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We present results of the study of optical and thermo-optical properties as well as the thermo-
gravimetric analysis of SiO,:Er®* (5% mol) glasses prepared by the sol-gel method at different pH (2, 3, 4
and 5). The thermo-optical characteristics were measured at room temperature under resonant
conditions for the Er®" ions and analyzed in terms of a theoretical model for continuum wave (CW) laser
induced thermal lensing under a Gaussian-beam approximation. The thermo-optical properties showed
a dependence on the pH conditions during the synthesis of the SiO,:Er®" (5% mol.) glasses.
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INTRODUCTION

In recent years, the sol-gel technique has been
successfully used in the synthesis of a wide number of
materials due to its advantage over traditional techniques
generally involving high temperature processes. The sol-
gel process is a low temperature and humid route
technique for chemical reactions to allow the growing of
inorganic solids - ceramic or vitreous - with a high purity
and homogeneity; this technique offers both a low cost
and a high degree of compositional flexibility in the
combination of polluting agents like the components of
the matrix.

The newer optical glasses synthesized through sol-gel
technigues make technological applications possible and
stimulates the interest in the study of different properties
of the vitreous sol-gel matrix, particularly luminescence
(Weber, 1990; Blasse, 1987; Lucas et al., 1978; Kohli
and Shelby, 1991). When the samples are exposed to a
high intensity laser light source, additional effects to
fluorescence may occur, for example, a local heating due
to the absorption of the incident radiation on the matrix
(Baesso et al., 1997; Durville and Powell, 1987; John et
al.,, 1992; Alvarez et al., 1996). This localized

*Corresponding author. E-mail: marioe@alvarez.uson.mx. Tel:
52 662 2592156. Fax: 52662 2592156.

change of temperature may cause a local change in the
refractive index, known as thermal lens effect. Due to the
importance of this effect it has been studied largely in
optical glasses Baesso et al. 1997; Durville and Powell,
1987; John et al., 1992; Alvarez et al., 1996; Falcao et
al., 2005; Baesso et al., 1999).

In this work, we present preliminary results on the study
of spectroscopic properties, thermooptical and thermo-
gravimetric analysis of glasses with trivalent erbium
impurities prepared with the sol-gel technique for different
pH values.

EXPERIMENTAL DETAILS

Erbium doped glasses were prepared by the sol-gel technique from
Teraethylorthosilicate (TEOS) taken as the glass precursor. The
molar ratio of TEOS was 1:1:1 with respect to the ethanol and tri-
distilled water, the other constituents used in the preparation.
Appropriate molar quantities of Er(NO3)s-5H,O were dissolved in tri-
distilled water along with nitric acid and agqueous ammonia to
change the pH in a 2 to 5 range. TEOS and ethanol were stirred for
about 15 min and then distilled water containing dopants was
added to the mixture and stirred for 2 h until gelation started.

The mixture was placed in plastic cells, covered with parafilm
(flexible film), and its evolution was followed by UV-Vis
spectroscopy. After 150 h at room temperature (RT), a pink solid
glass sample was obtained retaining approximately 10% of the
initial volume. The sample was dried at room temperature for 3
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Figure 1. Thermo-gravimetric analysis (TGA) (red line) and
differential thermal analysis (DTA) (blue line) for the pH 5, 5%mol Er-

doped SiO, sample.

weeks, then for 3 days at 70°C and finally one more day at 120°C.

Thermal lens experiments were performed by using an
experimental arrangement as described by Durville and Powell
(1987). The excitation source was an argon laser model Melles
Griot 35 LAP 431-220. The 488 nm line of the laser allowed
performing resonance experiments with an electronic transition of
the Er** glass samples. A 10 mW He-Ne laser was used as a probe
to detect changes in the refraction index induced by the excitation
beam. The wavelength and the low power of the attenuated probe
beam did not cause any alteration on the refractive index.

The excitation and the probe laser beams were collinear and
focused inside the sample using a lens with a focal distance of 10
cm. The thickness of the sample is 0.2 cm; the transmitted
excitation beam was filtered out and the resulting intensity I(t) at the
center of the probe beam was monitored using a pinhole and a
Hamamatsu R928 photomultiplier tube. The signal was processed
by using an EGG/PAR boxcar average and readout done on a strip-
chart recorder.

RESULTS AND DISCUSSION
Thermal properties

The thermo-gravimetric analysis (TGA) was performed on
a pH 5 glass (that is, a glass sample prepared from a
starting solution of TEOS, water, ethanol and nitric acid
with a corresponding pH = 5); it is shown in Figure 1; red
line shows that the glass sample exhibits a constant
mass loss until 800°C; the accumulated loss is
approximately a 30% of its initial mass. This can be
explained in terms of the loss of almost all the solvents
contained in the whole glass. The differential thermal
analysis (DTA) curve (blue line) showed an endothermic
signal around the 50 to 125°C corresponding to the
phase change on the sample; however, an exothermic
signal occurred between 200°C and 400°C. It can be due

to the decomposition of the nitric compounds. Also, the
first weight loss of 2% around the 50°C is appreciable
which is in agreement with the first exothermic signal in
the DTA curve. This weight loss is mainly due to water
evaporation (Rao and Pajonk, 2003).

Optical properties

In the visible range, the optical absorption spectrum of
Er** ion in the sample prepared with pH 5 is presented in
Figure 2. This consists of a series of narrow bands that
goes from the UV to the IR regions. These spectroscopic
characteristics can be associated to transitions from the
ground state “l,5» to the different excited states in the
configuration 4f* of Er** (Sosa et al., 2001).

Figure 3 shows a characteristic RT emission spectrum
of a pH 5 Er**-doped sol-gel glass sample excited at 280
nm. This emission consist structured broad band
localized from 320 to 500 nm. The inset shows the
intrinsic emission spectrum of undoped sol-gel glasses
under same wavelength excitation (Garcia et al., 1995),
this emission does not exhibit a structure similar to that
exhibited by the emission of the sol-gel glass doped with
erbium. In order to get a better insight of this process, a
careful analysis of the observed structure in the emission
board band was carried out. It was found that each time
that a “hole” is produced in the emission band, an
absorption peak is present in the sol-gel glasses,
corresponding to the absorption bands associated with
the Er’* ions. This one-to-one correspondence is clearly
observed in Figure 4 in which the intrinsic emission
spectrum Er**-doped sol-gel glass has been drawn
superimposed on their absorption spectrum. This result
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Figure 2. Optical absorption spectrum in the UV-Vis range recorded on the pH5 Er-doped
sample as prepared.
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Figure 3. Emission spectrum pH 5, 5%mol Er-doped SiO, sample under UV excitation. The inset shows the emission
spectrum of an undoped pH5 SiO, sample for the sake of comparison. Both emission bands were obtained under
continuous excitation of the doped and undoped samples at 280 nm, respectively.
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Figure 4. Normalized absorption (pink line) and emission (blue line) spectra recorded on “as prepared” pH 5,

5%mol Er-doped SiO, sample.

shows evidence that a radiative energy transfer occurred
from the sol-gel glass to Er®" ions, in every investigated
samples.

Under resonant conditions for the Er** UV-Visible
excitation, no light emission that could be associated with
the guest ions was detected in the 400 to 850 nm range,
within the resolution of our experimental setup. Such a
behavior could be related to the non-radiative relaxation
processes resulting from the host-Er®" interactions in our
samples (Sosa et al., 2001). Another possible channel of
non-radiative relaxation is the concentration quenching
effect, which is due to the energy migration all over the
sample caused by the energy transfer between two
nearby Er ions, one being in some excited state and the
other in the ground state. Due to this interaction, energy
can migrate through the glass until a quenching center is
met and the excitation is lost (Shixun et al., 2006; Pacifici
et al., 2003; Snoeks et al., 1996).

Preliminary results on the dependence of the optical
properties of these materials on the concentration of Er
ions suggest that the first mechanism mentioned pre-
viously is the dominant one in each sample; it prevents
the observation of any emission band associated with the
relaxation of the erbium ions from the excited state to the
ground state. Currently, experiments are being conducted
in our laboratory in order to confirm these observations

and to elucidate the actual nature of this phenomenon.

Thermo-optical properties

In the analysis of thermal lens effect, the wavelength of
488 nm was used to resonantly excite the transition
corresponding to the absorption of the erbium ion. An
attenuated 10 mW red He—Ne laser was used as a
probe-beam to detect changes in the refractive index
induced by the excitation beam. The spatial pattern of the
transmitted probe beam was observed for different
experimental conditions. The results were qualitatively
similar for glasses prepared by the sol-gel method at
different pH 2, 3, 4 and 5. Figure 5 shows the time
evolution of the I(t), intensity at the center of the
transmitted probe beam when the samples were placed
just before and after the beam waist of the probe beam. If
the sample was placed just before the beam waist, we
observed an expansion of the transmitted probe beam
profile when the excitation beam was turned on. With the
samples placed just after the beam waist of the probe
beam, we observed a contraction of the transmitted
spatial pattern. These observations indicate that the
excitation beam causes the sample to act as a positive
lens. The magnitude of the change in the beam profile
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Figure 5. Time evolution of the intensity at the center of the transmitted probe beam when
the samples is placed just before and after (inset) the beam waist of the probe beam.

depends on the absorbance of the sample at the
wavelength of the excitation and power of the excitation
beam, as well as on the exact position of the sample
relative to the beam waist of the probe beam.

The temporal variation of the observed changes in the
probe-beam intensity provides useful information for
understanding the mechanism of the laser-induced
refractive index changes. A typical time evolution, of
intensity in the center of the transmitted probe beam after
tuning on the excitation beam is shown in Figure 5. The
decay curves I(t) show two well-defined stages; the first
stage lasts a few seconds while the second stage lasts
several minutes before it reaches equilibrium. If the
excitation beam is turned off after the equilibrium point,
the signal does not return to its original level. This
suggests the creation of permanent changes in the refrac
tive index.

The general characteristics and the response time
observed in our experiments, in the first stage of the
thermal lensing is the dominating mechanism of the laser
induced refractive index that changes at medium power
levels (107 to 10° W cm™). Also, for our experimental
configuration, the relative change in the intensity at the
center of the transmitted probe beam can be determined
from ray analysis by using transfer matrices under a
Gaussian-beam approximation (Durville and Powell,
1987). According to this model, the ratio lo/I(t) is given by

-1

-1 2
I—“=1+9{1+’—6} L6 4(1+’—C]
10) 2 2

1)

where 1. = o’ / 4D, o is the excitation beam radius inside
the sample and D is the thermal diffusivity in units of
(cm®s'). With D = «/pC,, where k is the thermal
conductivity (cal s* cm™ °C™), p is the density (g cm™)
and C, is the specific heat capacity (cal g* °C™). The <,
constant represents the characteristic build-up time of the
thermal lensing. Parameter 6 of the equation is a
dimensional and collects a set of variables and can be
considered like a measurement of the self-focusing
phenomenon (John et al., 1992; Hu and Whinnery, 1973;
Gordon et al., 1965).

0 = Pal(dn/dT)/kA

where P is the power of the incident beam, a is the
absorption coefficient at incident radiation at wavelength
of the excitation beam Al is the thickness of the simple,
and (dn/dT) is change in the refractive index produced by
temperature rise. A computer fit to the experimental data
using Equation (1) was obtained by treating 6 and t. as
adjustable parameters. As an example, Figure 6 shows a
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Figure 6. Time evolution of the intensity I(t) at center of the transmitted probe beam
and theoretical fit in Er*"-doped glass sample pH 5 under 85 mW-CW resonant laser
excitation at 488 nm. It shows the theoretical fit (line) of the time evolution of the signal

to the experimental points (squares).

Table 1. Values obtained from fitting experimental data
in Equation (1).

Sample Tc 0

pH 2 12.19016 0.15044
pH 3 13.3331 0.21342
pH 4 34.04389 0.26519
pH 5 47.89067 0.48725

typical result of such a fitting. Good agreement is
obtained between the theoretical fit and the experimental
results of the sample pH 5 of SiO,:Er**. The values
obtained for all the studied samples for different pH
values are shown in Table 1.

The 488 nm line laser Ar" corresponds to the resonant
excitation of the Er** ions; the heat is generated through
radiationless relaxation processes producing local
vibrational modes transferring their energy to the phonon
modes of the glass network. The time constant of the
thermal lensing is then governed both by the interaction
between the rare-earth ions and the phonons and by the
thermal properties of the bulk sample, namely the heat
diffusion coefficient. The observed difference in the time
constant t. between the five samples reflects a difference
in the thermal diffusivities of the sol gel glasses
synthesized at different pH. The thermal properties of the
bulk sample are pH dependent because they have
different glass network structures with implications on

the short-range structure, different for every one of the
four glasses (Durville and Powell, 1987; Brinker and
Scherer, 1985).

The differences in the time constants for thermal
lensing can be used to explain the differences in the
strengths of the thermal lensing. The strength of the
thermal lensing is associated with the change of the glass
polarizability. The glass network at pH 5 sample is much
more sensitive to thermal effects than the other samples
because of the lower thermal conductivity (Durville and
Powell, 1987).

Conclusion

In summary, experimental data on the effects of pH
conditions during the synthesis of the SiO»:Er** (5% mol.)
sol-gel glasses are presented and discussed. From the
study of the optical properties of the pure and doped
samples of Si0, sol-gel glasses, we have given evidence
of an active mechanism for radiative energy transfer
between the host glass and the Er**. The thermo-optical
parameter shows a dependence on the pH of the
synthesis of glasses. These results provide quantitative
information on thermal lens effects in sol-gel Er** doped
glasses.

The optical and thermo-optical properties have been
employed to get a better understanding on the effects
that are induced by dopant lanthanide ions on the
properties of the network related with 6 and 1. thermo-
optical parameters.
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