ATOMIC MODELS
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ATOMIC MODELS

+ Classical Mechanics can not explain many phenomena involving electrons
in solid materials.
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* Quantum Mechanics establishes a set of laws that explain the atomic and
sub-atomic behavior.
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Bohr Model

+ Basic and simplified model. (sl y Jausse 73 gai

Nucleus

Electrons revolve around the atomic Nucleus. 3 sil J s <y SN 40
Energy of electrons is quantized. dasSa iy y<IY) 4l

Orbitals are discrete. i & jadll

Electrons change orbitals according to their - i Ll jua cisy yS1 s Fisure 21 Schematicrepresentation of the Bohr

atom,

energy level or state. 4l s i 5 siee
- Electron changing level = Quantum Jump, 4sa sasll 338l o) gical &5 A3V Huis e




Figure 2.2 (a) The first three electron e 0
energy states for the Bohr hydrogen atom.
(h) Electron energy states for the first three [ > — =3 3

shells of the wave-mechanical hydrogen atom. 3‘
(Adapted from W, G. Moffatt, G. W, Pearsall, and
1. Wullf, The Structure and Properties of Materials, L —  B=2

Vol. L, Stmcture, John Wiley & Sons, 1964, Reproduced &
with permission of Janet M. Moffatt.)
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Wave-Mechanical Model e Eienpadisonol

the (@) Bohr and () wave-
mechanical atom models in
terms of electron distribution.

-

« This model combines the wave and particle behavior to
explain the electron behavior.

.g
* Position of Electron is not Discrete. & |
* Position = Probability of being at various locations '
around the nucleus. | «
* Position is described by Probability distribution or <~ Distance from nucteus —4—
Electron Cloud. B . "
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Orbital electron { ¢ Nucleus }
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quantum number

Quantum Numbers Al Jasi

In wave mechanics, every electron in an atom is characterized by four parameters called
quantum numbers. The size, shape, and spatial orientation of an electron’s probability
density (or orbital) are specified by three of these quantum numbers. Furthermore,
Bohr energy levels separate into electron subshells. and quantum numbers dictate the
number of states within each subshell. Shells are specified by a principal quantum num-
ber n, which may take on integral values beginning with unity: sometimes these shells
are designated by the letters K, L, M, N. O, and so on, which correspond, respectively,
ton=123,4,5,..., as indicated in Table 2.1. Note also that this quantum number,
and it only, is also associated with the Bohr model. This quantum number is related to
the size of an electron’s orbital (or its average distance from the nucleus).

The second (or azimuthal) quantum number, /. designates the subshell. Values
of [ are restricted by the magnitude of n and can take on integer values that range
from /= 0to /= (n — 1). Each subshell is denoted by a lowercase letter—an s, p, d,
or f—related to [ values as follows:

Value of | Letter Designation
| : §
I P
2 d
3 f



Figure 2.4
Spherical shape of an
s electron orbital.

F.igure 2.5
Orientations and
shapes of (a) p,.

(b) py. and (¢) p,
electron orbitals.

Furthermore, electron orbital shapes depend on /. For example s orbitals are spheri-
cal and centered on the nucleus (Figure 2.4). There are three orbitals for a p subshell
(as explained next); each has a nodal surface in the shape of a dumbbell (Figure 2.5).
Axes for these three orbitals are mutually perpendicular to one another like those of
an x-y-z coordinate system; thus, it is convenient to label these orbitals p,. p,, and p,
(see Figure 2.5). Orbital configurations for d subshells are more complex and are not
discussed here.
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The number of electron orbitals for each subshell is determined by the third (or

magnetic) quantum number. m1;: m; can take on integer values between —/ and +/, includ-
ing 0. When / = 0, m, can only have a value of 0 because +0 and —0 are the same. This
corresponds to an s subshell, which can have only one orbital. Furthermore, for /= 1. m,
can take on values of —1, (), and +1, and three p orbitals are possible. Similarly, it can be
shown that d subshells have five orbitals, and f subshells have seven. In the absence of an
external magnetic field, all orbitals within each subshell are identical in energy. However,
when a magnetic field is applied, these subshell states split, with each orbital assuming a
slightly different energy. Table 2.1 presents a summary of the values and relationships
among the n, /, and m; quantum numbers.

Associated with each electron is a spin moment, which must be oriented either up
or down. Related to this spin moment is the fourth quantum number, m.. for which two
values are possible: +]2- (for spin up) an —1; (for spin down).

Thus, the Bohr model was further refined by wave mechanics, in which the intro-
duction of three new quantum numbers gives rise to electron subshells within each shell.
A comparison of these two models on this basis is illustrated, for the hvdrogen atom. in
Figures 2.2a and 2.2b.

A complete energy level diagram for the various shells and subshells using the
wave-mechanical model is shown in Figure 2.6. Several features of the diagram are
worth noting. First, the smaller the principal quantum number, the lower the energy
level; for example, the energy of a 1s state is less than that of a 2s state, which in turn




is lower than that of the 3s. Second. within each shell. the energy of a subshell level in-
creases with the value of the / quantum number. For example, the energy of a 3d state is
greater than that of a 3p, which is larger than 3s. Finally, there may be overlap in energy
of a state in one shell with states in an adjacent shell, which is especially true of d and f
states; for example, the energy of a 3d state 1s generally greater than that of a 4s.

Figure 2.6 Schematic
representation of the relative
energies of the electrons for the

various shells and subshells. [ | | j [ [ [
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