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Electron Configuration



Solving Schröderinger’s Equation

“solving Schrödinger’s equation”

radial wavefunction angular wavefunction

Only certain wavefunctions are allowed!

Only certain quantum numbers are allowed!

෡𝐻Ψ = 𝐸Ψ

Ψ = 𝑅 𝑟 Θ 𝜃 Φ 𝜑 = 𝑅 𝑟 𝑌(𝜃, 𝜑)

Ψ = 𝑅𝑛,𝑙 𝑟 𝑌𝑙,𝑚𝑙
(𝜃, 𝜑)



Electronic Wavefunctions – Mathematical Description
Ψ𝑛,𝑙,𝑚𝑙

= 𝑅𝑛,𝑙 𝑟 𝑌𝑙,𝑚𝑙
(𝜃, 𝜑)

Some complete Hydrogenic wavefunctions (products of Radial and Angular components)

Quantum 

numbers

Spherical-polar solutions to the Schrödinger equation Cartesian angular 

functions

n l ml

1 0 0 Ψ100 =
1

𝜋

1

𝑎0

ൗ3 2

∙ 𝑒− ൗ𝑟 𝑎0 None

2 1 0 Ψ210 =
1

4 2𝜋

1

𝑎0

ൗ3 2

∙
1

𝑎0
𝑒
− ൗ𝑟 2𝑎0 ∙ 𝑟 ∙ 𝑐𝑜𝑠𝜃

𝑟 ∙ 𝑐𝑜𝑠𝜃 = 𝑧

2 1 1 Ψ211 =
1

4 2𝜋

1

𝑎0

ൗ3 2

∙
1

𝑎0
𝑒
− ൗ𝑟 2𝑎0 ∙ 𝑟 ∙ 𝑠𝑖𝑛𝜃 ∙ 𝑒2𝑖𝜑 No easy 

conversion

2 1 1/-1 Ψ221 − Ψ21−1 =
1

4 2𝜋

1

𝑎0

ൗ3 2

∙
1

𝑎0
𝑒
− ൗ𝑟 3𝑎0 ∙ 𝑟 ∙ 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑

𝑟 ∙ 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑 = 𝑥

3 2 -1 Ψ32−1 =
1

81

2

𝜋

1

𝑎0

ൗ3 2

∙
1

𝑎0

2

𝑒
− ൗ𝑟 3𝑎0 ∙ 𝑟2 ∙ 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃𝑒−𝑖𝜑 No easy 

conversion

3 2 1/-1

Ψ321 − Ψ32−1

=
1

81

2

𝜋

1

𝑎0

ൗ3 2

∙
1

𝑎0

2

𝑒
− ൗ𝑟 3𝑎0 ∙ 𝑟2 ∙ 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜑

𝑟 ∙ 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜑

= 𝑦𝑧

𝑒𝑖𝜑 = 𝑐𝑜𝑠𝜑 + 𝑖 𝑠𝑖𝑛𝜑 𝑒−𝑖𝜑 = 𝑐𝑜𝑠𝜑 − 𝑖 𝑠𝑖𝑛𝜑Euler equations:



Electronic Wavefunctions – Mathematical Description

Ψ𝑛,𝑙,𝑚𝑙
= 𝑅𝑛,𝑙 𝑟 𝑌𝑙,𝑚𝑙

(𝜃, 𝜑)Complex wavefunctions

Information about angular momentum

Real wavefunctions (linear combinations of complex wavefunctions)

Information about shape

Use in computations

Use for visualization in chemistry

px, py, dxy, etc.



s, p, and d Orbitals



f Orbitals



Electronic Wavefunctions – Radial Function



Orbitals, , and 2

Orbitals = electronic wavefunction 

Orbitals are mathematical functions and they have signs (phases)!!! 

The phases of orbitals cannot be directly observed. 

The electron density (probability of finding electrons in a space), 

i.e., 2 can be observed. 



2 and the Radial Distribution Function 4r22

4r2 = surface area of the sphere

Small r values: 

small surface area of the sphere

(small surface area to ‘collect’ 

the electron density).

Radial distribution function = radial probability function 

= function of finding the electron at a certain distance from the nucleus

Radial distribution function is a projection 

of electron density onto a single radial axis.

Large r values: 

large surface area of the sphere

(large surface area to ‘collect’ 

the electron density), but electron 

density, 2, is small.

Intermediate r values: 

Optimal combination of surface area 

and electron density, 2.



2 and the Radial Distribution Function 4r22



Electronic Wavefunctions –

Radial Distribution Function



Shielding of Nuclear Charge and Penetration Effect

For the H atom, the 2p and 2s orbitals are 

degenerate.

In the presence of a second electron, 

the 2p and 2s orbitals are NOT degenerate.

If the 1s orbital is filled with one or two 

electrons, there is a difference between a 2s 

and a 2p electron.

A 2s electron has electron density closer to 

the nucleus than a 2p electron (the local 

maximum of the radial distribution function).

Therefore, the 2s electron experiences a larger

nuclear charge than the 2p electron.

The nuclear charge is more shielded for the 2p 

than for the 2s electron.

The 2s electron is better in penetrating the 

1s electron cloud.



Orbitals in a Multi-Electron System

Kinetic energy of nucleus

Kinetic energy of electron 1

Potential energy:

Electron 1-nucleus attraction

Kinetic energy of electron 2

Potential energy:

Electron 2-nucleus attraction

Potential energy:

Electron 1 electron 2 repulsion

෡𝐻Ψ = 𝐸Ψ

No analytical solution to Schrödinger’s equation possible!

Approximation needed!



Hartree-Fock Self-Consistent Field Method
HF SCF Method

1. Assume reasonable s for all electrons, except electron i. 

2. Calculate the effect of the average, combinded field of the nucleus and all other 

electrons on electron i. Generate a Hamiltonian for electron i: hi

3. Obtain i from hi i = Ei i

4. Use i to calculate average field of electron i. 

Generate Hamiltonian for electron j: hj

5. Calculate j

6. Do this for all electrons

7. Then go through all electron again 

with improved wavefunctions.

8. Repeat the cycle until the overall energy

does not change anymore (self consistent field).

PROBLEM: Electron correlation is not accounted for!



Multi-Electron Atoms

Valence orbitals: Ionization energy of orbitals are between 480 and 2400 kJ/mol



Multi-Electron Atoms



Electron Configuration of the Elements

Aufbau Principle

Pauli Exclusion Principle

Hund’s Rule(s)



Aufbau (Building-up) Principle

Na [Ne]3s1

As [Ar]4s23d104p3

Cl [Ne]3s23p5

Cl– [Ne]3s23p6 (  [Ar] )



Exceptions to the Aufbau Principle
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       Developed by Prof. R. T. Boeré (updated January, 1999) 
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Electron Configuration of Ions

By Sandbh - Own work, CC BY-SA 4.0, ttps://commons.wikimedia.org/w/index.php?curid=55055463

Cl

V

V2+ [Ar]3d3 (NOT [Ar]4s23d1!!!!)

[Ar]4s23d3

[Ne]3s23p5


