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Metallic Bonds

 Band theory Is an extension of
molecular orbital theory that describes
bonding In solids.

 Bands of orbitals that are filled or
partially filled by valence electrons are
called valence bands

» Higher-energy unoccupied bands in
which electrons are free to migrate aqLe
called conduction bands. i




Bonding and Conductivity
of Metals

* Metals:
—low electronegativity

—extensive delocalization of valence
electrons

—high coordination numbers
—high electronic conductivity.




Bonding and Conductivity
of Metals

* The conductivity of metal arises from:

—the delocalization of the electron energy
levels over the entire solid.

—the availability of empty orbitals in a
given band permitting movement of the
electrons.

— Almost no energy is required to promote
the electrons to the open level.




Bonding and Conductivity

of Metals

* A metal can be viewed as an infinitely
large molecule

» Using the concepts of Molecular Orbital
theory and the LCAQO approach the
overlap of an infinite number of atomic
orbitals leads to the formation of "Crystal
Orbitals"
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Bonding and Conductivity
of Metals

* From the MO treatment of diatomic,
triatomic and multiatomic molecules we
know that as the number of contributing
Atomic Orbitals Is increased, the energy
separation of the resultant Molecular
Orbitals Is decreased.




Bonding and Conductivity
of Metals
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Bonding and Conductivity
of Metals

* Electrons can move

P \ from the filled half
(purple) to the
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———————————— ¢ band energy upper half

LA Paiea  (red), where they
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Band Gap

 The energy gap between the valence
and conduction bands is called the band
gap.

* A semiconductor Is a substance whose
conductivity can be made to vary over
several orders of magnitude by alterﬁwg
Its chemical composition. {4




Band Gap
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The Fermi Energy (Level) Is the energy. «
highest occupied state.




Band gap

* The band gap influences:

—The electrical and optical properties of
the material.

—Semiconductor “doping” can be used to
create solar cell, diodes, transistors, etc.
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Material [+

Band gap (eV) & J00K |

1.11

Sermaniurm

0.67

silicon carbide

2.8k

Aluminum phaosphide

245

Aluminium arsenide

2.1b

Aluminium antimonide

1.k

Alurminiurm nitride

b.3

Diarmond

5.5

Gallium(lll) phosphide

226

Gallium({llly arzenide

1.43

Salliurm

3.4

!
[
() nitride
Gallium(ll) sulfide

2.5 (@ 295 K)

Sallium antimonide

0.7

Indiumilll phosphide

1.35

Indium(lll) arsenide

0.5k

Jinc oxide

3.37

Zinc sulfide

d.b




Semiconductor

* A n-type semiconductor contains excess
electrons contributed by electron-rich
dopant atoms.

* A p-type semiconductor contains electron-
poor dopant atoms.




n —type semiconductor

Conduction Band result from the
addition of
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“extra” electrons..




p —type semiconductor

Conduction Band A

Extra
hole
ENergy
levels,
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P-Type

level

result from the
addition of trivalent
Impurities like boron,
aluminum and gallium.
hese additions

create valenceJ;oles”,

which act as additional
levels
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