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Wave functions, which include interelectron coordinates r; explicitly, are employed for the 152ns%S and
1s22p?P, states of Lil in obtaining lower bounds and Hylleraas variation-perturbation estimates of dipole
polarizabilities for the four lowest S states of Lil The results of this study are polarizabilities for the four
lowest S states of Li1 with probable accuracy 2-5%. In addition, the latest experimental result for the 23S
state of Lil is found to be in excellent agreement with our result.

I. INTRODUCTION

The work reported herein represents another
step toward the ultimate goal of quantum-chemical
calculations, namely, the accurate prediction of
experimentally measurable properties. The static
dipole polarizability' for the four lowest states of
LiI has been calculated by the Hylleraas varia-
tion-perturbation technique,? using some of the
best variational wave functions available (on an
energy criterion). These results have been rigo-
rously bounded from below using a procedure by
Weinhold® (previously applied to Be I*). The re-
sults obtained for the ground state are in excellent
agreement with the new experimental results of
Molof et al.’

The actual computational procedure is a three-
step process and has been discussed in detail pre-
viously.* First, a very accurate Hylleraas—con-
figuration-interaction (CI) variational calculation
is performed, for both the 2S and 2P states of LiI.®
Second, the resulting wave functions are used in
the Hylleraas procedure” to calculate the static
dipole polarizability. Finally, the wave functions
are used to compute the lower bound by Weinhold’s
formula.®

II. RESULTS

Lower bounds to the static dipole polarizabilities
were calculated for the lowest four 2S states of

LiI. The results of our calculations are tabulated
in Table I, and compared with previous calcula-
tions and experiments in Table II. In Table I, we
include the conventional Hylleraas variation-per-
turbation (VP) result obtained from a 150-term
%S and 120-term 2P wave functions. This value is
not a rigorous bound, but since the result is the
most extensive available, we feel it supercedes
previous similar estimates and give it in Table II
as our recommended calculated value. The recent
experimental work of Molof et al.® agrees extreme-
ly well with the VP calculation, and lies above the
rigorous lower bound, unlike previous experi-
ments. Because of this excellent agreement, as
well as the closeness of the lower bound (3.3%),
we believe that the static dipole polarizability for
LiI for the ground state 2S is now well defined.

The very large static dipole polarizabilities
found for the 32S, 425, and 525 states of Lil are
not at all unexpected. In recent experimental
work, Fabre and Haroche® have found such trends
even more pronounced in the Rydberg states of
Na.

In Table II we present a comprehensive compar-
ison of the present results with various previous

theoretical values. The underlined values are
ruled out by our rigorous bounds. The rest of the

values fall above our rigorous bounds and cannot
be ruled out. Our results agree well with the re-
cent calculations of Adelman and Szabo.?® They
obtain an analytic expression for the 2/-pole elec-

TABLE 1. Computed values for Lir. 2

State 10%e E Sa- a- ayp
22 1.1237 —7.478 023 0.999873 (23.47) (24.27)
3% 2.7935 -7.354 10 0.999 220 (605.8) (558.7)
4% 5.4031 —-7.31840 0.997081 (5097.) (4328.)
528 9.9230 ~7.303 40 0.990 153 (24910.) (17990.)

2 Wave functions and definitions of quantities are given in Paper III Ref. 6). Values are in
a.u. except for values in parentheses, which are in units of A3.
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TABLE II. Comparison of our polarizability results for three-electron atoms with other
calculations. Values reported here are in cubic angstroms (A%). Our results ina03 were

converted to A% by use of 1a,=0.529167 A.

Method Ref. 2% RES 4% 528

Stark 10 27
Coulomb 11 25.6
Coupled Hartree-Fock (CHF) 12 25.37
Variation-perturbation (VP) 13 25.23
CHF 14 25.2
Perturbation theory (PT) 15 24.96
Sternheimer 16 24.9
Many-body PT 17 24.84
Sternheimer 18 24.74
Pseudopotential 19 24.6
Coulomb 20 24.3
Experimental 5 24.3
Present results 24.27 605.8 5097 24910
Rigorous lower bounds

(present calculation) 23.47 558.7 4328 17990
Oscillator strength moments 21 24.17
PT 22 234
Experimental (Beam) 23 22+2
Approximate unrestricted HF 24 21.0
Experimental 25 20+3

tric polarizability of an atom in a Coulomb-like
approximation. Their claim of having obtained an
accurate expression for dipole polarizabilities of
monovalent s-state atoms appears to be supported
by our calculations.

IIIl. CONCLUSIONS

On the basis of the results presented here, it
seems reasonable to conclude that the introduction
of r;; coordinates for an atomic wave function with
N =3 can lead to reliable polarizability values

(2-5% accuracy). Recommended values for the
polarizabilities of the four lowest 2S states have
been presented for Lil. Our calculations for the
228 state of Lil rule out earlier experimental work
and confirm the latest experimental results.
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