
 

 

 

  

  

  

  

  

 

 

 

 

 

 



 
 

 
 

   

   

 

 

 

   

  

 
 

 
 

 
 

 
 

 
 







 

 

 

 

 

 

 

 

 



 

 

 

 



Hydrogen emission spectral lines



These slides are for the UG-students of my class and are not 
intended for circulation publicly.

Efforts have been made to credit all the sources from where the 
material has been taken.



Johann Jakob Balmer  1885
Johannes Rydberg 1888
Niels Bohr 1913









RH= Rydberg Constant

MIT OpenCourseware: Prof. Catherine Drennan
https://ocw.mit.edu/courses/5-111sc-principles-of-chemical-science-fall-2014/



How many different values of the quantum number 
are possible when n = 14 ? 

How many different values of ml are allowed for an 
electron in a 9d subshell? 

How many values of ml are allowed for a 5s 
subshell? 
 



Erwin Schrödinger (born August 12, 
1887, Vienna, Austria died January 4, 
1961, Vienna) was an 
Austrian theoretical physicist who 
contributed to the wave theory of matter 
and to other fundamentals of quantum 
mechanics. He shared the 1933 Nobel 
Prize for Physics with British 
physicist P.A.M. Dirac.

Schrödinger introduced a theory describing the behaviour of sub-atomic systems by 
a wave equation that is now known as the Schrödinger equation. The solutions to 

functions that can only be related to the probable occurrence of physical events. The 
definite and readily visualized sequence of events of the planetary orbits of Newton 
is, in quantum mechanics, replaced by the more abstract notion of probability.

https://www.britannica.com/biography/Erwin-Schrodinger



Representing Atomic Orbitals
with the Help of Wavefunctions





SIZE determined by Rnl(r) = radial part of the wavefunction
SHAPE determined by Ylm( , ) = angular part of the 
wavefunction(spherical harmonics)

To consider the 3d shapes of orbital we can consider the total 
wavefunction  as a product of a radial wavefunction R and an 
angular wavefunction Y 



Radial Part

Principal 
quantum 
number

Azimuthal
quantum 
number

1s

2p

2s

3d

3p

3s



1s orbital



Graphical representation of a Radial 
Wavefunction

R(r) of the 1s orbital of H
R(r) = 2e(-r)

It decays exponentially with r
It has a maximum at r = 0

R(r) has no physical meaning.
R(r)2 does. It represents the 
probability density of the
electron at a point in space

R(r)2 is a maximum at r = 0



Wave functions of Hydrogen ns 
orbitals

For H 2s(r) =

 For H 3s(r) = 

exponential decreases more
slowly than 1s.

 3s changes sign twice with two
R(r) = 0  RADIAL NODE





The photo taken of this conference's participants is sometimes entitled "The Most 
Intelligent Picture Ever Taken," for its depiction of the world's leading 
physicists gathered in one shot.

Perhaps the most famous conference was the fifth Solvay Conference on Physics, 
which was held from 24 to 29 October 1927. The subject 
was Electrons and Photons and the world's most notable physicists met to discuss 
the newly formulated quantum theory. The leading figures were Albert Einstein 
and Niels Bohr. 17 of the 29 attendees were or became Nobel Prize winners, 
including Marie Curie who, alone among them, had won Nobel Prizes in two 
separate scientific disciplines. The anti-German prejudice that had prevented 
Einstein and others from attending the Solvay conferences held after the First 
World War had melted away. Essentially all of those names who had contributed to 
the development of the quantum theory were at this Solvay Conference, including 
Bohr, Born, de Broglie, Dirac, Heisenberg, Pauli, and 
Schrödinger. Heisenberg commented:
"Through the possibility of exchange between the representatives of different lines 
of research, this conference has contributed extraordinarily to the clarification of 
the physical foundations of the quantum theory. It forms, so to speak, the outward 
completion of the quantum theory."

Fifth Solvay Conference 

https://en.wikipedia.org/wiki/Solvay_Conference



Plot of electron wave functions



Radial Distribution Function
Relating the probability of an electron at a 
point in space to the probability of an 
electron in a spherical shell at a radius r (an 
orbit-like picture)
This is called the Radial Distribution 
Function (RDF) as in generated by 
multiplying the probability of an electron at 
a point which has radius r by the volume of 
a sphere at a radius of r
Consider a sphere  volume as we move at a 
small slice is 4 r2 dr

By differentiation, 
the volume of a sphere = 4/3 r3

So RDF(r) = 4 r2 R(r)2

Maximum for 1s at a0



RDF



RDF or Probability density plot of 
1s, 2s, 3s orbitals



p orbitals



Plot of radial function of 2p and 
3p





RDF of p orbitals



Plot of radial function of 3d



Node

Nodes are the region with zero probabilities of 
finding electrons.
Two types of nodes

Radial Node  obtained from the radial 
component of the wavefunction

Angular Node - obtained from the angular part 
of the wavefunction



Radial Nodes

The point at which R(r) = 0 (not including the origin) is called a 
radial node
Number of radial node = n l 1

1s = 1 0 1 = 0
2s = 2 0 1 = 1 
2p = 2 1 1 = 0
3s = 3 0 1 = 2 
3p = 3 1 1 = 1 
3d = 3 2 1 = 0

In general, the more nodes contained within e.g. a set of s orbitals 
the higher the energy of the orbital like a wave that crosses the x 
axis many times



Angular nodes

Number of angular node= l



Radial and angular nodes

orbital n l
Radial 
nodes

Angular 
nodes

Total nodes

1s 1 0 0 0 0

2s 2 0 1 0 1

3s 3 0 2 0 2

2p 2 1 0 1 1

3p 3 1 1 1 2

4p 4 1 2 1 3

3d 3 2 0 2 2

4d 4 2 1 2 3

5d 5 2 2 2 4

4f 4 3 0 3 3





Guess:
No. of radial nodes?
No. of angular nodes?

Hints:
To find the number of radial nodes, look 
for the radial part of the wave function.
For how many values of r, the radial 
function becomes zero.
( )
In this case, the radial function has value 

values of r can make it zero.
So, number of radial node = 0
(No radial node is present)

To find the number of angular nodes, look 
for the angular part of the wave function.
For how many values of and , the 
angular function becomes zero.

In this case, the angular function can be 
zero for two values of 
So, number of angular nodes = 2



Shapes of d orbitals





1s

No. of radial node??
No. of angular node??

Dot density plot

Reference
Prof. Mark Winter, University of Sheffield
https://winter.group.shef.ac.uk/orbitron/



2s No. of radial node??
No. of angular node??



3s No. of radial nodes??
No. of angular nodes??

Reference
Prof. Mark Winter, University of Sheffield
https://winter.group.shef.ac.uk/orbitron/



2p No. of radial node??
No. of angular node??



3p
No. of radial node??
No. of angular node??



4p
No. of radial node??
No. of angular node??



3d

Cylindrical
symmetry

No. of radial node??
No. of angular node??



4d No. of radial node??
No. of angular node??


