
Atomic Structure 



Basics  

Mass number (A) = number of protons + number of neutrons   

Note that atomic weight of an element is 

approximately equal to the mass number  

Mass of an electron(𝑚𝑒) =
1

1873
 amu  (1 amu =1.66 × 10−24 g) 

 

 = 𝟗. 𝟏 × 𝟏𝟎−𝟑𝟏 𝒌𝒈 (In SI units)  

Think of comparing  mass of electron with mass 

of a proton or  a neutron which is equal to 1 amu 
𝑚𝑒 + 𝑚𝑝 ≈ 𝑚𝑝 



Bohr’s Postulates  

Electrons revolve around the nucleus in certain orbits 

without losing energy  
1 

2 

3 

Energy is absorbed / emitted only when an atom jumps 

from one orbit to another  
E 

Electron is restricted to those orbits in which electrons 

angular momentum is an integral multiple of 
ℎ

2𝜋
 

𝐀𝐧𝐠𝐮𝐥𝐚𝐫 𝐦𝐨𝐦𝐞𝐧𝐭𝐮𝐦 𝐨𝐟 𝐞𝐥𝐞𝐜𝐭𝐫𝐨𝐧 = 𝒏 ×
𝒉

𝟐𝝅
 Where 𝑛 is an integer  

Note that these are valid only for one electron species like 𝐻 , 𝐻𝑒+ 



Hydrogen Spectral Lines  

Wavenumber for 𝑒− 

going from 𝑛2 to 𝑛1 

𝟏

𝝀
= 𝑹𝒁𝟐

𝟏

𝒏𝟏
𝟐

−
𝟏

𝒏𝟐
𝟐

 
Note that here R is in SI units 

Lines  𝒏𝟏 𝒏𝟐 Spectral Region  

Lyman  1 2,3,4,…..     Ultraviolet (UV) 

Ballmer  2 3,4,5…..     Visible  

Paschen  3 4,5,6…..    Infrared (IR) 

Brackett  4 5,6,7…..     Infrared (IR) 

Pfund  5 6,7,8…..         IR 

Pfund  6 7,8,9…. 

Note that from the 

observed line in the 

spectrum , 

wavenumber of energy 

required for transition 

or absorption can be 

calculated  

















De- Broglie Equation  

Particles of matter such as electrons, protons etc. have properties of waves   

𝝀 =
𝒉

𝒎𝒗
 

𝑴 is mass of particle,  

 𝒗 is its velocity  

𝝀 =
𝒉

𝒑
      

Note that 𝜆 will be significant only when mass m of particle is very small like 

that of electron or proton  

Example: For a block say of 100 g mass , 𝜆 will be insignificant and wave 

characteristic of the particle can be ignored  

𝒑 is momentum 

OR 



Quantization Of Angular Momentum  

Note that electron is assumed to exhibit wave characteristics  

𝟐𝝅𝒓 = 𝒏𝝀 

   

        

  

Note that circumference of the circle must be an 

integral multiple of the wavelength  
= 𝑛

ℎ

𝑚𝑣
 

Or  

𝒎𝒗𝒓 = 𝒏 ∙
𝒉

𝟐𝝅
     𝒂𝒏𝒈𝒖𝒍𝒂𝒓 𝒎𝒐𝒎𝒆𝒏𝒕𝒖𝒎  

This is the mechanical 

picture of de-Broglie 

equation  

𝑟 

𝑣 



Relation Between Wavelength (𝝀) And Potential (V) 

Note that electron posses 

matter characteristic as well 

along with its wave nature 

 𝐾. 𝐸. =
1

2
𝑚𝑣2 

           = 𝑉. 𝑒              (where V is the potential)  

𝒗 =
𝟐𝑽. 𝒆

𝒎
 

=
𝟐𝑬

𝒎
 

Since,  𝐸 =
ℎ𝑐

𝜆
 𝜆 =

ℎ

2. 𝑉. 𝑒. 𝑚
 

𝜆 =
1.226

𝑉
 nm Here V is in Volts 



Quantum Mechanical Picture Of An Atom  

Very small particle like electrons do not follow law of classical mechanics  

As wave properties at negligible mass are significant  

Wave mechanics or Quantum mechanics describe their properties properly  

In this approach electron in an atom is treated as a standing or stationary wave  

Standing wave does not travel and has at least one node  



Schrodinger Wave Equation  

𝜵𝟐𝝍 +
𝟖𝝅𝟐𝒎

𝒉𝟐
𝑬 − 𝑽 𝝍 = 𝟎 

𝜓 is the waveform  

Must be finite  

Must be single valued  

Must be continuous  

Note that interpretation of 𝜓 is that it describes wave characteristics of a particle 

And its value at a point relates the possibility of particle being there at that time  

𝛻2 𝑙𝑎𝑝𝑙𝑎𝑐𝑖𝑎𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟 =
𝛿2

𝛿𝑥2 +
𝛿2

𝛿𝑦2 +
𝛿2

𝛿𝑧2 

𝑬     is total energy  

𝑽     is P.E. of the particle  



Heisenberg Uncertainly Principle  

Note that it is applicable to 

subatomic particles only 

and not to large objects  

It is impossible to determine precisely both the 

position and momentum of a subatomic 

particle simultaneously  

∆𝒙 ∙ ∆𝒑 ≥
𝒉

𝟒𝝅
 

∆𝑥 and ∆𝑝 represent uncertainties in 

position and momentum respectively   

∆𝒙 ∙ ∆𝒗 ≥
𝒉

𝟒𝝅𝒎
 Or  

∆𝑬 ∙ ∆𝒕 ≥
𝒉

𝟒𝝅
 Similarly  

Note that the principle goes against the concept of Bohr’s definite orbit which is only 

region of probability of finding an electron 











Principle Quantum Number  

𝜵𝟐𝝍 +
𝟖𝝅𝟐𝒎

𝒉𝟐
𝑬 − 𝑽 𝝍 = 𝟎 

Solution of Schrodinger equation 

gives a set of numbers called 

quantum numbers 

Principle quantum number (n):  

It describes the main energy level on electron occupies  

n:                         1    2    3   4 ∙∙∙∙∙∙∙∙∙∙∙∙∙ 

Known as:            K    L   M  N ∙∙∙∙∙∙∙∙∙∙∙∙∙ 

Note that n is always a positive 

integer 



Azimuthal Quantum Number (l) 

Also called angular momentum quantum number  

Tells a  sublevel or specific shape of atomic orbital than an electron occupies  

Note that for a given value of 𝑛,
𝑙 can take integral values from 0 

to (n-1) 
                 l:        0     1    2    3 ∙∙∙∙∙∙∙∙∙    (n-1) 

   known as:         s    p    d     f ∙∙∙∙∙∙∙∙∙∙∙ Maximum value of l depend on 

value of n  

Orbital angular momentum (L)  𝒍(𝒍 + 𝟏) ∙
𝒉

𝟐𝝅
 𝑙 = 0,1,2,3 ∙∙∙∙∙∙∙∙ 

ℏ(𝐷𝑖𝑟𝑎𝑐) =
𝒉

𝟐𝝅
 



Magnetic Quantum Number (m) 

𝑚 designates specific orbital within a subshell (𝑙) 

Within each subshell 𝑚 can take any integral values from – 𝑙 to +𝑙  

Note that orbitals within a given subshell differ in 

their orientation in space but not in their energies  

  𝐦 = −𝑙 ,∙∙∙∙∙∙∙∙∙∙∙∙  0, 1, 2,∙∙∙∙∙∙∙∙∙∙∙∙∙∙, (+𝑙) 
Maximum value of 𝑚 depends on 

value of 𝑙  

𝐄𝐱𝐚𝐦𝐩𝐥𝐞 ∶   for           l = 1,   𝑚 = −1 , 0  ,  +1  

                                     p -subshell                 𝑝𝑥          𝑝𝑦               𝑝𝑧 



Magnetic Dipole Moment (𝝁) 

Note that when an atom has angular momentum L , it acts like a small magnet 
with magnetic dipole moment  (𝜇) 

𝝁𝑩 =
𝒆𝒉

𝟒𝝅𝒎
 

       =
𝒆ℏ

𝟐𝒎
             in Bohrs Magneton(BM) 

𝑚 is mass of electron 

∴ 𝝁𝑩 = 9.27 × 10−24   𝐽𝑇−1 

          = 9.27 × 10−21𝑒𝑟𝑔𝐺−1 

In SI units 

In CGS units 



Spin Quantum Number (s) 

‘s’ refers to the spin of an electron and orientation of magnetic field produced 

by this spin  

For every set of 𝒏 , 𝒍 and 𝒎 values; s can take two values  +
1

2
   𝐨𝐫 −

1

2
 

Note that the value of n , l and m describe a particular atomic orbital therefore each 

atomic orbital can accommodate no more than two electrons; 

 One with s= +
1

2
  and another with s = −

1

2
 

From Pauli exclusion principle  



Spin Angular Momentum (S) 

𝑺 = 𝒔(𝒔 + 𝟏) ∙
𝒉

𝟐𝝅
 where 𝑠 =spin quantum number  

Since,               𝑠 =
1

2
  , 

  𝑆 =
3

2

ℎ

2𝜋
 

𝑺 =
𝟑ℏ

𝟐
 






