ 

traveled towards cathode so they are positive rays. 

 

 

 They are also called canal rays as they were passed through canals of cathode. The cathode rays 

when strike gas molecules, they knock out some electrons from the gas molecules thus gas 

cations are produce. These cations constitute canal rays. 

 

Characteristics of canal rays: 

  

(i) Canal rays travel in straight line 

(ii) Canal rays deflect from their straight path when passed through electric or magnetic fields. 
(iii) Canal rays are positively charged. 

(iv) Canal rays are stream of material particles which possess energy and momentum. 

(v) They are capable of doing work. 

(vi) Their e/m ratio depends upon nature of gas. Lighter is the gas higher is e/m ratio of 

canal rays. For hydrogen it is highest. Hence the positive particle obtained from 

hydrogen gas is lightest among all the positive particles. This particle (having e/m 

ratio to be 9.566 x 107 C/kg) was given the name as proton by Rutherford. 

 

Discovery of Neutron: 

 Rutherford, in 1920, predicted about neutron but it was discovered by James Chadwick in 

1932. He performed an experiment. He bombarded beryllium with α-particles and found that 

highly penetrating radiations were emitted from beryllium, which in turn have knocked out 

protons from paraffin target. By little thinking it was concluded that these rays emitted from 

beryllium could neither be – ve rays nor + rays, rather they are neutral particles having mass 

closer to protons. These neutral particles were given the name as neutrons. 

4Be9 + 2He4   6C
12 + 0n1 

 Vacuum pump 
     ↑ 

   α         n   p 

        to amplifier         Oscillograph  

                   (Recorder)  

           ↑           ↑        ↑   

Polonium         Beryllium     Paraffin 
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Properties of fundamental Sub-atomic Particles: 

 

Particle Mass Charge e/m ratio 

In grams In kilograms  In a.m.u. Unit In Coulombs unit In C/kg 

Electron 9.1096 x 10-28  9.1096 x 10-31 0.00055 0 -1.60218 x 10-19  1.76 x 1011 

Proton 1.6726 x 10-24 1.6726 x 10-27 1.0073 1 +1.60218 x 10-19 + 1 9.566 x 107 

Neutron 1.6749 x 10-24 1.6749 x 10-27 1.0087 1 0 0 0 

 

 

Radioactivity: 
 

 In 1895 Henri Becquerel discovered this phenomenon. He found that certain elements 

like uranium, radium, thorium etc emit radiations that cause fogging of photographic plates. 

 

“Emission of nuclear radiations from a substance as a result of nuclear fission is called 

radioactivity.” 

 

Radioactivity is of two types: 

 

(1) Natural Radioactivity: 
 

 Certain elements like uranium, radium, thorium show this phenomenon. Usually elements 

having atomic number above 83 show natural radioactivity. 

 

“Emission of nuclear radiations from a substance as a result of spontaneous nuclear fission is 

called natural radioactivity.” 

 

A natural radioactive substance is placed in lead block for safety measurements. When a beam of 

these radiations is made to pass through electric field it splits  γ-rays α-rays 

into three beams i.e alpha (α), beta (β) and gamma (γ) rays.     

The rays which bent towards –ve plate are 

+ve rays and are called α-rays, the one which bent 

towards +ve plate are – ve rays and are called β-ray,  β-ray     

still other which passed un-deflected are neutral 

rays and are called γ-rays.     ⊕         ⊖  
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α – Rays: 

 

(i) They have mass 4 a.m.u and e/m ratio 4.81 x 104 C/kg    

 which is that of helium divalent cation (He+2) or     

helium nucleus. So α-ray particle is He+2 ion or helium nucleus. 

(ii) They deflect towards – ve plate in electric field, so they are + ve rays.    

(iii) As α-rays deflect less in electric field as compared to β-rays so they are heavy particles. 

(iv) Their velocity is 1/10 th of the velocity of light. 

(v) Being relatively larger particles their penetration power is low. They can only penetrate 

in 1-2 mm thick metal sheet or can pass through a few centimeters of gas at atmospheric 

pressure. 

(vi) Being heavy particles they are good ionizer of gases. 

(vii) They cause fogging of photographic plate. 

(viii) They produce fluorescence on striking with fluorescent screen. 

 

β – Rays: 

 

(i) They have almost Zero mass and e/m ratio 1.76 x 1011 C/kg which is that of electron. So 

β-ray particles are fast moving electrons. 

(ii) They deflect towards + ve plate in electric field, so they are – ve rays. 

(iii) As β-rays deflect more in electric field as compared to α-rays so they are lighter particles. 

(iv) Their velocity is almost equal to that of velocity of light. 

(v) Being relatively smaller particles their penetration power is high. Their penetration power 

is 100 times more than that of α-rays. 

(vi) Being lighter particles their power of ionizing gas molecules is less than that of α-ray 

particles. 

(vii) They cause fogging of photographic plate. 

(viii) They produce fluorescence on striking with fluorescent screen. 

 

γ – Rays: 

 

(i) They are not material particles and are just electromagnetic waves. 

(ii) They are not deflected by electric field so they are neutral rays. 

(iii) They travel with velocity of light. 

(iv) Due to non-material nature their penetration power is much higher. 

(v) They are very poor ionizer of gas molecules. 

(vi) Their wave length is shorter than that of X-rays but energy is more. 

 

(2) Artificial Radioactivity: 
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“Emission of nuclear radiations from a substance as a result of nuclear fission caused by 

bombardment of certain particles like α-particles is called artificial radioactivity.” 

 

e.g. (i)  4Be9 + 2He4   6C
12 + 0n1 

 

e.g. (ii)  7N
14 + 2He4   8O

17 + 1H
1 

 

e.g. (iii) 13Al27 + 2He4   15P
30 + 0n1 

 

  15P
30     14Si30 + 1e0  or  e+  

 

e.g. (iv) 3Li7 + 2He4   5B
10 + 0n1 

 

e.g. (v)  7N
14 + 0n1   5B

11 + 2He4 

 

e.g. (vi) 29Cu65 + 0n1   29Cu66 + γ-ray 

 

   29Cu66    30Zn66 + 1e0  or  e- 

 

 

Rutherford Atomic Model: 
 

 In 1911, Lord Rutherford made an experiment to construct an atomic model. He took a 

thin gold foil and bombarded it with α-particles. Gold foil was surrounded by photographic film 

as shown in the figure. He observed that 

1. Most of α-rays passed through        α-ray source 

gold foil un-deflected.             Gold foil  

2. Only a few were deflected at an angle  

greater than 90o.       ●  

3. Very few were bounced (i.e. turned back).          

 

 

On the bases of these observations Rutherford made following conclusions. 

 

(i) As majority of α-rays passed un-deflected so most of atomic volume is empty space. 

(ii) As only a few α-rays deflected from their straight path so some positive portion is 

there in the atom which has repelled +ve α-rays. This portion is very small in size so 

occasionally it comes in front of some α-rays. 

(iii) As very few α-rays were bounced so some massive portion is there in the atom which 

has pushed back the α-rays. This portion is very small in size so occasionally it come 

in front of some α-rays. 

This heavy and positive portion is given the name “Nucleus” by Rutherford. 

(iv) All the mass of atom concentrates in nucleus. 
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(v) Atomic system resembles solar system in which nucleus is like sun and electrons are 

like planets. Electrons are revolving around nucleus as planets around sun. 

(vi) Number of protons and electrons are equal so overall atom is neutral.  

 

 

 

 

 

 

 

 

 

 

Defects of Rutherford Model: 
 

 Following defects were pointed in Rutherford atomic model 

 

(i) According to Rutherford, atom resembles solar system so laws of gravitation should 

be applicable to it but these laws do not apply to atom as it consists of charged 

particles. 

(ii) According to Maxwell classical electromagnetic theory, if a charge particle revolves 

around oppositely charge particle it radiates continuous energy. And if it is so then 

electron should fall in nucleus following spiral path and atom should collapse. But it 

does not happen in atom. 

(iii) If electrons emit continuous energy then atomic spectrum should be continuous but it 

is line spectrum. 

(iv) There were no defined orbits for electrons.    

 

Properties of radiations: 
 

Energy is transmitted through space by electromagnetic radiations which have electrical 

as well as magnetic properties e.g. radio waves, visible light, ultraviolet rays, X-rays etc are 

electromagnetic radiations. 

 

 

Properties of waves: 
 

Wavelength (λ): 

 The distance between two successive crests or troughs of a wave is called wave length. It 

is denoted by Greek letter lambda (λ). 

Its S.I. unit is metre (m). but for          λ 

convenience it is often measured             

in nanometers and angstrom.  

 1 nm = 10-9 m 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
 

⊕ 
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 1 Ao = 10-10 m 

                  λ 

Frequency (ע): 

 The number of waves passing through a point in unit time is called frequency of waves. It 

is denoted by Greek letter nu (ע). Its S.I. unit is s-1 or hertz (Hz). 

 c / λ = ע    

Speed (c): 

 The distance covered by radiations in unit time (usually one second) is called speed of 

radiations. It is denoted by letter “c”. Its S.I. unit is m/s. 

Speed of radiations is usually constant and is 3 x 108 m/s or 186000 miles/s. 

 

Wave number (     ע): 

 Reciprocal of wavelength is called wave number. It is denoted by “  ע”. Wave number is 

also defined as “Number of waves in unit length.” 

Its S.I. unit is m-1. 

 λ / 1  = ע   

 

Plank’s Quantum Theory of Radiations: 
 

In 1900, a German Physicist Max Plank had studied radiations emitted by hot black body and 

proposed quantum theory of radiations. Postulates of the theory are: 

 

1. Energy radiated by hot bodies is not continuous, rather it is emitted in the form of 

“energy packets” or “energy pulse” known as quanta (singular is quantum). The particle 

of energy (radiations) is also called photon. 

2. Each quantum has a definite amount of energy. This energy of the quantum is directly 

proportional to frequency of radiations. 

E  ∝ ע 
Or E = h ע    

3. According to Plank, energy of a quantum or photon is given as 

E = h(1) .………………… ע Where E = energy 

  But ע = c / λ     h = Plank’s constant 

  So E = hc / λ ………………. (2)      = 6.6262 x 10-34 J.s 

 

Equation-1 shows that energy is directly proportional to frequency of radiations. 

  E  ∝ ע 

 While equation-2 shows that energy is inversely proportional to wave length. 

  E  ∝ 1 

   λ  

4.  The energy emitted or absorbed by a body is always whole number multiple of quantum 

i.e.  En = n h ע where n = 1, 2, 3,…….. 

 

This means energy is quantized. 
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5. Energy of photon can also be given as E = h c ע 

 

 

In 1905, Einstein also gave similar idea of particle nature of radiations. 

He gave equation  E = mc2 

  

 

Planck also gave relation E = h c ע 

 

Derivation of relation E = h c  ע: 
 

According to Plank E = h  (1) ………………………ע 

 We know frequency of radiations is inversely proportional to its wave length. 

 1 ∝ע       

     λ 

 So    = עc 

          λ  

 

 Putting in equation (1) 

    E = h c 

             λ 

  or  E = hc x 1 ....................... (2) 

       λ 

 

 Where    = 1ע 

           λ 

 Putting in equation (2) 

 

    E  = h c  (3) ………………ע 

 

  

Spectrum: 
 

 

 “Results obtained on a screen by dispersing radiation of different wavelengths through 

different angles by a spectroscope” is called spectrum. 

An instrument which bends radiations according to their wavelengths is called spectroscope. 

Radiations of shorter wavelengths are bent more and vice versa e.g prism, rain drop etc are 

spectroscopes. 
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Spectrum is of two types: 

                                                      
(i) Continuous Spectrum: The spectrum in which different bands are not 

well 

separated by definite boundaries is called continuous spectrum. 

 

 

e.g. sunlight spectrum, incandescent solid like glowing tungsten filament in bulb produce 

continuous spectrum. Continuous spectrum depends upon temperature of the object only 

and not on its chemical composition.        

(ii) Line spectrum: The spectrum in which different lines are well separated from 

one 

another by means of spaces between them is called line spectrum e.g. atomic spectrum is 

a line spectrum. It is further of two types     

                  ⊕ 
 (a) Line Emission Spectrum: The spectrum              
  produced by radiations emitted 

  by an excited substance is called          H2 

  line emission spectrum.       ⊝  

                 

             
        Excited H2 
       Line Emission Spectrum 

 

 

 (b) Line Absorption Spectrum: The        

  spectrum of radiations out of    

  which some are absorbed by        

  un excited substance is called   

  line absorption spectrum. 

 

 

         
un-excited H2 

       Line Absorption Spectrum 

 

                                                                                       
 

 Line Absorption Spectrum    Line Emission Spectrum 
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General Energy Spectrum: 

 

        γ-Rays 

        X-Rays 

        U.V-Rays 

      400-420nm Violet 

      420-460nm Indigo 

         E       ע        λ 460-510nm Blue 

      510-580nm Green          Visible Light 

      580-600nm Yellow 

      600-630nm Orange 

      630-750nm Red 

        I.R-Rays 

        Microwaves 

        Radio-waves 

 

 

 

Bohr Model of Hydrogen atom: 
 

 Neil Bohr in 1913 put forward a theory to develop atomic model and to overcome 

shortcomings of Rutherford model.  

 

This theory has following postulates. 

 

1. Electrons revolve around the nucleus in fixed orbits (i.e. orbits of particular radii). 

Each orbit or shell is associated with a definite amount of energy. 

2. Electrons while remaining in any of the allowed orbits do not radiate energy. 

3. Energy is evolved or absorbed when electron jumps from one orbit to another orbit. 

4. When electron jumps from lower to higher orbit, energy is absorbed and is released 

when electron jumps from higher orbit to lower orbit. 

5. The energy released or absorbed during electron jump from one orbit to another is 

equal to the difference of energies of those two orbits. This energy is in the form of 

quantum. 

ΔE = E2 – E1 = hע   Where ΔE = Change in energy i.e. 
           Energy released or absorbed  
     E1 = Energy of lower orbit 

     E2 = Energy of higher orbit 

     hע = Quantum of energy 

     h = Plank’s constant 

  frequency of radiationsע =      
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6. Electron while revolving in orbits has angular momentum which is some integral 

multiple of h/2л. 

        h Where mvr = angular momentum  

mvr = n   x   n = an integer and is principal  

                   2л       quantum number of the orbit 

We can derive various formulae on the basis of Bohr’s theory. 

 

Radius of an nth orbit: 
 

 The electron in a hydrogen atom experience two forces that is centrifugal force and 

centripetal force.  

   Centrifugal force = mv2 / r ………………… (1) 

 

The electrostatic force of attraction between +ve nucleus and – ve electron acts as centripetal 

force, which can be given by coulombic law. 

        Q1 Q2  where Q1 = charge of body-1(electron) 

 Coulombic force = k     Q2 = charge of body-2(nucleus) 

          r2   r = distance between bodies (radius of orbit) 

         k = proportionality constant 

 Charge on electron (Q1) = e 

 Charge on nucleus (Q2) = number of protons in nucleus x charge on proton = Z x e 

 Proportionality constant = 1/4лεo 

Thus       e x Ze   Ze2 

 Centripetal force = coulombic force =    =    ……..(2) 

       4лεo r
2   4лεo r

2 

While electron revolving in an orbit experience two forces which balance each other, So 

   F centrifugal = F coulombic 

   

 mv2   Ze2 

   r  = 4лεo r
2 

   r2   Ze2  

     = 

   r   4лεo
 mv2 

 

      Ze2  

    r =   ……………….. (3) 

      4лεo
 mv2 

This equation shows an inverse relationship between velocity and radius of an orbit. This means 

that electrons move with greater speed in lower orbits and vice versa. However, it is difficult to 

determine velocity of electron so ‘v’ should be eliminated in above equation. Applying Bohr’s 

postulate about angular momentum: 

        h   

mvr = n   x    
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                   2л  

        h   

v = n   x    

                   2лmr 

Squaring both sides 

        h2 

v2 = n2 x   

                   4л2m2r2 

Putting value of v2 in equation-3 

      Ze2  

    r =    

      4лεo
 m  x      n2 h2 

             4л2m2r2 

 

      Ze2   x   4л2m2r2 

    r =    

      4лεo
 m  x      n2 h2 

 

      Ze2   x   лmr2 

    r =    

      εo  x      n2 h2 

 

    r  Ze2 лm 

     = 

    r2  εo n
2 h2 

 

or    r2  εo n
2 h2 

     = 

    r  Ze2 лm 

 

      εo n
2 h2 

    r =   …………………. (4) 

      Ze2 лm 

 

Thus the formulae to calculate the radius of any nth orbit are 

 

      εo n
2 h2 

    rn =   ………………… (5a) 

      Ze2 лm 

  

      εo h
2 

   n2 

    rn =   x        …….. (5b) 

      e2 лm   Z 
             [Whole term is constant] 
Putting values of all constants we get 
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    εoh
2 / e2лm = 5.29 x 10-11 m 

         n2 

  So  rn = 5.29 x 10-11 m x  …… (5c) 

         Z 

  As  1 Ao = 1 x 10-10 m 

         n2 

  So  rn = 0.529 Ao x  …… (5d) 

         Z 

         n2 

  So  rn = ao x   …… (5e) 

         Z 

In above equations the constants and variable used are: 

 

Constants: 

 εo = permittivity constant (or vacuum permittivity) = 8.84 x 10-12 C2J-1m-1 

 h = Plank’s constant = 6.6262 x 10-34 J.s 

 e = charge on electron = 1.6 x 10-19 C 

 л = a number = 3.143 

 m = mass of electron = 9.1096 x 10-31 kg 

 ao = Bohr radius = 5.29 x 10-11 m = 0.529 Ao 

Variables: 

 Z = Atomic number 

 n = Principal quantum number of the orbit 

 

 Difference between radii of two successive orbits increases from lower to higher orbits. 

 

For Hydrogen atom Z = 1, So equation 5b becomes 

 

       εo h
2 

    

    rn =   n2 x          …….. (5f) 

       e2 лm    
               [whole term is constant] 
         

    rn = 0.529 Ao  x   n2   …… (5g) 

         

 Spacing between orbits or shells increases from lower orbits to higher orbits. i.e:  

 Order of spacing r1 – r2 < r2 – r3 < r3 – r4 < r4 – r5 < r5 – r6 < r6 – r7  
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Energy of an nth orbit: 
 

 The energy of an orbit is actually the energy of electrons in it. Total energy of an electron 

is the sum of its kinetic and potential energy. 

 

    E = KE + PE ……………………… (1) 

    PE = mgh = force x distance 

    PE = Fcoulombic x r 

     

 

 

      Ze2           Ze2 

    PE =        x  r  =         

      4лεo r
2          4лεo r 

As the force is of attraction so it decreases the energy thus –ve sign will be used 

       Ze2  

    PE =  –      …………………………….(2)   

      4лεo r
  

    KE = ½ mv2 ………………………………..(3) 

To eliminate “v”, consider 

 

   F centrifugal = F coulombic 

   

 mv2   Ze2 

     = 

   r   4лεo r
2 

 

      Ze2r  

   v2  = 

      4лεo
 r2 m 

 

      Ze2  

   v2  = 

      4лεo
 r m 

Putting the value of v2 in equation-3 

         1    Ze2    

   KE = m   x     

          2    4лεo
 r m 

 

      Ze2    

   KE =   …………………………… (4)  

 

     8лεo
 r  
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Putting the values of PE from eq-2 and that of KE from eq-4 into eq-1 

 

     Ze2   Ze2 

   E =   +  –  

     8лεo
 r     4лεo r 

 

     Ze2   Ze2 

   E =   –    

     8лεo
 r     4лεo r 

 

     Ze2 – 2 Ze2  

   E = 

      8лεo
 r 

 

     Ze2 

   E = –   ………………………………….. (5)    

     8лεo
 r 

 

Putting the value of ‘r’ 

     Ze2    Ze2  x  Ze2 лm 

   E = –    = –      

     8лεo x   εo n
2 h2  8лεo x   εo n

2 h2  

          Ze2 лm 

 

     Z2e4m 

   E = –    …………………………… (6) 

     8εo
2 n2 h2 

Thus formulae to calculate the energy of any nth orbit are 

 

     Z2e4m 

   En = –    …………………………… (7a) 

     8εo
2 n2 h2 

 

     e4m  Z2 

   En = –     x   …………………… (7b) 

     8εo
2 h2  n2 

    [whole term is constant] 

Putting values of all constants we get 

   e4m / 8εo
2 h2 = 2.18 x 10-18 J 

       Z2 

   En = – 2.18 x 10-18   x   J/atom   …………… (7c) 

       n2 

 

En = – 2.18 x 10-18   x  6.02 x 1023   x  Z2     kJ/mol…. (7d) 
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       1000          n2  

 

En = – 1312.36    x  Z2     kJ/mol  ……………………. (7e) 

          n2 

 

In above equations various constants and variable used are: 

 

Constants: 

 εo = Permittivity constant (or vacuum permittivity) = 8.84 x 10-12 C2J-1m-1 

 h = Plank’s constant = 6.6262 x 10-34 J.s 

 e = Charge on electron = 1.6 x 10-19 C 

 m = Mass of electron = 9.1096 x 10-31 kg 

 R    =  Rydberg’s constant = 1.09678 x 107 m-1 

Variables: 

 Z = Atomic number 

 n = Principal quantum number of the orbit  

 

 Energy difference between two successive orbits decreases from lower to higher orbits. 

 Order of energy difference is E1 – E2 > E2 – E3 > E3 – E4 > E4 – E5 > E5 – E6 > E6 – E7 

 

Energy Released or Absorbed during Electron Jump: 

 

When an electron jumps from one orbit to another the energy released or absorbed is equal to the 

difference of energy of those two orbits and is given as 

   ∆E = E2 – E1……………………………….. (1)  

Where as 

     Z2e4m 

   E1 = –     

     8εo
2 h2 n1

2
 

and 

     Z2e4m 

   E2 = –     

     8εo
2 h2 n2

2  

 

Putting in equation (1) 

     Z2e4m    Z2e4m 

   ∆ E =      –      –       – 

     8εo
2 h2 n2

2   8εo
2 h2 n1

2 

 

     Z2e4m    Z2e4m 

   ∆ E =      –       +      

     8εo
2 h2 n2

2   8εo
2 h2 n1

2 

 

     Z2e4m    Z2e4m 

   ∆ E =             –      
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     8εo
2 h2 n1

2   8εo
2 h2 n2

2 

 

     e4m                 1 1  

   ∆ E =             Jatm-1 x Z2    –   …….. (2a) 

     8εo
2 h2                n1

2 n2
2 

 

                         

   ∆ E = 2.18 x 10-18Jatm-1 x  Z2       1    – 1  …….. (2b) 

                     n1
2 n2

2 

 

                         

   ∆ E = 1312.36 kJmol-1 x  Z2          1    – 1  …….. (2b) 

                     n1
2 n2

2 

 

 

 

 

 

Frequency (ע) of Radiations emitted during Electron jump: 

 

When electron jumps from one orbit to another, energy is emitted or absorbed in the form of 

radiations which have frequency (ע).  

 

We know  ∆ E = h ע. 

 

Also 

     e4m      Z2        1  1  

   ∆ E =        –   

     8εo
2 h2             n1

2 n2
2 

 

So 

     e4m      Z2        1  1  

   h ע =        –   

     8εo
2 h2             n1

2 n2
2 

 

 

     e4m      Z2        1  1  

   –        = ע    

     8εo
2 h3             n1

2 n2
2 
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Wave length (λ) of Radiations emitted during Electron jump: 

 

When electron jumps from one orbit to another, energy is emitted or absorbed in the form of 

radiations which have wave length (λ).  

We know          c 

 (1) ..…………………            –  =ע 

        λ 

 

Or           c 

λ =  –            ………………….. (2) 

 ע        
 

Wave Number (  )  עof Radiations emitted during Electron jump: 

When electron jumps from one orbit to another, energy is emitted or absorbed in the form of  

radiations whose wave number is (  ע ).  

We know          1 

 (1) ..………………………………………………… –  =ע 

        λ 

 

and           c 

 (2) ..………………………………………………… –  = ע

    λ      

Also 

 

     e4m      Z2        1  1  

   (3) .……   –        = ע    

     8εo
2 h3             n1

2 n2
2 

 

Comparing equation (2) and equation (3)  

 

    c  e4m      Z2        1  1  

    –   =        –   …….. (4)   

    λ  8εo
2 h3             n1

2 n2
2 

 

Dividing both sides of equation (4) by “c” 

 

 

    1  e4m      Z2        1  1  

    –   =        –   ……. (5)   

    λ  8εo
2 h3c            n1

2 n2
2 

 

Comparing equation (1) and equation (5)  

      e4m      Z2        1  1  

   (6) .……   –        =   ע   
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      8εo
2 h3c            n1

2 n2
2 

But 

    e4m 

     = R   (Rydberg’s constant)  = 1.09678 x 107 m-1 

8εo
2 h3c 

Therefore 

                     1  1  

   R    x Z2     –   ……. (7a)  =   ע   

                   n1
2 n2

2 

 

Or                             1  1  

  x 107m-1 x Z2   –          ...(7b) 1.09678   =   ע   

                             n1
2  n2 

 

 

 

Spectrum of Hydrogen Atom: 
 

When Hydrogen gas is heated or subjected to electric discharge, its electron moves to 

higher energy orbits by absorbing energy. Subsequently when electron comes back 

energy is emitted in the form of radiations of particular wavelength depending upon      

                
 

 

Difference of energies of the orbits. More is the difference of energy of the two orbits 

shorter will be the wavelength of the radiations emitted. When these radiations are made 

to pass through spectroscope, they bend through different angles such that radiations with 

shorter wavelength are bent through greater angle and thus fall on different position on 

the screen and produce spectrum. The spectrum of Hydrogen has several groups (series) 

of lines which include following series. 
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 Lyman Series  Balmer Series Paschen Series Brackett Series Pfund Series 
 ││││││  │││││ ││││  │││  ││ 

 n2 = 2,3,4,5,6,7 n2 = 3,4,5,6,7 n2 = 4,5,6,7 n2 = 5,6,7 n2 = 6,7 

 n1 = 1   n1 = 2  n1 = 3  n1 = 4  n1 = 5 
 U.V Region  Visible Region I,R Region I,R Region I,R Region 
 

Defect’s of Bohr’s Model: 

 

Bohr’s theory is good enough to explain the spectrum of hydrogen atom and hydrogen 

like cations (He+, Li+2, Be+3) but: 

 

(i) It fails to explain the spectrum of atoms and ions having more than one electrons. 

(ii) It fails to explain the fine lines in the spectrum obtained in the high resolving 

power spectrometer.  

(iii) It also cannot explain Zeeman effect and Stark effect. 

(iv) Bohr model of atom goes against the Heisenberg’s uncertainty principle. 

 

“Appearance of additional lines in the spectrum when obtained in magnetic field”, is called 

Zeeman effect.  

 

“Appearance of additional lines in the spectrum when obtained in electric field”, is called  

Stark effect.     

 

 

X-Rays: 

 
In 1895, a German Physicist, W. C. Röentgen, discovered X-Rays. He pointed, when 

high speed electrons are bombarded on a clean metal surface radiation of very short 

wavelength are emitted. X-rays are electromagnetic radiations of very short wave length 

and very high frequency. Wave length of x-rays varies from 0.001 to 10 nm (10-2 Ao to 

102 Ao). 

 

Production of X-Rays: 

 

 There are three methods of producing x-rays. 

(i) Roentgen Method (1895) 

(ii) Coolidge Method  

(iii) DW Kerst Method (1941), using betatron (an electron accelerating machine) 

 

Roentgen Method: 

Roentgen modified discharge tube in shape as shown in figure below. He evacuated air 

from the tube by vacuum pump and reduced the pressure to 0.001 mmHg. 
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A very high potential difference (30,000 to 50,000 volts) was applied between anode and 

cathode. The cathode rays emitted from cathode ionize the gases present in discharge 

tube. These gas cations then hit cathode due to high electric potential. So electrons are 

emitted from cathode. These electrons then rush towards anode and hit it with very high 

speed and momentum; as a result x-rays are emitted from anode. A curved shaped 

cathode is used so that the electrons emitted from cathode are focused on a small region 

of anode and x-rays are emitted from this small region of anode.  

 

Properties of X-Rays: 
 

1. X-rays travel in straight line. 

2. They are not deflected by electric or magnetic fields, so they are neutral rays. 

3. They ionize gases when passed through them. The ionizing power depends on intensity 

of the x-rays. 

4. X-rays produce fluorescence in substances like rock salt NaCl (halite), uranium, glass, 

compound of calcium and barium etc. 

5. They like other waves, show reflection and refraction. 

6. They can be diffracted by crystalline substances. 

7. They have high penetration power through many substances. Extent of their penetration 

power is different for different substances. 

8. X-rays can blacken the photographic plate. The extent of this ability depends on the 

intensity of x-rays, falling on the plate. 

 

Uses of X-Rays: 
 

1. Most important use of x-rays is in medical investigation. Because of their differential 

penetrating power through the skin, flesh and bone, x-rays cast shadow of bones on the 

photographic plate and are thus used to locate any fractured bone. x-rays also cast 

shadow of other body parts so heart enlargement could be detected, also any problem in 

lungs, stomach, kidney etc could be pointed. 

2. They are used in XRD (x-ray diffraction analysis) to study crystal structure. 

3. X-rays are used to measure inter ionic distance in crystals. 

4. X-rays are used to ionize gases. 

5. Watson and Crick (in 1953) used x-rays diffraction pattern to study double helix of DNA. 

6. X-rays are used to determine atomic numbers. 
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36 

 

Types of X-Rays: 

 

 X-Ray spectra consists of various lines called Kα, Kβ, Kγ, Lα, Lβ, Lγ, Mα, Mβ, Mγ etc. 

 

Inner- Shell Transitions and Characteristic X-Rays: 

 

 Hydrogen atom has only one shell in ground state. Its energy levels are of the order of 

few electron volts (ev) ; En = - 13.6 ev/n2. Therefore its spectrum has only lines in ultraviolet, 

visible and infrared region. But other heavy atoms have K, L, M, N….  shells. So their spectrum 

also has lines in x-ray region. 

 Suppose a heavy target material is bombarded with a beam of electrons that has been 

accelerated by applying high potential difference across the electrodes (several kev). Some of 

these electrons collide with inner-shell electrons of target material and knock them out of their 

respective atom.  

 Further suppose that a K-shell electron is knocked out from an atom creating a vacancy in 

K-shell. Then an electron from either L, M or N shell will quickly jump down to fill the vacancy 

in the K-shell emitting energy as x-ray photon. An x-ray photon due to transition from L-shell to                    

 
vacancy in the K-shell is called Kα characteristic x-ray. The transition from M and N-shells to the 

K-shell give rise to Kβ and Kγ characteristic x-ray respectively. Similarly L, M and N series 

characteristic x-rays, relatively of low energy, are produced due to the ejection of electrons from 

L, M and N-shells respectively. 
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Moseley Experiment and Moseley’s Law and X-Rays and Atomic number (Z): 

 

 Henry Moseley in 1913 performed an experiment and showed that the frequencies of 

emitted x-rays increase regularly with the number of positive charges in the nucleus of target 

elements, used as anode. His experiment became bases to determine atomic numbers.   

 

Experimental set up of Moseley’s experiment is shown in figure below.   

   
He performed a number of experiments at the University of Manchester, in 1913. 

He used different anodes and took spectrum of x-rays in each case, by allowing them to 

fall on a photographic plate.  

 He observed that the wavelengths of x-rays were the characteristics of each 

element, used as anode. The characteristic x-ray spectrum consists of discrete spectral 

lines which can be grouped into K-series, L-series, M-series, N-series etc.  

The number of lines in x-ray spectrum depends upon: 

(i) the nature of the target material i.e. the nuclear charge of target material.  

(ii) the excitation voltage.  

Moseley’s Law: 

 

 Moseley’s law states “Square root of frequency of x-rays is strictly proportional to the 

nuclear charge or atomic number”. 

     υ ∝    Z 
 To give more accurate results, Moseley modified this relation as: 

     υ ∝    (Z – b) 
Where b is a constant known as screening constant. For spectral lines of K-series, b = 1. 

 

 Or    υ =   a (Z – b) 
Where “a” is proportionality constant and its values depends on the metal under 

consideration. This is a straight line equation and is useful for calculations of atomic 

number Z. By plotting graph of square root of frequencies of x-rays verses atomic 
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numbers of elements we get straight line and from it atomic numbers of unknowns can be 

determined.   

     
Further more it is concluded that frequency and wavelength of x-rays is function of 

atomic number of the metal. This is the basis of modern periodic law. 

 

Louis de Broglie’s Hypothesis: (Dual nature of radiations) 

 

 There arose a conflict about the nature of radiations. There were two schools of thoughts 

  (i) wave nature and  (ii) particle nature of radiations 

 

 Both have evidences. So it is difficult to reject any. 

Louis de Broglie (in 1924) solved this problem by giving the idea of dual nature of 

radiations through his hypothesis. It states: 

“A wave is associated with sub-atomic particles, whose wavelength is inversely 

proportional to the momentum of the particle” 

      1 

      λ ∝ 

      mv 

 

      λ = h 

      mv 

For radiations having velocity “c” the equation can be written as: 

      λ = h 

      mc 

This relation shows that sub-atomic particles are wave as the have wavelength and 

particle as they have momentum.  

Further more wavelength and momentum of the particle are inversely proportional. The 

lighter particles have longer wavelength while massive particles have shorter wavelength. 

 

de Broglie’s equation was experimentally verified by two American scientists, Davison 

and Germer in 1927. 
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Applications: 

 

 De Broglie’s hypothesis is good enough to explain Bohr’s postulates. 

 

 Bohr’s theory states that electron revolves only in orbits of particular radii and in an orbit 

electron does not emit or absorb energy. It is only possible when electron wave is 

standing wave and a wave could be standing wave if circumference of the orbit is some 

integral multiple of the wave length of the electron wave. 

     n λ = 2 π r  

Circumference of orbit = 2 π r 

Circumference of orbit  r 

So according to Bohr, orbits of such radius are possible only when their circumferences 

are some integral multiple of the electron wave. If this is so then crest of the last wave 

will meet crest of the first wave or trough of the last wave will meet trough of the first 

wave and wave will be standing wave and as a result no energy will be transmitted. 

 

 

 De Broglie’s hypothesis also verifies Bohr’s postulate about angular momentum. 

Apllying equation   n λ = 2 π r 

and putting vaue λ from de Broglie’s equation  

            h  

    n       =   2 π r  

           mv  

on rearranging above equation 

            h  

    n       =   mv r  

           2 π 

And this is same as Bohr’s postulate about angular momentum.  

 

Heisenberg’s Uncertainty Principle: 

 

In 1927, Warner Heisenberg proposed the uncertainty principle. It states: 

 

“It is impossible to state both position as well as momentum of electrons accurately and 

simultaneously” 

      

To determine the position of electron more accurately, radiations of shorter wavelength 

should be used but according to de Broglie’s equation uncertainty in momentum will 

increase. 

    λ = h/mc 

 

If radiations of longer wavelength are used, uncertainty in momentum will decrease but 

then uncertainty in position of electron will increases. 

Product of uncertainty in momentum and position can be given as: 
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    Δ P . Δ X  = 2h Where ∆P = uncertainty in momentum 
         ∆x = uncertainty in position 

        h = Plank’s constant   
Thus idea of Bohr that electron move in definite orbit with definite momentum is not 

correct. Heisenberg gave the idea of probability of electrons in an orbit. 

 

Schrodinger Equation:   
 

In 1926, Erwin Schrodinger, a Austrian Physicist, developed an equation, which is given below 

and is called Schrodinger equation. 

∂
2
ψ  ∂

2
ψ  ∂

2
ψ  8 π

2
 m  

 +  +  +   (E – V) ψ    =    0  

dϰ
2
  dy

2  
dz

2 
      h

2
   

 

Where E = total energy of electrons 

 V = potential energy 

 ψ = a wave function (amplitude of wave) 

 ψ2 = probability of finding electron 

 

According to Schrodinger electron shows a wave like motion and they form standing wave in 

three dimensional spaces around the nucleus. 

 

Thus atomic orbital can be defined as, “A definite region in the three dimensional space around 

the nucleus, where there is high probability of finding an electron of specific energy E is called 

atomic orbital.” 

 

Quantum Numbers: 
  

These are certain numbers which are used to locate electron in an atom or in other words 

these are address of electron. They are of four types out of which three are obtained by 

mathematical solution of Schrödinger wave equation.      

 

(i) Principal Quantum Number (n): 

 

It is obtained by mathematical solution of r-part of Schrödinger wave equation. Its values 

are: 

  n = 1, 2, 3, ………..,∞ 

 It represents the shells or orbits or energy levels 

When  n = 1 It means 1st shell or K-shell 

 n = 2 It means 2nd shell or L-shell 

 n = 3 It means 3rd shell or M-shell 
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 It also indicates energy. Higher is the value of “n” more is the energy. 

 It also indicates distance of electron from the nucleus. Higher is the value of “n” away is 

the electron from the nucleus. 

 Numbers of electrons in a shell are calculated by it as 2n2. 

 

(ii) Azimuthal Quantum Number (ℓ): 

 

It is obtained by mathematical solution of θ-part of Schrödinger wave equation. It is also 

called secondary quantum number. Its values are: 

  ℓ = 0, 1, 2, 3, ……….., n-1 

 

 It represents the sub shells or  energy sub-levels 

When  ℓ = 0 It means s-sub shell (spherical shaped) s stands for sharp    

 ℓ = 1 It means p-sub shell (dumbbell shaped) p stands for principal 

 ℓ = 2 It means d-sub shell (sausage shaped) d stands for diffused 

ℓ = 3  It means f-sub shell   f stands for fundamental 

 It also indicates energy up to some extent. Higher is the value of “ℓ” more is the energy. 

 It also represents shapes of orbitals. 

 Number of orbitals in a sub-shell can be calculated by it. 

Number of orbitals in a sub-shell = 2 ℓ + 1 

 Number of electrons in a sub-shell can be calculated by it. 

Number of electrons in a sub-shell = 2(2 ℓ + 1) 

 

(iii) Magnetic Quantum Number (mℓ ): 

 

It is obtained by mathematical solution of Ø-part of Schrödinger wave equation. Its 

values are: 

Values of    mℓ  = - ℓ , …,0 ,……..,+ ℓ  
The number of values of   mℓ   = 2 ℓ + 1  

 It represents orbitals and their orientations 

e.g 

(i) if  ℓ = 1 It means p-sub shell and for p-sub shell,  

Values of mℓ  = 2ℓ + 1 = 2 x 1 +1 = 3 

These values of mℓ  = -1,0,+1 

It means that p-sub shell has three orbitals with three different orientations. 

  orbitals px py pz 

  mℓ     +1 -1 0 
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e.g 

(ii) if  ℓ  = 2 It means d-sub shell 

 and for d-sub shell, number of values of mℓ   = 2ℓ + 1 = 2 x 2 +1 = 5 

 these values of mℓ are = -2, -1, 0, +1, +2 

It means that d-sub shell has five orbitals with five different orientations. 

  orbitals dxy dyz dz2 dxz dx2-y2 

  mℓ     -2 -1 0 +1 +2 

 

 

  

(v) Spin Quantum Number (ms):      ↻        ↺  
 

It describes the spin of electrons. Its values are 

    ms = + ½ , - ½  

 

When ms = - ½  electron shows clock wise spin (↑) 

 ms = + ½  electron shows anti-clock wise spin (↓)      Clock wise spin (↑)     Anti-clock wise spin (↓)  

  

Shapes of Orbitals: 

 

Shapes of orbitals are obtained by probability contours. If we plot probability of finding 

electrons versus distance from nucleus, we see that probability is zero at the nucleus it 

increases going away from nucleus and becomes maximum at distance “r” and then 

gradually decreases going further away from nucleus but never becomes zero even at 

infinite distance from the nucleus.  

     1s 

 

 

 

    ↑   2s           ↑ 

    Prob    3s        Prob  2p 

           3P 

 

 

 

 

     Distance from Nucleus →     Distance from Nucleus → 

If we represent probability by dots and draw a boundary around maximum dots, shape of 

orbital is obtained. 
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Shapes of s, p and d-orbitals: 
s-orbital: It has spherical shape. It is a single orbital.  

p-orbitals: They have dumbbell shape. The three p-orbitals are on x, y and z axis. Each p-

orbital has two lobes. 

d-orbitals: They are five in number. Four out of these five contain four lobes while fifth has 

two lobes and a ring. 

f-orbitals: They are seven in number. Their Shapes are complicated. 

                                    

              

Electronic Configurations: 
 

The distribution and arrangement of electrons in various shells, sub-shells and orbitals is 

called electronic configuration. 

 

Electronic configuration follows three rules. 

 

(i) Auf Bau Principle: 

 

It states: 

       1s 

“Electrons occupy shells in increasing 

 order of their energies”    2s 2p 

    Or 

“Electrons occupy sub-shells in increasing   3s 3p 3d 

order of their energies or n+ℓ values” 

       4s 4p 4d 4f 

First electrons fill the sub-shell with lower  

energy or n+l value. If two sub-shells have   5s 5p 5d 5f 

equal n+l values then the one with lower  

n value is filled first.     6s 6p 6d 6f 

 

 1s 2s 2p 3s 3p 3d 4s  7s 7p 7d 7f 

n+l → 1 2 3 3 4 5 4  

 

4p 4d 4f 5s   5p   5d   5f 

5 6 7 5     6     7     8 

 

e.g (i) 13Al27 → 1s2, 2s2, 2p6, 3s2, 3p1    

e.g (ii) 26Fe56 → 1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d6   

e.g (iii) 24Cr52 → 1s2, 2s2, 2p6, 3s2, 3p6, 4s1, 3d5  
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(ii) Pauli Exclusion Principle: 

 

It states: “No two electrons in an atom 

can show same set of four quantum numbers”  

 

Different electrons in an atom either differ in “n” if they belong to different shells 

or they differ in “ℓ” if belong to different sub-shells or they differ in “mℓ” if they 

belong to different orbitals. But if they belong to same shell, same sub-shell and 

same orbital then they have same n, ℓ  and m ℓ but then they differ in spin. So 

principle can also be stated as              

               2px    2py   2pz  

“No two electrons in same orbital can show same spin”   2p 

 

When two electrons enter in the same orbital they      2s 

enter with opposite spins one with clock wise spin 

and other with anti-clock spin e.g. arrangement of       1s  

electrons in Carbon atom is shown in figure. 

(iii) Hund’s Rule: 

It states: “When orbitals of equal energy (degenerate) are available, electrons are 

distributed in them so as to give maximum number of unpaired electrons.” 

It means electrons first enter in     2px    2py   2pz 

 orbitals of equal energy singly           2p   

until all are occupied by single 

electrons.               

e.g. arrangement of electrons in             2s  

Carbon atom is shown in figure.             1s   

            

    

 There are three types of electronic configurations i.e. shell-

wise, sub shell-wise and orbital-wise electronic 

configuration. The three types of electronic configurations 

for iron can be written as: 
 

(i) Sub-shell wise: 

 26Fe56 → 1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d6  (Auf Bau principle is applied) 

(ii) Shell wise: 

 26Fe56 → K-shell = 2, L-shell = 8, M-shell = 14, N-shell = 2 

         (Auf Bau principle is applied) 

 

 

 

 

 

↑ ↑  

↑↓ 

↑↓ 

↑ ↑  

↑↓ 

↑↓ 
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(iii) Orbital wise: 

            3dxy  3dyz  3dxz  3x
2
- y

2  3dz  

 

                  3d 

        4s 

            3px   3py   3pz  

          3p 

 

 

            3s 

                   3px   3py   3pz 

               2p  

 

            2s 

             

            1s 

 
 In orbital wise electronic configuration all the three rules are applied. 

 

Isotopes (Nuclides): “Atoms having same atomic numbers but different atomic masses”, are 

called Isotopes or Nuclides e.g. 1H
1, 1H

2, 1H
3 6C

12, 6C
12, 6C

13 8O
16, 8O

17, 8O
18  

Nucleons: “Protons and neutrons are collectively called Nucleons.” 

Isobars: “Atoms having same atomic masses but different atomic numbers”, are called 

Isobars e.g. 19K
40,18Ar40, 20Ca40 

Isotones: “Atoms having same number of neutrons” are called isotones e.g.8O
18, 10Ne20 

Isoelectronics: “Species having same numbers of electrons” are called isoelectronics e.g.O-2,F-, 

Ne, Na+, Mg+2, CH4. 

  

 

 

 

 

 

 

 

 

 

 

 

 

↑↓ ↑↓ 

↑↓ 

↑↓ 

↑↓ 

↑↓ ↑↓ 

 
↑↓ 

 

↑↓ 

 
↑↓ 

 
↑↓ 

 

↑↓ 

↑↓ ↑ ↑ ↑ ↑ 
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