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	 de Broglie	 λ= h/mv 

	 Heisenberg	 	  Δx Δpx ≥ h/4π 
 

https://en.wikipedia.org/wiki/Electron_diffraction#/media/File:DifraccionElectronesMET.jpg electron diffraction image obtained in a JEOL 2000FX TEM 

Wave-Particle Duality
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https://en.wikipedia.org/wiki/Electron_diffraction#/media/File:DifraccionElectronesMET.jpg


HΨ = EΨ

Squaring the wave function gives use the probability of finding a the electron at a given location in space

The wave function must be an eigenfunction

Wave Mechanics and The Schrödinger Equation Section 2.2
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Necessary qualities of a wave function
1. The wave function must be single valued. Cannot have two probabilities for finding 

the electron at a given point
2. The wave function and its first derivatives must 
be continuous.

The probability must be defined at all 
points in space and cannot change abruptly

3. The wave function must approach 0 as r 
approaches infinity

The probability must get smaller at large 
distances of the atom. The atom must be 
finite.

4. Integrating ΨAΨA* over all space must equal 1 The electron must be somewhere in space. 
Process is called normalizing the wave 
function

5. Integrating ΨAΨB* over all space must equal 0 The orbitals must be orthogonal (mutually 
exclusive) 






Since, 

Schödinger Equation and the Hamiltonian Operator Section 2.2
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	 	 	 Ψ = A sin rx + B cos sx 

	 	 	 Ψ = A sin rx 

So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1
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So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1
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Like a particle trapped in a box

Section 2.2.1
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So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1
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	 	 But remember 	 	 Ψ = A sin rx


	 	 

	 	 r must also equal


	 	 So,	  

So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1

27

r = 2π
h 2mE

a

π
a

n

E =
n2h2

(8a2m)






	 	 	  
	 	 	 Ψ = A sin rx 
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So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1
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	 	 	 Ψ = A sin(         x) 

	 	 	  
	 	 	 	 (ΨΨ*) = 1 

	 	 	 Ψ = (2/a)1/2 sin (nπ/a)x 

	 	 	  

	 	 	  

So the electron is a particle/wave trapped in an atom…

Like a particle trapped in a box

Section 2.2.1
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Equations

https://www.westfield.ma.edu/cmasi/advinorg/angular_distribution_functions/
text_and_graphics_containe.htm


Pictures

https://www.westfield.ma.edu/cmasi/advinorg/quant_orbital_surfaces/orbital_surfaces.htm


Models

s and p

https://www.westfield.ma.edu/cmasi/organic/mo-plain/aos.html


d orbitals

https://www.westfield.ma.edu/cmasi/advinorg/dorbs/dorbsp.html 

Results - Section 2.2
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https://www.westfield.ma.edu/cmasi/advinorg/angular_distribution_functions/text_and_graphics_containe.htm
https://www.westfield.ma.edu/cmasi/advinorg/angular_distribution_functions/text_and_graphics_containe.htm


One quantum number wasn’t enough to model the electrons in an atom


n is the principal quantum number


 	 	 allowed values are the whole numbers starting a 1


l is the Angular momentum quantum number


	 	 allowed values are the from n to 0 in whole number increments


ml is the magnetic quantum number


	 	 allowed values are the from -l to l in whole number increments


ms is the spin quantum number


	 	 allowed values are - 1/2 or +1/2 

Orbitals and Quantum Numbers (n, l, and ml) Section 2.2.2
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The angular distribution function:
The square of the angular distribution function describes the probability of finding the electron at angles θ and φ.
In other words, picture yourself standing on the nucleus, and the electrons look like fog around you. The square of 
the angular distribution function describes how thick fog is when you look in different directions.
The Angular distribution function describes the basic shape of the orbital, or the number of nodal planes in an 
orbital.
The angular distribution functions depend only on the quantum numbers l and ml. That is, the angular distribution 
functions of all electrons with the same l and ml values are the same regardless of n or ms. Another way of saying 
this is that all s orbitals have the same basic shape. For example The 2s orbital (n = 2, l = 0, ml = 0), the 3s (n = 3, l 
= 0, ml = 0) and the 4s (n = , l = 0, ml = 0) have the same basic shape; they are all spherically symmetrical.

The radial distribution function:
The square of the radial distribution function describes the probability of finding an a electron a given distance 
from the nucleus.
In other words, it tells you how far away the fog starts to tapper off, and it tells you whether or not there are 
pockets of clear sky in the fog.
The radial distribution function describes how far away from the nucleus the orbital extends and the number of 
nodal surfaces the orbital has.
The radial distribution functions depend on both n and l. This means that the number of nodal surfaces and an 
orbital has and how far that orbital extends from the nucleus depends on the principle quantum number or energy 
level of the orbital (the 1 in 1s, the 2 in 2s, the 3 in 3s, etc.) and the type of orbital (s vs. p vs. d l = 0, 1, or 2). 

Orbitals (n, l, and ml) Section 2.2.2
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σ = Zr/a0	 	 	 a0 = ε0h2/(πe2me)


Principles of Mordern Chemistry, 2nd edition. Oxtoby, D.W.; Nachtrieb, N. H. Saunders College Publishing, 1990. 

Orbitals (n, l, and ml) Section 2.2.2

Quantum Numbers Angular Distribution Function Radial Distribution Function

n = 1, l = 0

n = 2, l = 0

n = 3, l = 0

n = 2, l = 1 
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https://en.wikipedia.org/wiki/Periodic_table 

Orbitals, Quantum Numbers (n, l, and ml), and the Periodic Table Section 2.2
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