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Abstract. The short-range order structures in some temary ZrFa-BaFz-baxd glasses doped with 
EuF3. AIF3 or NaF are studied by XAFS. The near-neighbour svuctures around Zr, Ba and Eu 
are determined and compared with thal in binary aF4-BaF2 glasses. The structural parameters 
of near neighbours around Zr and Ba are slightly reduced on addition of NaF or A l q .  Also, 
it is observed dm the intensities of the ‘white lines’ in the & and L, absorption edges of Eu 
and Ba in these glasses are different from those in corresponding fluorides. The causes leading 
to these changes are discussed. Meanwhile the differences between the bonding behaviour of 
Bu-P and that of Ba-F in the glasses are also discussed. 

1. Introduction 

Many studies have been made on fluoride glasses since it was first reported. The technical 
applications and potentiality of these glasses has stimulated the development of new 
materials and investigations of their properties [1,2]. However, in comparison, there have 
still not been many structural studies and more attention should be paid to these 12-41, 

Although ZrF4-BaF2-based glasses have been extensively investigated, the reports on 
their structures have been mainly limited to binary and a few temary glasses. The results 
on the local structures around Zr have not been consistent with each other [U]. With 
the selective characteristics of the x-ray absorption spectrum (XAS), we can analyse the 
local smctures around every metal cation in ZrFd-BaF2-EuF3 glasses. EuF3 is one of 
the components in some multicomponent ZrF4-based glasses [7,8]. The Eu ion has been 
shown to have mixed valence states in some compounds 19,101. Therefore, the Eu valence 
behaviour and bonding characteristics between Eu and Fin the glasses should be interesting. 
Also, A1F3 and NaF are important components in ZrF4-BaF2-based glasses. Their structural 
effects also need to be investigated. 

As is well known, ‘white lines’ (WLs) occur at the Ba and Eu L, ,  edges and these WLs 
have been attributed to the electronic transition from a 2p to a 5d state. The Ba atom has 
an electronic configuration me)  6sz, and Eu has the configuration (Xe) 4f76s2. Their 5d 
states are not occupied and the 5d band is very narrow in Ba and Eu as well as in their 
compounds, so that a WL appears [ 111. 

Investigations on the intensities of the L,,-edge WLs from heavier 4d transition 
metals (TMS), 5d TMS and their compounds [12-141 showed that these WL intensities 
were determined by the population of the d band except for the first two 5d elements. 
The intensities of the L,m WLS decreased with increasing atomic order number of these 
elements, while their d bands were occupied gradually. However, the intensities decreased 
anomalously with decreasing atomic number from Ta to Hf to Lu. This anomaly was 
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considered to be a relaxation effect related to the creation of a 2p hole. The core-hole 
effect would dominate in lighter Sd elements. 

Otherwise, the intensity ratio of L, to L,, should have a statistical value of 2 to 1, 
because the L, and L, absorption spectra are assigned to a dipole-allowed transition of an 
electron from 2 p 1 ~  to d3p and from 2mp to d3/2, d5j2, respectively. This has been proved 
by many studies 112.14, IS], but it has been reported that the ratios deviated significantly 
from the statistical distribution in some situations, e.g. for Na [16], for 3d TMS [I71 and for 
the d band of a metal which is nearly full [12,14]. These related to the behaviour of the 
electronic configuration of a material. 

In this paper, we studied four glasses including three ternary fluoride glasses by x- 
ray absorption fine structure (m). Their local structures surrounding Zr, Ba and Eu 
were determined and compared with those in binary ZrF4-BaFz glasses. We discussed 
the structural differences in the glasses containing various third components in the glasses. 
In terms of the changes in the L,,,,-edge W, the bonding characteristics between metal 
cations and fluorine were also discussed. 

2. Experiment 

The glasses used in this investigation were prepared by a melt of mixed fluoride powders 
and quenching at a higher cooling rate in a flow of dry nitrogen gas. 

Samples for XAFS measurement were prepared by making fine powders of materials 
(400 mesh) dispersed onto a polymer transparent tape homogeneously. The sample was 
made of a few layers of this tape to obtain the optimum thickness. 

X-ray absorption spectra were measured in transmission mode at the extended x-ray 
absorption fine-structure (EXAFS) station of synchrotron radiation in the Beijing Electron 
Positron Collider National Laboratory (BEPC NL). At 2.2 GeV energy and an injection 
current from 20 to 40 mA in the storage ring, the Eu and Ba L,,,-edge x-ray absorption 
spectra were taken with a Si( l l l )  doublecrystal monochromator and the detector of two 
ion chambers. The smallest scanning step was 1 eV. 

The ratio of NZ to Ar in the first ion chamber was adjusted properly so that the intensity 
of the incident x-ray decreased by about 20% after transmission. Care was taken to suppress 
the high harmonics by slightly detuning the monochromator. 

The Zr K-edge spectra were obtained using a Rig& model RU-200 rotating-anode 
x-ray generator and Rigaku EXAFS spectrometer with a Rowland circle radius of 320 mm. 
The generator was tun at 27 kV and 40 mA. The spectra were measured with a Si(220) 
Johansson bent-crystal monochromator in transmission mode with the sample moving in or 
out of the beam at every measured energy. The detector was a scintillation counter and 
the smallest scanning step was 2 eV. When measuring an absorption spectrum, we used a 
divergence slit of I" and receiving slits of 0.2 mm (horizontal) and 10 nun (vertical). The 
measuring time was 20 s at every data point. When the maximum IO was not higher than 
4 x lo4 s-' (the top limit of the linear range of measured intensity) in the whole wave band 
of a measured spectrum, the minimum number of intensity counts still reached n x 104. 
Hence, the statistical error in the counts of beam intensities was less than 1%. 

We measured Zr K and Ba L.,,-edge x-ray spectra in four glasses ZBEu4 (S6ZrF4- 

(S6ZrF.+lOBaF~44lF~) as well as Eu L,,-edge spectra in the glasses containing EuF3. 
These spectra were also measured under the same experimental conditions for the crystalline 
compounds KzZrF,, LizZrFs, BaFz and EuF3 as reference compounds. 

~OB~FZ-~EUF~),  ZBEu8 (62ZrF4-30BaFz-SE~F,), ZBN (S6ZrF430BaFz4NaF) and ZBA 
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3. Data analyses and main results 

Data analyses used a general processing procedure [181. First. the E M S  function ~ ( k ) .  
where k is the wavenumber of the photoelectron, was extracted by pre-edge and post-edge 
background removal and normalization. Figure 1 shows Eu L,-edge absorption spectra for 
c-EuF3 and for ZBEu4 and ZBEu8 glasses after pre-edge background removal. Then the 
radial structural function (RSF) was obtained by Fourier transformation of k"x(k) ,  where n 
is equal to 3 for the K edge and equal to 1 for the L edge. The RSFS around Eu in several 
materials are shown in figure 2. Finally, the xl (k)  corresponding to the EXAFS contribution 
from the near-neighbour coordination shell was extracted hy inverse Fourier transformation 
of the first peak in a RSF. The near-neighbour structural parameters were determined by the 
curve-fitting method in terms of the following formula [18]: 

20. 

NjFj ( r '  k ,  exp (+) exp(-2kzu,?) sin[Zkyj + +j(r, k ) ]  

where j is the number of indistinguishable subshells in the near-neighbour coordination 
shell, in which there are N, coordination atoms in the j th  subshell at the mean distance rj. 
U; is the mean square deviation between the central atom and atoms of the jth subshell. A 
denotes the average free path of photoelectrons. Fj(r, k )  and @j(r, k )  are the back-scattering 
amplitude per atom and phase shift function respectively, for the j th  shell. 

Figure 1. Eu &.edge x-ray absorption spectra in several 
materials: - . -, e-Efi;  - - -, g-ZBEu.l; -, g-ZBEuB. 

Figure 2. Radial structural functions $ ( I )  around 
Eu in some materials: - , -, c-EuFs; - - -, g- 
ZBEu4; -, gZBEu8. 

To determine the near-neighbour structural parameters around Zr in four glasses, we 
used two reference compounds, which have different near-neighbour coordination numbers: 
6 and 8. F(r,  k )  and @(r, k) were obtained in two ways. First they were extracted from the 
experimental data of reference compounds; secondly the values were theoretically calculated 
by the FEW 3.1 1 program package [191. In the FEFF 3.1 1 program package, F(r, k )  and @(r, k )  
were calculated using an approximate distance of the atom pair concerned, while the values 
obtained from reference compounds correspond to adefinite shell, which includes the effect 
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of the distance r .  The structural parameters were obtained by curve fitting with the F(r, k) 
and @(r, k) functions. The results obtained from different amplitude and phase functions 
were close to each other. Their average values gave the final results. In table 1 the values 
for the reference compounds are the results from fitting with theoretical functions, while 
the values in parentheses are structural data determined by diffraction [20, 211. 

Table 1. Near-neighbour swctural parameters around Zr 

). A d  
Sample N (nm) (10-5 nm2) 

KzZrF6 7 .7 f00 .4 (8 )  0.211 *0.001 (0,2114) 5 . 3 f 0 . 4  
LizZrFs 58 i 0.3 (6) 0.202 k 0.001 (0.2016) 4.6 f 0.3 
g-ZBEu4 7.1 f 0.4 0.207 f 0.002 5.9 * 0.4 
g-ZBEuS 7.2 i 0.3 0206 i 0.002 6.3 f 0.3 
g-ZBN 6.6 f 0.4 0.204 * 0.002 5.7 f 0.4 
g-ZBA 6.5 f 0.4 0.204 i 0.002 6.2 * 0.3 

When determining the local structures around Eu in the glasses, F(r,  k )  and @(r, k )  
cannot be extracted from the experimental data of EuFl because the near neighbours around 
Eu include five subshells in EuF3. However, EuF3 can be used to verify the appropriateness 
of the functions theoretically calculated. To reduce the numbers of fitting parameters. five 
near Zr-F distances were regrouped in three sets. The results are listed in table 2, where the 
values in parentheses are the reported structural data E2.21. Figure 3 shows the experimental 
(full curve) and fitted curve (dotted curve) of k,y,(k) corresponding to Eu in ZBEu8 glass. 

Table 2. Near-neighbour s w c t d  parameters around Eu. 

I A d  
Sample N (nm) (lo-snm2) 
EuF~ 6.6 * 0.4 (7) 0.237 f 0.002 (0.2360) 3.1 f 0.4 

1 .9 f0 .3 (2 )  0.254i0.001 (0.2538) 4 . 6 i 0 . 3  
2.0 f 0.4 (2) 4.9 i 0.5 

gZBEu4 7.1 f 0.4 0.228 i 0.003 6.7 i 0.4 
3.4 i 0.5 0.273 * 0.004 6.3 i 0.5 

g-ZBEu8 7.2 k 0.4 0.229 f 0.003 5.7 i 0.4 
3.2 i 0.4 0.275 * 0.003 6.2 i 0.4 

0.288 * 0.002 (0.2886) 

The near-neighbour structural parameters of Ba may not be accurate because of the small 
range of data (the energy range of the Ba L,-edge absorption spectra is only about 350 eV) 
and the wider F distribution surrounding Ba. However, as the conditions of experimental 
and data processing were all the same, the differences in the near-neighbour structures 
around Ba in various materials can be compared. 

Also, we processed the data from the XANEs spectra of Eu and Ba L",,,, edges. The 
intensity of each WL was normalized to the edge jump, which was calculated as the difference 
between the extrapolated values of the preedge and post-edge background at the edge. The 
lineshape of a WL can be approximated by a Lorentzian and the tan-' function describes 
the transition into the continuum states [ 11,231. So, after normalization, the edge was fitted 
with the superposition of a Lorentzian line (to model the WL) and a tan-' function (to model 
the continuum absorption). Therefore, the intensities of various WLS in different materials 
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E IkeV) 

Figure 3. kx i (k )  corresponding to near neighbours 
around Eu in g-ZBEu8: -, experimental; . . . . . .. 
fined c w e .  

Figure 4. Eu Lm edge (-) and fined c w e  (-, 
- - -) in ZBEu8. 

can be compared using the height or the area under a Lorentzian peak. Figure 4 gives 
the experimental Eu L,,, edge (full curve) and fitted curve (thin full and broken curves) in 
ZBEu8. Figure 5 represents the normalized intensities of EuL,,,,-edge WLS in ZBEu4 and 
ZBEu8 glasses and c-EuF3. The Ba Ln and L,,, edges of c-BaF2, gZBEu4 and g-ZBN are 
shown in figures 6(a)-(c), respectively. 

Figure 5. Normalized intensities of the WLs of the Eu L. and L, edges in (a) c-EuF3, (b) 
g-ZBEu4 and (c) g-ZBEu8. 

Table 3 lists the comparison of the WL intensities of the Eu L,, edges and the intensity 
ratios of L,,, to L, for ZBEu4,ZBEug and c-EuF3, and of the Ba L,, edges of the studied 
glasses and c-BaFz are given in table 5. 
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Figure 6. Normalired inlemities of the WLS of the Ba L and L edges in (a )  c-BaFz, (b) 
g.ZBEu4 and (e)  g-ZBN. 

Table 3. The relative intensities and the L, to L,, intensity ratio of WLS at the Eu L,m edges. 

L, L. LI0L"r;UiO 
Eu WL 
sample Height Area Height Area Height Area 

EuFi l.W 1.00 1.00 1.00 0.89 0.81 
ZBEu4 1.22 1.21 1.24 1.27 0.85 0.83 
B E u 8  1.20 1.20 1.24 1.27 0.84 0.82 

4. Discussion 

4.1. Near-neighbour structure around Zr 

The results on the near-neighbour coordination number around Zr that have been reported 
by some workers for ZrF4-BaFz and a few ternary ZrF4-based glasses are not consistent. 
For the most extensively studied glass ZZrF4-BaF2, different values of the coordination 
were reported, for instance, sixfold coordination [4] was obtained by vibrational spectra, 
eightfold coordination [6] was determined by Raman spectra and seven to eight neighbours 
were found by x-ray scattering 151. 

As shown in table 1, we obtained a near-neighbour coordination number around Zr of 
approximately 7 in the glasses studied. The mean distance between Zr and the nearest F 
neighbours was about 0.206 & 0.002 nm. In the glasses doped with AlFl or NaF, these 
two parameters were slightly reduced, compared with ZBEu4, ZBEu8 and binary ZrF4- 
BaFz glasses [XI. Although these changes were apparently within errors of measurement, 
the comparison between the data of various materials may be more accurate than the data 
themselves as they were obtained in the same experimental and data-processing conditions. 
The reasons for this reduction are discussed later. 

In the RSFS around Zr of four glasses, there were second peaks with small amplitudes 
at approximately the same position. These peaks were too small for data processing to be 
carried out accurately. We identified the back-scattering atoms corresponding to them by 
the amplitude- and phasecorrected Fourier transformation (APCFT) [24]. According to the 
coincidence of peak positions between the magnitude and imaginary part of APCFT [18], 
these peaks may correspond to Zr-Zr and Zr-Ba distributions. The estimated values of the 
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Zr-Zr mean distance are 0.36&0.1 nm. This distance is consistent with that of the co-edge 
bipolyhedra Zr2F13 existing in 2ZrFd-BaF2 glass 1251. Therefore, the Zr-Zr interaction by 
edge sharing may exist in ZrFd-based glasses. 

In brief, the near-neighbour coordination number around Zr was about 7 in ZrFd-BaFz- 
based glasses, where the BaFz content was less than 40 mol%. On the basis of this, we 
believe that sixfold, sevenfold and eightfold polyhedra may all exist. There may be a 
majority of one type and there may also be bipolyhedra in a glass. The proportion of these 
different polyhedra will change with various components of glasses. It will be difficult to 
determine the ratio value of a polyhedron only from EXAFS. The addition of AIF3 or NaF 
will reduce the mean distance and coordination number of near neighbours around Zr a 
little. 

4.2. The local environment of Ba 

Our results indicated that the F distribution around Ba was over a wider range, so that it 
gave a wide peak in the RSF. They formed two subshells, i.e., about seven to eight F ions 
located at 0.26 nm and about three F at 0.3 nm. Table 4 lists the results for four glasses, 
where the values of BaFz given in parentheses are the known structural data [26]. These 
are near to the result reported by Coup6 et a! [5 ] .  The addition of NaF slightly decreased 
the coordination number of near neighbours around Ba. 

Table 4. Local environment around Ba. 

r A& 
Sample N (nm) (10-5 nm2) 

B e 2  8. I f 0.3 (8) 0.264 f 0.003 (0,268) 2.6 + 0.4 
g-ZBEu4 7.8 f 0.3 0.256 f 0.033 7.8 f 0.4 

2.6 f 0.4 0.297 i 0.004 7.5 * 0.6 
g-ZBEu8 7.7 + 0.3 0.258 f 0.003 7.6 f 0.5 

2.4 i 0.4 0.304 f 0.005 6.9 + 0.4 
g-ZBN 6.6 f 0.4 0.256 f 0.003 5.2 f 0.4 

3 .210 .3  0.289 f 0.004 4.6 i 0.3 
g-ZBA 7 . 6 f 0 . 3  0.259 f 0.003 6.5 f 0.4 

2.5 f 0.4 0.301 f 0,004 4.9 f 0.4 

Next we discuss the bonding behaviour between Ba and F in the glasses. 
Ba was bonded in large ionicity in our glasses. There was a chemical shift of about 

2 eV in the Ba L, and L,-edge XANES spectm of these glasses in comparison with the edge 
energy of pure Ba [27]. This is the same as in the case of the ionic compound BaFz. 

Otherwise, the intensities of Ba L,,,, Ws in our glasses were all less than that in BaFz 
as listed in table 5. We suppose that this is because the 5d empty-state density is altered. 
First, their intensities are determined by the probability of the electronic transition from 2p 
to 5d and the density of empty 5d states [23]. The probabilities of electronic transition in 
measured materials are similar to each other as the inner electron configurations of Ba ions 
are similar. Therefore, the WL intensities of the Ba L,,,,,, edges would be mainly determined 
by the number of empty 5d states in these materials. Second, for Ba, the 4f orbital lies in 
the outer position and has a mean radius of ahout 1 7 ~ 0 ,  where is the Bohr radius [28]. 
So bonding electronic states in Ba compounds would be Ba 5d states, where there may be 
hybridization between Ba 5d and ligand outer electronic states. When this hybridization is 
increased, the density of Ba 5d empty states would decrease and then WL intensities of the 



2166 Wen-cui Wang et a1 

Table 5. The relative intensities and the L, to L intensity ratio of WLS at the Ba L,, edges. 

h. L. L t O L I a t i O  
Ba WL 
sample Height A m  Height Area Height Area 
B& 1.00 1.00 1.00 1.00 1.04 1.02 
ZBEu4 0.87 0.82 0.90 0.84 0.87 0.85 
ZBEu8 0.88 0.81 0.89 0.84 0.88 0.86 
ZBN 0.55 053 0.64 0.62 0.71 0.69 
ZBA 0.78 0.72 0.84 0.79 0.81 0.78 

Ba Ln,m edge would also be reduced. The lower WL intensities of the Ba edges suggest 
stronger hybridization between the Ba 5d and the 2p states of ligand F in the glasses. 

As mentioned above, the additional of NaF to ZrF4-based glass changed in the near- 
neighbour structures around Zr and Ba and also reduced the wL intensities of the Ba LD,,,, 
edges more than in BaFz. Also, some studies have revealed that Na cations play a structural 
role similar to that of Ba ions [29,30], but their effects on the short-range order structures of 
Zr are not the same. NaF can impede the degree of fluorine ion transport in fluoride glasses 
[30]. So there may be clusters consisting of Na and fluorine ions in glasses containing NaF. 
In this way, the F coordination number surrounding Zr and Ba will decrease. It is consistent 
with a stronger interaction between Ba and F in the glasses to which NaF has been added. 

Finally, we discuss the anomalous L4o-L intensity ratios at the Ba L. and L,,, edges. 
The theory given by Wendin [31] explained the non-statistical intensity ratio of a 8% 
resonance. As shown by the theory, the statistical weighting of spin-orbit-split subshell 
cross sections would be affected by an electron-hole exchange interaction. The statistical 
weight would be valid only for situations where the spin-orbit splitting of the binding energy 
is much larger than the exchange interaction. The exchange interaction would result in a 
reduction in the oscillator strength of the subshell with the lower binding energy ( j  = 1 + 4) 
and an increase in the oscillator strength for higher binding energies ( j  = I - 4). In the 
A / h  ranges from 0.5 to 5, where A denotes the spin-orbit interaction energy and h is the 
exchange interaction, the peak intensities corresponding to j = I + f become stronger with 
increasing A/A even though the intensity ratios still deviated from the statistical value. For 
the Lo,m edges of Na, a deviation in the intensity ratio from the statistical value of 2 to 1 
was also observed and was explained in terms of the relation of the electron-hole exchange 
interaction to the spin-orbit splitting [16]. 

We observed that the L,-to-L, intensity ratios were all non-statistical in the glasses 
studied and in BaFz and the deviation from the statistical value for the glasses was larger 
than for Ba&. The Ba L,,,,, edges are due to deep-level excitation in a heavier element; at 
first glance, the 2p hole-5d electron exchange interaction seems to be much less than the 
spin-orbit splitting interaction. We suppose that some changes in eIectronic configurations 
in the glasses and fluoride may cause an exchange interaction other than the electronic 
transition from 2p to 5d. The origin of this interaction needs to be further studied. 

4.3. The near-neighbour structure around Eu 

Table 2 lists the near-neighbour structures around Eu in ZBEu4, ZBEu8 and EUF,, where 
the values in parentheses give the reported data [22]. The five subshells of near neighbours 
around Eu in EuF3 were regrouped as three distances of Eu-F pairs when carrying out the 
curve fitting, while the best results can be obtained only with two subshells for ZBEu4 and 
ZBEu8 glasses. Moreover, the nearest Eu-F distances in the glasses were smaller than in 
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EuF3. This indicated that the smaller bonding length may be assumed to be Eu-F bridging 
and the other to be Eu-F non-bridging, which is consistent with considering EuF3 as a glass 
intermediate. 

EuF3 is an ionic bonding compound, like other rare-earth fluorides. The Eu ion has 
been discovered to have a mixed-valence behaviour in some compounds, e.g. EuPdsB, 
(0 c x 6 1). Darshan er al [9] pointed out that the L, edges for EuPd3Bo.s and EuPdsB 
each showed two distinct peaks separated by about 7 eV. One of these peaks was at the 
same energy position as that of trivalent Eu in EuPd,. The second peak appeared on the 
lower-energy side of the Eu3+ peak and was assigned to Eu ions had undergone a 
valence change from Eu3+ in pure EuPd3 to a mixed-valence state in EuPd3B, (x  = 0.5 or 
I). In our glasses the Eu L,,,-edge spectra showed only a single WL peak like that in EuF3. 
This suggests that the Eu ions are in a trivalent state in the glasses. But the WL intensities of 
the Eu L. and L, edges in the glasses increased more than that in EuF3. Also, the L,-to-L. 
intensity ratios deviated from the statistical value of 2 to 1 for the glasses and c-EuF3, and 
the deviating values of the former were all Larger than those of the latter. 

The stronger WL intensities of the Eu L,, edges can be explained as due to some 
degree of covalent bonding between Eu and ligands (7.41. As the electrons were introduced 
into the 4f band of Eu3+, the nuclear potential seen from 5d would be screened and the 
probability of electronic transition from 2p to 5d would increase. Hence, the intensity of 
the WL would increase but, in terms of smaller changes in the WL intensities, the degrees 
of covalent bonding in ZBEu4 and ZBEu8 may be a little larger than in EuF3. Therefore, 
it would not result in the divalent and/or mixed-valence state of the Eu ion, as proved by 
the WLS of Eu L, edges. 

Regarding the abnormal L,-to-L. intensity ratio at the Eu Lo,, edges, we think that the 
theory of Wendin is appropriate. In comparison, the intensities of the Eu L,, and L, edges 
for the glasses and EuF3 increased because the electrons were introduced into the 4f band 
of Ed+.  They would screen the nuclear potential seen from 5 4  on the other hand, this 
would increase the interactions between the excited 5d electron and a core hole and also 
with the 4f electron in the final state of L XAS. So the L - t o &  ratio would deviate more 
from the statistical value on the glasses. 

In short, there is 4f participation in the covalent bonding of ZrF4-based glasses 
containing EuF3. The hybridization strength of Eu 4f and ligands may be less. 

5. Conclusion 

The addition of less NaF or AIF3 slightly decreases the mean distance and coordination 
number of near neighbours around Zr in comparison with that in ZrF4-BaFz-based binary 
glasses and glasses containing EuF3. NaF also reduces the coordination number around Ba 
slightly. 

The intensities of Ba L,, WLS in some ZrF4-BaFz-based glasses are all less than in 
BaFz while those of Eu L.,m WLs in ZBEu4 and ZBEu8 glasses are larger than in EuF3. 
The L,-to-L, intensity ratios of Ba and Eu WLS are all non-statistical in the glasses and 
fluorides studied. Moreover, for the Eu and Ba L edges the deviations of the intensity ratio 
from the statistical value in the glasses are larger than in the corresponding fluoride. There 
are some degrees of covalent bonding between Eu and F in the glasses doped with EuF3. 
Otherwise, there may be stronger interaction between Ba 5d and F 2p in the glasses studied. 
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