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The electronicstructureanddensity of statesarecalculatedfor niobiumusingthe EmpiricalPseudopotential
Methodwith a non-locald-potential.The resultsarein goodagreementwith APWcalculationsfor statesnearand
belowEF indicatingthattheniobiumpseudopotentialobtainedherecannowbe usedfor pseudopotentialcalcula-
tionsof niobiumcompounds.

Wereportthe applicationof theEmpiricalPseudo- ble for transitionmetalcompounds.The pseudopoten-
potentialMethod(EPM) [1] (with a nonlocalpoten- tial methodis particularlysuitedto calculationsfor
tial) to a calculationof the electronicstructureof nio- compounds[21 oncethepseudopotentialsfor the
bium. We believethat this extensionof theEPM is constituentatomsareknown. In particular,the re-
importantnotonly becausethis simplemethodcan sults of thework presentedhere indicatesthatsimilar
nowbe appliedto this interestingclassof metals,but calculationscanbe donefor compoundsof Nb like
also becauseof the calculationswhich are now possi- NbN which is ahigh temperaturesuperconductorand

layercompoundsuperconductorslike NbSe2.* Supportedin partby theNationalScienceFoundation

GrantGP13632andunderthe auspicesof the US Atomic Following the calculationfor thenoblemetals [1,
EnergyCommission. 3] thenonlocalpart of thepseudopotentialis chosen

*perman~taddress. to determinethemain featuresof the d-bands,while
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Fig. 1. Band structureof niobium.
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50 r~ H
12 N1 N2 EFr2O’ d Table lA

R Comparisonof importantenergygapsbetweenthe present
resultsandAPW calculations.

b H ---_______ _________~- —~ ——————-——

-~ 1~5 5.89 (eV) 5.71 (eV)
>30-- l25~ F12 2.4 2.08
(5 l’~~ 1.5 72

H12 -~ H25 9.19 9,38
40F- ~ Symmetry APW [41 Presentcalculation

~20~ r1 -~N1. 1.84 1.99
-. N~ 7.63 7.38 (5 p)

N1 —~N2 2.06 1.87
- i~—~P4 4.35 4.31Comparison of the positionsof theprominentpeaksin the

Table lB

0 2 4 6 8 - 10 density of statesN(E) of Nb betweenthe presentresultsand
E(eV)

APW calculations.Energyis measuredrelativeto the F1 state
Fig. 2. The niobium densityof statesderivedfrom the band which is thelowestbandatF-
structure. -———-~——-—-—~~---__-_ _______~—- —---

Peaklabel APW [4] Presentcalculation
the local part is usedfor thesandp statesandfor the -~ ________________

s-d interaction.Since theelectronicconfigurationof 1 2.76 (eV) 2 75 (eV)

Nb is similar to Ag [3], we expectthesepotentialsto b 3.86 3.95
be similar. ForAg accuratewavelengthmodulation c 5.19 5.05

spectraareavailable [3] while this is not the casefor 0 8.6 -— 7.95

Nb; hencetheAg potentialprovidesa good starting
point for theNb calculation.Thelack of datafor Nb in 1/48th of the Brillouin zoneis shownin fig. 2. The
forcesusto refer to otherbandcalculations[4, 5] for comparisonbetweenthe importantenergygapsob-
the principal energysplittings to fix theNb potential. tamedfrom the APW methodand thepresentcalcula-
Hopefully, accurateoptical datawill becomeavailable tions is shown in table 1A. We remarkhere that the
andour calculationscanbe refined further. APW resultsare consideredto be quite good. In par-

Thecrystal structureof NB is bcc with a lattice ticular, selectedareasof the Fermi surfaceare within
cons

tanta = 3.30A [6]. Wechoosetheorigin of our 10% of themeasuredresults [4].
coordinatesystemat a Nb atom.Thepseudopotential In summarywe havepresenteda calculationof the
Hamiltonianhas the form given in ref. [1]. bandstructureof Nb usingthe EPM andwe have

To assureconvergenceto within 0.1 eV for the im- shown that the resultsareconsistentwith the APW re-
portantenergygapsat the I’, H andN pointsof the sults for energiesnearandbelowEF. The resulting
Brillouin zone,we choosea cutoffenergyfor our ma- pseudopotentialfor Nb shouldthenbe a goodapprox-
trix, E

1 = 14.1,in units of(2ir/a)
2.The sizeof the imationfor this atomandit can be usedas a starting

matrix is of the order of 110 X 110. Becauseof the point to calculatethe bandstructureof the corn-
largenumberof planewaves,we do not use the poundswith Nb asa constituentatom.
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