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Abstract

An analysis of the relationship between the EPR trigonal-field parameters and the local crystal structure of KZnFs:Fe®tsystem is
presented by diagonalizing the complete energy matrices for a d° configuration ion in a trigonal crystal field. We propose a two-layer-ligand
model, in which the ligands consist of six nearest-neighbor F~ ions in the first layer and eight next nearest-neighbor K* ions in the second
layer. The calculation indicates that the local structure distortion of KZnF;:Fe® " system is due to the displacement of a K™ ion along C; axis
towards the Fe> " ion, which leads to the shift of the F~ ions away from Cj; axis. By simulating the EPR low-symmetry parameters D and
(a—F), the distorted angles between the Fe?T—F~ bonds and Cj axis are determined, Af; =2.58°, A, = — 1.4° at room temperature (300 K)
and Af;=2.84°, AG,= —1.4° at low temperature (77 K). Those results are in good agreement with the experimental findings Af;=2.8 +

0.3°%nd Af,=—1.11+0.3°.
© 2004 Published by Elsevier Ltd.

1. Introduction

As a typical ionic crystal, the perovskite fluoride KZnF;
doped with transition metal ions such as Fe’ T, Co® T, it
has been studied experimentally and theoretically by many
workers [1-5]. J.J. Krebs and R.K. Jeck’s experiment [1]
shows that when the Fe> ™ ions dope into KZnF3, the Fe3
ion will substitute for the Zn>™ ion, and the local structure
of KZnFy:Fe’ is a cubic symmetry for the sufficiently low
concentration of Fe’* (<100 ppm) and a trigonal sym-
metry for the high concentration (> 100 ppm). The ENDOR
spectra indicate that the local trigonal distortion along the
[111] direction (i.e. the C; axis) may be described by angles
of deviation between the Fe**—F~ bonds and C; axis, by
Af;=2.84+0.3° and Af;=—1.110.3°, respectively.
The EPR experiment, which also supports the trigonal
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distortion viewpoint, indicates that the spin Hamiltonian
parameters of the Fe®* ion in trigonal symmetry are 10*a=
45.6cm™ ', 10°D=103.4cm ™", 10*@—F)=49.5cm ™" at
the room temperature (7=300 K) and 10%a=49.7 cm ™ !,
10*D=107.9 cm_l, 10* (a—F)=524 cm ! at low tem-
perature (7=77 K). J.J. Krebs and R.K. Jeck [1] speculated
that in KZnF5:Fe®" the trigonal distortion is due to the
presence of a K* vacancy that is the next-nearest neighbor
of the Fe> " ion along [111] direction (or along the Cj; axis).
Based on the Vi-model Yu [2] has studied the EPR
parameters a, D and (a—F) of the KZnF3:Fe3 * system
using a high order perturbation procedure. His results indi-
cated that the Vi-model cannot simultaneously explain the
EPR low-symmetry second-order parameter D and fourth-
order parameter (a— F). In the present paper, the relation-
ship between the local structure of the KZnF5:Fe®* system
and the EPR low-symmetry parameters D and (a— F) will
be studied using the diagonalization of the complete energy
matrices. Our analysis will show that the two-layer-ligand
model may satisfactorily explain both the local lattice
distortion in KZnF:Fe*" and the EPR experimental data.
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2. Theoretical analyses

When the concentration of the doping Fe’* ions in
KZnF;5: Fe’* is more than 100 ppm, the local structure of
Fe’™ in KZnF5:Fe’* has Cj, symmetry [1]. The pertur-
bation Hamiltonian for a d” configuration ion in trigonal
symmetry can be written as
H=H,+H,+Hep=) ¢ /r,J+Cle +Zv,,

i<j
where the first term is the electron—electron 1nteract10ns, the
second term is the spin—orbit coupling interactions, and the
third term is the ligand-field potentials, which can be
expressed as

Vi =v00Z00 + Y207 Zao(03s9)) + Yaor Zao (0, 07)

+ Y537 Z53(0:,0)) + Yiari Zi3(0,,00), )

According to the perturbation Hamiltonian (1), for a d’
configuration ion two 84 X84 energy matrices have been
constructed in terms of the irreducible representations
I'yTs) and T'g of C; point symmetry [6]. The matrix
elements are functions of the Racah parameters B and C, the
Trees correction «,the spin—orbit coupling coefficient £, and
the crystal field parameters B,g, B4y and Bj; [7], which are
generally defined as [8]

By =Y Go(MKY(1), By =D Gy(DKI(),

3)
B =110 ZG4<T>K4<T>
where
1
K)(r)= 56 cos’d, — 1),
1
K1) =205 cos*d, —30cos’d, +3), “)

K3 (1) =35cos 0, sin’ 0, cos 3¢, .

In Egs. (3) and (4), 7 represents the 7th ligand, 0., ¢,
represent the angular coordinates of the 7th ligand. For the
special case of the point-charge model, G,>(7) and G4(7) may
be written as

Gy (1) = eq,G*(1), Gy4(1)=eq,G*(7), (5)

where e and g, represent the charges of the electron and the
7th ligand, respectively, and G*(7) (k=2, 4) are the integrals
introduced by Gerloch and Slade [9]:

RT
Gk(r)=J0 R3,(r)” Rk+ldr+J R3,(r)? rHld (6)

According to the Van Vleck approximation for G*(7)
integral, we have

eq{r?) . Gulr )_eqT(r“) Gz(ﬂ_(”z)Rz.

SR R G

(7

As long as we know the Racah parameters B and C, the
Trees correction «, the spin—orbit coupling coefficient {, and
the crystal field parameters B,o, B, Bj; of Fe’' in
KZnF5:Fe® " the optical spectra and the ground-state
splitting of the system can be calculated, and then the
relationship between the EPR parameters and the local
lattice structure of the KZnF5:Fe® " system can be further
studied.

The EPR spectra of a d® configuration ion in trigonal
symmetry may be analyzed by employing the spin
Hamiltonian [10]:

A, = gBH-S + D[S? — S(S + 1)/3] + a[S? + S} + ¢

— 8(S + 1(3S* + 35 — 1)/51/6

+ F[355; — 308(S + 1)S7 + 2552 — 65(S + 1)

+ 35225 + 1)’)/180, (8)
where a is the cubic-crystal-field splitting parameter, D and
F correspond to the low-symmetry second- and fourth-order

components. From Eq. (8) the splitting energy levels in the
ground state °A, for a zero-magnetic field can be written as

1

E <i§> =D/3—(a—F)/2—[(18D +a—F)’ +80a’]"/6,
3

E(J_r§> = —2D3+(a—F),

5
E<i§> =DI3 —(a—F)2+[(18D +a—F)* +80a]"/6.

€))

Then the ground-state splitting AE; and AE, can be
expressed as

AE, = E(i;) - E<i;>

1
= ig[(a — F + 18D) + 804%1"?,

AE, = E(i;) —E(ié)

1
= %(a —F)— Dig[(a — F + 18D)* + 804°]'"?,
(10)

where the signs ‘+’ and *—’ correspond to D >0 and D <0,
respectively. Kuang has shown that the low-symmetry EPR
parameters D and (a—F) are almost independent of the
cubic EPR parameter a for Fe** in AL,O; [6]. We note that
this conclusion is also suitable for the KZnF5:Fe®* system,
so we can take an cubic approximation in the calculation of
the EPR parameter a and determine D and (a — F) by using
Eq. (10) as well as the corresponding values AE;, AE, from
the diagonalization of the complete energy matrices.
Based on the two different models, one with a K*
vacancy and the other without a K* vacancy, we will,
respectively, study the relationship between the EPR
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