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Abstract 

The absorption spectrum of Cr
3+

 in BIGaZYTZr (30BaF2-18InF3-12GaF3-20ZnF2-10YF3-6ThF4-4ZrF4) fluoride glass is 

characterized by the presence of features on the 
4

T2g(
4

F) absorption band. These features result from interaction of the 
2

Eg(
2

G) and 
2

T1g(
2

G) sharp levels with the vibrationally broadened 
4

T2g(
4

F) quasi-continuum via spin-orbit coupling. We have 

analyzed this phenomenon in the frame of the Fano’s antiresonance model. This analysis permits us to determine the 

electronic structure of the chromium ion Cr
3+

 by the crystal field theory. A good agreement between the theoretical and the 

experimental energy levels are obtained. The fitted parameters by Fano’s antiresonance model and the crystal field 

parameters obtained in this work are compared with those of homologous fluoride glasses.  

Keywords: Crystal field, transition-metal, fluoride glass, interference dip, Fano’s antiresonances. 

1. Introduction 

Considerable interest has been devoted to 

fluoride glasses, particularly heavy metal fluoride 

glasses. The optical properties of fluoride glasses are 

important for accurately designing optical systems, 

optical fiber waveguides, fiber lasers and amplifiers [1-

5]. Furthermore, the ease of preparation, high 

concentrations of transition-metal ions can be 

incorporated into these matrices. These doping ions 

present favorable spectroscopic properties. Cr
3+

 doped 

glasses have attracted much attention over the past few 

years because of applications to lasers [6] and solar 

concentrators [7]. The states of transition metals in 

host glasses are known to be influenced by several 

parameters such as type and glass composition. 

The optical absorption spectrum of Cr
3+

 doped 

BIGaZYTZr (30BaF2-18InF3-12GaF3-20ZnF2-10YF3-

10ThF4-4ZrF4) fluoride glass was measured by Elejalde 

et al. [8]. This spectrum consists of broad absorption 

bands with the presence of features which are 

attributed to the d-d transitions of the active center Cr
3+ 

with 3d
3 

configuration. It is approved that in most 

glasses, Cr
3+

 ions occupy sites having nearly perfect 

octahedral symmetry because of the strong ligand field 

stabilization energy of Cr
3+

 in six-fold coordination [9]. 

In this paper, we are interested in studying the 

absorption spectrum of Cr
3+ 

doped BIGaZYTZr 

fluoride glass. In the first part, we give a qualitative 

study of the interaction between quartet 
4

T2g(
4

F) and 

doublet 
2

Eg(
2

G) excited levels via spin-orbit coupling by 

using the notion of adiabatic potential energy surfaces. 

In the second part, we concentrated our study on the 

features observed at the long wavelength 
4

A2g(
4

F) → 
4

T2g(
4

F) absorption band of Cr
3+

 doped BIGaZYTZr. 

These features have been analyzed by Fano’s 

antiresonance model [10-11]. Finally, we present a 

detailed crystal-field analysis of the electronic energy 

levels of Cr
3+

:BIGaZYTZr based on the Racah theory. 

This theoretical analysis leads to the Racah and crystal-

field parameters for this ion. The splitting of the Stark 

levels under spin-orbit interaction is also considered. 

By comparison with other fluoride glasses, we tried to 

deduce informations such as the intensity of the 

crystal-field on Cr
3+

 ion (from Dq parameter) as a 
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function of the glass composition, the disorder in these 

glasses, etc....  

2. Experimental Support 

The spectroscopic properties of Cr
3+

 in 

BIGaZYTZr (30BaF2-18InF3-12GaF3-20ZnF2-10YF3-

6ThF4-4ZrF4) fluoride glass has been investigated by 

Elejalde et al. [8]. The optical absorption spectra 

measured by these authors will be used for the 

theoretical study of this article.  

Figure 1 presents the room temperature 

absorption spectrum of Cr
3+

 (0.2 mol%) doped 

BIGaZYTZr fluoride glass. The absorption spectrum 

is characterized by two spin-allowed broad bands 

centered at 15391 and 22423 cm
-1

, which are attributed 

respectively to the vibronically broadened transitions 
4

A2g(
4

F) → 
4

T2g(
4

F) and 
4

A2g(
4

F) → 
4

T1g(
4

F).  

The 
4

A2g(
4

F) → 
4

T2g(
4

F) absorption band shows a fine 

structure due to the spin-forbidden 
4

A2g(
4

F) → 
2

Eg(
2

G) 

and 
4

A2g(
4

F) → 
2

T1g(
2

G) transitions.  

 

Figure 1. Optical absorption spectra of Cr3+ doped BIGaZYTZr 

fluoride glass (plotted line) at room temperature and fits to a 

Gaussian function (dashed line) [8]. 

3. Theoretical Background  

The fine structure observed on the 
4

A2g(
4

F) → 
4

T2g(
4

F) absorption band of Cr
3+ 

doped BIGaZYTZr 

fluoride glass will be analyzed following the Fano’s 

antiresonance model. Then, the electronic structure is 

determined by the crystal field theory which reposes 

on the Racah tensor algebraic methods. In this section, 

we remember briefly the Fano’s antiresonance and 

crystal field theories. 

 

3.1. Fano’s antiresonance method 

Antiresonances features are analyzed by means of the 

Fano’s profile function R(ω). This function is obtained 

from the ratio of the experimental absorption 

spectrum to the background spectrum, the latter being 

obtained by fitting the wings of the experimental 

absorption spectrum with a Gaussian function. In the 

notation of Sturge et al., the Fano’s theory is provided 

as [12]: 

 

           
 
  

       
   

    
 

 

 
(1) 

 

where: 

   
     

  
,    

         

          

   
      

 

         

   
        ,        

   
    

   
  

 

The index i ranges over the number of sharp 

levels (two in our case, i =1 for 
2

Eg (
2

G) and  

i =2 for 
2

T1g (
2

G)). Interactions between these sharp 

levels and the vibrationally broadened 
4

T2g (
4

F) are 

neglected. φi is the wave function of the sharp level in 

the absence of the interaction Hi with the continuum 

(spin-orbit in our case). Φi represents a modification of 

φi by the continuum and ψ0 the ground state. z is the 

optical operator (electric or magnetic dipole). 

   

   
and    

   
arise, respectively, by auto-ionisation of 

φi and by direct transition from ground state ψ0. 

The four parameters   
 , γi, qi and ωri are to be 

fitted. The parameter   
  gives the fraction of the band 

states that take part in the interference process. γi 

indicates the spectral width of the sharp state (
2

Eg or 
2

T1g). qi is a numerical index which characterizes the 

line profile. A value of qi close to zero corresponds to 

a “true” antiresonance. Finally     is the resonance 

energy which is slightly shifted due to the interaction 

with the continuum, compared to the resonance 

energy for the unperturbed sharp absorption line. 

 

3.2. Crystal field study of the Cr
3+

 in phosphate glasses 

The total Hamiltonian of a 3d
N

 ion in an arbitrary 

symmetry site is written as [13,14]: 

 

     H  =  H0  +  HTrees+ HCF  +  HSO                    (2)  
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H0 is the Coulomb interaction including electron-

electron repulsions. This Hamiltonian gives the 
2S+1

L 

terms: two quartet terms (
4

F ground state and 
4

Pexcited 

state) and six doublet excited terms (
2

H, 
2

G, 
2

F,   
 ,   

  

and 
2

P ) for Cr
3+

 with a 3d
3

 configuration. The 

eigenvalues of Hamiltonian H0 are expressed as a 

function of the Racah parameters B  

and C [13,15]. HTrees is the Trees correction describing 

the two-body orbit-orbit polarization interaction (α is 

the Trees parameter) [16,17]. HSO is the spin-orbit 

(SO) coupling (ζ is the one electron SO parameter). 

HCF is the crystal field Hamiltonian, which is 

represented for octahedral symmetry Oh in the 

Wybourne’s notation by the following [18,19]: 

 

      
      

   
   

 

  
   

   
    

   
                (3) 

 

  
    is the octahedral CF parameter and   

  are the 
Racah tensor operators. The matrix elements of   

  
operators are calculated numerically by the Racah 
tensor algebraic  
methods [20],  whereas the Racah parameters B 
and  , the Trees parameter α, the crystal field 
parameter   

    , and the one electron SO 
parameter ζ have to be determined from the 
optical spectra. The parameter Dq, characteristic 
of transition metals, shows the crystal field 
strength and is related to the B4

oct parameter by 
the relation: 10Dq = 21 B4

oct. 
The spin-orbit coupling term ζ is related to racah 
parameters B and C by the relation [21]: 
 

ζ = N
2
ζ0  with     

 

 
   

 

  
  

 

  
      (4) 

B0= 918 cm
-1 

and C0= 3850 cm
-1

 are the Racah 

parameters and ζ0 = 273 cm
-1

 is the spin-orbit coupling 

coefficient of the free Cr
3+

 ion [22]. 

Since, the crystal-field is of the intermediate strength 

for 3d
N

 transition ions of the first series in crystals, 

[13,15,18] the basis functions                   in the 

LS-coupling scheme have been adopted in our 

computer package. As a part of a larger project, we 

have set to develop a crystal field analysis computer 

program based on MAPLE software to calculate the 

energy levels and state vectors for any transition metal 

ion with the 3d
N 

configuration  

(N = 2, 3, 7, 8) located at sites with symmetry given by 

any of the 32 crystallographic point groups. This 

computer program has been tested and has given the 

same results as the one of Y. Yeung and C. Rudowicz 

[23].
 

4. Results And Discussion 

The absorption spectrum of Cr
3+

 in BIGaZYTZr  glass 

shows features due to the interaction between the 
2

Eg(
2

G) and 
2

T1g(
2

G) sharp levels and the vibrationally 
4

T2g(
4

F) quasicontinuum. The interactions between 

states of different spin multiplicities lead to 

interference dips. In this section, we first explain the 

origin of these dips in the model of adiabatic potential 

energy surface. Then, we analyze these features 

according to the Fano’s antiresonance theory. Finally, 

we determine the electronic structure of Cr
3+

 in 

BIGaZYTZr by using the crystal field theory.  

 

4.1.  Adiabatic potential energy surface used to explain 

the interference dips  

To explain the origin of the interference dips, 

we use the notion of adiabatic potential energy 

surfaces. In this model, we characterize the 

interference between the quartet 
4

T2g(
4

F) and the 

doublet 
2

Eg(
2

G) excited states because it is an obvious 

dip in the absorption spectrum of Figure 1. We have 

not taking into account the interaction with the 
2

T1g(
2

G) 

excited state because the values of the parameters that 

describe the interference dip for this state  are more 

inaccurate due to the contribution from the 
4

T1g(
4

F) 

excited state. The origin of the Fano’s antiresonance is 

explained by the spin-orbit coupling between the two 

states 
4

T2g(
4

F) and 
2

Eg(
2

G) [10-11]. In this qualitative 

study, each harmonic potential is defined along a 

single normal coordinate Q with its frequency k in 

wavenumber units. The position of the potential 

minimum and the vibrational frequency for the 
2

Eg(
2

G) 

state are identical to the ground state potential 

minimum 
4

A2g(
4

F), set to Q=0. This doublet state is not 

displaced along the normal coordinate because the 

electronic transition corresponds to an intra-

configurational d-d excitation [24-27]. The position of 
4

T2g(
4

F) minimum is displaced along Q by an amount 

ΔQ and we consider its vibrational frequencies to be 

identical to those on the ground and doublet excited 

states. This quartet state surface is displaced to longer 

metal-ligand bond distances because the d-d excitation 

populates metal-ligand antibonding molecular orbitals 

[24-27]. The magnitude of the displacement ΔQ is 

determined from the width of the spin-allowed 

absorption band in the experimental spectrum. E(
2

Eg) 

and E(
4

T2g) are the energy of the potential minimum 

for 
2

Eg(
2

G) and 
4

T2g(
4

F) states respectively. The 

potentials for the two excited states in the absence of 

spin-orbit coupling are given by : 



Electronic structure and Fano’s antiresonance ….               JNTM(2016)                          Hajer Souissi et al. 

 

37 

 

    
       

 

 
           

                    (5) 

     
       

 

 
                 

   (6) 

If we take into account the spin orbit coupling, the 

quartet excited state 
4

T2g(
4

F) is split into four levels (2G, 

E1 and E2) and the doublet excited state just undergoes 

a displacement (G). The corresponding uncoupled 

potentials are called diabatic potentials. The 

interaction between the same symmetry levels (G) 

deriving from electronic states of different 

multiplicities leads to the observed spin-forbidden 

transition from 
4

A2g(
4

F) ground state to 
2

Eg(
2

G)  excited 

state. Effectively, the 
4

T2g(
4

F) and 
2

Eg(
2

G) diabatic 

potentials are coupled by a constant V12 which its 

magnitude is on the order of the spin-orbit coupling 

constant ζ. These coupled potentials are called 

adiabatic potentials and are obtained by diagonalizing 

the following 2x2 potential matrix:  

 

    
 ,    

    
     

     

         
  

          (7) 

The adiabatic potentials are given by the following 

expression [34]: 

 

    
 

 
                  

              (8) 

    
 

 
                                 (9) 

 

 where V+ and V- are the upper and lower adiabatic 

potentials. The adiabatic excited state surfaces are 

shown as solid lines and the dotted curves 

corresponding to the diabatic excited state potential 

energy as illustrated in Figure 2. The consideration of 

the spin orbit coupling between 
2

Eg(
2

G) and 
4

T2g(
4

F) 

leads to the adiabatic excited state potential energy 

curves V+ and V- which are  responsible of the spin-

allowed  
4

A2g(
4

F) → 
4

T2g(
4

F) and the spin-forbidden 
4

A2g(
4

F) → 
2

Eg(
2

G) transitions and permit us to explain the 

interference dip.  

 

4.2. Fano’s antiresonance study of 
4

T2g(
4

F), 
2

Eg(
2

G) and 

2

T1g (
2

G) states 

The study of the interference dips can be 

made according to the Fano’s antiresonance theory 

presented by Sturge et al. and Lempicki et al. [12,28]. 

The Fano's profile function R(ω) is obtained 

from the ration of the experimental absorption 

spectrum to the background spectrum, the latter 

calculated by fitting the wings of the spectrum by a 

single Gaussian function. Figure 1 shows the results of 

the Gaussian fit. The R(ω) curve and its fit from Eq. 1 

is represented in Figure 3. The fitted parameters   
 , 

qi, γi and ωri (i=1 for 
2

Eg(
2

G) state and i=2 for 
2

T1g (
2

G) 

state)  listed in Table 1. It can be observed that the 

Fano’s antiresonances parameters obtained in this 

study are compatible with the result obtained by 

Illarramendi et al. for homologous fluoride glasses 

[29]. 

 

Figure 2.  Potential energy curves for the 4T2g(4F) and  2Eg(2G) excited 

states. The diabatic and adiabatic potentials for these electronic 

states are shown by dashed and solid lines respectively. 
 

Figure 3.  Experimental Fanoʼ s antiresonances profile (plotted line) 

and fits to Eq.1 (solid line) for Cr3+ doped BIGaZYTZr fluoride 

glass. 
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Table 1. Parameters of 2Eg(2G) and 2T1g(2G) antiresonances for Cr3+: BIGaZYTZr and comparison with homologous glasses.  

 

 
Parameter 

Cr
3+

: 

BIGaZYTZr 

Cr
3+

: BIGaZYT 

[31] 

Cr
3+

: BIZYT 

[31] 

2
Eg 

  
  0.17 0.28 0.23 

   -0.39 -0.219 -0.148 

  (cm
-1

) 376 336 292 

   (cm
-1

) 15 036 15 245 15 227 

2
T1g 

  
  0.20 - - 

   0.52 - - 

  (cm
-1

) 450 - - 

   (cm
-1

) 16 406 - - 

 

Table 2.   Crystal field, Racah, trees and spin-orbit coupling parameters values for Cr3+doped BiGaZYTZr fluoride glass.  

 

Material Dq 

(cm
-1

) 

B 

(cm
-1

) 

C 

(cm
-1

) 

  
    

(cm
-1

) α 
ζ 

(cm
-1

) 

Cr
3+

: BIGaZYTZr
a
 1540 787 3 045 32 340 70 248 

 

 

The value obtained for ρ
2

 parameter can be related to 

the larger disorder in glasses [28] which produces a 

more complete mixing of the spin-orbit components 

of the 
4

T2g(
4

F) with components of 
2

Eg (
2

G)  and 
2

T1g (
2

G). 

The q parameter, ranging from -∞ to +∞, characterizes 

the line shape. The small value obtained for q 

indicates that the antiresonance is produced by a sharp 

forbidden transition overlapping with a broad allowed 

band. The value of γ indicates an inhomogenous 

broadening of the transition due to the presence of 

several environments in the glass. The last fitted 

parameter, ωr, quantifies the position of the 

antiresonance in absorption and permits an estimation 

of the shift of the sharp levels due to coupling with the 

quasi-continuum. If we compare the values of ρ
2

, it can 

be seen that the BIGaZYTZr fluoride glass has the 

smallest value and consequently should be the most 

ordered glass. The values of the antiresonance 

linewidths γ are influenced by the inhomogeneous 

broadening due to the presence of several 

environments in the glasses. The last fitted parameters, 

ωr1 and ωr2, quantify the position of the antiresonances 

in absorption. 

From the energy position of 
4

T2g(
4

F), 
2

E(
2

G), 
2

T1g(
2

G) 

and 
4

T1g(
4

F) levels obtained by the Fano’s 

antiresonance study we can performed the crystal field 

analysis on Cr
3+

 doped in BiGaZYTZr. 

 

4.3. Crystal field study of the absorption 

spectrum of Cr
3+

: BiGaZYTZr 

The theoretical energies chromium Cr
3+

: 

BIGaZYTZr are obtained by diagonalizing the full 

120x120 matrix associated to the Hamiltonian of Eq. 1 

in the free ion eigenstates            within the 

quartet terms (
4

F ground state and 
4

P excited state) and 

doublet excited terms (
2

H, 
2

G, 
2

F, Da

2
, Db

2
and 

2

P). 

These energies are function of the B, C, α,   
    and ζ 

parameters. From the absorption spectrum of Figure 

1, we determine the 10Dq crystal field strength, it 

represents the difference between the excited state 
4

T2g(
4

F) and the ground state 
4

A2g(
4

F). The crystal field 



Electronic structure and Fano’s antiresonance ….               JNTM(2016)                          Hajer Souissi et al. 

 

39 

 

parameter   
    is then deduced from the value of 

10Dq [13,30]. The Racah parameters B is obtained 

from the observed quartet state
 4

T1g(
4

F).  

The spin-orbit coupling term ζ is calculated 

from the Racah parameters B and C by Eq. 5. The 

Racah parameter C, the Trees correction α and 

parameters are adjusted using the Newton Raphson 

method to minimize the difference between the 

calculated and the observed 
2

Eg(
2

G) energy levels. The 

spin orbit parameter ζ is introduced in our computer 

package in order to obtain the splitting of the Stark 

levels of the Oh site symmetry. The set of calculated 

parameters B, C,   
   , Dq, α and ζ listed in Table 2 

permit as to deduce the calculated energy levels 

reported in Table3. The calculated and the 

experimental energies are in good agreements.  

 

The electrostatic crystal field theory deals 

only with the d orbitals. The molecular orbitals are in 

reality influenced by the interaction between the 

ligand’s s and p orbitals and the d orbitals of the 

central ion. The admixture of these orbitals leads to 

the s, σ and π bondings between the Cr
3+

 impurity ion 

and F
-

 ligands. Thus, the 10Dq parameter obtained 

from absorption spectra of Figure 1 contains the two 

contributions : the crystal field measure and also 

comprises the admixture of the antibonding eg  and t2g  

orbitals with s and p ligand orbitals. The 10Dq 

parameter strongly depends upon the metal-ligand 

distance. The Racah parameters B and C are reduced 

compared to the free ion due to covalency effects.  

 

The Tanabe-Sugano diagrams for Cr
3+

 ion in 

octahedral symmetry site of Figure 4  is drawn with the 

Racah parameters B and C of Table 1 (C/B=3.88). It 

indicates the general behavior of Cr
3+

 ion energy levels 

as a function of the local field strength measured in 

terms of Dq/B. The vertical line represents the 

appropriate value for Dq/B found for Cr
3+ 

in 

BiGaZYT. From this diagram, we remark also that the 
4

T2g(
4

F) quartet state and the (
2

Eg (
2

G),
2

T1g (
2

G)) doublet 

states are near for the calculated parameters Dq, B 

and C. This shows a strong coupling between the 

electronic states of different multiplicities. All these 

excited states are subdivided into E1, E2 and G states by 

spin-orbit coupling (Figure 5).  

The interaction between the same symmetry 

levels (E1, E2 or G) deriving from electronic states of 

different multiplicities leads to the observed spin-

forbidden transitions from the 
4

A2g(
4

F) ground state to 

the 
2

Eg(
2

G) and the 
2

T1g(
2

G) excited states (Oh symmetry) 

with lower intensity compared to a spin-allowed 

transition (Figure 5). 

 

Figure 4.  Tanabe-Sugano diagram for octahedrally coordinated 

Cr3+ ion with C/B=3.88. The vertical line represents the case of 

Cr3+ in BIGaZYTZr fluoride glass. 

Figure 5.  Electronic states of  4T2g (4F),  2Eg (2G)  and 
2T1g (2G) of Cr3+ in 

BIGaZYTZr fluoride glass. Solid arrows denote spin-allowed 

transition. Dotted arrows connect pairs of interacting levels under 

spin-orbit coupling. 
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Table 3.  Experimental and calculated energies (cm
-1
) of Cr

3+
 

occupying a Oh symmetry in BiGaZYTZr fluoride glass (the " - " 

signifies that the states are not visible). 

 Cr
3+

: BiGaZYTZr 
mul* 

Oh Eobs 
Ecal* 

[this work] 

Ea
cal* 

[this work] 
4
A2g(

4
F) 0 0 0 4 

2
Eg(

2
G) 15 036 15 268 15 036 4 

4
T2g(

4
F)

 15 391 15 400 15 303 2 

15 365 4 

15 422 2 

15 653 4 
2
T1g(

2
G) 16 406 16 029 16 030 4 

16 122 2 
2
T2g(

2
G) - 22 193 22 048 2 

22 050 4 
4
T1g(

4
F) 22 423 22 422 22 454 4 

22 514 2 

22 530 4 

22 637 2 
2
A1g(

2
G) - 28 243 28 262 2 

2
T1g(

2
P) - 30 887 30 853 2 

30 908 4 
2
T1g(

2
H) - 31 239 31 112 2 

31 292 4 
2
Eg(

2
H) - 32 777 32 776 4 

4
T1g(

4
P) - 34 883 34 882 4 

34 887 2 

34 908 4 

34 913 2 
2
T1g(

2
H) - 36 151 36 130 2 

36 240 4 
2
T2g(

2
H) - 41 529 41 527 2 

41 548 4 
2
A2g(

2
F) - 43 423 43 435 2 

2
T2g( Da

2
) - 46 661 46 610 2 

46 718 4 
2
T2g(

2
F) - 47 945 47 845 2 

48 024 4 

2
Eg( Da

2
) - 51 132 51 147 4 

2
T1g(

2
F) - 53 659 53 596 2 

53 711 4 

2
Eg( Db

2
) - 69 234 69 239 4 

2
T2g( Db

2
) - 69 280 69 262 4 

69 416 2 

 
* mul: multiplicity 

*Ecal: means the energies without spin orbit coupling. 

*E
 a

cal: means the energies taking into account the spin-

orbit coupling. 

By comparing the crystal field strength Dq of 

Cr
3+

: BiGaZYTZr with those of homologous fluoride 

glasses of literature, we notice the decrease of the 

10Dq parameter in the sense Dq(BIZYT) = 1550cm
-1 

[31] > Dq(BIGaZYT) =1548 cm
-1 

[31] > 

Dq(BIGaZYTZr) = 1540 cm
-1

. The intensity of the 

crystal field Dq depends on the distortion of the 

polyhedron formed glass structural network. As the 

distortion is important then the distance between Cr
3+

-

F
-

 becomes large. Consequently, the crystal-field 

strength decreases. It is obvious that the value for Dq 

in glasses is determined primarily by the network 

structure glasses. In another way, the 10Dq parameter 

decreases as the number of fluoride ions increases. 

This suggests that this decrease results in larger Cr
3+

-F
-

 

distances. 

For transition metal, the spin orbit constant  

is related to the effective g factor obtained from 

Electron Paramagnetic Resonance (EPR) by the 

expression [32] : 

8
eff eg g


 


                        (10) 

Where : ge= 2.0023 is the free electron factor,  is the 

gap between the excited and the ground levels ( = 

E(
4

T2) – E(
4

A2) = 10Dq).  

The S-O coupling constant  λ is connected to the one-

electron S-O coupling constant  by the following 

relation [33] 

2S


                             (11) 

The sign + is valid for a layer less than half full and the 

sign - to a more than half-complete layer. For 3d
3

 

electronic configuration (S=3/2), so we have  = 3.  

From the theoretical values obtained by crystal Field 

analysis ( = 15400 cm
-1

and  =  /3=83cm
-1

), we find 

geff = 1.95918  

 

5.Conclusion  

 

The features observed on the 
4

T2g(
4

F) absorption band 

of Cr
3+

 in BIGaZYTZr  glass are due to the interaction 

between the 
2

Eg(
2

G) and 
2

T1g(
2

G) sharp levels and the 

vibrationally 
4

T2g(
4

F) quasicontinuum. The model of the 

adiabatic potential energy surfaces explain the origin of 

interaction between different spin multiplicities states 

via spin orbit coupling. These features leading to the 

interference dips have been analyzed by the Fano’s 

antiresonance model exposed by Sturge et al and 

Lempicki et al. The fitted parameters involved in this 

model give information about the fraction of the quasi-

continuum which takes part in the interference 
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process and the line shape profile of the 

antiresonance. From these parameters and by 

comparison with other fluoride glasses: BIZYT and 

BIGaZYT, we deduce that the most order glass is the 

BIGaZYTZr fluoride glass. The electronic structure of 

Cr
3+

 occupying Oh site symmetry in the BIGaZYTZr 

glasses has been analyzed using the crystal field theory. 

The estimated parameters B, C, Dq, α and ζ lead to a 

good agreement between the calculated and observed 

levels. 
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