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The symmetry and disorder of the Eu3+ site was investigated in some phosphate and borate 
glasses by means of 151 Eu Mössbauer spectroscopy. The quadrupole interaction parameter, which 
is due to the distortion of the Eu site compared to a cubic symmetry, has been measured together 
with the asymmetry parameter, which points out the absence of a threefold or fourfold axis of 
symmetry at the rare earth site. The correlation of the isomer shift with the optical basicity of the 
glass indicates a covalent component with 6s character in the Eu-0 bond. The axial component of 
the electric field gradient at the Eu site is also correlated with the optical basicity. 
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1. Introduction 

Glasses containing rare-earth ions are presently 
extensively investigated by means of optical spec-
troscopy, because they are of interest for applications 
in optical devices, for example laser glasses, fibre 
amplif iers, upconvers ion materials . 1 5 1 Eu Mössbauer 
spectroscopy provides informat ion about the symme-
try and disorder of the rare earth site, a l lows to eval-
uate the ionicity of the E u - 0 bond, and thus helps to 
investigate the local s t ructure around rare earth ions 
in glasses, which in turn affects the optical spectra of 
these mater ia ls . 

In s o m e measu remen t s on trivalent Eu in oxide 
glasses broader absorpt ion lines than expected for 
Eu 3 + in a site with cubic symmet ry w e r e found [1 - 4]. 
The separat ion of the contr ibut ion of the true broaden-
ing f rom the contr ibut ion of the quadrupo le splitting 
in glasses conta ining E u 3 + has been discussed in [5,6] . 

In the present work, the symmetry and degree of 
disorder of the Eu sites in phosphate glasses, which 
are of special interest fo r optical devices [7], is stud-
ied. A borate glass with the same cat ion (zinc) is also 
considered for compar i son . To this end, we have de-
termined the quadrupole interaction (QI) and the full 
width at half m a x i m u m ( F W H M ) of the absorption 

lines in glasses containing trivalent europ ium. T h e 
parameters are discussed in te rms of the e lectronic 
properties and bonding of the lanthanide ion. 

2. Experimental Procedure 

Glasses of the molar composi t ion 9 0 M ( P 0 3 ) 2 -10 
EU(P0 3 ) 3 , with M = Ca, Sr, Ba, Zn, Cd or Pb , were 
prepared by mix ing appropriate quanti t ies of reagent 
grade C a C 0 3 , S r C 0 3 , B a C 0 3 , ZnO, C d O or PbO, 
( N H 4 ) 2 H P 0 4 or N H 4 H 2 P 0 4 and E u 2 0 3 . In the fol-
lowing these samples will be indicated as E C A P O , 
ESPO, EBPO, E Z P O , E C D P O and E P P O , respec-
tively. C d ( P 0 3 ) 2 was mel ted at 1050 °C for 2 hours in 
a plat inum crucible. C a ( P 0 3 ) 2 , S r ( P 0 3 ) 2 , B a ( P 0 3 ) 2 

and Z n ( P 0 3 ) 2 were mel ted at 1250 °C for 2 hours in 
an alumina crucible. P b ( P 0 3 ) 2 was mel ted at 9 0 0 °C 
for 1.5 hours in a ceramic crucible. Each mel t was 
then cast in a brass mould and annealed fo r 12 h at 
200 °C (M = Pb), 350 °C (M = Zn and Cd) or 4 5 0 °C 
(M = Ca, Sr and Ba). 

A zinc borate glass of composi t ion 4 Z n 0 - 3 B 2 0 3 

doped with 2.5 m o l % of Eu 3 + (substi tuting fo r Z n 2 + ) 
(EZBO) was prepared by mix ing appropria te quant i -
ties of ZnO, H 3 B 0 3 and E u 2 0 3 in a p la t inum crucible 
and melt ing the batch at 1250 °C for 4 hours . T h e mel t 
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was cast in a brass mould , and the obtained glass was 
annealed at 500 °C for 12 hours . 

The Mössbaue r measuremen t s were per formed in 
t ransmission geometry, using a source of 1 5 1 SmF 3 

with activity 3.7 GBq. The spectrometer was cali-
brated using a source of 5 7 C o in rhodium and a natural 
iron foil as absorber. The width of the emission peak 
of our 1 5 ' S m source was measured on Cs 2 NaEuCl 6 , 
which conta ins Eu 3 + in a cubic site [8], using ab-
sorbers of d i f ferent effect ive thickness (t). The effec-
tive thicknesses were evaluated using the recoilless 
fract ion of the source / = 0.6; t = 1 corresponds to 
a surface densi ty of europ ium of 3.8 mg /cm 2 . The 
F W H M found is (1.76 ± 0.01) m m / s with an ab-
sorber of th ickness t = 1, (1.73 ± 0.01) m m / s with 
t - 0.5 and (1.81 ± 0.01) m m / s with t = 2. Hence, the 
expected F W H M is 1.70 m m / s for zero thickness of 
the absorber. 

The i somer shift (IS) of the samples was measured 
using EuS as reference mater ia l ; this compound is a 
better s tandard than EuF 3 because EuS gives a sin-
gle l ine (europium in cubic site). For sake of com-
parison with the data of literature, the isomer shifts 
have been referred to EuF 3 by subtracting the shift 
of the anhydrous fluoride with respect to the sulphide 
(11.54 mm/s ) [9], 

The measuremen t s on the phosphate and borate 
glasses were carried out at room temperature on pow-
der samples with effect ive thickness t = 1, except for 
the glass E P P O ; the thickness t was 0.5 for E P P O 
in order to op t imise the signal to noise ratio. The 
samples were conta ined in a Plexiglas holder. In our 
exper imenta l condi t ions we can use the thin absorber 
approximat ion in the analysis of the experimental data 
because t is equal or less than 1 [10, 11]. 

S o m e trial fits of the spectra showed that it was nec-
essary to take the quadrupole interaction into account. 
The absorpt ion spectra were then fitted using lines of 
Lorentzian shape, al lowing for the full quadrupole in-
teraction; we used the method for the analysis of pure 
quadrupole spectra proposed by Shenoy and Dun-
lap [12], with a value of the quadrupole ratio R = 
1.312 [13]. 

The use of a quadrupole mult iplet of twelve lines 
with Lorentzian shape, corresponding to the twelve 
al lowed transit ions, is the usual procedure for crys-
talline mater ia ls in the thin absorber approxima-
tion [11]. For E u ? + containing glasses it has been 
demonstra ted by Concas et al. that it is possible 
to use this procedure , as we did in this work, 

Table 1. Mössbauer parameters as obtained by fitting the 
spectra. <5 is the isomer shift with respect to EuF3, j p 
the FWHM of the absorption peak, r the FWHM of the 
Lorentzian components, eQVzz is the quadrupole interac-
tion parameter, 77 the asymmetry parameter, d, Qd and x 2 

are the Durbin-Watson and the reduced chi-squared param-
eters. Errors in the last digit are given in parenthesis. 

Sample 6 -yp r eQVzz 77 d Qd x 2 

mm/s mm/s mm/s mm/s 

EZBO 0.45(2) 2.76(2) 1.85(5) -6.6(1) 0.83(6) 1.8 1.7 1.1 
EZPO 0.37(2) 2.48(2) 1.83(2) -5.3(1) 0.83(6) 1.8 1.7 1.1 
ECDPO 0.32(2) 2.44(2) 1.82(2) -5.2(1) 0.83(6) 1.9 1.7 0.9 
ECAPO 0.37(2) 2.59(2) 1.81(2) -6.0(1) 0.82(5) 1.3 1.7 1.3 
ESPO 0.36(2) 2.67(2) 1.88(2) -6.1(1) 0.80(5) 1.7 1.7 1.1 
EBPO 0.37(2) 2.57(2) 1.86(2) -5.7(1) 0.81(5) 1.7 1.7 1.2 
EPPO 0.29(2) 2.26(5) 1.74(7) -4.2(3) 1.0(1) 1.7 1.7 1.0 
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Fig. 1. (a) Absorption spectrum of the sample EZBO: the 
experimental points and the fitted curve are shown, (b) Dif-
ference between experimental and calculated data. 

or a convolution of quadrupole mult iplets [5, 6, 
14, 15]. 

The quality of the fits must be adequately tested 
because the componen t lines of the mult iplet are not 
resolved; it was tested using the usual x 2 t e s t and a 
weighted form of the Durbin-Watson d statistics, that 
was used in the Rietveld analysis of powder di f f rac-
tion data [16]. The d parameter quant i f ies the serial 
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Fig. 2. Absorption spectra of the samples EZPO (a) and 
ECDPO (b): the experimental points and the fitted curve 
are shown. 
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Fig. 3. Absorption spectra of the samples ECAPO (a) and 
ESPO (b): the experimental points and the fitted curve are 
shown. 

correlat ion be tween adjacent least-squares residuals 
and mus t be tested against the Qd parameter ; if \d - 2\ 
is smal ler than \Qd-2\, the consecut ive residuals are 
not correlated [16]. 

3. Results 

T h e exper imenta l spec t rum of the E Z B O sam-
ple can only be fitted satisfactori ly al lowing for the 
quadrupola r interact ion paramete r ( e Q V J and the 
a symmet ry pa ramete r (77); in this procedure all the pa-
rameters reported in Table 1 and the background were 
f ree parameters of the fit, wi thout any constraint. Fig-
ure 1 (a) shows the exper imenta l data and the resulting 
calculated curve; F igure 1 (b) shows the dif ference be-
tween the exper imenta l and the calculated data. The 
lack of s t ructure in the residuals points out that this 
is the correct peak shape; the values of the control 

parameters reported in Table 1 conf i rm that this fit is 
fully satisfactory. 

All the Mössbauer parameters found in this analy-
sis are physical ly acceptable; the value of 77 lies be-
tween 0 and 1. The value of the F W H M of the c o m -
ponents of the mult iplet is 1.85 m m / s and is larger 
than the value measured for trivalent Eu in a cubic 
site, with the same effect ive thickness. There fo re the 
experimental absorption peak results f r o m the twe lve 
resonant absorption componen t s which c o m e f r o m 
the splitting due to the quadrupole interact ion with 
eQVu = - 6 . 6 mm/s ; these componen t s are over lapped 
in the spectrum. 

The absorption spectra of the phospha te glasses are 
shown in Figs. 2, 3 and 4; the best fits are also shown 
for each sample. The physical parameters obta ined 
by the fitting procedure are reported in Table 1 a long 
with the control parameters of the fit. 
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Fig. 4. Absorption spectra of the samples EBAPO (a) and 
EPPO (b): the the experimental points and the fitted curve 
are shown. 

The spectra of the other glasses are also fitted sat-
isfactorily only by account ing for the quadrupolar in-
teraction with a symmet ry parameter 77 different f rom 
zero. In the glass E P P O it is also possible to ob-
tain a good fit wi thout the use of the quadrupolar 
interaction, because of the small magni tude of the 
quadrupole split t ing. However in a study of the opti-
cal spectroscopy of a Eu-doped lead metaphospha te 
glass it was shown by Bettinelli et al. that the sym-
metry of the Eu sites is similar to that of the other 
metaphospha te glasses [17]; therefore we prefer to fit 
the spect rum al lowing for the effect of the quadrupo-
lar interaction due to the low symmetry of the Eu 
sites. 

4. Discussion 

The glasses investigated show only one resonance 
peak with values of the i somer shift be tween 0.29 and 

0.45 mm/s , corresponding to an oxidat ion n u m b e r +3 
of the europium atom; there is no detectable p resence 
of EU2+. The lead metaphospha te shows the smallest 
value of isomer shift . 

The IS of most non-conduct ing eu rop ium com-
pounds in the trivalent charge state deviates f r o m the 
shift of the fluoride towards a h igher electron densi ty 
at the nucleus [18]; this appl ies also to the present 
oxide glasses. This fact is a consequence of covalent 
admixtures to the bond, s ince the fluoride c o m p o u n d 
is considered to be the mos t ionic species [18]. 

The electron density of Eu 3 + at the nucleus , and 
therefore the isomer shift , increases by adding 6s elec-
trons, while it decreases by adding 5d and part icular ly 
4f electrons because of the screening; the 6p electron 
has a very small effect [19]. It is poss ible to es t imate 
the charge transfer to the Eu 3 + ion by using the optical 
basicity (A) concept proposed by D u f f y and Ingram 
[20, 21], which measures the electron donat ion by the 
oxygen anions. It is defined as 

^ = (i) 
i 

where zr is the oxidation n u m b e r of the i th cat ion, 
7j is its basicity moderat ing parameter , rl the a tomic 
ratio of the ?th cation and of the oxygen , and the sum 
is extended over the number of cat ion species . T h e 
optical basicity of the undoped glass measures the 
electron donation by the oxygen anions to the metal 
ion used as probe, i. e. the eu rop ium. 

Figure 5(a) shows the i somer shift of the phospha te 
and borate glasses versus the optical basicity, calcu-
lated using the parameters given by D u f f y [20 - 22]; 
there is an increasing trend of the IS with the optical 
basicity. This result agrees with the correlat ion found 
by Tanabe et al. in silicate and a lumina te glasses [2], 
The correlation that we found indicates that the charge 
transfer to the Eu 3 + ion is main ly towards the 6s or-
bitals. However the irregular tendency of the IS shows 
that the f, d, and p orbitals play a role in the charge 
transfer. 

The QI parameter is proport ional to the axial c o m -
ponent (Vzz) of the electric field gradient (EFG) by 
a factor eQ, where e is the proton charge and Q is 
the quadrupole momen t of the nucleus in the ground 
state; Vzz is given by the relation 

Vzz = Vzf + Vzz\ (2) 

where V z f l is the lattice contr ibut ion and V z f the va-
lence contribution. In Eu 3 + , V z f is due to a second 
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order 4f contr ibution [23]; in a large class of crys-
talline oxides it is posi t ive and equal , in absolute 
value, to about half VJ*TT, which is negat ive [23, 24]. 
Therefore the QI parameter is usually negative in the 
trivalent eu rop ium oxides , with values ranging f rom 
- 5 to - 8 m m / s [23 - 25]. Values of the asymmetry 
parameter around 0.8 are f requent ly found [24, 25]. 

In the glasses investigated here, the values of the 
parameter eQVzz are similar to those found in crys-
tals; this fact suggests that the relative contribution of 
the two componen t s to yzz is not very different f rom 
that found in crystals. 

A nonzero QI parameter indicates a deviation of 
the Eu sites f r o m the cubic symmetry and is therefore 
related to the distortion of the sites. Moreover , the fact 
that the asymmet ry parameter r/ is different f rom zero 
indicates also a lower symmet ry ; there is no fourfold 
or threefold axis of symmet ry at the Eu sites. 

Figure 5(b) shows that the QI parameter tends to 
increase, in absolute value, a long with the optical ba-
sicity. This empirical correlation can be due to an 
influence of a different degree of covalency of the 
E u - 0 bond on the axial componen t of the E F G ; it 
is consistent with the observation of an increase of 
Vzz on decreasing the m i n i m u m E u - 0 dis tance in an 
isostructural series of oxides (pyrochlores) [23]. 

The true broadening of the Lorentzian c o m p o n e n t 
of the multiplets results f rom local inhomogenei t ies of 
the hyperfine fields [26]; these can be due to s toichio-
metric inhomogeneit ies , impuri t ies and defects , also 
found in crystals [27] or, more importantly, to the dis-
ordered structure of the glass [15, 28, 29]. T h e main 
effect of broadening is due to the distribution of the 
quadrupole interaction parameters , as it happens in the 
5 7 Fe spectroscopy [15]. The F W H M measured in our 
glasses must be compared with the F W H M measured 
in crystalline trivalent cubic Eu (in C s 2 N a E u C l 6 ) wi th 
the same effect ive absorber thickness, which is t = 0 .5 
for E P P O and t = 1 for the other samples; the broad-
ening ranges f rom 0.01 m m / s in the glass E P P O to 
0.12 mm/s in the glass E S P O . 

The widths of the Lorentzian componen t s are not 
directly comparable with those reported in litera-
ture because of the different l inewidths of the vari-
ous 1 5 1 SmF 3 sources [25]. Nevertheless , it is possi-
ble to say that the l inewidths of the componen t s that 
we found are not very different f r o m those f o u n d in 
crystals. Our results agree with the results found by 
Coey et al. [30] in fluorozirconate glasses, where the 
F W H M of the absorption peak of Eu 3 + , which in-
cludes an unresolved quadrupole splitting, was found 
to be 2.10 mm/s . 

The larger broadening in our glasses (0.12 m m / s 
in the glass ESPO) results to be about 7 % of the 
crystalline line width measured in the same condi t ions 
(1.76 mm/s); this fact indicates that the disorder of the 
glass structure has no dramat ic effect on the wid th in 
glasses containing Eu 3 + . 

The behaviour of the E P P O glass deserves s o m e 
further comments . In fact, the glass E P P O shows the 
lowest values of the IS and QI parameters , and the 
smallest l inewidth. In this regard, we note that a lead 
metaphosphate glass doped with N d 3 + was found to be 
characterised by the lowest values of the Judd-Ofe l t 
intensity parameter i? 2 found in oxide glasses. This 
behaviour was related to the strong and directional 
nature of the P b - 0 bond [31]. We suggest that this 
explanation can also be invoked in the case of the IS 
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and QI parameters of the E P P O glass. As far as the In all of the glasses investigated the europ ium ion is 
l inewidth is concerned , it has been shown recently by accommodated in sites distorted with respect to a cu-
some of us that the presence of large amounts of PbO bic symmetry, with no threefold or fourfo ld symmet ry 
in the glass host induces a small degree of disorder at axis. The maximal broadening of the Lorentzian com-
the sites of the lanthanide ion [32], ponent of the peak amounts to seven per cent of the 

crystalline width. 

6. Conc lus ions The isomer shift and the axial componen t of the 
electric field gradient were found to be correlated 

In the phospha te and borate glasses that we ex- with the optical basici ty of the glass, 
amined, the eu rop ium a tom was found to have the 
oxidat ion n u m b e r +3. The bond is mainly ionic with Acknowledgements 
a small covalent admixture . The main transfer charge 
is into the 6s orbitals of Eu, but the other p, d and f The authors grateful ly acknowledge C. Munton i 
orbitals play also a role. for helpful discussions. 
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