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Critical review of bonding

Bonding states are stable because they have electrons in the middle - this
resembles the H,* covalent bonding
Antibonding states are unstable because they create antialigned dipoles

If the distance between two atoms (potential wells, boxes) is shortened, splitting
of energy levels increases (see example with quantum wells)

Adding the repulsion energy (origin: Pauli’s exclusion principle) gives the overall
bonding energy
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Band Theory of Solids
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Band Theory of Solids

- the example of sodium -
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Band Theory of Solids

- the example of group IV elemental substances -
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Classification of Solids

- according to Band Theory -

/ conduction band \)

empty electronic states empty electronic states empty electronic states

E,~upto2eV &

metal semiconductor insulator

valence band

Side note: £, for semiconductors is much larger than k,T... What’s going on?



Classification of Solids

- according to Band Theory -
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Density of States
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Classification of Solids

- according to Band Theory -

divalent normal transition

insulator semiconductor
metal metal metal
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Periodicity of Crystal Potential

Potential in solids is not constant, it is periodic
Direction is important

>

surface
e o o 0: [
e o o ‘ [
e o o O: [
e o o .: [
e o o * [
|
<

\ﬂﬂ/\/\/

Potential along A-A




Periodicity of Crystal Potential

Potential in solids is not constant, it is periodic
Direction is important
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Periodicity of Crystal Potential

Potential in solids is not constant, it is periodic
Direction is important
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Band Theory of Solids

g 3p '= .

3s band
3s
R 2p (filled)
o 2s (filled)
—30 eV !
| 2
. . \ 1s (filled)
0367 0.5 1.0 1.5

internuclear separation/nm



CRYSTAL LATTICES

A crystal lattice 1s defined by the unit cell vectors:

B =G +1.G. +nd r , N
R =na, +n,a, + na, Volume
with f_fp f_?h.;., 53 linearly independent: (ﬁl A ﬁz) . 53 20 (D= Y Y G n
n € 2 0 =1; =2: =3: g
a3x ﬂ3;r {"3:
Examples: J

SC — Simple Cubic a, =a (1, 0. 0)

Vol = a’ a,=a (0,1 0)
G, =a (0, 0, 1)

FCC — Face Centred Cubic & =95 (1.1 0)

Vol “3:} : ? a’ Ez=%m-l-1)
ol = — B —
a. =492 (1,0, 1)
g 1 0 1 4 3 A
BCC - Body Centred Cubic g, = % (-1, 1. 1)
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THE RECIPROCAL LATTICE

. . — . . 1
It 1s a lattice of wave vectors f (dimension [—]).

where 1, J. k, are ordered
triplets (1.2.3—3.1.2-2.3.1)
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we construct it this way because of the following property of the plane waves &
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RECIPROCAL LATTICES

Theorem:
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RECIPROCAL LATTICES

a simple example: 1d

(lattice R =na
. 27
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Note that f(r) = E Ce ¢'“" is a general periodic function
r=RL
) o = (Fourier) basis for all those functions periodic over the lattice



RECIPROCAL LATTICES

Exercise 1: Reciprocal lattice of a simple cubic?
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Q: what 1s the volume of the RL unit cell?

2
A: clearly (;] =V,
a

== product of direct and reciprocal unit cell volumes =T,V — (2.;1)3

Exercise 2: prove that the RL of a BCC lattice 1s a FCC lattice
prove that the RL of a FCC lattice 1s a BCC lattice

prove that the volumes product is (271)° in each of these cases.

(3D)



DIFFUSION OF LIGHT

_ Camer v S .
Source For positive interference at the recerving
point & all waves must be in phase R, .
Total Phase: € =~ - @ f B
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Generic atom

So a criterium for a diffraction peak is the: Bragg condition: |Ak =G

Simple case: “atomic planes™

ﬁ‘M
di AN

2d sin # = difference of path = nA

- . _ - 2 2
|ﬂ~.ﬁ" = 2ksin butisalso ‘M| = m? and remember & =7

e 27 ,
— 2= 5u1ﬁ=m? =) |2dsin$=mA| asabove.
A
Note |k = ‘,{5 f‘ -k = “Elastic scattering” = the energy
[

of the photon is conserved!

we know that E =fiw = same v. A. k...!



Brillouin zone
boundary!!!




Band Theory of Solids

- Brillouin theory and the dependence on k -
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Figure 2.2. Band structure of a one-dimensional crystal in the (a) extended, (b) reduced, and (c) repeated zone schemes, and (d) the density of states
as a function of energy. The thick lines show £(k) in a weak periodic potential, with bands labelled by n, while the thin parabola is £g(k) for free

electrons. The grey lines are periodic repeats.



Band Theory of Solids

- Brillouin zones in 3D -

simple cubic g 0 “ .

face-centered cubic .
body-centered cubic ﬁ




Band Theory of Solids

- Brillouin zones in 3D -
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Band Theory of Solids

- Brillouin zones in 3D -

Free electron bands for fcc structure

FCC path: I'-X-W-K-I"-L-U-W-L-K|U-X

Energy (Arb. Units)

I' — center of the BZ

X —[100] intercept; I' - X path A
K —[110] intercept; I' - K path
L —[111] intercept; I'-L path A




Band Theory of Solids

- Brillouin zones in 3D -
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Representing Bands — a different way
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Statistics

* Probability of occupation of a state
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Statistics

* Probability of occupation of a state

n = US number of particles
number of states with energy E
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Calculating the density of states

Densita degli stati per unita di volume reale

. ~vd ' . 1 1 V: volume della cella unitaria
S .' ' .'.'... Tl(k) =2 V ‘ ﬁ nello spazio reciproco t
< s
o ., 8mm
- . kY n(E) = 3 V2mE
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Density of States in 3D, 2D, 1D, 0D

Density of States
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Fermi Energy and
Average Electron Energy

Fermi Surface

Er ~ units of eV



Transport in solids Y

Energy (approximate
with a sin function)
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