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A B S T R A C T

In this paper, we calculate uniformly the optical and EPR data for Co2þ ion at the trigonal tetrahedral Ga3þ site in
LiGa5O8 crystal from the complete diagonalization (of energy matrix) method founded on the two-spin-orbit-
parameter model, where the contributions to the spectroscopic data from both the spin-orbit parameter of dn

ion (in the classical crystal field theory) and that of ligand ions are contained. The calculated ten spectroscopic
data (seven optical bands and three spin-Hamiltonian parameters g//, g⊥ and D) with only four adjustable pa-
rameters are in good agreement with the available observed values. Compared with the host (GaO4)

5� cluster, the
great angular distortion and hence the great trigonal distortion of (CoO4)6� impurity center obtained from the
calculations are referred to the large charge and size mismatch substitution. This explains reasonably the observed
great g-anisotropy Δg (¼ g// � g⊥) and zero-field splitting D for the (CoO4)

6� cluster in LiGa5O8: Co
2þ crystal.

1. Introduction

LiGa5O8 is a well-known inverse spinel where Ga3þ ions occupy both
the tetrahedral and octahedral sites and so there are three cationic sites,
the trigonal tetrahedral Ga3þ site, the rhombic octahedral Ga3þ site and
the trigonal octahedral Liþ site in LiGa5O8 crystal [1] (see Fig. 1(a)). Co2þ

ions doped into LiGa5O8 crystal can occupy the three cationic sites [2].
Among them, the tetrahedral Co2þ clusters in LiGa5O8: Co2þ have trig-
gered considerable interest because the crystals including the tetrahedral
Co2þ clusters can be used as the tunable laser materials in near-infrared
region, the spectral hole-burning materials, and the saturable absorber in
passive Q switch [3–8]. So, the optical and electron paramagnetic reso-
nance (EPR) spectral experiments for Co2þ ions occupying the tetrahe-
dral Ga3þ sites (to form the (CoO4)6� centers) in LiGa5O8 crystals were
carried out by some researchers [2,4,9–11]. These experimental studies
found seven optical bond positions (or crystal-field energy levels) and
three spin-Hamiltonian (or EPR) parameters (g factors g//, g⊥ and
zero-field splitting D) for the tetrahedral (CoO4)6� centers with trigonal
symmetry in LiGa5O8 crystals [2,9–11]. Although the theoretical in-
vestigations for these spectroscopic data are of significance from the
scientific and applied view of points, unfortunately, up to the present,

there has no theoretical calculation, in particular, the unified theoretical
calculation for all these spectroscopic data. The object of this study is to
make a unified calculation for the optical and EPR spectral data for the
trigonal (CoO4)6� tetrahedral clusters in LiGa5O8 crystal from the com-
plete diagonalization (of energy matrix) method on account of the
two-spin-orbit-parameter model. In the model [12,13], for completion,
besides the contributions from the spin-orbit parameter of central dn ion
in the classical crystal-field theory, the contributions from that of ligand
ions via covalence effect are also contained. The defect structure of
(CoO4)6� tetrahedral clusters in LiGa5O8: Co2þ is also evaluated on the
basis of the calculations. The results are discussed.

2. Calculation

The two-spin-orbit-parameter model for a dn tetrahedral cluster in
crystals demands the one-electron basis functions to change from the
pure d orbitals of dn ion in the conventional crystal-field theory to the
molecular orbitals (MO) made up of the d oritals of dn ion and the p or-
bitals of ligand ions, which results in two spin-orbit parameters ζ, ζ0 and
two orbit reduction factor k, k0 [12,13]
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where Nγ (γ ¼ t or e) and λβ (β ¼ σ or π) are the MO coefficients. ζd0 and ζp
0

are, respectively, the spin-orbit parameters of dn ion and ligand ion in the
free state. For (CoO4)6� cluster considered, one can find ζd

0

(Co2þ) � 533 cm�1 [14], ζp0 (Co2þ) � 150 cm�1 [15]. The group overlap
integrals Sdp (σ)¼ < dt jσt> and Sdp (π)¼ < dt jπt>¼ 〈de jπe>/

ffiffiffi
3

p
(where j

de > and j dt > stand for the d orbitals of 3dn ion, and j πe >, j πt > and j
σt > denote the p orbitals of ligand ions) depend upon the average
metal-ligand distance R of the studied system. The difference of ionic
radius ri of impurity and the radius rh of the replaced host ion can lead the
distance R in an impurity center to differ from the corresponding distance
Rh in the host crystal. We therefore employ an approximate equation R ¼
Rh þ 1

2 ðr1 � r2Þ [16] to evaluate the distance R. According to ri
(Co2þ) � 0.72 Å, rh (Ga3þ) � 0.62 Å [17], Rh1 (Co2þ) � 1.882 Å and Rh2
(Co2þ)� 1.876 Å [1], we yield R1� 1.932 Å, R2� 1.926 Å (R1 and R2 are
shown in Fig. 1 (b)) and so R � 1.928 Å. So, the integrals
Sdp(σ) � �0.0376 and Sdp(π) � 0.0089 are obtained from the Slater-type

self-consistent field (SCF) functions with the distance R [18,19].
In the two-spin-orbit-parameter model, the Hamiltonian of a d7 ion in

the trigonal tetrahedron should take the form

H ¼ HCoul:ðB;CÞ þ HSOðζ; ζ0Þ þ HCFðB20;B40;B43Þ (2)

in which the three terms denote, respectively, the Coulomb, spin-orbit
and crystal field interactions. B and C are the Racah parameters in the
system studied and Bkl are the crystal-field parameters in the Wybourne
notation [20,21]. The optical bands can be given from the eigenvalues of
the energy matrix of this Hamiltonian and the EPR parameters can be
computed from the eigenvalues E (4A2, Ms) and eigenvectors j4A2, Ms〉 of
the ground state 4A2 with the equations
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So, the optical and EPR data can be computed uniformly by the
diagonalization of energy matrix method.

The complete energy matrix of the Hamiltonian is 120 � 120 and is
constructed by virtue of the strong field basis functions [22]. In the en-
ergy matrix, the crystal field parameters Bkl are calculated using the
empirical superposition model [23]. The effectiveness of this model in
the analyses of crystal-field parameters has received the support from the
exchange charge model [24,25] and the angular overlap model [23,26].
In the superposition model, the parameters Bkl for a trigonal tetrahedral
cluster in crystals are expressed as
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where the power-low exponents t3 � 3 and t5 � 5 [12,13,27–29]. The
reference distance R0� R. The intrinsic parameter ratio A2ðR0Þ/A4ðR0Þ for
3dn ions inmany crystals is found in the range of 8–12 [12,13,27–30]. Here
themean ratioA2ðR0Þ=A4ðR0Þ� 10 is applied. Angle θ is shown inFig. 1(b).
Analogous to the case of bond lengths Ri, the bond angle θ in an impurity
centermaynot be like the corresponding angle θh in the host crystal because
of the impurity-caused local lattice relaxation. Herewe assume θ¼ θhþΔθ,
where θh � 109.55� [1] and Δθ refers to the impurity-caused angular
distortion and is treated as an adjustable parameter.

The calculations of parameters ζ, ζ0, k and k0 in the energymatrix need
the MO coefficients Nγ and λβ. They can be estimated by means of the
normalization correlations [12,13].
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and the approximate relationships
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in which ft � fe � fγ � 1
2 ðB=B0 þ C=C0Þ. The Racah parameters B0 and C0

Fig. 1. (a) The structure of LiGa5O8 crystal, the tetrahedral Ga3þ site is at the vertex of
cube. (b) The trigonal (CoO4)6� tetrahedral cluster in LiGa5O8:Co2þ crystal.

J. He et al. Physica B: Physics of Condensed Matter 528 (2018) 14–17

15



Download English Version:

https://daneshyari.com/en/article/8161638

Download Persian Version:

https://daneshyari.com/article/8161638

Daneshyari.com

https://daneshyari.com/en/article/8161638
https://daneshyari.com/article/8161638
https://daneshyari.com

