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Density functional theory calculations of one electron 
Rydberg states in Li atom 
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School of Chemistry, University of Hyderabad, Hyderabad 500 134, India 

(Received April 28; revised and accepted July 25, 1989) 

Summary. It is shown by comparison with the available time-dependent 
coupled Hartree-Fock calculations that the self-interaction-corrected local- 
spin-density functional theory, with correlation energy, provides an accurate 
description of the transition energy and the radial expectation values ( R -  1) 
and (R) ,  for the Rydberg states (n =2-8 )  of Li( ls2nl  1) atom. A simple 
criterion is proposed to define the percentage of Rydberg character of a 
valence ns orbital. 
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It is well known that an exact treatment of the self-interaction potential within 
X~-theory [1] leads to a significantly improved description of the various atomic 
properties [2-6]. Similarly, the self-interaction-corrected local-spin-density (SIC- 
LSD) approximation with correlation energy has been successfully tested to 
predict electron affinities of neutral atoms [7-9]. In a recent paper [10] the 
SIC-LSD calculations of dipole matrix elements have been performed on the 
Rydberg states of the oxygen atom in the quintet and triplet manifolds, respec- 
tively, and the results have been found to be in excellent agreement with the 
corresponding Hartree-Fock results. Since the simplified representation of corre- 
lation effects is an attractive feature of the SIC-LSD functional theory it would 
be useful to compare the results of such calculations with a suitable post HF level 
of calculations which include correlation effects derived from the wave function 
approach. In this communication we have examined the doublet Rydberg 
levels of Li within the quasi-relativistic SIC-LSD scheme, with correlation 
energy, as developed by Perdew and coworkers [7]. In particular, we compare the 
transition energy, AE, and radial expectation values (R -1) and (R)  with the 
available time-dependent coupled Hartree-Fock (TDCHF) calculations [11] 
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which include certain classes of correlation effects [ 12]. Our theoretical A E  values 
are also compared with the experimental results [ 13]. Finally, we propose a simple 
criterion to define the percentage of Rydberg character of the valence ns ~ orbital. 
We have considered the one electron excitations defined by n = 3-8 for the 
Li(ls2nl 1) atom. 

In Table 1, we have listed the results of our calculations. The SIC-LSD 
estimates of AE, ( R - 1 )  and ( R )  are in excellent agreement with the TDCHF 
results except for highly excited (n >t 5) levels. As pointed out earlier [ 14], this is 
probably due to an insufficient basis set being utilized to represent these states. 
The SIC-LSD A E  values are in good agreement with the experimental values. With 
the inclusion of SIC therefore, the LSD theory can be used reliably to predict the 
valence excitations in atoms. It is important to mention here that without the SIC, 
the negative ion states do not lead to a convergent solutions. It is, however, 
possible to obtain pure LSD energies corresponding to neutral atomic excited 
states. The corresponding A E  values are given in Table 1, column 8. They suggest 
that the SIC energy contributions of the two states cancel to a large extent. We 
define the percentage Rydberg character (PRC) of the valence ns-orbital as 

( r - 1 ) ( r )  
PRC = 1.5 • 100, (1) 

where the radial expectation values refer to the valence orbital. For hydrogen 
atom, ( r -  l><r> is 1.5. According to Eq. (1) the PRC for Li(ns 1) is calculated to 
be 96.0%, 97.1%, 97.7%, 98.1%, 98.4% and ,~ 100%, respectively. 

In summary, we have demonstrated the feasibility of using the SIC-LSD 
approximation with correlation energy to describe the Rydberg states of the 
lithium atom. The simple product <r-~>(r > for the valence ns orbital is compared 
with its hydrogenic value of 1.5 to define the percentage of Rydberg character of 
the ns-valence orbital. 
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