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A unified theoretical method is established to determine the charge-compensated C3v (II) centers of Er3+ ions in
CdF2 and CaF2 crystals by simulating the electron paramagnetic resonance (EPR) parameters and Stark energy levels. The
potential (Er3+–F−–O2−

4 ) and (Er3+–F−7 –O2−) structures for the C3v (II) centers of Er3+ ions in CdF2 and CaF2 crystals are
checked by diagonalizing 364×364 complete energy matrices in the scheme of superposition model. Our studies indicate
that the C3v (II) centers of Er3+ ions in CdF2 and CaF2 may be ascribed to the local (Er3+–F−–O2−

4 ) structure, where the
upper ligand ion F− undergoes an off-center displacement by ∆Z ≈ 0.3 Å for CdF2 and ∆Z ≈ 0.29 Å for the CaF2 along the
C3 axis. Meanwhile, a local compressed distortion of the (ErFO4)

6− cluster is expected to be ∆R≈ 0.07 Å for CdF2:Er3+

and ∆R≈ 0.079 Å for CaF2:Er3+. The considerable g-factor anisotropy for Er3+ ions in each of both crystals is explained
reasonably by the obtained local parameters. Furthermore, our studies show that a stronger covalent effect exists in the C3v
(II) center for Er3+ in CaF2 or CaF2, which may be due to the stronger electrostatic interaction and closer distance between
the central Er3+ ion and ligand O2− with the (Er3+–F−–O2−

4 ) structure.

Keywords: EPR parameters, distorted local structure, covalent effect, optical properties
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1. Introduction
The metal difluorides with the formula MF2 (M = Ca,

Cd, Sr, Ba) can be used as ideal laser media, scintillators, and
other optoelectronic materials, due to the excellent optical and
electronic properties when activated with trivalent rare-earth
ions.[1–13] Weakly interacting dopants with rare-earth ions are
favourable for the possibility of production of the compact
laser.[10–13] In particular, the case of Er3+ is of considerable
interest,[14–21] since it has been found that the visible and in-
frared photoluminescence spectra of Er3+ ions with low con-
centration in MF2-type fluorides are closely related to the dif-
ferent charge compensation centers, mainly resulting from the
modification of local site symmetry and local lattice distortion.

As is well known, the MF2-type fluorides each possess a
cubic structure with the space group Fm3̄m, and each unit cell
has four formula units with twelve ions.[22] As a rule, the di-
valent metal ions occupy the center of cube coordinated with
eight F− ions at the vertices. When trivalent rare-earth ions
enter into the MF2-type fluorides, the trivalent magnetic im-
purity ions will be expected to substitute for the divalent M2+

ions, forming various defect sites, which are associated with
the charge compensation for local charge neutrality.[23–26] In
the past several decades, the electron paramagnetic resonance
(EPR) as a useful tool has been widely employed to identify
the defect sites of paramagnetic ions.[27–30] For instance, the

five different EPR spectra of Er3+ in CaF2 have been reported
by Ranon and Low, which are associated with cubic or tetrag-
onal or trigonal point symmetry.[31] Subsequently, both of C3v

local symmetry sites were also observed by Ensign and Byer
through using correlated EPR and optical spectra for Er3+

in CdF2.[32] Meanwhile, combining with the results of site-
selective laser spectroscopy, some charge compensation cen-
ters have been identified, unambiguously.[33–37] For the case
of Er3+ ions in CdF2 and in CaF2, it is found that the C4v sym-
metry site arises from the charge compensation in which an
F− ion is located at the interstitial position of nearest-neighbor
along the [100] axis of the cube.[35] As to the C3v symmetry
sites, in contrast to the single trigonal Er3+center (L center)
in BaF2:Er3+ and (J center) in SrF2:Er3+, respectively,[36,37]

there are two Er3+centers identified by EPR technique for
Er3+ ions in CaF2 and CdF2 crystals, one of which is des-
ignated to C3v (I) center which is attributed to an interstitial
fluorine ion F− compensating for the exceeded charge along
the [111] direction of crystal axis. However, differing from the
C3v (I) center, the other trigonal Er3+ site, denoted as C3v (II)
center, displays the larger g-factor anisotropy for each of CaF2

and CdF2 crystals, which is usually ascribed to the O2− ions
substituted for the fluorine ions at the nearest-neighbor sites
of the Er3+ ions along the same [111] direction of cube.[31,32]

However, there are some uncertainties for the identification of
the charge compensators for the C3v (II) centers in CaF2 and
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CdF2. For instance, Ranon and Low suggested that the EPR
spectrum of C3v (II) center in CaF2 may be associated with a
substitutional O2− ion occupied at a vertex of cube surround-
ing the central ions, thus forming a distorted cubic structure
(Er3+–F−7 –O2−).[31] In comparison with the electron nuclear
double resonance (ENDOR) studies of the isomorphic Yb3+

ions and Ce3+ ions in CaF2,[38–40] Ensign and Byer reckoned
that the C3v (II) centers for Er3+ ions in CdF2 and CaF2 per-
haps possess the (Er3+–F−–O2−

4 ) structure, which is coordi-
nated by three substitutional O2− ions and three F− vacancies
as the nearest neighbor of the central Er3+ ions, forming a
five-ligand (ErFO4)

6− cluster for the Er3+-doped systems un-
der study.[32] So far, the charge compensation mechanism for
the C3v (II) centers of Er3+ ions in CaF2 and CdF2 has not been
confirmed, although the interstitial fluoride charge compensa-
tions of Er3+ doped in homotypical BaF2 and SrF2 crystals
have been reasonably explained, and the corresponding EPR
parameters related to the defect structure have been studied in
the last few years by Li et al.[41]

The main goal of the present work is to establish the cor-
relation between the EPR parameters and local defect struc-
tures of Er3+ ions in CaF2 and CdF2 crystals. Both of the dis-
torted local models based on the (Er3+–F−–O2−

4 ) and (Er3+–
F−7 –O2−) structures are presented to identify the potential
charge compensation for C3v (II) centers of Er3+ ions in CaF2

and CdF2 crystals. Unlike the method in which used is the
least-squares fitting of the optical data used by Chehaidar and
Hirsch,[24] the EPR parameters and Stark energy levels are
simulated simultaneously by diagonalizing the 364×364 com-
plete energy matrices for a 4f11 configuration ion in trigonal
ligand-field in the scheme of superposition model. Based on
the present theoretical method, the most probable charge com-
pensation figure is identified, and the displacement of compen-
sators away from the central ions compared with regular cubic
structure is evaluated for C3v (II) centers of Er3+ ions in CaF2

and CdF2. Moreover, the considerable g-factor anisotropy for
C3v (II) centers of Er3+ ions in each of CaF2 and CdF2 is ex-
plained reasonably, and the dependence of EPR parameters on
local distortion parameter ∆Z is analyzed.

2. Theoretical methods
In general, the perturbation Hamiltonian for a 4f11 con-

figuration ion Er3+ in a trigonal crystal-field can be expressed
as[42–44]

Ĥ = ∑
k=2,4,6

Fk fk +ζ4 f ∑
i
𝑙i ·𝑠i +αL(L+1)

+βG(G2)+ γG(R7)+ ∑
k=0,2,4

Mkmk

+ ∑
k=2,4,6

Pk pk +
8

∑
k=2
k 6=5

tkT k + ∑
k,q,i

Bk
qCk

q(i), (1)

where the preceding eight terms on the right-hand side indi-
cate the spherically symmetric free ion parts, and the last term
represents the crystal-field potential function. The operators
and parameters of Eq. (1) are written and defined according to
traditional practice.[27–30] The crystal-field Hamiltonian with
the C3v site symmetry may be expanded as

Ĥtrig = B2
0C2

0 +B4
0C4

0 +B6
0C6

0 +B4
3(C

4
−3−C4

3)

+B6
3(C

6
−3−C6

3)+B6
6(C

6
−6 +C6

6), (2)

where the Ck
q and Bk

q denote the normalised tensor operators
and the corresponding crystal-field parameters, respectively.
According to the scheme of the superposition model devel-
oped by Newman and Ng,[45,46] the crystal-field parameters
Bk

q associated with the coordinates of ligand ions around the
central ion may be expressed as

Bk
q = ∑

i
akĀk(R0)

(
R0

Ri

)tk
gk,q(θi,φi), (3)

where the Āk (R0) and tk denote the intrinsic crystal-field pa-
rameter and the power law exponent of rank k, respectively;
R0 is the reference distance, and the Ri represent the distance
between the i-th ligand and the central Er3+ ion. The conven-
tional power law exponents t2 = 3, t4 = 4, and t6 = 10 will
be employed in our calculations. It is noticed that the coef-
ficients ak (a2 = 2, a4 = 8, a6 = 16) are associated with the
transformation of the intrinsic parameters Āk (R0) and B̄k (R0)

in a straightforward manner.[46]

When an external magnetic field is applied, besides the
perturbation Hamiltonian listed in Eq. (1), an extra Zeeman
operator is required. In the intermediate coupling scheme with
|γSLJMJ〉 basis, the matrix elements of the Zeeman interaction
ĤZee may be expressed as[44](

f N
γSLJMJ

∣∣∣∣∣∑i
β𝐻 · (k𝑙i +gs𝑠i)

(1)
q

∣∣∣∣∣ f N
γ
′S′L′J′M′J

)

= (−1)J−MJ βH
(

J 1 J′

−MJ q M′J

)
×
(
γSLJ ‖kL+gsS‖γ

′S′L′J′
)
, (4)

where(
γSLJ ‖kL+gsS‖γ

′S′L′J′
)

= δ (S,S′)δ (L,L′)
{
[J][J′]

}1/2
{

k(−1)S′+L′+J+1
{

J 1 J′

L′ S L

}
× [L(L+1)(2L+1)]1/2 +gs(−1)S+L+J′+1

×
{

J 1 J′

S′ L S

}
[S(S+1)(2S+1)]1/2

}
. (5)

Note that the magnetic hyperfine interaction ĤHF will replace
the Zeeman operator, when the EPR hyperfine structural pa-
rameters (A‖, A⊥) are studied. In contrast to the Zeeman op-
erator, the magnetic hyperfine interaction ĤHF arises from the
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interaction between the electrons and nucleus and may be writ-
ten as

ĤHF =
2ββN µN

I ∑
i

𝑁i ·𝐼
r3

i
, (6)

where 𝑁i = 𝑙i−
√

10(𝑠𝐶2)
(1)
i , β and βN denote the Bohr mag-

neton and the nuclear magneton, respectively; µN is the value
of the nuclear magnetic moment in the unit of nuclear magne-
ton, and I represents the nuclear spin (I = 7/2 for the 167Er3+

isotope). The basic matrix elements of the second part of 𝑁i

in the same coupling scheme may be expressed as(
f N

γSLJMJ

∣∣∣∣∣∑i
(𝑠i𝐶

2
i )

(1)
q

∣∣∣∣∣ f N
γ
′S′L′J′M′J

)

= (−1)J−MJ

(
J 1 J′

−MJ q M′J

)
×

(
f N

γSLJ

∥∥∥∥∥∑i
(𝑠𝐶2)

(1)
i

∥∥∥∥∥ f N
γ
′S′L′J′

)
, (7)

where the sum i runs over all the unfilled electrons. The re-
duced matrix elements of the generalized tensor on the ex-
treme right side of Eq. (7) can be further reduced to(

f N
γSLJ

∥∥∥∥∥∑i
(𝑠𝐶2)

(1)
i

∥∥∥∥∥ f N
γ
′S′L′J′

)

= −
√

42
5

N
{
[J][J′][L][L′][S][S′]

}1/2

 S S′ 1
L L′ 2
J J′ 1


×∑

γ̄L̄S̄

(
γLS{

∣∣γ̄L̄S̄l
)(

γ
′L′S′{

∣∣γ̄L̄S̄l
)
(−1)L̄+S̄+L+S+s

×
{

S 1 S′

s S̄ s

}{
L 2 L′

l L̄ l

}
. (8)

For the sake of saving space, the abbreviation [Y ] = 2Y +1 is
used and valid only when there is a single symbol enclosed
within the square brackets in Eq. (8). With simple manipula-
tion of transformation, the relations between the components
of these vector operators in the Cartesian coordinates systems
and the components of the corresponding tensor operators may
be written as follows:

Tx = (1/
√

2)(T (1)
−1 −T (1)

1 ), (9)

Ty =
i√
2
(T (1)
−1 +T (1)

1 ), (10)

Tz = T (1)
0 , (11)

where T represents the first-order tensor operator acting as
orbital angular momentum L, spin angular momentum S or
the generalized first-order tensor ∑i (𝑠𝐶

2)
(1)
i . Up to now, the

EPR parameters of a 4f11 configuration ion Er3+ in the trig-
onal ligand-field can be analysed by using the effective spin
Hamiltonian[47]

ĤS = βHzg‖Sz +βg⊥(HxSx +HySy)

+A‖IzSz +A⊥(SxIx +SyIy), (12)

where effective S = 1/2 is taken. The constants required
for following calculations are 〈r−3〉 = 10.6 a.u. and µN =

−0.5647 for the 167Er3+ isotope.[29] The correlation between
the EPR parameters and the actual Hamiltonian is established
by completing the energy matrices.

3. Calculations and discussion
As is well known, the ground 4I15/2 multiplet for a 4f11

configuration ion Er3+ in a cubic ligand-field will be split into
three quartets Γ8 and both doublets Γ6 and Γ7, of which the
three quartets Γ8 may be further split into six doublets under
the lower trigonal site symmetry. For the C3v (II) centers of
Er3+ ions in CaF2 and CdF2 crystals, the lowest Kramers’ dou-
blet Γ7 can be determined by the diagrams by Lea et al.[48]

and or the method reported in our earlier paper.[49] In the
present work, firstly, the optical spectra of Er3+ ions in CaF2

and CdF2 crystals in cubic symmetry are simulated by diago-
nalizing 364×364 complete energy matrices.[25] The fourth-
order and sixth-order intrinsic parameters Ā4 ≈ 76.6 cm−1,
Ā6 ≈ 22.9 cm−1 for CaF2:Er3+ system, and Ā4 ≈ 80.6 cm−1,
Ā6 ≈ 24.3 cm−1 for CdF2:Er3+ system are obtained, respec-
tively, which will be employed in the next studies for the C3v

(II) centers in CaF2 and CdF2. Secondly, based on the sug-
gested (Er3+–F−–O2−

4 ) or (Er3+–F−7 –O2−) structure for C3v

(II) centers in CaF2 and CdF2, the distorted local models are
proposed and plotted in Fig. 1, where the parameter ∆Z cor-
responds to the displacement of the upper ligand ion, viz., F−

for the (Er3+–F−–O2−
4 ) structure and O2− for the (Er3+–F−7 –

O2−) structure along the C3 axis. The changes of the remaining
ligand ions with equivalent charge and location in the nearest
neighbor of Er3+are described by the parameter ∆R compared
with the scenario of the cubic structures. Thus, the lengths
of the Er3+–F− bond and Er3+–O2− bond for the (Er3+–F−–
O2−

4 ) structure, or the lengths of the reversed Er3+–O2− bond
and Er3+–F− bond for the (Er3+–F−7 –O2−) structure, can be
expressed, respectively, as

R1 = R0−∆Z, R2 = R0−∆R, (13)

where R0 = 2.333 Å and R0 = 2.366 Å denote the Cd2+–
F− bond length and Ca2+–F− bond length for the host
CdF2 and CaF2, respectively. In our calculations, in or-
der to reduce the number of adjustable parameters, the well-
fitting free-ion parameters of Er3+ ions doped in LaF3 are
used,[41] because a number of studies have proved that the
slight variation of free-ion parameters hardly affects the
Stark splitting or the EPR parameters, merely disturbing the
centroid of high manifolds.[27–30] By simulating the Stark
energy levels and EPR parameters of Er3+ ions in CaF2

and CdF2 with C3v (II) centers based on the above dis-
torted models, we determine the values of other intrinsic pa-
rameters: A2(F−) ≈ 695.0 cm−1, A′4(O

2−) ≈ 120.4 cm−1,
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A′6(O
2−)≈ 29.3 cm−1 for CdF2:Er3+; A2(F−)≈ 1265.0 cm−1,

A′4(O
2−)≈ 115.4 cm−1, A′6(O

2−)≈ 22.1 cm−1 for CaF2:Er3+

with the (Er3+–F−–O2−
4 ) structure; A2(F−) ≈ 400 cm−1,

A′2(O
2−) ≈ 1000 cm−1, A′4(O

2−) ≈ 185.6 cm−1, A′6(O
2−) ≈

18.9 cm−1 with the (Er3+–F−7 –O2−) structure for CaF2:Er3+

system. The obtained crystal-field parameters and the Stark
energy levels are tabulated in the following Table 1 and Ta-
ble 2, respectively. The comparisons between the calculated
EPR parameters and the experimental values are given in Ta-
ble 3.

Table 1. The crystal-field parameters for Er3+ ions in CdF2 and CaF2 crystals, in units of cm−1.

Parameter CdF2:Er3+ CaF2:Er3+

Symmetry Oh C3v (II)a) Oh C3v (II)a) C3v (II)b)

B20 0 759.2 0 1419.2 1617.0
B40 1337.4 1511.2 1271 1480.0 2436.2
B43 –1598.5 –1433.3 –1519.1 –1402.9 –1519.2
B60 1228.8 1120.6 1158.0 900.0 1199.9
B63 742 606.6 699 473.8 699.2
B66 778.2 636.2 733.3 497.0 733.3

a) Crystal-field parameters based on the (Er3+–F−–O2−
4 ) structure.

b) Crystal-field parameters based on the (Er3+–F−7 –O2−) structure.

Table 2. The calculated and experimental Stark energy levels of 4I15/2 states for C3v (II) centers of Er3+ ions in CdF2 and CaF2 crystals. All
values are in units of cm−1.

Stark levels No.
CdF2:Er3+ CaF2:Er3+

Eexp
[32] Ecal

a) Eexp
[24] Eexp

[36] Ea)
cal Eb)

cal

Z1 0.0 0.0 0.0 0.0 0.0 0.0
Z2 65.5 68.4 48.99 50.3 53.2 61.4
Z3 93.4 87.1 97.47 99.8 99.0 96.8
Z4 135.7 112.0 198.45 199.0 183.7 197.3
Z5 494.6 489.4 425.88 428.5 426.0 536.5
Z6 522.2 521.0 439.38 442.5 448.1 563.6
Z7 554.6 554.2 455.87 457.5 458.2 590.0
Z8 701.4 705.9 744.27 750.5 749.0 990.2

a) Calculated results based on the (Er3+–F−–O2−
4 ) structure.

b) Calculated results based on the (Er3+–F−7 –O2−) structure.

Table 3. The calculated and observed EPR parameters for C3v (II) centers of Er3+ ions in CdF2 and CaF2 crystals, the hyperfine parameters
are in units of 10−4 cm−1.

CdF2:Er3+ ∆Z ∆R k g‖ g⊥ gav A‖ A⊥

Cub.
Cal. – – 1.0 6.8202 6.8202 6.8202
Cal. – – 0.986 6.757 6.757 6.757

Exp.[32] 6.759 6.759 6.759
C3v (II)

Cal. –0.30 0.07 1.0 2.9618 8.5975 6.7189 105.6 311.45
Cal. –0.30 0.07 0.955 2.8747 8.3406 6.5186 100.85 297.44

Exp.[32] 2.875 8.334 6.514
CaF2:Er3+

Cub.
Cal. – – 1.0 6.8185 6.8185 6.8185
Cal. – – 0.992 6.783 6.783 6.783

Exp.[31] 6.785 6.785 6.785
C3v (II)
Cal.a) 0.07 0.0 1.0 2.1734 8.883 6.646
Cal.b) –0.29 0.079 0.97 2.2073 8.8339 6.625 78.34 319.93

Exp.[31] 2.206 8.843 6.631 77±6 305±6

a) Calculated results based on the (Er3+–F−7 –O2−) structure.
b) Calculated results based on the (Er3+–F−–O2−

4 ) structure.
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By comparison, we find that the EPR parameters and
Stark energy levels for the C3v (II) centers of Er3+ ions in
CdF2 and CaF2 can well accord with the experimental val-
ues if the (Er3+–F−–O2−

4 ) structure is adopted, where the pa-
rameters ∆Z ≈ −0.3 Å, ∆R ≈ 0.07 Å for CdF2:Er3+, and
∆Z ≈ −0.29 Å, ∆R ≈ 0.079 Å for CaF2:Er3+ are obtained,
respectively. In contrast to the case of the (Er3+–F−–O2−

4 )
structure, only the EPR g-factors and the lower four Stark en-
ergy levels of Er3+ in CaF2 are in accordance with the ob-
served values, providing that the (Er3+–F−7 –O2−) structure is
used. The case of CdF2 is similar to the CaF2 that is omitted
herein. The higher four energy levels of 4I15/2 (Z5–Z8) have
the larger difference (more than 100 cm−1) between the cal-
culated and observed values as indicated in Table 2, even if
the more intrinsic crystal-field parameters are allowed to vary
freely. Furthermore, it is worth noting that the shift directions
of upper ligand ions based on the above both structures are

opposite to each other in order to accommodate the consider-
able g-factor anisotropy for the C3v (II) centers. In order to
clarify the potential origination, the correlation between the
higher Stark energy levels of 4I15/2 and the shift parameter ∆Z
is plotted in Fig. 2, and the dependence of EPR g-factors on
the parameter ∆Z is plotted in Fig. 3. From Fig. 2 we can
clearly see that the Stark splitting of the energy levels Z7↔ Z8

is extremely sensitive to the shift parameter ∆Z whether for
the (Er3+–F−–O2−

4 ) or (Er3+–F−7 –O2−) structure. In particu-
lar, the displacement of upper ligand ion (∆Z > 0) toward the
central ion Er3+ will exponentially increase the splitting for
the paired energy levels Z7 ↔ Z8. In other words, the split-
ting of the pair levels (Z7↔ Z8) can be regarded as a criterion
of the shift direction of the upper ligand ion. The larger dis-
placement ∆Z of ligand F− from the center Er3+ ions with the
(Er3+–F−–O2−

4 ) structure may result in the stronger g-factor
anisotropy for the C3v (II) centers in CaF2 and CaF2.
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-1.6 -1.2 -0.8 -0.4 0 0.4
100

300

500

700

900

1100

1300

(a)

S
ta

rk
 e

n
e
rg

y
 l
e
v
e
ls

 o
f

g
ro

u
n
d
 4

I
1
5
/
2
 (

c
m

-
1
)

S
ta

rk
 e

n
e
rg

y
 l
e
v
e
ls

 o
f

g
ro

u
n
d
 4

I
1
5
/
2
 (

c
m

-
1
)

-1.6 -1.2 -0.8 -0.4 0 0.4
100

300

500

700

900

1100

1300
(b)

DZ ↼A↽ DZ ↼A↽

Z2
Z3
Z4
Z5
Z6
Z7
Z8

Z2
Z3
Z4
Z5
Z6
Z7
Z8
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4 ) structure and (b) (Er3+–F−7 –

O2−) structure.

From Fig. 3 it is shown that the closer distance (∆Z > 0)
of the Er3+–O2− bond in the (Er3+–F−7 –O2−) structure will
produce stronger nephelauxetic overlap, characterised by the
departure of average g-factor gav from the g-value of cubic
structure, than the Er3+–F− bond in the (Er3+–F−–O2−

4 ) struc-
ture. However, the dependence for each of g-factors (g‖, g⊥,
gav) on the shift parameter ∆Z is analogous for both structures
when ∆Z<0. In other words, the EPR g-factors almost linearly

depend on the parameter ∆Z, when the upper ligand ion is far-
away from the C3v (II) center along the [111] axis; contrarily,
Fig. 3 exhibits the presence of nonlinear dependence between
the g-factors and ∆Z for both structures when ∆Z > 0. To
demonstrate the non-linear relation between the g-factors and
the shift parameter ∆Z (> 0), the polynomial functions of g-
factors can be estimated by the least squares fitting method for
the Er3+ ions in CaF2 with the (Er3+–F−–O2−

4 ) structure as
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follows:

g‖ = 43.33∆Z3−10.38∆Z2−0.9169∆Z +2.231, (14)

g⊥ =−15.42∆Z3 +5.40∆Z2−0.1108∆Z +8.557, (15)

gav = 4.166∆Z3 +0.141∆Z2−0.3796∆Z +6.448, (16)

where the maximal root-mean-squqre (RMS) deviation from
the calculated values is less than 0.01. Up to now, the rea-
son appears to be clear. The more charges of the substituted
Er3+ ion and the ligand O2− ion in the (Er3+–F−–O2−

4 ) struc-
ture will bring about the stronger electrostatic interaction be-
tween the central Er3+ ion and ligand ions than the scenario
at the cubic site of (Er3+–F−8 ) structure without charge com-
pensation. Since the orbit reduction factor k usually reflects
the average covalent effect,[30,50] the less orbit reduction fac-
tor k with the (Er3+–F−–O2−

4 ) structure also implies that the
stronger covalent bonding effects may exist in the C3v (II) cen-
ters for Er3+ ions in CaF2 and CaF2, which consists well with
the calculated average g-factor gav. The less k of C3v (II) center
in CdF2 means the stronger covalent bond effect than that in
CaF2 host, which may be ascribed to the less difference in ion
radius between the substituted Er3+ ion (rEr3+ = 0.881 Å) and
the host ion Cd2+ (rCd2+ = 0.97 Å) in CdF2 compared with the
replaced Ca2+ ion (rCa2+ = 0.99 Å) in CaF2 host. Moreover,
the fact that the obtained parameter ∆R with the (Er3+–F−–
O2−

4 ) structure is less than the difference in ion radii between
the substituted Er3+ ion and host ions also supports the judg-
ment about the covalence. However, for the case of (Er3+–F−7 –
O2−) structure, the nominal electrovalent bond with k = 1.0
for C3v (II) center in CaF2 cannot account for the deviation of
mean g-factor from the value of cubic center without charge
compensation. It is concluded that the Stark energy levels and
EPR parameters of the C3v (II) centers of Er3+ ions in CaF2

and CdF2 cannot be explained reasonably by the (Er3+–F−7 –
O2−) structure.

In addition, the calculated hyperfine parameters of C3v

(II) center of Er3+ ions (Er167, I = 7/2) in CaF2 are rea-
sonably consistent with the experimental values based on the
distorted model with the (Er3+–F−–O2−

4 ) structure. How-
ever, the breadth of the Er3+ EPR lines means the pres-
ence of a doublet structure for the magnetic field along the
[111] direction, and the hyperfine parameters of C3v (II) cen-
ter of Er3+ ions in CdF2 have not been reported in experi-
ment. The calculated values of hyperfine structural parame-
ters A‖ = 100.85(10−4 cm−1) and A⊥ = 297.44(10−4 cm−1)
for C3v (II) center in CdF2 are obtained, which also accord
well with the conventional relation between the g-tensor and
A-tensor: A‖/g‖ ≈ A⊥/g⊥. Of course, considering the com-
plexity of the local charge compensation, for the sake of clar-
ifying the local parameters around the Er3+ with C3v (II) cen-
ters in CdF2 and CaF2 crystals, a careful experimental study
especially ENDOR is required.
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Fig. 3. The dependence of EPR g-factors on the parameter ∆Z for Er3+ ions
in CaF2: (a) for the (Er3+–F−–O2−

4 ) structure and (b) for the (Er3+–F−7 –
O2−) structure.

4. Conclusions
The potential (Er3+–F−–O2−

4 ) and (Er3+–F−7 –O2−) struc-
tures for the C3v (II) centers of Er3+ ions in CdF2 and CaF2

crystals are checked by diagonalizing 364×364 complete en-
ergy matrices in the scheme of superposition model. Our stud-
ies indicate that the C3v (II) centers of Er3+ ions in CdF2 and
CaF2 may be ascribed to the local (Er3+–F−–O2−

4 ) structure,
where the upper ligand ion F− undergoes an off-center dis-
placement ∆Z ≈ 0.3 Å for host CdF2 and ∆Z ≈ 0.29 Å for the
host CaF2 along the C3 axis. Meanwhile, a local compressed
distortion ∆R ≈ 0.07 Å for CdF2:Er3+ and ∆R ≈ 0.079 Å for
CaF2:Er3+ are expected. The larger g-factor anisotropy for
Er3+ ions in each of both crystals is explained reasonably by
the obtained shift parameters. Furthermore, our studies show
that a stronger covalent bonding effect exists in the C3v (II)
center for Er3+ in each of CaF2 and CdF2, which may be due
to the stronger electrostatic interaction and closer distance be-
tween the central Er3+ ion and ligand ion O2− with the (Er3+–
F−–O2−

4 ) structure. The less difference in ion radius between
the substituted Er3+ ion and the cation Cd2+ in CdF2 may be
responsible for the stronger covalence than in CaF2 host.
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