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Cr3*CENTERS IN THE LaMgAl,,0,, LASER HOST : THEORETICAL STUDY THROUGH
A MOLECULAR ORBITAL MODEL

F. MICHEL-CALENDINI, K. BELLAFROUH, V. PONCON and G. BOULON

Laboratoire de Physico-Chimie des Matériaux Luminescents,
CNRS UA-442 et Greco Celphyra, Université Claude Bernard,
Lyon I, F-69622 vVilleurbanne Cedex, France

The fluorescence and absorption spectra of LaMgAl crystal doped with Cr3+

11%19 :
and EPR investigations gives evidence for the presence of Cr multisites : Cr
ions are trapped at the 2a, 4f and 12k AL octaedral sites and Cr-Cr pair centers at
4f sites are also assumed. The electronic structures of these different centers are
determined through a molecular orbital model using the spin polarized option of the
SCF Xo method. The computational framework is similar to the one described for
Cr3+ in perovskite oxydes 2). The only difference consist in the choice of a local
spin density approxipation 3 which improves agreement between experimental and

z
calculated term splittings for states with large spin polarizations as Cr“+.

Eigenvalue diagrams are obtained for the 4A2 ground term as shown in figures 1
andgE. ALOZ_ (D3d) and Croz_ (D3d) represent th:zgndoped an?zfoped 2a site while
Cr06 (C3V) is associated to the ii site. ALCrO9 and Cr209 picture two adjacent
4f sites doped with one or two Cr~ jons respectively. Atomic distances used in the
cluster geometries are taken from Khan et al 4). These diagrams show the de# (del§)
splittings into ay and e levels increase slightly from 2a to 4f sites while the two
groups of de Llevels associated to Cr-Cr pair are spreaded on more than 0.2 ev ;
an important covalency of Cr=Cr and Cr-0 bonds is noticed in the latter. The ener-
gies of excited terms relatively to 4A2 have been evaluated from suitable transition
state computations between d 813, deﬂzée# and de?zdv? configurations. It is possi
ble to deduce the B and C Racachparameters and the Dq crystal field strength from
the trahs%tions associated to the 2a site. Assuming €C/B = 4.5, we obtain B = 774cm_1

and 10 D§ = 15910cm_1. The ete¢trostatic interactions provide the term energy dia-

-gram of figure 3a. On the other hand, the fluorescence emission Line at 68%nm,

associated to 2E——)4A
4 4

buted to A2—+ T2

relevant term energy diagram of figure 3b.. Both theoretical and experimental term

emission (2a site) and the absorption peak at 565nm, attri-

2
1 and the

are used to obtain Bexp = 695nm, 10bg = 17700cm

positions are compared to the absorption spectrum in this figure and allow the

assignations of all the experimental structures. Mevertheless, it may be noticed
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Figures 1 and 2 : 02p, Cr3d and Al3s, Al3p eigenvatues in various cluster represen-

tative of undoped and doped 2a, 4f and coupled 4f sites in LaMgAL1101Q.
that the Az—a 4T2 energy is overestimated since the peak maximum lies at shorter

waveltength than the zero~phonon Line, unresolved in the spectrum, but expected around
650nm > ; this would imply Dg v 1540 cm_1, much more in agreement with the theore-

tical data.

For the 4f site, the 2E--->4A2 emission Line is catculated to be 0.075eV lower
than in the 2a case. This follows the experimental trends where the wavelength of
this Line varies from 689 to 695 nm compared to the 623 to &47 nm calculations in
the 2a and 4f sites respectively. Simultaneously, 4

4

A2-—94T2 would be spreaded
by the splitting of 4T2 into A

1 and 4E terms (estimated around 0.08 ev) and a

decrease of its mean energy is predicted. This correlates the experimental observa-
tions.

The overall splitting of det , det and d¥? Llevels in the pair center creates
broad 2E-—->4A2 and 4AZ_._.>4T2 bands, which overlap each other. The minimum energy of

4AZ—-p 4T2 transitions decreases again relatively to the cubic and pseudocubic cases

The evolution of the calculated 2E and 4T? energies show that 2a, 4f and pair
centers behave as more and more lLow-field chromium complexes in the region Dg/B~ 2

in the Tanabe and Sugano d3 diagram.
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Figure 3 - Theoretical and experimental term diagrams of Cr inoctaedral symmetry

compared to absorption spectrum of LaMgAl : Cr-
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