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bandsabout2 eV belon the Fermi surfaceand about2 eV in width, while the
4s electronlies mainly in a bandextendingfrom about10 eV belov the Fermi
surfaceto several electronvolts abore. The s andd bandshybridize togetherin
the enegy rangewherethey intersect. Two calculationsof the copperbandsare
displayed:.LMT O andplanewave. Thetwo agreein all essentiafespectsOptical
experimentsarein goodaccordwith the predictionthatanenegy of around2eVis
neededo excite electrongrom statesatthetop of thed bandto statesn thes band
atthe Fermisurface. The LMT O calculationsaremorerapid thanthe planewave
calculations,but cannotreliably be emplo/ed for complicatednon-symmetrical
unit cellswherethe planewave methodremainsaccurate.
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Figure 10.8. (A) Enegy bandsof copper ascalculatedwith the LMT O codeof Skriver
(1984).Thecalculationassumethatcopperadoptghefcc structurewith alatticeconstant
of 3.61A, andalsobeginswith informationdescribingthe electrondensity sothatall that
remainsto bedoneis to find enegy bandsin the presencef a known potential. This cal-
culationis around10 timesfasterthanthe calculationfor copperwith planewaves. Light
absorptionis dominatedby the transitionindicatedby arrowns in the gray box; the predic-
tion thatabsorptionsetsin ataround2 eV is in reasonablegreementith datain Figure
23.8.(B) Enegy bandsof copperascalculatedwith the plane-vwave pseudopotentiatode
VASP of KresseandHafner (1994) and Kresseand Furthniiller (1996). The calculation
assumeshat copperadoptsthe fcc structure with a lattice constantof 3.61 A. Not only
theouterselectronbut also10d electronamustbetreatedoy the calculation.The 3d elec-
tronsareata characteristialistanceof lessthan1 A from the nucleus and approximately
1000planewavesareneededo capturesimultaneouslyhe extendeds electronandtightly
boundd electrons.This calculationhasno adjustablegparameteraindwould be preferred
to LMT O if thetwo differed;thetwo agreein all importantrespects.

The elementsof the secondand twelfth columnsof the periodictable could
in principle be insulators becausdrom an atomicperspectie, all electrondie in
closedshells,just having filled an s level. However, both bandcalculationsand
experimentagreethattheseelementdorm metals,in roughaccordwith the nearly
free electronpoint of view. Insteadof contractingto hug the Brillouin zone,the
Fermisurfacecrossesn andoutof it, leadingin all casedo ametal. Theelements
of cubicsymmetry(Ca, Sr, Ba) have two electrongper unit cell andaredescribed
by thesecondcolumnsof Figures.8.5and8.6. Theelementsvith thehcpstructure



