Band structure of various metals

From the lecture notes of Prof. R. Cywinski (Univ. of Leeds)
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(1) Monovaent metals (NFE model good)
THE MONOVALENT METALS

ALKALI METALS NOBLE METALS
(BODY-CENTERED CUBIC)" (FACE-CENTERED CUBIC)
Li: Isa7ae ) —
Na: [Ne]3s? E —
K: [Ar}ds! Cu: [Ar]3d'4s!
Rb: [Kr]5s? Ag: [Kr]4d'%5s!
Cs: [Xel6s! Au: [Xeldf145d1°6s!

Alkali metals (Li, Na, K, Rb, Cs)

&

n=2/a

{ kF: (3p2n 1/3,

> k== (3/4p)*3(2p/a)

GN=(2p/a)[(1/2)*+(1/2)"*

\ k.= 0.877 GN




Nobel metals (Cu, Ag, Au)

6 1

DOS of Cu

A 1 (belly)/Ay,(neck)=27

A 1 (belly)/A,y(neck)=51

A 1 (belly)/A,y(neck)=29




Optical properties of Alkali metals
5000A » 10° /cm << 10% /cm = vertical transition
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EM wave in ametal: exp[i(cw/n)x], n=(e,+4ps ifw)Y?

Absorption u Im(n) 1 Re(s)



Optical properties of noble metals

Figure 15.11 &
Burdick’s calculated bands for
copper, illustrating that the ab-
sorption threshold for transi-
tions up from the conduction
band is about 4 eV, while the
threshold for transitions from
the d-band to the conduction
band is only about 2 eV, (The
energy scale is in tenths of a
rydberg (L1 Ry = 136 &V))
Note ‘the resemblance of the
bands other than the d-bands to
the free electron bands plotted B
helow.
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Figure 15.12 [lea

The imaginary part of the dielectric constant, €,(ts) = Im €(w) vs. hio, as deduced from reflectivity
measurements. (H. Ehrenreich and H. R. Phillip, Phys. Rev, 128, 1622 (1962).) Mote the charac-

teristic free electron behavior (1/e*) below about 2 eV in copper and below about 4 eV in silver.
The onset of nterband absorption is quite apparent.




(2) Divaent metals

DIVALENT METALS

IIA METALS IIB METALS

Be: Is225% hcp

Mg: [Ne]3s? hep

Ca: [Ar]:ﬂfs2 fce ' Zn: [Ar]3d1%4s2 hcp
St [Kr]5s? fce Cd:. [Kr]4d'°5s? hep
Ba: [Xe]6s? bee : Hg: [Xeld4f145d1°6s2 ¥

* Rhombohedral monatomic Bravais lattice.

Eg.,Fermi surfaces of Beryllium

Empty lattice actual FS

electron




(3) Trivalent metals

Eg., Aluminum
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The FS from the empty lattice model:




(4) Semimetal

Number of carrier << 10%/cm®
Examples: As(4s%4p®), Sb(5s%5p°), Bi(6s6p°); graphite
Band structure of graphite (by Bross and Alsheimer)
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(nonzero DOS at K and H)
Pentavalent metals As, Sb, Bi have rhombohedral crystal
structure (stretch a cube along its body diagonal) with 2 atoms

in aunit cell (10 valence electron fill 5 energy bands)




(5) Thetransition metals (d metals, 3d, 4d, 5d)
< Fermi energy at d-bands
- higher DOS, larger specific heat Cu kg?Tg(Er)

< Tight-binding approx. more appropriate.

< Correction from e-e int maybe as large as 100%.

[
1

i
Bcc tungsten

hole pockets

Electron

< Partialy filled d-bands may give rise to magnetism.
Electron spin no longer ssimply “afactor of 2”

(chap 32)



(6) Therare earth metals (f metals, 4f, 5f)

» Mostly hep, similar chemical properties, difficult to get large
and pure samples. Therefore, few Fermi surface data.

» Theoretical band calculation may not be reliable anyway.
Expect to see f-band characters near FE, but not so!

s-p-d hybridized bands in the middle

gid) qlE) 4

25|.

split f-bands above and below
» Simple one-electron band picture may fail altogether!

E.g. Mott transition (metal-insulator transition)

a

Metal-insulator
transition

Band model







BERYLLIUM. from the memaral
baryl, in which it was found in
1788 This slamant produces
alloys that arp extremely alas-
fic. hence itz role in making
gears, springs and ather machine parns. Be-
causa of its gh melnng point—2 3465 F —
baryllium goss Into making rockal nods conags

ESIUM, from Magnae-

iz, an ancient city in Asia Mi-
nor: dsoowored 1776: mghth
ST *| mant sbundant slement, burns
as b ploscies gr_ﬁ;-‘.l tl\'l_ﬂﬁmwldw-
s, bombs and Mosh bulbs. §T hEs 0ng odd teg-

fogical effect: a defictancy in man can o the

L)
s

CALCIUM, from cafs, or lime
—an oxide of calclum: discow

20
ca gred 1H08; fifin most abun
40.08

ER-1 ]

dant in the sarth’s crust Iis
prosance N our bodies 5 es
sential Mormal queta in an adult is about twao
periinds, mastly in the teeth and bones. Calcium
glso plays 8 role in regulating the heartbest

i

ﬁ' BARIUM, from barys, heawy

ar densg, discovarad THOBR. 1o

na munimee. oxsdation, tha sam
ple  above was photographad
1“;-“ i megon. Tha white sulphote
|5 thruk, a6 - 8 medical cockiail 1o putling  the
slomach and intestnes for X-ray examination
Batium nitrate gives foewarks a green color

STRONTIUM, fram Strantian
Scotland; discoversd 1730, a
rare metal which & a won of
avil alter sgo of lifesupporing
omlciom. Radioactve strontium
B0 s present in atomis faligut. 1t L3 absarbed
by o tissue i place of cakeium, and enough
of |t destroye marrow and can couse cancer

RADIUM, from ragius, of ray
discovered 1898 by Pieme and

Ba Marie Curia: santh rarest of the

sloments Shown sbove i ra
dium bromisde mixed wiith zing
sulphide—a mixiure used 0 lumieous  watch
dials. The radum gives off dingerous redia-
tion which causes tha zinc sulphide 10 ghow

LT




COFPER, from cuprum, de-
| rived from the anceent name
for Cyprus. famed for its eapper
minas, known by sarly man I
and gold am the only twae cob
mﬂmctﬂla Allu'frd in most geld jpwelry and
silverware, copper is mined with zinc i brass
woith binin bronze. A “Gopper” penny is bronze

ZINC, probably from zin, Ger-
man for tin, discovered by the
alchemist Paracelaus i the
18th Century, though tha zing-
copper alloy brass was mn
1o the ancients. While not 1echaically @ colored
metal. nnc has 8 bluish cast An excellant coat-
ing matal, it s used to line ron water buckets.

g

SILVER. fram Old English senl-
tfor, for silver: symbol Ag from
its Latin name arganium, pre-
hstarie. the best sondusios of

— eat and eleciricity. Ha salis
are basic in pholography; whan silver bromde
Is axposed ta lght, it undergoes 8 chamical
change which the developer then makes visible

GOLD, from the ald Englsh
worg gealo, or yellow: symbaol
Ay from ita Latin nama auslim.
* | prenmiorie; the most salisable
1 Jﬁ' meted, Man's lust for gold has
peen & delusion, for he nas purswad bHotie more

“EBHE=~

than a yellow gleam It cannot ba used for

much besides monay. jewelry and dental wiork

Mg

CADMIUM, from kadmia, or
earth, discovered 1817 Cad-
mitm ooours in nature  with
zimn, 1t makes sxcollent mou-
tron-eating rods to  slow - up

atomic chain reactions and findg use in nickal-
cadmium bateries. 115 Dright ﬁ.ll[:lmﬂ*m
the Briist’'s popular pigmant cadmicm yelow.

o
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MERCURY lrom the planet
Mercury. symbal Hyg from Ay-
dreargyram. or llguid silver; pra-
higraele. 1t appaars in the glass
tubing of thermormetars and
barometers: i1 akso finds usa in “sHver dental
inlays and in silent alecinc switches. Vaporized
marcury fills modermn bDlua-hued  strest lights.
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