Electronic properties of solids - Drude Model

Lecture 11

C HM 6 3 7 Varadharajan Srinivasan

Dept. Of Chemistry

Chemistry & Physics of Materials "5




|.ecture Plan

* Basic Assumptions of Drude model
* DC conductivity



I

Basic Assumptions of Drude Model

. Conduction in metals is due to freely moving valence electrons.

The ions in the metal are much heavier and hence immobile.

The free electrons can be treated through kinetic theory of gases by assuming they
are ideal gas particles.

(Despite much larger densities of ~ 1022 per c.c. !!!)

The electrons undergo collisions (with the lattice ions) which randomises their
velocities and also is responsible for achieving thermal equilibrium with

surroundings.

Here, “randomises” implies that the velocity of an electron after a collision has
absolutely no correlation with its velocity before the collision either in direction or

magnitude.



Basic Assumptions of Drude Model

5. Between collisions the interaction of the electron with other electrons and ions is
neglected => in the absence of external fields, between collisions each electron
moves in a straight line.

6. Collisions are instantaneous events that abruptly change the velocity of an
electron.

7. An electron experiences a collision in an interval ¢ to t+dt with a probability dt/t
where T is defined as the “relaxation time” or the mean time between successive
collisions. i.e. <t>=r1



























Basic Assumptions of Drude Model

DRUDE RELAXATION TIMES IN UNITS OF 10 * SECOND-

Typical relaxation times ELEMENT 7K 3K 373K

S e Li 7.3 0.88 061

computed from resistivity data o ! 08

K 18 4.1

Rb 14 28

Cs 8.6 2.1

Cu 21 2.7 1.9

Ag 20 3.0 2.8

Au 12 30 21

Be 0.51 0.27

Mg 6.7 1.1 0.74

Ca 2.2 1.5

Sr 1.4 0.44

Ba 0.66 0.19

Nb 2.1 0.42 0.33

Fe 32 0.24 014

Zn 2.4 049 0.34

Cd 2.4 0.56

Hg 0.71

Al 6.5 0.80 0.35

Ga 0.84 0.17

In 1.7 0.38 0.25

Tl 0.91 0.22 0.15

Sn 1.1 0.23 0.15

Pb 0.57 0.14 0.099 ;

Bi 0.072 0.023 0.016 Source: Ashcroft and Mermin

Sb 0.27 0.055 0.036
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