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Semiempirical formulations of line
strengths using singlet-triplet mixing
angles

ABSTRACT

Results are presented in which singlet-
triplet mixing angles for two valence
electron (or hole) iscelectronic sequences
are determined from energy level data. These
are utilised together with transition moments
obtained from other sequences and from LS
coupling and hydrogenic formulae to specify
El and Ml oscillator strengths.

INTRODUCTION

For systems with two out-of-shell electrons,
singlet-triplet and L-state mixing within a
given configuration manifests itself in the
energy splittings, line strengths, and
g-factors of the constituent levels. In
intermediate coupling, the wave functions of
levels with common J are an admixture of LS
basis states not subject to the AL and AS
selection rules that restrict the constituent
amplitudes. In ab initio calculations this
is implicitly included in the wave function.
It is also possible to empirically determine
the mixing amplitudes explicitly from energy
level data, to combine these with transition
moments obtained by semiempirical methods,
and thereby to specify line strengths (and
g-factors) for two-electron systems.

MIXING ANGLES

The nsn’¢, nsn'ps, np2 and np4 configurations
are particularly apt examples, since they
contain no more than two levels of the same
J, so that intermediate coupling connects the
LS basis states only pairwise. Specification
is given by two-by-two off-diagonal matrices
M and diagonalis§§ion is achieved by a basis
transformation T M T, where
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Here OJ is the mixing angle, given by

24-1/2
sin0J=[1+(wJ2\/1+wj )]

Using Slater energy relationships which
relate the levels within a configuration,
the quantity W_can be specified in terms of
their J centroid energies cJ.

For the nsn’! configuration, the J=¢ levels
are mixed and wJ is given by
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For L§1 this describes both the nsn’p and the
nsn’p configgrations, and the mixing is
between the Pl and Pl levels.
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For the np  and np configurations there
are two mixing angles. For J=0, the mixing
between the Po and S0 is given by
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whereas for J=2, the mixing between the Pz

and 'D 1is given by
S €, + 3 € - 8 €,
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LINE STRENGTHS

In terms of these mixing angles, the line
strengths for the resonance and intercom-
bination lines in an ns -nsn’p or an

np -nsn’p” transition is

551(150’1P1) = k c0520l |<ns|rln’p>]2
SE1(lso’in) = k sinzo1 |<ns|rln'p>|2

where the factor k accounts for the number of
equivalent elegtrons (k=2 for ns -nsn’p; k=6
for n’p -nsn’p’). 2
Fig.l presents an application to the 3s -

Figure 1
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3s3p transition in the Mg sequence, using the
transition moments obtained from the Na
sequence (Kim & Cheng, 1978),adjusted by an
overall factor 1.25. In all figures to
follow, solid lines trace semiempirical
values and symbols denote ab initio
calculations (Cheng & Johnson, 1877).

6Fig 2 presents a similar example for the
2p ~2p 3s transition in the Ne sequence
(Ivanova & Glushkov, 1986), using a fully
screened hydrogenlike transition moment,
adjusted by an overall factor 0.73. (Ab
initio values, Biémont & Hansen, 1987.)

Figure 2
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The Ml line strengths within an nsn’p
configurations are given by (Curtis,1989)
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and for the np and np configurations by
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Fig. 3 displays applications of these
formulae to the Si sequence (Huang,1985).

Figure 3

SI SEQUENCE 3s°3p*
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This semiempirical exposition provides a
useful means for comparison of theoretical
and experimental results, and characterises
and separates intermediate coupling effects.

ACKNOWLEDGEMENT

The work was supported by the US Dept.of
Energy, Office of Basic Energy Sciences,
Division of Chemical Sciences, under Grant
number DE-FG05-8BER13958.

REFERENCES

Biémont,E.& Hansen,J.E., 1987 At.Data Nucl.
Data Tables 37, 1-15.
Cheng,K.T.& Johnson,W.R. 1977 Phys.Rev.Al6,

263-272.

Cheng,K.T et al, 1979 At.Data Nucl.Data
Tables.24, 111-189

Curtis,L.J., 1989 J.Phys.B22, L267-271.

Huang,K.N. 1985 At.Data Nucl.Data Tables 32,
503-566.

Ivanova,E.P.& Glushkov,A.V. 1986 JQSRT 36,

127-145.

Kim,Y.K.& Cheng,K.T. 1978 JOSA 68, 836-842.

AUTHOR'S ADDRESS: Dept.Physics and Astronomy,
Univ.of Toledo, Toledo Ohio 43606 USA



