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schematic model of a monovalent metal
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Figure 1: The additional effects of the lattice potential can have a profound effect on

the electronic density of states [RIGHT ) compared to the free-electron result (LEFT ).



States w/. k < kg are occupied

Fermi sphere — volume in k-space occupied
by electrons in the ground states

— kg states w/. € = g

4 V

N=2 nk; —— =#of electrons

(27)

volume of D(k)
Fermi sphere

2 1/3 9 9 213
3n°N he | 3n°N
‘ k. = and e, =
\Y \Y

2m

typically, ~ 108 cml ~1-10eV



N\ :TD(S)f(e)ds

= jD( g )de
0
€

f(e) 1 f(e) Is the probability that a state of
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Fermi surface

[100]

Fermi surface is distorted
from a sphere
near the zone boundary.

A cusp is caused by interaction
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In three dimensions, D(k) = (ZLJ uniform in k-space
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metals:

available and
filled states in the
same band

(Cu, Au, Ag)
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insulators:
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band separated
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by a large band
gap (> 2 eV)
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A. Insulators
We first depict the band structure of an 1onic crystal, KC1 (after Elliott). The bands are very
narrow, almost like atomic ones. The band gap 1s large around 9 eV. For alkali halides they are

generally in the range 7-14 eV.

Energy bands of KCl
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Fermi surface: surface in k-space separates filled and unfilled states

= Only metals have Fermi surfaces.

¢ Important because electronic properties depend on electron states near g
within kgT

2

Heat capacity C, = % D(e. kT
Electric conductivity 5 = lezvir D(e;)
3

Thermal conductivity K =0 L T

¢ Volume of Fermi surface only depends on conduction electron density.
= Shape of Fermi surface depends on strength of periodic potential and

size of ki relative to kg,
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Construction of free electron Fermi surface

1st zone

Fully occupied

2nd zone 3rd zone

The shaded regions are filled with
electrons and are lower in energy
than the unshaded regions.

hole-like electron-like
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Simple Cubic Lattice
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Simple Cubic Lattice,
First Brillouin Zone



FBZ 2nd BZ B 3rd BZ

Simple Cubic Lattice, FBZ;
2nd BZ; 3rd BZ
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Simple Cubic Lattice, FBZ;
2nd BZ; 3rd BZ; 4th BZ
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Simple Cubic Lattice,
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Simple Cubic Lattice, Simple Cubic Lattice,
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THE MONOVALENT METALS

ALKALI METALS NOBLE METALS
(BODY-CENTERED CUBIC)" (FACE-CENTERED CUBIC)

Li: 1525t _ <

Na: [Ne]3s? —

K: [Ar]ds? Cu: [Ar]3d!%s’

Rb: [Kr]5s? Ag: [Kr]dd 055!

Cs: [Xe]os' Au:  [Xeldf145d 965!
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® Band structure (for empty lattice)
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The energy bands for an “empty” fcc lattice
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DIVALENT METALS

IIA METALS IR METALS

Be: I5%2ef hep
Mg: [Ne]3s? hcp

Ca: [Arjds® fcc ' Zn:  [Ar]3d'94s® hcp
Sr:  [Kr]5s® fee ' Cd:- [Kr]dd1552 hep
Ba: [Xe]6s? bee : Hg: [Xe]df145d'%6s2 *

* Rhombohedral monatomic Bravais lattice.
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figure 3-46 A cross-section through the (110) plane in reciprocal space for a solid
ierystallizes in F.C.C., showmg the first zone and portions of the second, third, and
| zones. Supenmposed is the contour of the Fermi energy for aluminum (three outer

ons per atom), assuming that the electrons are nearly free. After W. Harrison, Phys.
118, 1190 (1960).
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