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This paper describes a novel application of a ligand field model in the study of the local molecular structure
of the (CrFg)* coordination complex. Based on the ligand field model, the complete energy matrix which
contains the electron—electron repulsion interaction, the ligand field interaction, the spin—orbit coupling
interaction, and the Zeeman interaction, has been constructed for a d* configuration ion in a tetragonal ligand
field. In order to study the relation between the EPR, the optical spectra, and the local lattice structures
around the centers with tetragonal symmetry in AMF; codoped with Cr** and Li" ions, a three-layer-ligand
model is proposed. By diagonalizing the complete energy matrix and employing the three-layer-ligand model,
the variational ranges of the local structural parameters around the Cr3" ions are determined, respectively.
The results show that the local lattice structures around the Cr** ions in AMF; exhibit a compressed distortion,
and the magnitude of distorted parameter AR, of the Cr’*—Vy center is different from that of the Cr¥*—Li*
center in AMF;. The compressed distortion is ascribed to the fact that the radius of the Cr3* ion is smaller
than those of M?* (M = Cd, Mg, Zn). Moreover, a linear correlation between the difference in the magnitude
of distortion parameterAR for two different defect centers and the difference in the corresponding values of

the zero-field-splitting parameter AD are found first.

1. Introduction

Impurities in solid materials have been a subject of wide-
spread interest in recent years, as doped materials can display
new properties which are absent in pure compounds.> Among
the impurities, particular attention has been focused on the
transition-metal ions.? Generally, the transition-metal complex
molecules may display various spin ground states, such as high-
spin, intermediate-spin, or low-spin states, depending on the
relative strength of the ligand field energy and the mean spin-
pairing energy. In some special cases, i.e., when the ligand field
splitting energy becomes comparable with the mean spin-pairing
energy, the spin transition phenomena, such as high-spin <> low-
spin transition, high-spin <> intermediate-spin transition, or
intermediate-spin <> low-spin transition, can be observed.*-13
In order to understand the various characteristics of transition-
metal complex molecules, a careful theoretical study to establish
the interrelation between electronic structure and molecular
structure will be important. In our present work, the complete
energy matrix has been constructed for a d3 configuration ion
in a tetragonal ligand field. By diagonalizing complete energy
matrix and employing the three-layer-ligand model, the local
lattice structures of the tetragonal Cr’*—Vy and Cr3*—Li"
centers in AMF3 (A = Rb, Cs, K; M = Cd, Mg, Zn) have been
investigated, respectively.

Perovskite fluorides AMF; (A = Rb, Cs, K; M = Cd, Mg,
Zn) are the most important fluoride crystals because of applica-
tion in photoelectric basic materials, because they possess
excellent insulator, photoluminescent, ferromagnetic, and pi-
ezoelectric properties, and so on.!418 Especially with transition-
metal ions doped in fluoride crystals, those properties may get
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distinct progress. Recently, a continuing interest in the study
of the related properties of Cr’* doped in perovskite fluorides
AMF; has been intensified for application as tunable solid-state
lasers operating at room temperature.'?2° For example, the EPR
spectra of AMF5:Cr®* systems, which are very sensitive to local
lattice structure distortions, have been measured by Takeuchi
et al.>! and Abdulsabirov et al.,>> respectively; the optical
properties of Cr’* doped in RbCdF;, KMgF;, and KZnF; have
been measured by Villacampa et al.>* and Altshuler et al.,?*
respectively; the investigation of structural phase transitions for
Cr*" in RbCdF; has been reported by Studzinski et al.>> Yang?®
has investigated the EPR zero-field splitting of Cr3* ions at a
tetragonal site and the Cd*>* vacancy in RbCdF;:Cr3* crystals
on the basis of high-order perturbation formulas and the first-
layer ligands F~, and a cation vacancy (V¢q) in the third-layer
ligands; the second-layer ligands K* and the remaining ligands
Cd?* in the third layer are not taken into account. When Cr>*
and Li" ions are codoped in AMF;, the Cr3* ions are associated
with a cation vacancy (Vi) or a Li™ ion at the nearest divalent-
cation site in the third layer due to charge compensation.
Moreover, up to now a theoretical explanation for the differences
AD (AD = D(Vy) — D(Li™)) has not been made. This may be
ascribed to the lack of effective calculation formulas related to
the structural data for a d3 configuration in a tetragonal ligand
field. In our present work, a three-layer-ligand model is proposed
to consider the charge compensation into the calculation. Based
on the three-layer-ligand model, the local lattice structures of
the tetragonal Cr3*—Vy and Cr3™—Li" centers in AMF; have
been investigated by diagonalizing complete energy matrix for
a d® configuration ion in a tetragonal ligand field. The results
show that the local structures around the Cr3" ions in AMF;
exhibit a compressed distortion, and the distorted parameter of
the Cr3*—Vy center is different from that of the Cr3*—Lit
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center. Moreover, the relation between the distorted differences
AR and the differences AD is discussed.

2. Theoretical Method

2.1. Complete Energy Matrix. The perturbation Hamilto-
nian for a d* configuration Cr®" ion in a ligand field with
tetragonal symmetry can be expressed by?"-28

H=H_+H .+ Hy+ Hyy

—ze/r +Zv+z;21 s +uﬁz(k—[+ges) H (1)
i<j
where Aee, Hi 5, Hso, and Hyy are, respectively, the electron—electron
repulsion interaction, the ligand field interaction, the spin—orbit
coupling interaction, and the Zeeman interaction. { is the
spin—orbit coupling coefficient, k is the orbit reduction factor,
and V; is the ligand field potential:

Vi=Yo00loo T V20" izz20(0i’ @)tYaor i4Z40(0i’ p)+

yony i4zf14(6i’ @)+ Vg i4ZZ4(0i’ @) (2
ri, 05, and @; are the coordinates of the ith electron. According
to the Hamiltonian (1), the energy matrix for a d configuration
ion is constructed. The matrix elements are the functions of the
Racah parameters B and C, the spin—orbit coupling coefficient
g, and the ligand field parameters which are expressed as
follows:?*

B,y = %Z G,(1(3 cos’ 0.—1),

By, = %z G,(1)(35 cos* 6, — 30 cos 0, + 3),

By, = Y70 z G,(7) sin? 0. cos 4¢,,

s V70
B,= Z G,(7) sin* 6, cos 4¢, 3)
where

Gy(1) = —q,eGX(1), Gy(1)=—q,eG'(1),

R, k 00 R g
Gm= [, R3d2(r)r2R’;_H dr+ [ Ry A0 mdr )

According to the van Vleck approximation for G(r) integral, >
we have the relations

Gy (D)=~

By employing the radial wave function of Cr3* ions in
complexes,®! the values of [#*Uand [*Umay be estimated as

(P0=24843 au, F'[=16.4276 au (6)

Explicitly, the Zeeman term can be expressed by parallel or
perpendicular component to the Cy axis as follows:

Hye() =15y (Kl + g,5:)H.,

HZE(D) Z/’tﬁz (klix + gesix)Hx (7)

By using eq 7, the two complete energy matrices including
the parallel and perpendicular components of the Zeeman term
for a d? configuration ion in a tetragonal ligand field have been
constructed.

J. Phys. Chem. A, Vol. 112, No. 31, 2008 7281

@ represents Cr** ion @ represents M ion

O represents Fion

O represents A ion

9
) g 1@, r/

Q
5. P Cf = 7-(.94}
B O @, >
7 7
O

> O

o
B 1

tz

X

e

(

Figure 1. Three-layer-ligand model for the local structure of AMF;
(A = Rb, Cs, K, M = Cd, Mg, Zn):Cr*" systems.

2.2. ZFS Parameters of a 3d* Ion in a Tetragonal Ligand
Field. The EPR spectra of Cr3" ions in a tetragonal ligand field
can be described by the spin Hamiltonian:3?

Hy=guzH,S, +grus(H,S, +HS)+

Wy
D[SZ —(173)S(S+ DI (8)

where D is the zero-field-splitting parameter. From eq 7 the
energy levels in the ground state *A, without magnetic field
are written as follows:

E(£1/2)=-D, E(£3/2)=D )

The corresponding ground-state zero-field splitting AE can be
expressed as a function of the parameter D:

AE = E(£3/2) — E(£1/2)=2D (10)

Based on eqs 3 and 10, the relationship between the local lattice
structures of tetragonal Cr3*—Vy; and Cr’*—Li" centers in
AMF; and its EPR parameters as well as the optical spectra
can be investigated by means of the complete energy matrix.

3. Three-Layer-Ligand Model

According to the structural characteristics of AMF3, the
coordinates of the ligands of three-layer-ligand model (as shown
in Figure 1) are given in the following. In the first layer, R;o(71)
is the bond length of M—F, where 7; = 1,..., 6 represent the six
nearest-neighbor F~ ions. In the second layer, Ryy(72) =
\/§R10(ﬁ) is the bond length of Cr—A (A = K, Rb, Cs), where
7o = 1,..., 8 denote the eight next-nearest-neighbor A% ions. In
the third layer, R3o(73) = 2R;o(7}) is the bond length of Cr—M
M = Cd, Zn, Mg), where 73 = 1,..., 6 represent the six next-
next-nearest M?" ions. In the calculation we choose the
projection of one of the Cr—F, bonds in the x—y plane along
the x-axis (see Figure 2). In this case, the Bis term is 0 and the
angular coordinates of the ligands are given by
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4
Oro(t) =0, 7,=1, 0,(t)=7,
1,’1:2,3,4,Ss 0]()(7]):'7[’ t1:6;

T
Gt =0, 7,=12, ¢)(r)= bR 7, =3,

3
pp(T)=m, 71,=4,6, ¢10(71):§”7 7, =5;
0y(T,) =cos '(1N3), 1,=1,2,3,4, Oy (1) =m—
cos '(1N3), 1,=5,6,7,8;

T 3
Dyo(Ty) = R T,=2,7, ¢y(T,) = 4

Sm T
7,=3,6, qbzo(rz):T, 7,=4,5, ¢20(r2)27,

4
7,=1,8;0,,(15) =0, 73=1, 610(r3)=§,

7,=2,3,4,5, 0,(r;)=m, 1,=06;
JT
@19(13) =0, 73,=1,2, ¢10(T3):§, T3=3,

3
DT =7, 13=4,6, ¢(15)= 3T T3 5

On the basis of the three-layer-ligand model and eq 3, the
ligand field parameters can be written as follows:

B 1 ny ) ny
By=3 T; G(1))(3 cos’ 0, — 1)+QZ1 G,(T,) X
n3

(3 cos’ 0, —1 )+Z G,(15)(3 cos’ 0, —1)

n
By = % S Gur)(35 cos* 0, =30 cos? 0, +3) +
7;1=1
ny
Y Gy@)(35cos" 6, —30cos’ 6, +3) +
=1 :
z G,(15)(35 cos* 0, —30 cos’ 0, +3)

73=1

. V10

B44_¥

Z G,(t,) sin’ 0, cos4g, +
7]

ny n3

z G,(1,) sin* 0, cos 4g, + z G,(t,) sin* 0, cos 4q,

T2 73
(11

where n; = 6, n, = 8, and n3 = 6 represent the number of F~
ligands, A™ ligands, and M?" ligands, respectively.

3.1. M?* Vacancy Model (Vy). The ligand number of the
M?" vacancy model is n; = 6, np = 8, and n3 = 5 for six F~
ligands, eight A™ ligands, and five M?™ ligands, respectively.
In this case, an M?* vacancy is denoted by 73 = 1 along the Cy
axis in the local lattice of the AMF;:Cr3* system. When Cr3™*
and Li™ ions are codoped in AMF;, Cr3" ions replace M2 ions
(M = Cd, Mg, Zn) and the local symmetry around Cr*" ion
changes from O, to Cy,. Therefore, we introduce parameters
AR; and AR; (as shown in Figure 2) to describe the tetragonal
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Figure 2. Local structure of the tetragonal Cr**—Vy and Cr3*—Li*
centers in AMF; (A = Rb, Cs, K, M = Cd, Mg, Zn) in the first layer.

TABLE 1: Electrostatic Parameters and Crystal Field
Strength Dq of the Tetragonal Cr3*—Vy; and Cr3"—Li*
Centers in AMF;*

B C Dq k ref
CsCdFs* 800 3290 1400 0.77
RbCdF;3 800 3290 1420 0.77 24
KCdFs* 745 3315 1525 0.81
KZnF3 745 3315 1527 0.79 25
KMgF; 742 3330 1560 0.78 25

@ All values in cm™!. » Racah parameters B and C and cubic field
parameters Dq for Cr’* doped in CsCdF; and KCdF; are estimated
from the optical spectra in similar RbCdFs:Cr*t and KZnFs:Cr’*
systems, respectively.

distortion in AMFs. The approximate relationship is used to
evaluate the Cr—F bond lengths for Cr3* at the M?* site with
Cy4, symmetry:

R,=R,,—AR,, R,=R,,— AR, (12)

where Ry is the M—F bond length, and the values are Ry =
223, 2.20, 2.145, 2.027, and 1.994 A for CsCdFs;, KCdFs,
RbCdF;, KZnFs, and KMgF;,2! respectively. As for the first
layer, Ay = —eq,[PP[] Ay = -eq,[#*[] and Ar/A4 = PUHFL] the
ratio of [P 0= 0.151 227 for Cr’>*" may be obtained from
the parametric radial wave function.3! The value of A4 for
octahedral (CrFg)* cluster can be determined from the optical
spectra and the Cr—F bond length of the CrF; and K;NaCrFg
crystals.33-37 By this way, we derive A4 = 26.525—28.802 au
and A, = 4.011—4.356 au for octahedral (CrFg)* cluster and
we will take them in the following calculation. In the second
and third layers, the point charges lel and [2¢l will be employed.

The Racah parameters B and C and cubic field parameters
Dgq can be obtained from their optical spectra or the optical
spectra in a similar system;>*?* the estimated values are listed
in Table 1. In the calculation, the spin—orbit coupling coefficient
¢ = 217 cm™!38 is employed for Cr3" in the KZnF;:Cr3t
system. Moreover, the slight adjustment from the typical value
of k = 0.79 has been made in order to obtain the values of
the g factors (g, gn). By diagonalizing the complete energy
matrix with tetragonal symmetry and employing the above
parameters, the optical and EPR spectra of the tetragonal



Structural Defects in Cr3™Doped Perovskites

TABLE 2: Zero-Field-Splitting Parameters D and g Factors
for Cr3™—Vy; Centers in AMF; Crystals as a Function of the
Two Parameters AR{(Vy) andAR,(Vy)®
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TABLE 4: Zero-Field-Splitting Parameters D and g Factors
for Cr3*—Lit in AMF; Crystals as a Function of the Two
Parameters AR{(Li") and AR,(Li")*

Ay (au) ARi(Vm) ARx(Vm) 2D(Vwm) 8l &0

A4 (au) AR](LlJr) ARz(L1+) 2D(L1+) 8l 8o

CsCdF; 26.525 0.3419 0.2730  —0.12580 1.9700 1.9715
28.802  0.3104 0.2405  —0.12580 1.9700 1.9715

experiment?! —0.12586 1.9699 1.9720
RbCdF; 26.525  0.3099 0.2480 —0.11392 1.9704 1.9718
28.802  0.2784 0.2156  —0.11393 1.9704 1.9718
experiment?! —0.11386 1.9705 1.9726
KCdF3 26.525  0.2805 02212 —0.10229 1.9707 1.9721
28.802  0.2493 0.1892  —0.10230 1.9707 1.9721
experiment?! —0.10226 1.9705 1.9723
KZnF; 26.525  0.1645 0.1040  —0.108 47 1.9723 1.9736
28.802  0.1334 0.0721  —0.108 43 1.9723 1.9736
experiment?! —0.10842 1.9720 1.9742
KMgF; 26.525  0.1607 0.792 —0.136 57 1.9729 1.9746
28.802  0.1300 0.0474  —0.136 58 1.9729 1.9746
experiment? —0.136 60 1.9730 1.9730

@ AR; and AR, are in A; D is cm™.

TABLE 3: Comparison of Optical Spectra between
Theoretical and Experimental Values for Cr3™—V,; Centers
in AMFj; Crystals®

CsCdF; 26.525  0.3748 0.2730
28.802  0.3438 0.2405

—0.17174 1.9700 1.9722
—0.17171 1.9700 1.9722
—0.17176 1.9698 1.9728
—0.148 79 1.9704 1.9723
—0.148 76 1.9704 1.9723
—0.148 78 1.9702 1.9728
—0.124 21 1.9711 1.9728
—0.12418 19711 1.9728
—0.12424 19711 1.9729
—0.101 58 1.9723 1.9736
—0.10159 1.9723 1.9736
—0.101 60 1.9723 1.9736
—0.12539 1.9729 1.9746
—0.12548 1.9729 1.9746
—0.12540 1.9730 1.9730

experiment?!

RbCdF;3 26.525  0.3369 0.2480
28.802  0.3058 0.2156

experiment?!

KCdF; 26.525 03014 0.2212
28.802  0.2705 0.1892

experiment?!

KZnF3 26.525 0.1673 0.1040
28.802  0.1363 0.0721

experiment?!

KMgF3; 26.525 0.1605 0.0792
28.802  0.1299 0.0475

experiment??

@ AR, and AR, are in A; D is in cm™!.
TABLE 5: Comparison of Optical Spectra between

Theoretical and Experimental Values for Cr3"—Li Centers
in AMFj; Crystals®

transitions *A,—

transitions *A,—

A4 (au) 2E 2T1 4T2 2T2 4T] A4 (au) 2E 2T1 4T2 2T2 4T1
CsCdF; 15494 16167 14002 22794 21107 CsCdF; 15505 16214 14002 22815 21392
26.525 26.525
15619 16323 14583 22929 23129 15629 16328 14890 22972 23489
15493 16159 14002 22797 21097 15503 16204 14002 22818 21378
28.802 28.802
15620 16323 14576 22931 23148 15630 16328 14879 22975 23518
RbCdF; 15503 16175 14181 22831 21278 RbCdF; 15515 16232 14181 22839 21527
26.525 26.525
15623 16329 14714 22959 23264 15627 16332 14973 22985 23475
15501 16169 14181 22834 21270 15513 16224 14181 22842 21514
28.802 28.802
15624 16329 14709 22961 23282 15624 16332 14965 22988 23502
experiment®* 15550 14 180 21 300 experiment?* 15550 14 180 21 300
KCdF; 15287 15859 15249 22766 22152 KCdF; 15300 15938 15249 22753 22385
26.525 26.525
15398 16 031 15791 22856 24443 15398 16032 16017 22868 24490
15286 15852 15247 22769 22140 15299 15923 15247 22755 22369
28.802 28.802
15399 16031 15782 22858 24460 15398 16032 16006 22870 24515
KZnF; 15281 15816 15271 22799 22153 KZnF; 15302 15935 15271 22735 22303
26.525 26.525
15405 16033 15814 22879 24667 15390 16030 15890 22840 24212
15280 15808 15273 22804 22145 15301 15930 15273 22738 22294
28.802 28.802
15406 16033 15808 22880 24687 15391 16030 15885 22842 24237
experiment® 15364 16124 15270 22470 22220 experiment® 15364 16124 15270 22470 22220
KMgF3 15315 15792 15599 22968 22642 KMgF3 15337 15939 15599 22882 22755
26.525 26.525
15458 16069 16306 23032 25626 15441 16066 16390 22990 25075
15313 15780 15599 22975 22630 15335 15931 15599 22886 22742
28.802 28.802
15459 16069 16294 23034 25652 15442 16066 16381 22992 25106
experiment® 15360 16300 15600 22730 22570 experiment® 15360 16300 15600 22730 22570

@ All values in cm™'.

Cr3*—Vy centers in AMF; are simulated by employing two
distortion parameters, AR;(Vy) and ARy(V), and the results
are listed in Tables 2 and 3.

3.2. Cr¥3"—Li" Center Model. In the Cr’*—Li" center
model, the ligand number is n; = 6, n, = 8, and n3 = 6 for six
F~ ligands, eight A" ligands, and five M?" ligands and one
Lit ligand. In this case, a Li* ion at the nearest M>" site is
denoted by 73 = 1 along the Cy4 axis in the local lattice of the
AMF;:Cr37 system. Then, in the third layer, the point charge

@ All values in cm™'.

lel will be employed for the 73 = 1 ligand. By employing the
same parameters and diagonalizing the complete energy matrix
with tetragonal symmetry, the relation between the local lattice
structure and the EPR and optical spectra of the tetragonal
Cr3*—Litcenters in AMF; are simulated by employing two
distortion parameters, AR (Li*) and AR,(Li"), and the results
are listed in Tables 4 and 5.

From Tables 2-5, we can see that the distorted parameters
for two different tetragonal Cr3™—Vy and Cr3*—Li™ centers in
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TABLE 6: Local Lattice Structures of the Tetragonal
Cr3*—Vy andCr3*—Li" Centers in AMF;

compound centers Ry (10%) R, (A) R, (A)

CsCdF;  Cr’t—Lit 1.8552—1.8862 1.9570—1.9895
2.230

Cri*—Veq 1.8881—1.9196 1.9570—1.9895

RbCdF;  Cr’t—Lit 1.8631—1.8942 1.9520—1.9844
2.200

Cri*—Veq 1.8901—1.9216 1.9520—1.9844

KCdF; Crit—Li* 1.8436—1.8745 1.9238—1.9558
2.145

Cri*—Veq 1.8645—1.8957 1.9238—1.9558

KZnF; Crit—Li* 1.8597—1.8907 1.9230—1.9549
2.027

Crit—Vgz, 1.8625—1.8936  1.9230—1.9549

KMgF; Crit—Li* 1.8335—1.8641 1.9148—1.9466
1.994

Cr’*—Vy, 1.8333—1.8640 1.9148—1.9466

AMF; are obtained by simulating the calculated optical and EPR
spectra for the experimental results simultaneously. Correspond-
ingly, the local structure parameters can also be determined,
which are listed in Table 6. AR;(Vy or LiT) > 0 and AR»(Vum
or Li™) > 0 denote that the local lattice structures around Cr3*
ions in AMF; crystals exhibit a compressed distortion whether
it is a Cr3*—Vy center or a Cr3*—Li* center. This may be due
to the fact that the radius of Cr3* ions (» = 0.63 A) is smaller
than those of M2T (M = Cd, Mg, Zn; r = 0.97, 0.66, and 0.74
A).3% Moreover, from Tables 2 and 4, we also find that the
magnitude of distorted parameters AR; of the Cr>*—Vy center
is smaller than that of the Cr3*—Li™ center in CsCdF3, RbCdF;,
KCdF;, and KZnF3, whereas in KMgF; and the former is almost
equal to the latter. Of course, in order to verify our conclusion
further, careful experimental investigations, especially ENDOR
experiments, are required.

According to the local structure distortion parameters listed
in Tables 2 and 4, we find that the difference AD (AD = D(Vy)
— D(Li")) is sensitive to AR (AR = AR;(Vy) — ARy(Li™)) but
is not sensitive to AR' (AR' = AR»(Vm) — AR»(Li")). This
means that the contribution of the M?* vacancy or Li™ ion to
D cannot be neglected. Moreover, the plots of the differences
AD (AD = D(Vy) — D(Li")) versus the distorted differences
AR (AR = AR\(Vm) — AR;(Li™)) are shown in Figure 3 for
Cr3*—Vy and Cr3*—Li* centers in AMF;. From Figure 3 we
can see that the differences AD (AD = D(Vy) — D(Li™))
decrease almost linearly on increasing the distorted differences
AR (AR = AR{(Vm) — ARy (Li")). That is, a linear correlation
between the difference in the magnitude of the distortion
parameter AR (AR = AR (Vym) — AR, (Li™))) for two different
defect centers and the difference in the corresponding values
of the zero-field-splitting parameter AD (AD = D(Vym) —
D(Li")) are found.

4. Conclusions

Tetragonal distortion of structural defects in Cr3* doped in
several perovskites AMF; (A = Rb, Cs, K; M = Cd, Mg, Zn)
has been investigated on the basis of the 120 x 120 complete
energy matrix containing electron—electron repulsion, ligand
field, spin—orbit coupling, and Zeeman interactions for a d?
configuration ion in a tetragonal ligand field, respectively. When
the calculated EPR and optical spectra values are in agreement
with the experimental results, the variational ranges of the local
structural parameters around the Cr>" ions are determined by
diagonalizing complete energy matrix and employing a three-
layer-ligand model. The results show that the local lattice by
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Figure 3. Differences AD (AD = D(Vy) — D(Li™)) plotted against
distorted differences AR (AR = AR(Vym) — AR (Li")) for Cr’* and
Li* ions codoped in AMF; (A = Rb, Cs, K, M = Cd, Mg, Zn).

structures around the Cr3* ions in AMF; exhibit a compressed
distortion, and the magnitude of distorted parameter AR;(Vy)
of the Cr3™—Vy center is different from that of AR{(Li") of
the Cr3*—Li" center in AMF;. The compressed distortion is
ascribed to the fact that the radius of the Cr3" ion is smaller
than those of M** (M = Cd, Mg, Zn). Simultaneously, from
our calculation, we can also find that the difference AD (AD =
D(Vy) — D(Li™)) decreases almost linearly with the increase
of the distorted difference AR (AR = AR;(Vm) — ARy(Li™)).
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