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A self-consistentself-interactioncorrectionto thelocal spin density
approximationis shownto removemanyof the anomaliesin thepre-
dictedexchange,correlationandtotalenergiesof atoms,stability of
negativeionsand bandgapsof insulators.It also suggestsa newinter-
pretationof the calculatedcohesiveenergiesof transitionmetals.

DESPITE thestrikingsuccessof the localdensity(LD) more detailedaccountof our work wifi bepresented
[1] andspin-density(LSD) [2] functionalapproaches elsewhere[12].
to many-electronsystems,somesignificantdiscrepancies Spin-densityfunctional theory [1, 2] expresses
remain.Theseinclude the factsthat: (i) While the LSD the ground-stateenergyof amany-electronsystem,
total energyof a metalsurfaceistoolow whencom- coupledto anexternalpotentialVext(r) andcharac-
paredwith the exactvalue [3] ,theLSD energyfor terizedbyelectrondensityp(r) = p~(r)+ p~(r)and
atomsis toohigh [4]. Furthermore,the lowest-order spin-polarization~(r)= (Pt — p~)/p,as:
correctionto the LSD exchange-correlationenergy — 1 + 1 1 1

predictedby many-bodytheory,i.e., the density- E — T[p, ~j Eext[pj + ~Eq~[pj + E~~[p,~‘j, (1)
gradientcorrection[5] , is positive,andsocanonly whereT is thenon-interactingkinetic energy,~ =

worsenthecalculatedenergiesof atoms.(ii) Foratoms f d3rp(r)V~t(r)is the interaction of pwith Vext, Eee
[4] themagnitudeof theexchangeenergyin LSD is isthe interactionof p with thetime-averagedCoulomb
consistentlyunderestimatedby 10—15%while themag- potential V~([p] ; r) = f d3r’ p(r)/Ir — r’I, and~ is
nitude of thecorrelationenergyis overestimatedby thesumof exchangeand correlationenergies.Theself-
100—200%.(iii) Theexperimentallystablenegativeions consistentone-electronequationfoundvariationally
(e.g.W, O,F) arepredictedto beunstable[6]. (iv) from equation(1)is
Self-consistentLD bandstmcturecalculationsunder- 2 ~
estimatetheone-electronenergygap of insulatorsby as ~ ~ + V (r)} ~/i

1~a(r)= e%(/~(r), (2)
muchas 40%(see [7—11]),andmoregenerallythe LSD where the potential (with spin index a) is implicitly a
one-electron eigenvalues are not close to physical re- functionalof p and~:
rnoval energiesfromboundstates.Theconventional 1,

remedies have been delta-SCF or Slater transition-state V (r) = V~t(r)+ Vee([p] ; r) + V~~([p,~]; r), (3)
type calculations, which arevery tedious,especiallyfor and thedensityis determinedviap(r) = ~, i.~0(r)
solidswheretheybreakthe translationalperiodicity. from thespin—orbitaldensitiesp~0(r)= N~I~t’~0(r)I

2.
In this letterwe showthat theseproblemsareinter- (Naq is anoccupationnumber,0 or 1). Theexchange-

relatedand that a simple,physically transparent correlationpotential V~°~isthe functionalderivativeof
correctionto LSD — thesubtractionof spuriousself- ~ withrespecttop~(r).
interaction— accountsfor andcorrectsthequalitative Theimperfectly-knownexchange-correlationfunc-
as well asmostof thequantitativediscrepancies.This tional~ isusuallyreplacedby thelocal (LSD)
self-interactioncorrectionis a “non-homogeneity approximation[1, 2]: E~D= f d3rp(r)
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Table 1. (— 1) x total energy in eVfor atoms schemewas
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We nextconsiderthe implicationsof SIC for cal- theSI correctedtotalenergyof equation(4). Theresult
culationsof the cohesiveenergyEB ofmetalswithin of this first minimizationis theenergycorresponding
LSD [21]. TheseassumethatER isfirisisis


