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Aged rare earth doped silicates as optoelectronic material
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Abstract Samples of various concentrations were pre-
pared and kept unsintered for a period of three years to
study the consistency of composition prepared and
structural evolution of glass. The expanded peaks in the
Raman spectra arise due to thermal agitation, and a
Boltzmann type of distribution was expected in the silicate
gels. The behavior of the gels during the dehydroxylation
and dehydration is conditioned by its microstructure,
which depends upon the physical conditions, i.e., pH, and
drying conditions.
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1 Introduction

Rare earth doped glasses are in much demand due to the
potential applications in photonics. Samples of various
concentrations had been prepared and left unsintered for a
period of three years to study for consistency and the
change in structural evolution of glass. The micro-Raman
spectra of the samples exhibited the fundamental vibra-
tions of dry SiO2 near 430, 800, 1060, and 1200 cm–1

prominently [1–4]. In addition to these, defect bands were
also observed at 490 and 600 cm–1 in some of the spectra
[5–7]. The behavior of the gel during the dehydration and
dehydroxylation is conditioned by its microstructure,
which in turn depends upon the physical conditions
prevailing at the time of the hydrolysis. The factors
responsible are mixture components, pH of medium, and
drying conditions.

2 Materials and methods

Analytical grade tetraethyl orthosilicate (TEOS),
ErCl3$6H2O, YbCl3$6H2O, HCl, NH4OH, and de-ionized
water were the starting materials for sol-gel glasses. Molar
ratios of 1∶14∶0.01 were taken for TEOS∶H2O∶HCl and
magnetically stirred till a clear liquid formed. At this time,
calculated and carefully measured dopants (using sartor-
ious, single-pan electronic balance) were added and stirred
again to mix the salts. Strips were used to check the pH of
the solution, and NH4OH was added to yield a pH of 3.5.
The sols were poured into Petri dishes and covered with
polythene sheets tied tightly with rubber bands with
several pin-holes. They were then kept for seven days at
room temperature and then baked in an oven for three
weeks at 55°C and were separated into two set of samples.
Sample Awas sintered just after baking for three weeks,

and sample B was stored for three years to study the effect
of aging and then sintered. Figure 1 shows the crystalline
phase of silicate samples in the Raman spectra.

3 Raman spectra measurements

All the data were measured using a Renishaw micro-
spectrometer, RM1000. The 514.5 nm of an Ar+ laser had
been used to excite the Raman scattering. The lasers output
power was 30mW. The micro-Raman peaks were observed
at 417, 799, 1056, and 1215 cm–1. The 430 cm–1 is allotted
for the motion of oxygen, popularly called the symmetric
ring breathing mode. Symmetric Si-O-Si stretching mode
is represented by 800 cm–1. The band at 1056 cm–1 is due to
the C-H stretching vibrations of unhydrolysed species. The
band at 1215 cm–1 arises due to Si-O asymmetric stretching
vibrations [8–11]. Figure 2 shows the micro-Raman
spectrum of a typical sample B which stored for three
years to study the effect of aging.
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3.1 Effect of sintering on various peaks of Raman spectra

3.1.1 1180 cm–1 band: longitudinal asymmetric stretching
modes of Si-O-Si

This band arises due to the stretching vibrations of the Si-
O-Si. This peak is almost negligible in the spectrum of the
unsintered sample as the sintering temperature increases,
the peak emerges as shown in Fig. 3, and it also shifts
toward the higher wavenumber. As shown in Fig. 4, it
indicates that this is the most intense band as far as the
Raman spectra of silicate glasses are concerned. Thus, the
silicon atom probably has higher bond length as compared
to fresh silicate samples.

3.1.2 430 cm–1 band: stretching or vibrational modes of ring
structures [10]

Figure 3 shows the breathing mode of silicate gels. The
effect of sintering on aged samples on the spectra is to

reduce the intensity with increase in temperature. This
band is asymmetric due to the superposition of two bands
near 270 and 380 cm–1. The change in intensity exhibits
lesser stretching of silicate gels as sintering temperature
increases.

4 Results and analysis

Figure 1 shows the crystalline phase of silicate samples in
the Raman spectra. There are more peaks in the crystalline
phase as compared to the glassy phase. In the glassy phase,
the peak height of the defect bands is governed by the
maximum temperature of sintering. The effect of increas-
ing the sintering temperature was to lower the peak height
at 600 cm–1. The peak at 1100 cm–1 exhibited asymme-
tricity. This indicated a phase separation within the glassy
phase due to storage for the period mentioned. An attempt
had been made to study the effect of sintering temperature,
concentration, and nature of dopants. The asymmetric peak

Fig. 2 Micro-Raman spectrum of a typical sample B (stored for three years to study the effect of aging)

Fig. 1 Raman spectra of crystalline silicate samples
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is also attributed to superposition of peaks. An attempt is
made to isolate the superposed peaks. The relative height
of 900 cm–1 peak also shows degree of disorder [12–14].
Raman spectra of the samples are compared with the data
in the literature, as shown in Fig. 2. Another interesting
feature emerging out of the study indicates a shift of high
intensity bands toward higher wavelength in aged samples.
Thus, the structure of silicate gels evolved is different from
the spectra of fresh samples.
It is also observed that when the shifting of the

wavenumber of the high intensity band is plotted against

the unsintered sample, the graph is a straight line. This
indicates a linear relationship between the sintering tempera-
ture and the intensity of the peak under consideration.

5 Conclusion

The peak at 1100 cm–1 exhibited asymmetricity in contrast
to the crystalline phase, as shown in Fig. 1. This indicated a
phase separation within the glassy phase due to storage for
the period mentioned. The asymmetric peak is also

Fig. 3 Micro-Raman spectrum of samples B that were stored for three years to study the effect of sintering temperature at (a) 55°C; (b)
500°C; (c) 900°C; (d) 1100°C, respectively
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attributed to superposition of peaks. An attempt is made to
isolate the superposed peaks. The effect of increasing the
sintering temperature was to lower the peak height at
600 cm–1.
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Fig. 4 Micro-Raman spectrum of samples B that were stored for
three years to study the effect of sintering temperature
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