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1. Introduction

The transition meta[TM) d® ions have beewidely
studiedasactivator ions for luminescent materials such
as phosphors and solistate lasets The so called
TanabeSugano diagrams arguite useful for the
analyss of themultiplet energylevels of TM ions in
crystab. However, they cannot be used for the
guantitative prediction of the multiplet energy levels
since thee diagrams include empiricparametergo
be determined byhe experimental specr A more
practical energy diagram without any empirical
parameterss desired for the theoretical search of novel
luminescentmaterials.In order to develop gractical
energylevel diagramwhich can be used faheoretical
material design, we haveecently created diagram
based orthe bond lengtH1]. However, in tle diagram
for CP* in oxides,the Rline energy increaseas the
bond length decreases, which is opposite to the
observed tendencyn this work, in order to improve
these diagramswve introduced some corrections such
as the configuratiodependent correction (CDC) and
the correlation correctiofCC). The effects of these
corrections on the multiplet energlevels were
investigated in detail.

2. Computational method

We constructed model clustef$10g (TM=Cr, Mn)
consising of 7 atoms withO, symmetry where the
TM-O bond length was gradually changedThe
multiplet energy calculations were performed based on
the discrete variational multielectron (DVMEpethod
[2]. In order to improve the resultaie alsoconsidered
configuration dependent correction (CDC) and
correlation correction (CC), which represent the effect
of electron correlations on the crysfiald splitting and
on the spirlip transition energy, respectivelyn this
approach the diagonal matrix elemerg of the
Hamiltonianfor thepth stateare expressed as

HypP¢ = Hpy + DPC(m, ), (1)

where D¢P¢(m,n) is the correctiotermdepending on
the configuration(t,)™ (e,)" of the pth state, On the
other handthe consideration of CC is equivalent to an
approximation to use the following effective
Hamiltonian.
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wherec is the CC factor.

3. Resultsand discussion

The multiplet energy diagranor CrOs clusters
obtained by the firsprinciples calculationsvith CDC
and CC is shown in Fidl. Compared to the diagram
calculatedwithout CDC and CC, the tendency of the
’Eyand’Ty4is reversed and they clearly decrease as the
bond lengtidecreasesSince tlis tendencyis consistent
with the experimentally observed pressure dependence
of the Rline emission energy for ruby, the results
indicated that the consideration of the corrections such
as CDC and CGs critical for the prediction of the
R-line emission energybased on firsprinciples
calculations

4"‘22

Energy (eV)

Cr37-02- bondlength (A
Fig. 1. Improvedmultiplet energy diagram for Crin
oxides withOy, symmetry withconsideration of
CDCandCC.
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