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2.2 Electron configuration

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

Al electromagnetic waves travel at the same speed(the speed of light, ) but will have
different wavelengths (\):

c=300x108ms-
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The number of waves that pass a point in | second is called the frequency (v).
Blue light - Shorter wavelength — Higher frequency v Hl

Red light - Longer wavelength - Lower frequency

We relate v and A using the equation: )b - M
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An electromagnetic wave that oscillates more must have a higher energy so we can say:

E is inversely proportional to A |
Blue light  --- Shorter wavelength --- Higher frequency = Higher energy E = 'x
Red light

Lower frequency = Lower energy

Longer wavelength

—_
Wavelength — ¢l

Frequeney —  Hz.

Passing white light through a prism will give a continuous spectrum  showing
the full range of frequencies.
Continuous Spectrum
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Exciting a sample and recording the frequencies absorbed o released will
produce aline spectrum . In this case an emission spectrum. (As used by Bojr

umpk: h\‘gh Emission Line Spectrum
energy level
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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 anexcited state . When it drops back
down to the ground state , it releases a packet of energy called aphoton .

excited state
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ground state

whe alls
state, liht of a specific sate, light of a specifid
frequency vis emitted. frequency vis absorbed.

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

Epn = h * ¥ Gragan) P=69X10 205
This means that energy can only exist in "discrete packets” of energy that we call quanta. Soa
photon isa 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.
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En el dtomo de hidrégeno las lineas de la serie de Paschen se originan en las transiciones.
electrénicas desde niveles con n>3 hasta el nivel n=3, Calcula la longitud de onda en nm de
la linea de la serie de Paschen correspondiente a la transicion desde el nivel n=7.
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Woave-particle duality

This is a property of light that means it can behave with a particulate-nature 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 Double slit experiment

light

electron @
\’r

metal

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!

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.
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Heisenberg’s Uncertainty Principle and the concept of orbitals

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.

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 thermmf
finding an electron (90%). This region is
mmcal function.

How can you possibly know where!
Iam and how fast ' mgolng at
the same time??”

Tm leaving you!l!
You are at a dead
end job and going
nowhere fast

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.
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Electron confguration ) Shewing kv taey st an
& ok~ hac :.T?.t« By
PaulExclusion Pincpe )
- Each orbialcan hold 3 maximum of 2 lectrons
+ shere are 2 n a orbialthen they must spin n opposi direcions.
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Hund’s Rule --

Once more than | orbial in the same sub-level is avalable then Hund's rule
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Electron configuration of ions

The formation of ion simply requires the addition or removal of electrons from a
ground state element. E.g. ions of Al: | Al*is 1522522p%3s?

{92 | . s
A\ - \;Z;Zf’ 3 Sr « Al?* is 1s72572p63s!
= AP+ is 1s22522p8, etc.
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.

For example, Cris [Ar] 3d°4s' and Cr* is [Ar] 3d?
— —
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Cl- ion =3 (S’ 257 Z?‘ 351 ’Se‘ = B\rl
k-\- (_ﬂwﬂ o 150c\ednvonic

also is Speves .
15 elechpaie speces.
Worked example
State the ground-state electron configuration of the Fe** ion.

Solution

Exercises

25 State the full ground-state electron configuration of the following ions.
(a) O* (b) Cr (c) TP (d) Cu*

26 State the electron configuration of the following transition metal ions by filling in the boxes below. L % |
arrows to represent the electron spin. (
CECTE
(
2+

(a) Ti 2
(b) | Fex (
(c) Ni* (
(d) | Zn* (

27 (a) State the full electron configuration for neon. (

(b) State the formulas of two oppositely charged ions which have the same electron configuration :
neon. 27

Exercises

28 Use the Periodic Table to find the full ground-state electron configuration of the following elements.

(@) ClI (b) Nb (c) Ge (d) Sb
29 Identify the elements which have the following ground-state electron configurations. 28 (a
(a) [Ne]3s73p? (b) [Ar]3d°4s* (c) [Kr]Ss® ®
(d) 15°25°2p*3s73p3d'4s®
30 State the total number of p orbitals containing one or more electrons in tin. S
31 How many electrons are there in all the d orbitals in an atom of barium? @
32 State the electron configuration of the ion Cd?*. 29 (a
30 f

CHALLENGE YOURSELF

4 Only a few atoms of element 109, meitnerium, have ever been made. Isolation of an observable
quantity of the element has never been achieved, and may well never be. This is because
meitnerium decays very rapidly.

(a) Suggest the electron configuration of the ground-state atom of the element.

(b) There is no g block in the Periodic Table as no elements with outer electrons in g orbitals
exist in nature or have been made artificially. Suggest a minimum atomic number for such an
element.

(]

State the full electron configuration of U,

6 Consider how the shape of the Periodic Table is related to the three-dimensional world we live in.
(a) How many 3p and 3d orbitals would there be if there were only the x and y dimensions?

(b) How many groups in the p and d block would there be in such a two-dimensional world?
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