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of the diagonal density matrix p(r, r) and which, in prinicple, includes all exchange and correlation contributions.
One then performs a self-consistent field (SCF) calculation using this local operator. Given this similarity in the
HF and LD schemes, it seems likely that the pseudopotential approximation should be helpful in an LD approach.
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pseudopotential approach to be better suited (less of an appraximation) to the LD scheme than to HF.
We have nrecented elcewheare 191 a mare detailed develanment haced on the seneral Kohn—Sham lacal densitv

2. Development

The LD exchange eigenvalue equation for an atomic orbital with quantum numbers n/ is given by
HYy @ = GV + Y [p@OT W@ = 6 () m
where the total LD potential is:
Vile@)] ==Z[r+ Vol 0] + Vi lo 1.

Here H is the hamiltonian, ¥,,(r) is the orbital wavefunction, —-lV2 is the kinetic energy operator, Z is the atomic
number, Vcoul [p(r)] is the total electronic Couiomb potential, ¢, is the orbital energy for Y,,;(r) and V. [p ()]

- SEnon i os Broclmrped el 1
Vi [0@®1 =V, (0] + Voo 0@, Vi[o®] = —323/4m3 [p()]1/3 )

and ¥, [p(r)] is the local correlation operator given by Singwi et al. [10]. The parameter « is taken equal to 2/3.
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&= l’bnl(r) = _% ,’bnl(r) _TV r + Vg coul [pc(r)] tV ul [pv(r)] + V,‘('c('[pc(r) +pv(’)] (3)

where ¢ and v refer to core and valence respectively. We now define a pseudohamiltonian such that
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where the l-mdependent part is:
VoloPP] =Z,/r— Vi [p7°(] — VE[e7°@)] - (5b)
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Note that since the exchange-correlation term is local to begin with, no localization of this operator is involved in

siZed INat 1IN (4) one uses tne pPseuaoordirals (o I0IM (Ne LOUIoMD and €XCange Operators. 10 See s more Ciearty,
as well as the role of the pseudopotential, we subtract (4) from (3) and rearrange to get

[v Uni® VORI (r)]
- 5 V) )

ViR = ZJr + VEu10P)] — (6 —

+ {Voule, ] — Va0 D]} + (Vi [0, +p, (0] — VR [oF ()]} ©)
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fifth terms are zero for the (nodeless) wavefunctions whose [ is greater than any / present in the core. The last term
is never V,.[p.(r)] due to the nonlinearity of the p Y3term in Ve

inal core orbitals after performing the SCF calculation) |9] is that of a frozen core.
Our pseudoorbital is defined by a linear transformation on the all-electron (exact) orbitals as:
B0 = 2ieua®). ™

Eq. (7) guarantees that one can regain the original valence orbital by orthogonalizing the pseudoorbital to the core
{far tha ctata need tn dafina the neandnarhitald Rv rhnncine the rnefficiente nronerlv ane can eliminate nndec and

o v 1

chosen such that Y} go to zero at the origin. For the first row, this condition (along with that of normalization

B ! ypiguely_determines ¥55.) We can powy Ingl}fy_( 5\ by regoggzmg that the orbitgls ¥.(r) in (7) are exact

» ‘W= nl %’cnlwnlv)enl/ Ln“-'nanlU') TVrlew)] Ty PVJU‘)I . -3;’(6) b
In the particular case of a first row atom this reduces to:
VI = €2 — 24 (Dl 20 eyl @)+ Vplp@)] + Vo [oB° @)1 (%92)
i=1s,2s i=1s,2s
VEE@) =Vyle®M] — Volef* ™1 , (9b)
VE@= VO = .. = VEC). 99)

lications of thare equartinne nntha ncanartiar af tha arandonntentis] of the firet ot

€ { components o
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1. - - . - _

R - = A -
ent in the core, but not by electrons whose angular momentum species (p, d, f for first row atoms) is absent in the "
core.
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4. Results

In table 1 we present the results of tests performed with and without the LD pseudopotentials for atoms of the
first row. The results for C were given in ref. [9] and are presented here for completeness. It is seen that the errcrs

Table 1 .
Comparison of all-electron and pseudopotential calculations (energies in hartrees) a)
Atom Configuration Excitation Orbital energies®)
energy b)

Li 2s'2p° {(—7.174881) -0.0790 —0.0199

(—0.165554) —0.0790 —0.0199
i) LY TTTTLE Zp — VU000 ST -~U.ur7d —U.Ud>/0 ;

0.060806 —0.1004 —0.0382

Li¥?* 251220 0.061390 —0.1679 —0.0989

0.061512 —0.1683 —0.0985

D 2422,0 (—-14.223294) —e.1709 0.0457

(0.933249) —0.1700 —0.0457

Be 2s'2p! 0.125781 —0.1931 —0.0660

0.126108 —0.1950 —0.0673

Bel* 2s12p° 0.311895 —0.4626 —0.3234

0.313607 —0.4663 —-0.3237

B 2s%2p! (—24.050406) —0.3054 —0.1000

(—2.479522) —0.3054 —0.1000

B 2s'2p® 0.206252 —0.3239 —0.1168

0.206411 —0.3259 —0.1185

B 2s22p° 0.264436 —0.6670 —0.4495

0.263413 —0.6681 —0.4466

C 2s22p? (—37.053604) —0.4574 —0.1580

(~5.203781) —0.4574 —0.1580
N . 1 ;
'-'g E - !
00234 04765 _______-—Q1756______________________

- d U.351367 —0.8924 —U.5782
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le 1 (continued)

energy v/

-3 3 miae? F£700O1N —. /e 1L Bt
T o ! - = = S
N 2s*2p” 0.408783 —0.6458 -0.2360
0.408594 —0.6478 —0.2385
N 2s%2p? 0.455262 -1.1301 -0.7122
0.454785 —1.1333 —0.7109
o 25%2p* (—73.925421) —-0.8206 —0.2895
(~15.524905) —0.8206 -0.2895
o} 2s'2p® 0.532263 —0.8371 —0.3045
0.53190S —0.8400 —-0.3073
o' 25%2p° 0.556919 —1.3887 —0.8477
U U -
(-23. 784894) —1.0330 -0.3635
F 25! 2p® 0.670893 —~1.0511 —0.3787
0.670368 —~1.0531 -0.3818
F* 25%2p 0.663331 ~1.6667 —-0.9871
0.663030 ~1.6709 --0.9864
Ne 252 2p® (—127.490729) —~1.2661 —0.4431
(—34.550852) ~1.2661 -0.4431
Ne'* 25%2p° 0.774660 ~1.9643 ~1.1308
0.774412 —~1.9689 —1.1302
C 25%2p°3s? 0.682987 ~0.09435 —~0.00935
0.682886 ~0.09422 —0.00934

For each pair of energies the upper value gives the all-electron results.

for all results given here).

—thc erbital-encrgtesand excitation energies & e—l\.ss tuan 103 au. This is truc for excitation cﬁcfg:ee up to 1Bumd——
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vitals, so that no basis function inadequacy ever appears. Most of these calculations are for valence-excited states,
hough for carbon we present results for highly excited states; these represent a rather stringent test of the neutral
wund state atom pseudopotential, but even here the results are quite satisfactory. The wavefunctions for N* are
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Fig. 1. () The actual and pseudo LD 2s orbitals for N". X =real 2s, ¢ = pseudo 2s. (b) The actual and core-orthogonalized pseudo
2s orbitals for N*. X = real 2s, ¢ = pseudo 2s, orthogonalized to frozen (N) core.
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* Snijders and Baerends {12] have very recently proposed a generalized Phillips—Kleinman pseudo potential scheme within the local
density formalism. Their method has one distinct advantage over ours with respect to applicability: no projection operators
onto angular momentum states need be included, It also has several disadvantages (need to include core density explicitly, non-

gcovery of frazen-core resulfsL
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