MR. STONE

Electron Configurations |

Objectives:
1. Explain the use of wave-mechanics in atomic theory.
2 Describe the wave-mechanical model of the atom.
3 Locate electrons in energy levels, sublevels, and orbiais according ©
the wave-mechanical model of the atom.
4 Constructorbital diagrams and write electron configurations for both
neutral atoms and ions.

Recall that in the Bohr model of the atom, the electron was allowed o have
only certain definite energies. Although an electron could "jump” from one energy
level to another, it could notexist in the atom atany energy between these levels.

According © physical laws proposed by Issac Newton, the kinetic energy ofa
body always changed smoothly and continuously, not in sudden jumps. The guantum
jumps of electrons proposed by Bohr were essential © explain the behavior of
electrons in the atom but they did not fit into the classical theory of motion and energy
proposed by Newton

Another major difficulty with the Bohr model was that it could notbe used 10
predict the energy levels of electrons in atoms with more than one electron.

A new theory was developed to explain the laws governing the behavior of
electrons inside the atom. This new theory is called the theory of wave mechanics
also called quantum mechanics.

In order to best understand this theory, you need to understand the properties and
characteristics of waves.



WAVES
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Properties of Waves:

frequency ( ) — tne number of waves (wave peaks) that pass a point per unitof
tme .

Frequency is symbolized by the Greek letter v, v. To avoid confusing
nu with the sympel for velecity, v, we will symbolize frequency using a
lower case T

Frequency ic measured Lsing a unitcalled the hertz (HzZ)

By definition, a wave in which one peak passes a given point each
second has a freguency of 1 hertz (1 Hz).

wavelength (X) - the disance betwaen two neighporing crests or troughs or
between two similar points in a setof waves

Wavelength 15 symbolized by the Greek letter ambaa, »
Wavelength is commonly measured using nm or Angstroms (&)

-10 -9
Z:1x1[] m nm=1x10 m

The wavelength and frequency of a wave are inversely related 1 each other:

As wavelength decreases, frequency increases.
As wavelength increases, frequency decreases.
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Waves have energy(E) associated with them. The energy of a wave is related to the
wavelength and frequency of the wave.

E=nhf

E 15 the symbol for energy -3y
h is the symbol for Planck § constant ( 6.6262 x 10 joules/second)
f is the symbol for frequency

As frequency increases, energy increases.
As frequency decreases, energy decreases.

Electrons have wave properties associated with them. They carry their
energy as wave energy. As mentioned earlier, the energy of a wave is related 10 its
wavelength and frequency. Any change in the energy of a wave will be the resultof a
change of its wave characteristics of wavelength and frequency. This means that the
energy differences among the different electrons in an atom-are the result of
differences in wave characteristics among the electrons.

The further an electron is from the nucleus, the more energy it posseses.
What significance does this have on the wave characteristiscs of electrons?
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What effect will the absorption of energy by an electron have on its wave properties?
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Keeping in mind that electrons carry their energy as wave energy, it should
make sense that when electrons lose energy, they will give off energy in the form
of wave energy. This is why electons emit light when they lose energy because
light also carries wave energy.

Whateffect will the loss of energy by an electron have on its wave properties?
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The Electromagnetic Spectrum
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Notice that the different colors of light thatare a partof the visible ight
spectrum ali have different amounts of energy associated with them. (Recall that as
wavelengt decreases, frequency inCreases, and therefore energy Increases).

The color of ightem ifted by an elecon can give you an indication of the
behavior of the electon i he 2atom

Recall that the only way thatan electon can ose or give away energy is Dy
dropping from a higher erergy leve! 10 a lower energy level. The amount of energy
emitted by an electron will be exactly equal t© the energy difference between the
amount of energy available in the energy level that it moved out of (higher level)
and the amount of energy available in the energy level it has moved into (lower
level). The energy of the light emitted by the electron will be exactly equal to this
energy difference. Therefore the light em itted by the electron is a good indicator
of how the electron is moving around in the atom.

What color of light would you expect 1o be emitted by an electron making a large drop
in energy levels? Why?
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What about an electron that s making a very short drop in energy levels? Why?
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The Heisenberg Uncertainty Principal

In 1927, a German physicist named Werner Heisenberg stated that it is
impossible to know both the precise location and the precise velocity of a
subatomic particle at the same time.

The reason for this is that in order to observe a particle, a scientist must
interact with it in ways that will change its velocity. For example, light would be
necessary o "see” a subatomic particle but the mass and energy of a photon of light
would have o collide with the subatomic particle thus changing its velocity and
direction. Therefore you could notbe sure what the speed and the direction of the
particle were at the moment of observation thus causing uncertainty to always be
associated with such an observation.

Energy Levels of the Charge—cloud Model

Even though the precise location and motion of electrons cannot be
determined, the probability of finding an electron ata particular place ata particular
time can be determined using the equations of quantum mechanics.

These equations give the probabilities for electrons inside the atom but do not
enable scientists to calculate exactorbits for the electrons. They describe instead
regions of space inside the atom where an electron is lkely to be atany time.

The equations of wave mechanics indicate how the probability of finding an
electron ata particular place within the atom changes from place to place. If these
changing probabilities are plotted as points in a three-dimensional representation,
there will be regions of many points showing high probability of finding an electron and
regions of few points showing a low probability of finding an electron. Because these
plots look lke diffuse clouds with regions of low density (low probability) and high
density (high probability), the resulting model is called the charge-cloud model.

The theory of wave mechanics states thata wave representing the electron
must "fit" inside the atom in such a way that it meets itself without any overlap. A type
of wave that does this is called a standing wave. Only a standing wave of 1/2
wavelength, 1 wavelength, 1.5 wavelength, 2 wavelengths, and so on can be
produced. Wavelengths will only change by factors of one-half. The wavelength
of the standing wave is therefore said to be quantized.

The wavelength describing an electron depends on the energy of the
electron. There are only certain energies for which the wavelengths are just
right to form standing waves in the atom. These energies at which standing
waves can be produced correspond to the energy levels of the atom.



ner evels of the Charge-cloud Model (refer to chart)

The energy levels or shells in an atom are called principal energy levels.

The number of the shell or principal energy level is called the principal
quantum number and is represented by the symbol a1, where n=1, n=2,

n=3, etc.

According to wave mechanics, every atom has principal enerqy levels and
every principal energy level has one or more sublevels within it . The energy of each
sublevel within a given energy level is slightly different . [ Keep in mind that the further
away from the nucleus a sublevel is the more energy it has. ]

The number of sublevels in any principal level is the same as its principal
quantum number, 7.

Each electron in a given sublevel has the same energy.

The sublevels are labelled s, p, d, f, g, h, i, etc. , where the s sublevel is the
lowest energy sublevel available in each principal energy level.

When atoms are in the ground state, all the electrons in each principal
energy level will be found in the first four sublevels (s,p,d,f ). Only excited
electrons can be found in g and higher subleveis.

Sublevels from different principal energy levels can overlap. [ See your chart
and note that the 3d sublevel has more energy than the 4s sublevel. ]

rbitals

The orbital is defined as a region of space in a sublevel where electons are
most lkely to be found.

Each s sublevel has 1 orbital.

Each p sublevel has 3 orbitals.
Each d sublevel has 5 orbitals.
Each fsublevel has 7 orbitals.

No more than two electrons can occupy an orbital. Thus an orbital can be
empty, half-filled (one electron in the orbital), or filled (two electrons in the orbital).



Principal Energ
of Orgitals andy

Level and the Maximum Number

Electrons

Principal Total Maximum
Energy Number Number of
Level Number of Orbitals Available of Orbitals  Electrons
(n) s p d f (n?) (2n2)

1 1 - - - 1 2
2 1 3 - - 4 8
3 1 3 5 - 9 18
4 1 3 5 7 16 32

Note: Theoretically, the number of orbitals and possible
number of electrons continue to increase for higher
values of n. However, no atom actually has more

than 32 electrons in any of its principal levels.

The Shape of Orbitals

All s orbitals, regardiess of which principal energy level they are a part of, have
the same shape -- spherical. The only difference between the s orbitals is that
one in a higher principal energy level has a larger diameter than one in a lower

level.

All p orbitals have the same shape which is described as looking lke a

dumbbell or figure-eight



TRANSPARENCY MASTER Text Reference: Section 13-3

sublevels Available in Each Principal Energy Level

Principal
Energy Level

(n) Sublevels Available
1 1s

2 2s 2p

3 3s3p 3d

4 4s 4p ad &f

5 5s 5p 5d 5f 5g

6 6s 6p 6d 61 6g 6h

For principal energy level n, there are n sublevels.
For example, for principal energy level 3, there are
3 sublevels: 3s, 3p, and 3d.

COPYRIGHT by Prentice Hall, Inc.
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The First Four Principal Energy Levels
and Their Sublevels

Principal |
energy level Sublevel
p af
/
/
n=4 - 4d
AN 4
3 o 3}" } overlapping
@ n=3 ’
& < 3
g AN
-5 3s
g n=2 - 2p
~ao zs
n=1 L 1s

13-2  CHEMISTRY: The Study of Matter COPYRIGHT by Prentice Hall, Inc.



Atomic Orbitals

lectron Spin

Electrons exhibita property known as spin, a motion like that of the earth
rotating on its axis.

The direction of spin is either clockwise or counter-clockwise.

Pauli exclusion principal - in order for two electrons to occupy the same
orbital they must have opposite spins

This principal means that if one electron in an orbital is spinning clockwise, the
other electron in the orbital must be spinning counter-clockwise.



Orbital Diagrams

Orbira! diagrams are used to describe the placement of electrons in atoms.
These diagrams consist of boxes in which arrows are placed to symbolize electrons. A
half-filled orbital is represented by a box containing a single arrow pointing either
upwards or downwards. A filled orbital would be represented by a box containing two
arrows, one pointing upward and the other pointing downward.

Arrows pointing upward symbolize electrons with clockwise spin.
Arrows pointing downward symbolize electrons with counter-C lockwise spin.
Two oppositely spinning electrons occupying the same orbital are called an

orbital pair.

ﬁ 1s
half-filled filled orbita!
orbital (an orbital pair)

&

Orbital diagrams that employ the use of this box method are called Afbau
diagrams.

Some Afbau diagrams,like the one below, show the energy relationships
between the different sublevels and orbitals in the atom.
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Other Afbau diagrams, like the one below, do not show energy relationships.

Element 18 2s 2p, 2p, 2p, 3s

H 1] [] O

He ' 1

Li 1l 1

C ! [

N

0 O L

F 1 14 11 1 t

Ne ' 14 1 E 1 1

‘Na ’ T T m 7 T
Rules for Filling Orbital I n s

1. Afbau principle: Electrons enter orbitals of lowest energy first
[ Each added electron enters an orbital of the lowest
energy level and sublevel available ]

2 Pauli exclusion principle: Electons in the same orbital must have

oppos ite spins, therefore no more than wo
electrons can be placed in any orbital.

3. Hund 5 rule: When electrons occupy orbitals of equal energy, one
electron enters each orbital until all the orbitals contain one
electron with spins parallel. [ Before a second electon can
be placed in any orbital, all the orbitals of that sublevel must

contain at least one electron. ]

riti le n nfigurati

The arrangement of the electrons among the various orbitals of an atom is
called the electron configuration of the atom.

Electron configurations can be writien using a special notation that ells the
principal energy level, the type of sublevel, and the number of electrons in that

sublevel.



principal number of

quantum electrons
number, n
{energy level)

2p,
type of orientation of
orbital s orbital
(subieve!) (optional)

For example, the electron configuration for oxygen would be 15225%2p,2 2p,'2p,’

The notations for electron configurations are usually simplified 1o show only the
total number of electrons in a sublevel. For example, the simplified electron
configuration for oxygen would be 1s? 25% 2p* .

v

When writing electron configurations, refer © the following chartas an aid to
remembering the sequence in which orbitals fill :



Val l Valen !

Refer to the Afoau diagram, given earlier in your notes, that shows the energy
relationships among the sublevels in an atom. Notice that once you pass the fourth
energy level (n = 4) the overlapping of sublevels becomes more complicated. As a
result of this overlapping, the outermost principal energy level can never contain
more than eight electrons.

Whenever the p sublevel is filled (making 2 total of eightelectrons in the
principal energy level), the nextelectron goes into the s sublevel of the next higher
level, thus starting a new shell.

The outermost principal energy level of an atom that includes at least one
electron is called the valence shell.

The electrons in the valence shell are called valence electrons.
An atom cannot have more than eight valence electrons.

Valence electons are important because they play an importantrole in the
joining of atoms o form compounds.

'
v

Fromthe notation for an electron configuration, you can determine the number
of valence electrons and the orbitals that they occupy. Recall the notation for oxygen,
152 252 2p* . Its outermost principal energy levelis n= 2. The electrons in this
outermost level are oxygens valence electrons. There are two s and four p electrons
atthe n = 2 level giving oxygen a total of six valence electrons.

The part of the atom exclusive of its valence electrons is called the kernel of
the atom. The kernel of the atom includes the nucleus and all the inner energy levels

of electrons.
Therefore, the kernel for oxygen would be its nucleus plus its 15° electrons.

It is imporant © note that electon configurations can also be written for ions and
excited atoms.



