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bandsabout2 eV below the Fermi surfaceand about2 eV in width, while the
4s electronlies mainly in a bandextendingfrom about10 eV below the Fermi
surfaceto several electronvolts above. The s andd bandshybridizetogetherin
the energy rangewherethey intersect.Two calculationsof the copperbandsare
displayed:LMTO andplanewave. Thetwo agreein all essentialrespects.Optical
experimentsarein goodaccordwith thepredictionthatanenergy of around2eVis
neededto exciteelectronsfrom statesat thetopof thed bandto statesin thes band
at theFermisurface.TheLMTO calculationsaremorerapidthantheplanewave
calculations,but cannotreliably be employed for complicatednon-symmetrical
unit cellswheretheplanewavemethodremainsaccurate.
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Figure 10.8. (A) Energy bandsof copper, ascalculatedwith the LMTO codeof Skriver
(1984).Thecalculationassumesthatcopperadoptsthefcc structure,with alatticeconstant
of 3.61Å, andalsobeginswith informationdescribingtheelectrondensity, sothatall that
remainsto bedoneis to find energy bandsin thepresenceof a known potential.This cal-
culationis around10 timesfasterthanthecalculationfor copperwith planewaves.Light
absorptionis dominatedby thetransitionindicatedby arrows in thegraybox; thepredic-
tion thatabsorptionsetsin at around2 eV is in reasonableagreementwith datain Figure
23.8.(B) Energy bandsof copper, ascalculatedwith theplane-wavepseudopotentialcode
VASP of KresseandHafner(1994)andKresseandFurthmüller (1996). The calculation
assumesthat copperadoptsthe fcc structure,with a lattice constantof 3.61Å. Not only
theouters electronbut also10d electronsmustbetreatedby thecalculation.The3d elec-
tronsareat a characteristicdistanceof lessthan1 Å from thenucleus,andapproximately
1000planewavesareneededto capturesimultaneouslytheextendeds electronandtightly
boundd electrons.This calculationhasno adjustableparametersandwould bepreferred
to LMTO if thetwo differed;thetwo agreein all importantrespects.

The elementsof the secondandtwelfth columnsof the periodic tablecould
in principlebe insulators,becausefrom anatomicperspective, all electronslie in
closedshells,just having filled an s level. However, both bandcalculationsand
experimentagreethattheseelementsform metals,in roughaccordwith thenearly
free electronpoint of view. Insteadof contractingto hug the Brillouin zone,the
Fermisurfacecrossesin andoutof it, leadingin all casesto ametal.Theelements
of cubicsymmetry(Ca,Sr, Ba) have two electronsper unit cell andaredescribed
by thesecondcolumnsof Figures.8.5and8.6.Theelementswith thehcpstructure


