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2.2 Electron configuration
Visible light is part of the electromagnetic spectrum  - the spectrum containing all 
forms of electromagnetic radiation.

All electromagnetic waves travel at the same speed(the speed of light, c) but will have 
different wavelengths (λ):

The number of waves that pass a point in 1 second is called the frequency (v). 

Blue light --- Shorter wavelength --- Higher frequency

Red light --- Longer wavelength --- Lower frequency

We relate v and λ using the equation:

c = v · λ 

c = 3.00 x 10 8 m s -1

An electromagnetic wave that oscillates more must have a higher energy so we can say:

E is inversely proportional to λ

Blue light --- Shorter wavelength --- Higher frequency = Higher energy

Red light --- Longer wavelength --- Lower frequency = Lower energy

SI units : Energy ---

Wavelength ---

Frequency ---

Passing white light through a prism will give a continuous spectrum  showing 
the full range of frequencies.

Exciting a sample and recording the frequencies absorbed or released will 
produce a line spectrum . In this case an emission spectrum. (As used by Bohr)

Line spectra are caused by the absorbtion or emission of energy by electrons. To jump up to 
a higher energy level, electrons can absorb light of a specific frequency (corresponding to the 
energy gap between levels). This creates an atom in an excited state . When it drops back 
down to the ground state , it releases a packet of energy called a photon .

We can relate the energy of the photon using the Plank constant, h:

E photon  =  h ·  v
This means that energy can only exist in "discrete packets" of energy that we call quanta.  So a 
photon  is a quanta  of energy.

Rydberg came up with a formula to predict the wavelength of any lines in the hydrogen 
emission spectrum. It is called the Rydberg equation  and uses the Rydberg constant.

h = 6.63 x 10 -34 J s

Note - n 2 must be 
higher than n 1

En el átomo de hidrógeno las líneas de la serie de Paschen se originan en las transiciones 
electrónicas desde niveles con n>3 hasta el nivel n=3. Calcula la longitud de onda en nm de 
la línea de la serie de Paschen correspondiente a la transición desde el nivel n=7.

Datos: RH = 1,0968·107 m­1

Answer  λ = 1,0052·10­6 m

λ = 1005 nm
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Wave-particle duality

This is a property of light that means it can behave with a particulate­nature and 
also as a wave:
• We can view light as a stream of photons (packets of energy)
• We can view light as a magnetic wave

Evidence for these 2 characteristics can be found in different phenomena:

Photoelectric effect

The photosensitive detector shows bands 
of light reaching it suggesting that the 2 
waves interact with their peaks and troughs 
to produce a detection or cancel it to 
produce  no detection.

Double slit experiment

When light is shone at certain materials, a 
small current is produced as the energy 
from the photons (packets of energy) is 
tranferred to electrons ­ freeing them from 
their positions.

If light is treated as a wave then increasing 
the brightness of the light should lead to 
electrons being "knocked out" with more 
energy. However, this did not happen. 

Einstein suggested that if light was treated 
as a stream of photons then increasing the 
brightness of the light would only increase 
then number of electrons being freed not 
the energy of them. This proved true and 
he won the Nobel prize!
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Heisenberg´s Uncertainty Principle and the concept of orbitals

This led to the Schrodinger  model of the 
atom (using the wave-like property of an 
electron). He stated that electrons must be 
found in orbitals. An orbital is a region of 
space where there is a very high chance of 
finding an electron (90%). This region is 
calculated using a mathmatical function.

The shape of an orbital will depend on the 
energy of an electron and the higher the 
energy, the further the orbital can be from 
the nucleus.

A significant problem of Bohr´s model was that he assumed the position and movement of an electron 
could be precisely described.

Heisenburg´s Uncertainty Principle  states that we can never know precisely the position and 
momentum of an electron . This is because through the process of trying to locate an electron will 
disturb its location.

1st energy level

A single s-orbital:

1s

2nd energy level

Split into 2 sub-levels:

2s - larger than the 1s

2p  - 

arranged along 

different axes.

3nd energy level

Split into 3 sub-levels:

3s - larger than the 1s and 2s

3p  - 3 x p orbitals 

arranged along 

different axes.

3d  -

The 4th energy level also has f orbitals:
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Electron configuration

Pauli Exclusion Principle : 
• Each orbital can hold a maximum of 2 electrons.
• If there are 2 in an orbital then they must spin in opposite directions.

(This is so that every electron is individually identifiable using its orbital and spin. If 2 
electrons were in the same orbital with the same spin then they would be the same 
electron)

Arranging the different sub-
levels in order of energy, you can 
see that there is overlap 
between different energy levels.

Hund´s Rule

Once more than 1 orbital in the same sub-level is available then Hund´s rule 
states that we must half-fill each orbital with electrons of a parallel spin.

What happens when we reach the d-block elements (elements with outer 
electrons in a d-orbital)?

Abbrieviated electron configuration - Write the full configuration for:
• Ne

• Ar

We can use the configs. from noble gases and then just add the outer electrons 
for other elements.

Na --> [Ne] 3s1          

Ti --> [Ar] 4s2 3d2

.

So for the d-block elements we can 
write their electronic configuration 
as...

Can you spot the 2 exceptions?
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The formation of ion simply requires the addition or removal of electrons from a 
ground state element. E.g. ions of Al:

However with the d-block elements we must know:

The 4s sub-level is very slightly lower that the 3d sub-level so it is filled 
(according to the Aufbau principle) beforehand. However, once there are 
electrons in the 3d sub-level the 4s orbital increases in energy. 

This means that if we are writing electron configurations for positive ions such as 
Fe3+, when we remove electrons to form the ion, they are removed first from the 
4s orbital.

Electron configuration of ions
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