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Abstract

A theoretical method for studying the inter-relation between electronic and molecular structure has been proposed by diagonalizing the complete
energy matrices for d5 configuration ion in a trigonal ligand-field. Based on this method, the local lattice distortion of Fe3+ in AlF3:Fe3+ system (AlF3

is the component of fluoride glasses or is the single crystal) has been studied by considering the second-order and fourth-order EPR parameters D
and (a − F), simultaneously. The results indicate that the local lattice structure around octahedral Fe3+ center has an expansion distortion whether
AlF3:Fe3+ is the component of fluoride glasses or Fe3+ is doped in the AlF3 single crystal. The expansion distortion may be ascribed to the fact
that the radius of Fe3+ ion is larger than that of Al3+ ion, and the Fe3+ ion will push the fluoride ligand outwards, respectively. Furthermore, the
thermal expansion coefficient of Fe3+ in the single crystal AlF3:Fe3+ depending on the temperature are reported and some characteristics of it are
also analyzed.
© 2007 Published by Elsevier B.V.
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1. Introduction

The transition-metal cluster may display various spin ground
states, such as high-spin, low-spin, or intermediate-spin states,
depending on the relative strength of the ligand-field energy and
the mean spin-pairing energy [1–10]. In order to describe the
various characteristics of transition-metal cluster, it is important
to establish the relation between electronic and molecular struc-
ture. In the present work, a theoretical method for determining
the relation for a d5 configuration ion in a trigonal ligand-field
is proposed by diagonalizing the complete energy matrices and
simulating the second-order and fourth-order EPR parameters D
and (a − F), simultaneously. Using this method, the local lattice
distortion for Fe3+ in AlF3:Fe3+ system (AlF3 is the component
of fluoride glasses or the single crystals), as well as the thermal
expansion coefficient for Fe3+ doped in the single crystals AlF3
are studied, respectively.
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Fluoride glasses have emerged as the material of choice for
optical fiber amplifiers and fiber lasers and quickly became a
major interest for telecommunication application [11–14]. AlF3
as the component in the fluoride glasses, it become more and
more important. Especially, metal fluoride glasses based of AlF3,
ZnF2, InF3 etc., which present a high optical transparency in
the mid infrared, have been extensively applied in optical sen-
sors, fiber laser, optical amplifiers, optical fibers [15–17] etc.
Nowadays, it is important and interesting thing to investigate
the compound and local lattice distortion structure of fluoride
glasses by EPR using Fe3+ and Cr3+ probes. Thus, the detailed
knowledge of the impurity in AlF3 by transition-metal ions is
prerequisite for complete understanding of the electrical and
optical properties of all kinds of fluoride glasses. Electron para-
magnetic resonance (EPR) is an effective method to study the
local geometry and local properties in the vicinity of impu-
rity. The single crystal AlF3:Fe3+ and AlF3:Fe3+ in the fluoride
glasses have been investigated in recent years [18–21]. Scholz et
al. [21] and Legein et al. [20] have studied single crystals AlF3
and the transition-metal fluoride glasses by EPR using Fe3+ and
Cr3+ as local probes, respectively. Both Scholz et al. and Legein
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et al. found that the Fe3+ in AlF3:Fe3+ system has a trigonal
distortion whether in the fluoride glasses or the single crystal. In
the Scholz’s work, they have observed the EPR spectra of single
crystal AlF3 depending on the temperature, and their conclusion
is that the Fe3+ will replace Al3+ in AlF3:Fe3+ system [21]. As for
the Legein’s work, they have found that the Fe3+ in the AlF3:Fe3+

system (AlF3 is the component of fluoride glasses) has a trig-
onal distortion [20]. The observed EPR parameters, 104b0

2 =
165 cm−1, 104b0

4 = −12.5 cm−1, 104b3
4 = 325 cm−1 for Fe3+

in AlF3:Fe3+ system are ascribed to the trigonal distortion along
[1 1 1] direction. Legein et al. have analyzed the trigonal distor-
tion based on the EPR parameter D with superposition model
[20]. It is well known that for a d5 configuration ion in a trigo-
nal ligand-field, the high-spin ground state is the 6A1 state. To
reproduce the 6A1 ground state splitting of Fe3+ in AlF3:Fe3+

system, generally, the spin Hamiltonian should include a and
(a − F), besides D [22]. Parameter a is associated with a fourth-
order spin operator and represents a cubic component of the
crystalline electric field. Parameters D and (a − F) are, respec-
tively, associated with the second-order and fourth-order spin
operators and represent a component of the crystalline electric
field that is axially symmetric about the C3 axis. Since both the
EPR parameters D and (a − F) relate to the axial ligand-field,
herein, we will suggest that the parameters D and (a − F) should
be simultaneously considered in the determination of the local
distortion structure of Fe3+ in AlF3:Fe3+ system (AlF3 is the
component of the fluoride glasses or single crystal). Based on
all above points, in present work, we will study the EPR param-
eters a, D and (a − F) of Fe3+ in AlF3:Fe3+ system (AlF3 is the
component of the fluoride glasses or single crystal) simultane-
ously by diagonalizing the complete energy matrices for a d5

configuration ion in a trigonal crystal field.

2. Energy matrix and EPR parameter in a trigonal
ligand-field

For the AlF3:Fe3+ system, the EPR spectrum of trigonal Fe3+

(S = 5/2) center has been described by means of the following
spin Hamiltonian [19,20]:
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where Om
n are the standard Stevens spin operators and bm

n are
zero-field splitting parameters. From the spin Hamiltonian, the
splitting energy levels in the ground state 6A1 for a zero magnetic
field are given as follows:
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Herein, the upper signs and lower signs of “±” and “∓” in Eq.
(2) correspond to b0

2 ≥ 0 and b0
2 < 0, respectively.

Then, the zero-field splitting energies, �E1 and �E2, in the
ground 6A1 state can be explicitly expressed as a function of the
EPR parameters b0
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0
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The positive and negative signs in Eq. (3) correspond to b0
2 ≥ 0

andb0
2 < 0, respectively.wherebm

n are zero-field splitting param-
eters. The simple relation between bm

n and the EPR parameters
a, D and (a − F) may be written
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According to Eqs. (4) and (2), the zero-field splitting energies,
�E1 and �E2, in the ground 6A1 state can also be explicitly
expressed as a function of the EPR parameters a, D and (a − F)
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The perturbation Hamiltonian for a d5 configuration ion in
trigonal symmetry can be written as

Ĥ = Ĥee + Ĥso + Ĥlf

=
∑
i<j

e2

ri,j
+ ζ
∑

i

li · si +
∑

i

Vi,
(6)

where the first term is the electron–electron interactions, the
second term is the spin–orbit coupling interactions and the third
term is the ligand-field potential, which can be expressed as
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where ri, θi and ϕi are spherical coordinates of the ith electron.
Zlm, Zc

lm and Zs
lm are defined as

Zl0 = Yl0,
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the Yl,m in Eq. (8) are the spherical harmonics. γ l0, γc
lm and

γs
lm are associated with the local lattice structure around d5
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