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Abstract: The spectroscopic properties of Eu®* in biocompatible glass and
glass-ceramic eutectic rods of composition 0.8CaSi0s-0.2Ca3(PO,), doped
with 0.5 wit% of Eu,O; are investigated to explore their potential
applications as optical probes. The samples were obtained by the laser
floating zone technique. Depending on the growth rate, they exhibit three
(two crystalline and one amorphous) or two (one crystaline and one
amorphous) phases. The crystalline phases correspond to CaSiO, and
apatite-like structures. At high growth rates the system presents an
amorphous arrangement which gives a glass phase. The results of time-
resolved fluorescence line narrowing spectroscopy obtained under
excitation within the inhomogeneous broadened ‘F,—°D, absorption band
dlow to isolate the emission from Eu* ions in the crystaline and
amorphous environments and to accurately correlate the spectroscopic
properties with the microstructure of these eutectics.
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1. Introduction

Ceramic biomaterials study for tissue repair and bone replacement has been developed
throughout the last decades since the discovery of a bioactive glass by Hench et a. in 1970
[1]. A common characteristic of these materials is the formation of a hydroxyapatite (HA)
layer on their surface when soaked into simulated body fluid (SBF) [2]. Equaly, when
bioactive ceramic materials are implanted in a living body the interaction between the bone
and these materials also takes place only on their surface. To improve the ingrowth of new
bone into the implant, the use of materials with an appropriate interconnected porous structure
is recommended [3]. An approach to overcome this problem is to use dense bioactive
materials capable of developing porous structures in situ after being implanted. To fulfil this
purpose the material should be constituted by at least two phases, bioactive and resorbable,
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respectively. Suitable candidates for this purpose are eutectic glasses and glass-ceramics of
the CaO-Si 0O,-P,0Oy and CaO-Si 0,-P,Os-M gO systems [4—6] .

Directionally solidified eutectics are composite materials grown from the melt by means
of a controlled system. They have shown more relevant properties than their crystalline
counterparts with the same composition due to the unique microstructures that can be created
during the solidification process. The characteristics of this complex and homogeneous
microstructure which can be controlled by the solidification conditions have provided them
with excellent mechanical properties, microstructural stability and corrosion resistance up to
temperatures very close to their melting point [7]. In addition to their excellent performance
as structural materials, the unique features of the eutectic microstructure allow extending the
use of these materials to functiona applications by the addition of rare earths (RE) to the
eutectic system. For instance, the contrast in the refractive index between the constituent
phases allows to produce efficient light guiding in some eutectic ceramics[8, 9].

The eutectic wollastonite (W)-tricalcium phosphate (TCP) binary system has been widely
studied throughout the last decades since it belongs to the family of bioceramic materias. In
particular, tricalcium phosphate, Cas(PO,),, is osteoconductive and bioactive (resorbable)
whereas wollastonite, CaSiO;, is bioactive with osteostimulative properties [4, 5, 10-12].
Worth mentioning is the fact that this material presents a high reactivity in simulated body
fluid (SBF) so that when soaked into SBF an alteration of the material, based on the solution
of W into SBF and a pseudomorphic transformation of TCP into HA is produced, giving rise
to athin layer of porous material. In addition, this eutectic glass, when doped with rare earths,
has shown excellent optical properties [13-15].

Recent results have shown that the transformation of this eutectic glass-ceramics doped
with Nd* ions when soaked into SBF could be analyzed in vitro by using rare-earth ions as
luminescence probes. Site-selective laser spectroscopy in the “lg,—*Faul*Fs, transitions of
Nd** ions were used to investigate the crystal field changes felt by Nd** ions as a consequence
of the sample crystallization stage. The differences among the spectral features of the site-
selective excitation and emission spectra of Nd®* ions allowed discerning between crystalline
and amorphous environments for the rare-earth ions as well as to attempt correlating the
spectroscopic properties with the microstructure of these eutectic materials [16]. However,
due to the complexity of the Nd** ion levels and to the spectral overlapping of the emissions
coming from the rare earth ion in different amorphous and crystalline environments, it was
impossible to isolate the emission corresponding to individual crystalline phases. With the
aim of clearly identifying the rare-earth emission from the amorphous and crystalline phases
in these eutectics, Eu® ions which are highly sensitive to the local environment, have been
used as probe ions in this work. Since °D, state is non-degenerate under any symmetry, the
structure of the °Do—'F; emission is only determined by the splitting of the terminal levels
caused by the local crystal field. Moreover, as the ‘F, level is also non-degenerate, site-
selective excitation within the "Fo—°D, absorption band can be performed by using
fluorescence line narrowing (FLN) spectroscopy in order to distinguish among different local
environments around the Eu®" ions [17-19].

The work investigates the microstructural and photoluminescence properties of the binary
system CaSiO;-Cag(PO,), in the eutectic composition doped with Eu®* ions as a function of
the crystallization stage of the host matrix. Although photoluminescence properties have been
studied in calcium silicate [20-23)], dicalcium silicate [24], apatite-like structure [25-28], and
tricalcium phosphate phosphors [29, 30], most of these works deal with low spectral resolved
luminescence of Eu®* obtained under non-selective UV excitation to explore its intense red
emission for applications in phosphor materials [20, 22, 24, 29, 30] and drug release tracking
[21, 23, 25]. Site-selective emission spectra of Eu**-doped fluoroapatite and oxyapatite
structures are reported in Refs. 27 and 28 where the presence of different crystal field sites for
Eu’* ions depending on the method of preparation are identified. In this work, and for the first
time to our knowledge, time-resolved fluorescence line narrowing (TRFLN) spectroscopy of
Eu® in the eutectic glassy as well as glass-ceramic stages are reported. For this purpose, the
samples were fabricated by the laser floating zone technique (LFZ) which permits to obtain
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shaped fiber glasses and glass-ceramic materials up to 4 mm in diameter. Furthermore, it
alows controlling the solidification rate by means of the growth rate, providing high axial and
radial thermal gradients in the liquid-solid interface [7, 31-33], of paramount importance in
the final microstructure obtained, in such a way that glasses and glass-ceramic materials can
be produced. The spectroscopic properties of Eu®* in biocompatible glass and glass-ceramic
eutectic rods of composition 0.8CaSiO;-0.2Ca(PO,), doped with 0.5 wt% of Eu,Os; are
investigated to explore their potential applications as optical probes and identify the different
micro-structural phases present in the glass ceramic. The samples were obtained by the laser
floating zone technique at different growth rates between 50 and 1000 mm/h. The
microstructural analysis shows the existence of three (two crystalline and one amorphous) or
two phases (one crystalline and one amorphous) depending on the growth rate. The crystalline
phases correspond to Ca,SiO, and apatite-like structures. At high growth rates the system
presents an amorphous arrangement which gives a glass phase. The CaSO, crystalline
structure observed in the glass-ceramic samples grown at low rate shows high reactivity when
soaked into simulated body fluid giving rise to a porous layer.

The results of fluorescence line narrowing experiments demonstrate the existence of three
different local environments around the Eu®* ions in these eutectic samples. The line structure
in the TRFLN spectra together with the remarkably different lifetime values of the °D, state as
a function of excitation wavelength alows to isolate the emission from Eu®" ions in the
crystalline and amorphous environments and to accurately correlate the spectroscopic
properties with the microstructure of these eutectics.

2. Experimental
2.1. Samples fabrication

The precursor rods were obtained from the powder mixture of wollastonite (CS) and
tricalcium phosphate (TPC) in the eutectic 80% CaSiO;, 20% Cag(PO,4), mol% composition.
Furthermore, 0.5 wt% of Eu,Os; was added to the eutectic composite to obtain the doped
samples. The resulting powders were isostatically pressed at 200 MPa for 2 minutes to obtain
ceramic rods which were sintered at 1200°C for 10 hours.

Glass and glass-ceramic eutectic rods were obtained by the laser floating zone technique
(LFZ), which has been described elsewhere in detail [7, 16]. This technique permits to control
the solidification rate, providing high axia and radia thermal gradients in the liquid-solid
interface, of a great importance in the microstructure domain, and opens up the possibility of
fabricating eutectic glasses and glass-ceramics [7, 31-33]. The growth rates were varied in
order to modify the crystalline character of the samples. Keeping the rod diameter constant at
about 2.5 mm, the samples were grown in air at rates of 50 and 500 mm/h to yield glass-
ceramic samples, and at 1000 mm/h to produce the glass sample. After growth they were
annealed at 650°C for 5 h to relieve inner stresses.

The reactivity of the glass-ceramic samples was checked by an in vitro test carried out by
immersing, for athree-month period, a glass-ceramic sample grown at 50 mm/h with diameter
and length of 2.5 and 5 mm respectively, inside a polyethylene bottle with 100 ml of
simulated body fluid (SBF) which was prepared according to the standard process [34]. The
sample was kept at human body temperature of 37 °C by means of a Memmer Beschickung-
loading-model 100-800 stove.

2.2. Characterization techniques

The microstructure, composition, and crystalline features of the phases present in the samples
were determined by means of scanning electron microscopy (SEM), Energy-dispersive X-ray
spectroscopy analysis (EDX), and Electron backscatter diffraction (EBSD), with a field
emission JEOL JSM-7000F microscope.

Resonant time-resolved FLN spectra were performed by exciting the samples with a
pulsed frequency doubled Nd:YAG pumped tunable dye laser of 9 ns pulsed width and 0.08
cm™ linewidth and detected by an EGG&PAR Optica Multichannel Analyzer. The
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measurements were carried out by keeping the samples temperature at 10 K in a closed cycle
helium cryostat. For lifetime measurements, the fluorescence was analyzed with a 0.25 m
Jobin-Ybon monochromator and the signal detected by a Hamamatsu R636 photomultiplier.
Data were processed by a Tektronix oscilloscope.

3. Resultsand discussion
3.1 Compositional and microstructural characterization

In first instance, the chemical composition of the glass-ceramic samples was analyzed to
verify that composition was around the eutectic point, 50.7 CaO + 31.0 SIO, + 18.3 P,Os in
wt%, and to check the amount of RE the samples were doped with. Table 1 shows the
processing features of the glass-ceramic samples and the amount of oxides present in each
one. As can be seen, the composition of the samples as well as the percentage of doping
material were close to the nominal values. Traces of Mg, Fe, and Al impurities were also
found.
Table 1. Compositional analysis of the W-TCP eutectic glass-ceramicsin wt% together

with the growth rate, V, the theoretical eutectic composition and the nominal doping
composition of Eu,Os.

V (mm/h) SO, P,0s Ca0 EU,0;
Theoretica - 31.00 18.30 50.70 0.50
Sample 1 50 30.28 18.95 50.77 063
Sample 2 500 30.40 18.95 50.65 0.70

In a previous work, the authors analyzed the microstructure of these eutectic glass-
ceramics doped with Nd,O3; and found that they were composed of irregularly shaped fibers
embedded in a matrix and aligned parallel to the growing direction [16]. The size and the
number of phases depended on the growth rate, the rod diameter, and the amount of doping
materia present in the sample. In these glass-ceramics doped with Nd** ions, a growth rate
increase led the system to a structural arrangement from three to two phases. Furthermore,
regarding the crystalline nature of the phases, it was observed that, in the case of low-rate
grown samples with three phases, the fibers had an apatite-like structure, which could be
apatite, oxyapatite or hydroxyapatite, whereas the matrix was made up of two phases. one
major phase, with Ca,SiO, structure, and aminor phase which was amorphous. In the case of
high-rate grown samples with two phases, the fibers a'so had an apatite-like structure, but in
this case the matrix presented only one amorphous phase.

In order to analyse the influence of the rare earth nature on the microstructure of the glass-
ceramic samples, a microstructural analysis was carried out by means of scanning electron
microscopy (SEM). Regarding the morphology of the samples, the substitution of Nd,Os by
Eu,O; did not produce any effect either on the arrangement or on the number of phases. Asan
example, Fig. 1 shows the longitudinal section of the glass-ceramic samples doped with 0.5
wt% of Eu,Oz grown at 50 mm/h (a) and 500 mm/h (b). The insets in the micrographs show
the details of the microstructure in a cross-section view. The micrographs show how, as when
doped with Nd,Os, the microstructure was made up of fibers with an irregular shape, aigned
to the growing direction embedded in a matrix. In the same way, the number of phases present
in the samples depended on the growth rate, so that at a low growth rate of 50 mm/h, the
sample had three phases, i.e., the fibers (clear phase) and the matrix (dark and black phases),
whereas at a high growth rate of 500 mm/h, there were only two phases in the sample, the
fibers (clear phase) and matrix (dark phase).
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Fig. 1. Longitudinal-section of the glass-ceramic samples doped with 0.5 wt% of Eu,O3; grown
a 50 mm/h (a) and 500 mmvh (b). The insets in the micrographs show the details of the
microstructure in a cross-section view.

EDX analysis carried out to determine the composition of the phases in each sample
showed a similar behaviour to the one observed for the Nd,Os case. For samples with three
phases, grown at low rate, the clear phase was rich in CaO and P,Os with a low content of
SiO,. The dark phase was rich in SiO, and CaO with a very low content of P,Os, and in the
black phase the amount of CaO and SiO, was high with a low content of P,Os. Regarding the
amount of Eu,Os, it was found in the three phases, with a similar content in both the clear and
dark phases, but with a much higher one in the black phase. In the case of samples with two
phases, grown at high rate, the composition of the clear and dark phases was similar to the
previous case. Table 2 shows the compositional analysis in wt% of samples grown at 50
mm/h and 500 mm/h doped with 0.5 wt% of Eu,Os.

Table 2. Compositional analysisin wt% of the phases present in the eutectic glass-
ceramic samples grown at 50 and 500 mm/h.

V (mmvh) SO, P,0s CaO Eu,0;
Clear Phase 50 mnvh 1552 32.30 51.69 0.49
Dark Phase 50 mmvh 50.61 3.79 4512 0.50
Black Phase 50 mnvh 55.93 1058 31.64 1.85
Clear Phase 500 mm/h 16.20 31.68 51.63 0.48
Dark Phase 500 mm/h 48.75 9.62 40.81 0.82

With regards to the crystalline nature of the phases, EBSD analysis performed in the
samples confirmed that the crystalline structures were the same as observed for the Nd,O3
case. Fibers (clear phase) were crystalline with an apatite-like structure in any case, whereas
the dark phase turned from crystalline, with Ca,SiO, structure, into amorphous as the growth
rate increased. The black phase, which only appeared at low rate, was amorphous. Figure 2
shows the cross-section micrograph of a sample grown at 50 mm/h doped with 0.5 wt% of
Eu,0s. The insets show the electron backscatter diffraction patterns corresponding to the
oxyapatite structure found in the clear phase, (1), and to the dicalcium silicate found in the
dark phasg, (2).
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Fig. 2. Cross-section micrograph of a glass-ceramic sample doped with 0.5 wt% of Eu,Os;
grown at 50 mnvh. The insets show the electron backscatter diffraction patterns corresponding
to an oxyapatite structure found in the clear phase, (1), and to the dicalcium silicate found in
the dark phase, (2).

On the other hand, the Ca,SiO, structure observed in the glass-ceramic samples grown at
low growth rate has shown an excellent in vitro bioactivity, since when soaked into SBF, a
bonelike hydroxyapatite (CHA) layer isformed on the surface [35]. To ascertain the reactivity
of the glass-ceramic sample grown at low rate, an in vitro preliminary test was carried out by
soaking the sample grown at 50 mm/h into SBF for 3 months. Figure 3 shows the micrograph
in a longitudinal-section view of the sample after the immersion period. It can be observed
how the SBF has dissolved the two phases of the glass-ceramic matrix, the amorphous phase
as well as the one with Ca,SiO, structure, giving rise to a porous layer with a thickness of
around 80 pm in which the fibers still remain in the sample. An EBSD analysis carried out in
the sample confirmed that the apatite-like structure of the fibers was unaltered after the
immersion period.

Fig. 3. Longitudinal -section micrograph of a glass-ceramic sample doped with 0.5 wt% of
Eu,O; grown at 50 mm/h after an immersion period of three months in simulated body fluid

(SBF).

Therefore, we can conclude that the features of the LFZ growing technique permit to
obtain glass-ceramic samples departing from a non-equilibrium state, resulting in
microstructures not reported so far in this system that cannot be obtain by the conventional
thermal treatments in furnace in which the substitution of the rare earth does not affect the
microstructure of the glass-ceramic samples either in the morphology or in the crystaline
structure.
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3.2. Time-resolved fluorescence line-narrowing spectroscopy

As we have mentioned before, the optical properties of Eu** ions are highly sensitive to the
local environment. Since the first excited state °D, is non-degenerate, the structure observed
in the fluorescence spectra is only determined by the terminal ground state splitting.
Therefore, the >Dy— 'Fy transition clearly indicates there are different sites present in the host.
Moreover, the °Dy—F, transition is hypersensitive to the chemical surroundings and is
symmetry dependent. Hence it is possible to distinguish between crystalline and glassy
environments by means of time resolved fluorescence line narrowing spectroscopy.

Time-resolved line-narrowed fluorescence spectra of the *Dy—'Fq., transitions of Eu®*-
doped samples were obtained at 10 K by using different resonant excitation wavelengths into
the 'Fo—°D, transition with a time delay of 10 ps. Figure 4(a) shows the spectra
corresponding to the 5D0—>7F0,l,2 transitions for the sample grown at 50 mm/h obtained at
different pumping wavelengths along the 'Fo— °D, absorption band. Depending on the
excitation wavelength the emission spectra present different characteristics, mainly regarding
the relative intensity of the transitions and the splitting. Under excitation between 572 and
576, the spectra show similar features to those observed in Eu**-doped apatites [27, 28]. In
these spectra, the °D—'F, transition shows a strong intensity and the energy of the °Dg level
is higher than in other Eu**-doped crystalline samples. Moreover, there is a significant
splitting of the Stark components in which levels ’F; and ‘F, overlap which indicates the
presence of a highly asymmetric crystal field which produces mixing of the ’F; and 'F, states
[27, 28]. In the apatite lattice EU** can substitute the Ca?* ions and therefore, as there are two
inequivalent Ca sites, one ninefold coordinated with C; symmetry and the other sevenfold
coordinated with Cs symmetry, the splitting of these transitions indicates that Eu** ions in the
apatite-like crystaline phase occupy the low symmetry sites. The presence of dightly
different sites can be explained by a dightly different arrangement of charge compensating
ions and defects.

On the other hand, while tuning the excitation pulse at other wavelengths (578 nm) the
spectra consist of a superposition of emissions corresponding to Eu** ions in different phases.
The spectrum obtained by exciting at 579.1 nm is only observed in this sample and according
to the EBSD analysis, corresponds to Eu®* ions in dicalcium silicate crystalline phase. As in
the case of the spectra corresponding to the apatite-like structure, three Stark levels for the
°*Dy—F; transition and five levels in the hypersensitive °Do—'F, transition are observed,
meaning that Eu** ions are located in crystal siteswith C,, or lower symmetry.

In the case of the sample grown at 500 mm/h, where a crystalline and an amorphous phase
are present, the spectra obtained under excitation between 572 and 576 nm show the same
features than in the previous case corresponding to the emission from Eu®* ions in the apatite
crystalline phase. However, as excitation wavelength increases the spectra become similar to
those obtained in the glass sample (see Fig. 4(b)).

Asin the case of Nd* ions the dicalcium silicate phase appears only in the sample grown
at low rate, in this case at 50 mm/h. This can be clearly observed in Fig. 5 which shows the
emission spectra obtained under excitation at 579.1 nm for the GC samples grown at 50 mm/h
and 500 mm/h and for the glass sample. As can be seen the emission spectrum of the sample
grown at 500 mm/h is quite similar to the one obtained in the glass sample, which indicates
that in this sample at this wavelength we are exciting Eu* ions in the amorphous phase.
However, in the case of the glass-ceramic sample grown at 50 mmv/h, the spectrum shows
sharp lines according to Eu®* in the dicalcium silicate crystalline phase. Thisis clear from the
excitation spectra corresponding to the "Fo—°Dy, transition for the three samples (see Fig. 6).
As can be seen, the excitation spectrum of the sample grown at 50 mm/h shows a band
centered around 574 nm which corresponds to the apatite-like crystalline phase, together with
a narrow peak around 579.1 nm, the excitation wavelength at which Eu** ions in the
dicalcium silicate crystalline phase are excited. In the case of the sample grown at 500 mm/h,
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the spectrum shows the band around 574 nm and a shoulder at the long wavelength side of the
spectrum that corresponds to the Eu®* ionsin the amorphous phase.
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Fig. 4. °Do—Fo, 1, » emissions of Eu® in the sample grown at () 50 mm/h and (b) 500 mm/h
obtained at different excitation wavelengths aong the ‘Fo—°D, absorption band. Data
correspond to 10 K.
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Fig. 5. "Do—Fy, 1, » emissions of Eu™* for the glass-ceramic samples grown at 50 and 500 mm/h
and for the glass sample obtained under excitation at 579.1 nm Data correspond to 10 K.

The presence of Eu® in the crystaline and amorphous phases is also confirmed by
lifetime measurements of the °D, level. As could be expected, if there are different sites for
the Eu®" ion, the lifetime of state °D, should depend on the excitation wavelength. Thus, the
lifetime of the °D, state at different excitation wavelengths was measured and the
luminescence at the highest intensity Stark component of the °Dy—'F, transition collected.

#181528 - $15.00 USD Received 10 Dec 2012; revised 26 Feb 2013; accepted 1 Mar 2013; published 8 Mar 2013
(C) 2013 OSA 11 March 2013/ Vol. 21, No. 5/ OPTICS EXPRESS 6569



0.2—T=10K

"Fy—5D, Glass

o
;

500 mm/h

Intensity (arb. units)o
S
|

o O

1

T
50 mm/h

0 N
T T T T
570 572 574 576 578 580 582
Excitation Wavelength (nm)

Fig. 6. Low temperature excitation spectra of the "Fo—°D, transition for the glass-ceramic
samples grown at 50 and 500 mm/h and for the glass sample obtained by collecting the
luminescence at the *Dy—'F, emission.

The temporal decays obtained under excitation at which the crystalline phases are
selectively resolved can be described by a single exponential function. In the sample grown at
50 mm/h, the lifetime obtained under excitation at 579.1 nm which corresponds to Eu®" in
dicalcium silicate crystalline phase is around 3 ms whereas the lifetime corresponding to the
apatite-like crystaline phase displays a variation from 0.448 to 0.661 as the excitation
wavelength increases from 571.6 to 576 nm. At other wavelengths when Eu® ions are
simultaneously excited in different phases, the decays are not single exponentials and the
lifetimes change from 0.423 to 2.5 ms depending on the excitation and emission wavelengths.
As an example Fig. 7 shows the experimental decays obtained by exciting at 574 and 579.1
nm and collecting the luminescence at the highest Stark component of the >Dy—'F, transition
for the sample grown at 50 mm/h. In the case of the sample grown at 500 mm/h the decays
obtained under excitation between 571 and 577 nm are single exponentials with lifetimes
ranging between 0.47 and 0.77 ms. At longer wavelengths when Eu®* ions in the apatite and
amorphous phases are simultaneously excited, the decays are not single exponentials and
lifetimes are longer. In the case of the glass sample the decays are single exponentials at all
excitation wavelengths and the lifetime changes from 1.45 to 1.71 ms depending on the
excitation wavelength. Therefore, as expected, lifetime measurements allow to identify the
presence of EU®* ionsin the different phases.
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Fig. 7. Experimental decays of the °D, level obtained under excitation at (&) 574 and (b) 579.1
nm and collecting the luminescence at the °Dy—F, emission for the sample grown at 50 mm/h.
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4. Conclusions

Eutectic glass and glass-ceramics samples of composition 0.8CaSiO5-0.2Cay(PO,), doped
with 0.5 wt% of Eu,Os were fabricated by the laser floating zone technique. This growing
technique permits to obtain glass-ceramic samples starting from a non-equilibrium state and
ending in not yet reported microstructures in this system that cannot be obtained by
conventional thermal treatments in furnace. The microstructural analysis showed that the
nature of the rare earth the samples were doped with, did not produce any effect either on the
arrangement or on the number of phases, so that the growth rate is the key factor involved in
the crystallization process and hence in the size and number of phases present in the glass-
ceramic samples as well as in their crystalline features. In particular, the glassy character of
the glass-ceramic samples increases with the growth rate in such a way that at high growth
rates a glass sample can be obtained. For the glass-ceramic samples, the existence of three
(two crystalline and one amorphous) or two phases (one crystalline and one amorphous),
depending on the growth rate, has been shown. The crystalline phases correspond to CaSiO,
and apatite-like structures. The CaSiO, structure observed in the glass-ceramic samples
grown at low growth rate has shown high reactivity when soaked into simulated body fluid, so
that the SBF dissolved this crystalline phase giving rise to a porous layer in which the apatite-
like structure phase remains unaltered in the sample after the immersion period.

The results of fluorescence line narrowing experiments demonstrate the existence of three
different local environments around the Eu®* ions in these eutectic samples. The changes in
the TRFLN emission spectra of Eu** ions related to the relative intensity and splitting of the
Stark components of the °Do—'F; transitions together with the different lifetimes values of the
°D, state depending on the excitation wavelengths allow to isolate the emission from Eu**
ions in crystalline and amorphous environments and to correlate the spectroscopic properties
with the microstructure of these eutectics. The emission from the two crystalline phases can
be unambiguously identified from the emission and excitation spectra and lifetime
measurements of the *Dy state of Eu®* ions. These results show the potentialities of Eu®'-
doped eutectic glass-ceramics obtained from the LFZ technique as luminescence probes for in
vitro applications based in their bioactive and luminescent properties.
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