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Phonon dispersion

1. Determine the dispersion relation:
Write down the equations of motion (masses and springs).

The solutions to these equations will be
AkeXp (l(l_() . C_il + k - C_l)z + k - C_l>3 — (Ut))

Substitute the solutions into the equations of motion to determine
the dispersion relation.

2. Determine the density of states numerically from the dispersion
relation D(w)

For every allowed £, find all corresponding values of m.
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Determine the density of states numerically , _
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Phonon density of states of a fcc crystal
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Landholt Boernstein Database

From Springer Materials

Phonon dispersion Au
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Fig. 1. Auw. Phonon dispersion relations in the principal symmetry directions according to [73Lvl]. The solid curves
represent both the fourth neighbour general force model (M1) and the fifth neighbour axially symmetric model (M 2} of
Table 3 Au. The dotted line in the T direction is corresponding to the velocity of sound appropriate to the [0£{] T; branch.




Materials with the same crystal structure will have
similar phonon dispersion relations
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Fig. 1. Au. Phonon dispersion relations in the principal symmetry directions according to [73Ly1]. The solid curves
represent both the fourth neighbour general force model (M1) and the fifth neighbour axially symmetric model (M 2} of
Table 3 Au. The dotted line in the ¥ direction is corresponding to the velocity of sound appropriate to the [0{{] T, branch.




Phonon DOS fcc
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Fig. 2. Au. Frequency distribution calculated from the
fourth neighbour general force constant model (M1) of

Table 3 Au.
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Phonon dispersion bcc




Phonon dispersion Fe
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Fig. 2. Fe. Phonon dispersion curves in x-iron at 296 K. Experimental points: [68Va2]. Solid curve: fifth neighbour Born-von

Karman model (Table 3 Fe [68Va2]). . . .
From Springer Materials: Landholt Boernstein Database
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Phonon DOS Fe
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Fig. 3. Fe. Frequency spectrum of -iron at 295 K calculated
from the Born-von Karman force constants of Table 3 Fe
[67Mil].
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Next nearest neighbors (simple cubic)
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Sometimes the Sth neighbors are included.



Two atoms per primitive unit cell
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X - Richtung:
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Hannes Brandner
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3 dimensions

N atoms

3N normal modes
p atoms per unit cell
N/p unit cells = k vectors

3p branches to the dispersion
relation

3 acoustic modes (1 longitudinal, 2
transverse)

3p - 3 optical modes



Poisson's ratio

E - Elastic constant
v - Poisson's ratio

3.0

o - density
E(l-v) M, L5
Cr = >
o(l-v-207) 10
FE 0.5
c, =
\/2,0(1 + U) 0.0

If the density 1s known, you can determine £ and v.

Wikipedia



Phonon density of states for fcc silver
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The atomic density is taken to be 5.86x10%8 m=3. Each atom has three degrees of freedom so the integral over all frequencies is 3x5.86x10%8 m3. The
data is from doi: 10.1007/b19988.
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Vibrational Properties

Reference for phonon calculations and visualization: [ Visualize with phononwebsite

Phonon dispersion Density of States
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Density of states — Internal energy density

u(T) = ]o h“’z(“’) dw
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http://lampx.tugraz.at/~hadley/ss1/phonons/table/dos2ut.html



Specific Heat
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Heat capacity / specific heat

Heat capacity is the measure of the heat energy required to increase the
temperature of an object by a certain temperature interval.

Specific heat is the measure of the heat energy required to increase
the temperature of a unit quantity of a substance by a certain
temperature interval.

For solids, the heat capacity at constant volume and heat capacity at
constant pressure are almost the same.

The heat capacity was historically important for understanding
solids.



Density of states — entropy density

s=_‘.c—]‘;dT
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Density of states —
Helmholtz free energy density
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Phonons
Lody centered cubic
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Thermal properties

K hoD(w
internal energy density % = ju(a))da) = j - (@) dw [ J/m3]
0 exp[ @ ] 1

0

B

J MR D(a))exp[hwj
specific heat cvz—uzj( a)j KT [JK' m?]
dT
c, 1t hwD a)) ]
entropy density S(T):J?d :;j o do [JK' m”]
Oexp( ]—1
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Helmholtz free energy density

f(T)=u-Ts=k TjD ln[l exp(khwjjda) [Jm’ ]




Quartz

a-Quartz B-Quartz B-Tridymite
trigonal 573°C  hexagonal 870°C  hexagonal  1470°C
2.65 g/cm’ 2.53 g/em3 = 2.25g/cm’

B-Cristobalite
Silica Melt 1705°C cubic

pa—
2.20 g/cm3

B CECC A2
B ECC A7
B LIOUID
B HCP A3
CUB_AlLG
B FOC Al
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