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The contribution of the local-spindensity correlation eneqy IO the ionization potential of some group Ii\, IB, IIA and 
IIB one-~~lence4xtron atoms has been calculated: relaxation of the core orbitals lowers it by 10-205’~; relativisric effects 
enhance it b? up IO 30%. 

In order to see to what extent relativistic effects 

modify the correlation energy we decided to study 
the contribution of the correlation energy to the ion- 

ization potential of some one-valence-zlectron systems 

(I(. Rb. Cs. Cu. Ag. -4~. Ca+. W, Da+. Zn+. Cd+. Hg+). 
In contrast to Migdalek and Baylis [I] who considered 
the influence of core-valence correlation only. we in- 

cluded the core-correlation as well. 
We did separate calculations for each atom and the 

corresponding ion. both at the Hartree-Fock (HF) and 
the Dirac-Fock (DF) level. by using the program 
RELAXlC of Desclaus [2] _ (The HF results were ob- 
tained by changing the velocity of light to 1OIo au.) 
We defined the spin up and spin down densities (p+ 
and p_, respectively) by using the orbital densities 
produced by RELAMC: p_ as one half of the core 
density, p+ as the sum of p_ and the valence density_ 

These densities were used in the calculation of the 
correlation energy in the local-spindensity (LSD) ap- 
prosimation. Without self-interaction correction it is 
given by 

&[P+.P_~ =l(p+ +P_)@+.p_)dr- (1) 

cc( p+. p_ ) is the correlation ener,7 per particle of the 
homogeneous electron gas with partial densities p+ 

andp-. 
Two types of calculations were made for the corre- 

lation energy: in the first one the non-relativistic param- 

eterization of ec by Vosko et al. [3] was used; in the 
second a scaling factor was introduced for l c. This 
densitydependent scaling factor is given by the ratio 
of the relativistic E&+ + p_) of Ramana and 
Rajagopal [4] and the corresponding non-relativistic 
value of von Barth and Hedin [5] _ 

We introduced a self-interact-ion correction (SIC) 

into EC by using the definition of Stall, Pavlidou and 
Preuss (SPP SIC) [6] : 

Efb,.~_l =E,b+.~_l -E,b+.Ol -E&P-~ - 
(3 

An alternative SIC is that of Perdew and Zunger (PZ 
SIC) [7]. 

In the frozen-core approximation the contribution 
of the correlation energy (without SIC) KO the ioniza- 
tion potential is given by: 

AEc =E,tp+. p-1 - Ect~_,~_l - (3) 

By using (2) the corresponding value for SPP SIC is 
obtained: 

AE;=AE,-(Ec[p+,Ol -Ec[O,p_l), (4) 

while with the SIC of Perdew and Zunger this is: 

AE,“=AE, -E,[p+ -p-,0] _ (3 

We did not take into account the effect of the correla- 
tion potential on p+ and p_ _ In our experience [8,9] 
the resulting energetic effects are small (e.g. 0.4 rnhar- 
tree for K [9]). 
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Table 1 
Contributions to the ionization potential, IP (in mhartree) 

24 June 1983 

_4tom IPHF a) ‘PDF - IPHF a) Ipexp - ‘PDF b, Correlation c, 

without SIC with SIC 

frozen cored) relas a.e) frozen core rcIax a,h) 

PZf) 
SPP 

SPP S) 

K 

Rb 

CS 

CU 

AS 

AU 

Ca+ 

Sf 

Ba+ 

zn+ 

Cd+ 

HE+ 

141.2 05 11.8 

1375 2.0 14.0 

123.2 4.7 152 

2355 5.7 42.7 

217.2 15.7 455 

217.8 64.6 56.6 

415.6 1.2 195 

371.7 6.1 21.6 

333.0 11.1 235 

6085 10.3 41.4 

544.8 26.3 50.2 

530.4 99.4 595 

175 16.9 55 4.2 3.8 

17.6 16.9 55 4.2 3.8 
17.6 16.8 6.1 4.6 4.1 
18.0 17.1 6.3 4.8 4.3 
17.0 16.1 6.1 4.6 4.1 
17.8 16.8 6.7 5.0 4.5 
30.8 27.7 155 12.1 10.6 
31.7 28.4 16.3 12.8 11.0 
31.1 279 16.6 12.7 11.1 
33.8 299 18.8 14-4 12.4 
32.6 28.9 18.1 13.8 11.9 
41.6 35.1 255 19.4 16.1 
23.6 22.6 9.0 6.9 6.4 
23.7 22.7 9.1 7.0 65 
23.7 22.4 9.8 7.4 6.8 
24.1 22.8 10.1 7.7 7.0 
22.9 215 9.6 7.4 6.7 
23.9 22.3 10.6 8.0 7.2 
35.8 32.9 18.2 14.3 12.8 
36.6 33.5 18.9 14.9 13.3 
36.6 33.3 20.0 155 13.8 
389 35.1 22.0 17.0 15.0 
37.9 34.1 21.6 165 16.6 
455 39.6 28.0 21.3 18.3 

a) Reialation taken into account. b) EaperimentaI vahtes from ref. [ 1 o J _ 
C) The upper value is obtained u ith HF densities, the lower one with DF densities. 
d) Eq. (3). e) Difference of E, values, eq. (1). f) eq. (5). 
Iz) Eq. (4). h) Difference of EC values, eq. (2). 

E, was obtained numerically (Simpson’s rule) by 
using the grid of points given by RELAMC. The com- 
puting time was negligible compared to that of the 

HF or DF calculation (0.1%). 
In table 1 we present our computed values together 

with values deduced from experiment [IO] _ We com- 
pare our correlation-energy contributions to the ion- 
ization potential with differences between the experi- 
mental and DF values. (We assume that the relativistic 
effects not included in RELAMC do not change our 
results significantly.) The LSD values with SPP SIC 
are systematically too low (they are ~30%: between 
26% for Cu and 33% for Ca’). 

The values obtained with the scaled (“relativistic”) 
density functional are not shown in table 1 because 
they differ by at most 0.1 mhartree from the non-rela- 

tivistic ones. We explain this fact by ‘Lhe small portion 
of the valence density iu the inner core region. On the 
other hand, use of relativistic instead of non-relativistic 
orbitals increases the contribution of the correlation 
energy by up to 26% (4 mhartree for Au). This effect 
is larger for the transition than for the alkali and aka- 
line earth elements. 

The effect of relaxation of the core orbit& after 
ionization is opposite to the previous one: a lowering 

of 10% is observed for the group IA and LB atoms, 
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while it is slightly larger for the group IIA and IIB 
ones (up to 20%, 3 mhartree. for Au). 
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