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PbO-Sb,03-B,05 glasses mixed with different content of Pr,05 (ranging from 0 to 0.6 mol%) were crys-
tallized. The samples were characterized by X-ray diffraction, transmission electron microscopy (TEM)
and differential scanning calorimetric (DSC) techniques. The TEM studies indicated that the samples
contain well defined and randomly distributed nanoclusters possessing the sizes within ~30-40 nm.
The XRD spectra have exhibited diffraction peaks due to presence of PbsSb,0g, Pb3(SbO4),, PbB4O7, 3-
PrSbOg4, Pr3Sb07, Pr3Sbs04; crystalline phases. From these spectra, it was identified that the antimony
ions co-exist in Sb>* state with Sb3* state in the titled glass ceramic samples. The photo-induced birefrin-
gence (changes in refractive indices) caused by simultaneous exposure of the sample with the doubled
frequency coherent laser beam (1.54 wm and 0.77 wm) was monitored by polarized probing beam of
varying wavelength in the range of 750-1250 nm. The induced birefringence exhibited a maximum at
about 1000 nm, a wavelength corresponding to *Hy4 — 1G4 optical excitation transition of Pr3* ion. We
have established a correlation between the intensity of this transition and the birefringence dispersion.
Principal role of the photo-occupation of this transition is identified. The variations of photo-induced
birefringence with increase in the content of Pr,03 is explained due to the increasing degree of disorder
and increasing concentration of deformed PrOg structural units in the glass ceramic. Further analysis of
these results coupled with the data on IR and Raman spectral studies, has indicated that PbO-Sb,03-B,03
glasses crystallized with 0.6 mol% of Pr,05 exhibit maximal birefringence effects.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction ture in the material. Such kind of effects play dominant role in the

nonlinear absorption process. Such absorption ultimately induces

The understanding of the origin of optical nonlinearities in
glasses and glass ceramics stimulated by ultra-short laser pulses
has gained momentum in the recent years; such studies in fact
help in examining the suitability of the materials for potential
applications like three-dimensional photonic devices for integrated
optics and other nonlinear optical devices (such as ultrafast optical
switches, power limiters, broad band optical amplifiers) [1,2]. The
conventional methods, like ion-exchange, diffusion into a trans-
parent substrate or lithographic methods that are being used for
inducing nonlinear optical effects are generally limited to the fab-
rication of planar or low-dimensional structures. On the other
hand, when the ultra-short laser pulses of sufficient intensities are
focused into the bulk of glasses and glass ceramic materials, a local
redistribution of the electronic charge density takes place; such
rearrangement often leads to the modification of the microstruc-
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changes of the refractive index in the material due to multi-photon
processes. The degree of the photo-induced nonlinearity depends
from one side on the wavelength of the laser pulse, pulse energy,
pulse duration, repetition rate and exposure time and from the
other side the local structure of the glasses, their crystallization
behavior, color center and exciton formation also play a major role
in the mentioned effects. The strength and nature of the generated
optical nonlinearity can be described in terms of the nonlinear sus-
ceptibility of the first and higher orders or equivalently in terms of
the changes in the absorption coefficient (amplitude response) and
the refractive index (phase response) of the medium.

In case of oxide glasses (which do not possess the inversion
symmetry) the optical poling is caused by the formation of a spa-
tially periodic optically induced electrostatic field in the sample
due to photo-carrier charge separation by means of direct cur-
rent due to a coherent photo-galvanic effect [3,4]. In this type of
optical poling, there is a spatial periodicity of the photo-induced
electric field with a period of q=1 (q=2k; —k,, where kq, k, are
the wave vectors of fundamental and doubled frequency coher-
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ent beams). Hence, the periodic space modulation of the refractive
index Anj,-~x(3) EgiEq, with a period of (2¢)~! and the second-order

ijke
polarizability X](.,fl) = XE;),EM with the period of g~ appear in the

optical poling. The study of the dispersion of the induced opti-
cal susceptibilities (both linear and nonlinear one) thus consists
of probing the laser-induced changes in the refractive index of the
material as a function of the varying probe wavelength.

So far, most of the studies on optically stimulated nonlinear opti-
cal effects are limited to silicate glasses because of their wide use
as optical materials. The antimony oxide based glass ceramics can
be considered as equally better candidates for inducing NLO effects
since these materials possess high refractive index, they have rel-
atively large polarizability and are transparent to the far infrared
wavelengths [5,6]. Sb,03 participates in the glass network with
SbOs structural units and can be viewed as tetrahedrons with the
oxygen situated at three corners and the lone pair of electrons of
antimony (Sb3*) at the fourth corner localized in the third equa-
torial direction of Sb atom. The charge density deformability of
this pair probably could make these glass ceramics to exhibit first
order nonlinear optical susceptibility described by third rank polar
tensors due to occurrence of photo-induced non-centrosymmetry.
However, Sb,05 is an incipient glass network former and as such
does not readily form the glass; hence to facilitate the glass forma-
tion, mixing of some proportion of a strong glass former like B;03
is necessary. Moreover, following the relatively high values of local
polarizabilities, one can expect that glasses containing borate may
also be of particular interest for the photo-induced nonlinear optics
[7].

The addition of PbO to Sb,03-B,03 mixture further assists the
formation of a good glass since it acts not only as a modifier but also
as a glass former participating in the glass network with [PbOy;; |
pyramidal units connected in puckered layers. Additionally, earlier
it was also reported that PbO also plays a crucial role in inducing
the nonlinear optical effects in the glass materials [8].

Kityk et al. have demonstrated that partial crystallization of the
glass-like materials leads to substantial enhancement of the photo-
induced SHG [9]. Recently, we have reported the second-order
nonlinear optical effects of antimony borate glasses crystallized
with TiO, and CoO as nucleating agents [10]. From these studies,
the optimal concentrations of the dopant ions/crystallizing agents
for getting the maximum optically induced effects have been iden-
tified.

Additional possibilities are opened by use of rare earth doped
nano-crystalline glass materials. Some recent studies on PIB
effects of rare earth mixed crystalline materials are available in
the literature [7]. The crystallization of especially antimony oxide
based glasses is of more interesting since during the crystallization,
there exists a possibility for oxidation of a part of Sb3* ions and
transforming it to Sb>* state. These Sb°* ions participate in the
glass network forming with Sb>*0y4 structural units and likely to
link with BO4 structural units in PbO-Sb,03-B;03 glass ceramic
network [11]. There are also reports suggesting that the Sb°*
ions especially in the glasses mixed with rare earth ions form
the crystals of the type Ln3SbO; in which these ions occupy
octahedral sites [12]. The local structure of Sb>* ions that partici-
pate in the glass network with SbOg structural units is expected
to be more asymmetric (it is the same as local charge density
non-centrosymmetry determining the first order nonlinear optical
susceptibilities). The strain energy in the glass network increases
as a whole, thus resulting in a decrease in the additional activation
energy that is necessary for glass network rearrangement. As a
consequence, we expect more degree of disorder in glass ceramics
containing more SbYOg structural units. Such disorders (in addition
to the photo-induced deformability of lone pair of electrons) in
the local structure may lead to enhancement in the optically

stimulated liner and nonlinear optical coefficients manifesting in
the measured changes of the refractive indices.

Praseodymium mixed glasses are being widely investigated,
in view of the fact that these glasses exhibit very rich emission
extending from UV to infrared region. Pr-mixed glass fibers are cur-
rently being used as the most promising candidates for a 1.3 pum
(1G4 — 3Hs) communication window. It may be worth mentioning
here that the world land-based optical networks are composed of
1.3 wm (O-band) zero-dispersion silica fiber, much attention are
paid to the 1G4 — 3Hs transition of Pr3* in developing 1.3 pwm all-
optical signal amplifiers [13-15].

In view of these facts, it is felt worth to investigate the opti-
cally stimulated effects in Pr3* ions mixed PbO-Sb,03-B,05 glass
ceramics containing nano-sized crystals. The main objective of the
present investigation is to study the influence of crystallization to
nano-level on the photo-induced changes (variations in the refrac-
tive index with the probe wavelength) of Pr3* ions mixed lead
antimony borate glass system. The results of the auxiliary exper-
iments viz., IR, Raman and optical absorption, that help for the
analysis of photo-induced optical effects have also been reported.

2. Experimental methods

From the glass-forming region of PbO-Sb,05-B,03 glass sys-
tem [10], the following composition is chosen for the present study:
(30 7X)Pb0—405b203—30B2033XP1’203 with x=0.2 (Pz ), 0.4 (P4) and 0.6 (PG):
the corresponding post-heated samples are labeled as CP,, CP4 and CPg respec-
tively. The details of methods adopted for the preparation of the glass samples
were reported in our earlier papers [10]. The glass specimens with various concen-
trations of Pr,03 were heat treated in a furnace at (a temperature corresponding to
crystallization peak temperature identified from DSC studies) 570-580°C for 24 h.
Automatic controlling furnace was used to keep the temperature at the desired
level. After the heat treatment in the furnace at fixed temperature, the samples
were chilled in air to room temperature. The samples prepared were ground
and optical polished to the dimensions of 1cm x 1cm x 0.2cm. The crystalline
phases in the glass ceramic samples were identified by recording XRD spectra
using Rigaku D/Max ULTIMA III X-ray diffractometer with Cu Ka radiation with
angle resolution of 0.02°. Transmission electron microscopy studies were carried
out on these samples to observe the crystallinity using JEOL-100C transmission
electron microscope (TEM) with the 100kV electron beam. These observations
were performed in a bright field regime with an objective aperture of size 9nm~! in
a back focal plane. It is observed that during the performance of these experiments,
there is almost no damage taken place to the studied glass ceramic samples. The
refractive index (n) of the samples at A =589.3 nm was measured to an accuracy of
+0.001 at room temperature using Abbe refractometer with monobromonaphtha-
lene as the contact layer between the glass and the refractometer prism. Thermal
analysis was carried out by Netzsch Simultaneous DSC/TG Thermal Analyzer
STA409C with 32-bit controller to determine the glass transition temperature
and crystalline peaks. High temperature furnace together with a sample carrier
and Al;03 crucibles were used. Apparatus was calibrated both for temperature
and for sensitivity with melting temperatures and melting enthalpies of the pure
metals: Ga, In, Sn, Zn, Al, Ag, Au. All the recordings were carried out in argon
(5N) atmosphere to prevent samples from oxidation. Heating rate was 10°C/min
in the temperature range of 32-1300°C. The density of the glass ceramics was
determined to an accuracy of (£0.0001) by the standard principle of Archimedes’
using o-xylene (99.99% pure) as the buoyant liquid. The optical absorption spectra
of the samples were recorded at room temperature in the spectral wavelength
range covering 300-2200nm with a spectral resolution of 0.1 nm using JASCO
Model V-670 UV-vis-NIR spectrophotometer. Infrared transmission spectra were
recorded on a JASCO-FT/IR-5300 spectrophotometer upto a resolution of 0.1 cm~!
in the spectral range of 400-2000 cm~" using potassium bromide pellets (300 mg)
containing pulverized sample (1.5 mg). These pellets were pressed in a vacuum
die at ~680 MPa. The Raman spectra were recorded with an NIR excitation line
(1064 nm) using a Bio-Rad spectrometer FTS 175C equipped with an FT Raman
supplementary accessory working in a back-scattering geometry system.

The study of the dispersion of the induced nonlinearity of the samples was car-
ried out with the bicolor optical treatment with simultaneous registration of the
An (Fig. 1). The experimental setup for the measurement of induced changes in the
refractive index An is shown in Fig. 1. A probe beam of varying wavelength (emitted
from tungsten-halogen lamp fitted to spectrophotometer Specord 80M) is allowed
to incident upon the sample after polarization by a polarizer P. The fundamental
frequency radiation of pulsed Er-glass laser with ~1.54 wm (duration of the laser
pulses 10 ns, pulse energy up to 1.4 GW/cm?, repetition frequency 100 Hz) is simul-
taneously made to impinge (along with the doubled frequency beam obtained by
allowing the fundamental beam to pass through KTP crystal with appropriate ori-
entation) upon the sample. The effective phase retardation due to optically induced
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Fig. 1. The experimental setup for the measurement of induced changes in the
refractive index (An).

effect of the out coming beam is changed by the quarter wave-plate and the ana-
lyzer with nonius regite the angle corresponding to the minimum light transmission
by the photo-detector D. The setup allows measuring the birefringence with pre-
cision up to 10->. The saturation of the birefringence was achieved after 3-5 min
of treatment by bicolor coherent laser Er-glass light. It may be noted here that
no macroscopic crack formation could be visualized in these samples after this
treatment. The wavelength of the probe beam was varied from 750 to 1250 nm.

3. Results and discussion

The TEM pictures of a pre-heated sample (P,) and two of the
crystallized samples (CP4 and CPg) are shown in Fig. 2. The pictures
of post-heated samples have exhibited well defined, randomly dis-
tributed clusters of crystals (of the size 30-40 nm) ingrained in
glassy matrix. The residual glass phase is acting as interconnect-
ing zones among the crystallized areas making the samples free
of voids and cracks. Thus, these pictures have clearly confirmed
that the samples were converted into glass ceramics after the
heat treatment. For further confirmation of the crystalline nature
of the samples and for the identification of various crystalline
phases, we have also recorded XRD spectra for these samples. X-
ray diffraction patterns clearly exhibited micro-structural changes.
PbsszOg, Pb3(5b04 )2, PbB407, B—PerO4, Pr3SbO7, Pr35b5012 that
are Kkinetically and thermodynamically feasible seemed to be the
main products in these samples. The diffraction spectrum for one
of the samples (viz., CPg) is shown in Fig. 3 along with the standard
profiles for the crystalline phase Pr3SbO5. The presence of peaks
due to Pr3Sb07, Pr3Sb501;, crystalline phases, clearly suggests that
antimony ions co-exist in Sb>* state along with Sb3* state in these
samples.

Fig. 4 shows differential scanning calorimetric (DSC) scans for
PbO-Sb,03-B,03 glass and glass ceramic containing 0.6 mol% of
Pr,03. DSC trace of glass Pg exhibited typical glass transition

= (202, 220
,.E 1.B-PrSb0O,; 2. Pb3(SbQ4);
= 3. PrySbg0y, 4. PrySbO;y,
£ 5. PbB4O; 6. PbsSb;05.
E
10 20 30 40 50
28 (Degrees)

Intensity (arb. units)

Pre-heated sample

20 25 30 35
26 (Degrees)

Fig.3. XRD patterns of PbO-Sb,03-B,05 glasses crystallized with 0.2 mol% of Pr,03.
Inset represents the standard XRD profile of Pr3SbO7 crystalline phase.

temperature at 291°C followed by an exothermic effect due to
crystallization. The DSC thermogram of crystallized sample (CPg)
exhibited an exothermic effect due to glass transition tempera-
ture followed by well-defined broad exothermic effects at multiple
steps of crystallization temperatures. The multiple crystallization
peaks exhibited by this thermogram suggests that the samples
under study contain different crystalline phases. The analysis of
the results of the DSC studies of the other samples has revealed the
similar conclusions.

The infrared transmission spectrum of glass ceramic sample P,
(Fig. 5) exhibited three conventional bands originated from borate

Fig. 2. TEM pictures of some of PbO-Sb,03-B,03:Pr,05 glass and glass ceramic samples.
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Fig. 4. DSC traces of PbO-Sb,05-B,05 glass and glass ceramic doped with 0.6 mol%
of Pr,03.
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Fig. 5. IR spectra of PbO-Sb,03-B,03:Pr,03 glass ceramics.
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Fig. 6. FT Raman spectra of PbO-Sb,03-B,03:Pr,03 glass ceramics. Inset represents
the comparison plot of variation of intensity of the peak due to BO4 units with the
concentration of Pr,03 for glasses and glass ceramic samples.

groups at 1403 cm~! (due to BOs units), 1057 cm~! (due to BO4
units) and another band at 718 cm~! due to bending vibrations of
B-0-B linkages [16]. In the spectrum of this sample, the v; vibra-
tional band of SbOj3 units is appeared at 929 cm~! whereas the v,
and vy vibrational bands of these units seem to be missing. The v3
vibrational band appears to be merged with the band due to bend-
ing vibrations of B-O-B linkages and may have formed a common
vibrational band due to B-O-Sb linkages. In addition, a band due
to PbOy4 structural groups at about 471 cm~1, is also observed in
the spectra of all the samples [17]. With the gradual increase in the
concentration of crystallizing agent Pr,03, the intensity of bands
due to BO3 and SbOs structural units is observed to increase (with
a shift of meta center towards lower wavenumber) where as that
of the bands due to BO4 structural units is observed to decrease.
A comparison of intensity of the bands due to BO3 and BOy4 struc-
tural units of the pre-heated and post-heated samples is shown as
the inset of Fig. 5. The figure clearly suggests that there is a gradual
increase in the intensity of the band due to BO3 units at the expense
of more structurally ordered BO4 units; this observation indicates
that there is a higher degree of disorder in the samples crystallized
with higher concentrations of Pr,0s3.

The Raman spectra (Fig. 6) of sample CP, exhibited bands at
about 684 cm~1, 802 cm~! and 1039 cm~!; these bands attributed
to vibrations of chain type meta borate groups, boroxyl ring oxy-
gen breathing of BO3 units and diborate groups consisting of six
membered rings containing two BO4 tetrahedra, respectively [18].
At about 410cm™!, a band due to symmetric stretching vibrations
of SbO5 pyramids and another band due to isolated BO4 structural
units at about 400cm~"! are observed [19]. Another broad band
spreading over the region of 1300-1400cm™! is also observed in
these spectra; in this broad band region bands due to the vibrational
modes of B&, O~ triangle linked to Bd4 unit B-O~ in B@, 0~ triangle
and stretching modes in B@5 triangles (here @ is the oxygen atom
bridging to two boron atoms) are expected [20-22]. Most inter-
estingly, the spectra also exhibited an intense vibrational band at
about 174cm~! due to fourfold coordinated Pb2* ion situated at
the apex of the PbO4 pyramid [23]. As the concentration of the
Pr,03 is increased, a gradual decay of intensity of band due to
BO, structural units is observed. The decay is found to be at much
faster rate for the crystallized samples when compared with that
of pre-crystallized samples (inset of Fig. 6). Thus the analysis of the
results of Raman spectra unambiguously suggests that there is an
increasing degree of disorder with increase in the concentration of
Pr,03 in the glass ceramic samples leading to the decreasing of the
long-range ordering.

The optical absorption spectra of Pr3* mixed PbO-Sb,03-B,03
glasses and glass ceramics recorded at room temperature in the
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Fig. 7. Optical absorption spectra of PbO-Sb,03-B,03:Pr,03 glass ceramics. Inset
represents the variation of evaluated optical band gap with the concentration of
Pr, 03 for the glass and glass ceramic samples.

spectral wavelength range 300-2100 nm, have exhibited several
principal absorption bands spread over UV to IR regions. The tran-
sitions observed in the spectrum of the sample CPg are given below:

3H4 — 3P,(444 nm), 3P;(469 nm), 3Py(483 nm), 'D,(591 nm),
3F4(1426 nm), 'G4(1000 nm), 3F3(1518 nm),
3F, and 3Hg(1910 nm).

However, in the present context, we have concerned the range
of 750-1250nm, in which the photo-induced birefringence is
measured. In this region, only one weak absorption band due to
3H4 — 1G4 transition is located (Fig. 7). It appears from the fig-
ure, the intensity of this band is observed to grow considerably
with increase in the content of Pr,O3 in the glass ceramics. The
absorption under this band is always found to be higher than that
of corresponding pre-crystallized samples. Further, in a number
of earlier investigations, it was reported that the spectral position
of the band due to 3H4 — 3Py transition gives some information
regarding the coordination of Pr3* ions in the glass network. To
be more precise, the spectral position of this band in the spectral
region 20,000-21,000cm~! suggests coordination number 8 for
Pr3* ions in the glass host [24-26]. In the spectra of the present glass
ceramics, this particular band (not shown in the figure) observed
in the spectral range 20,660-20,750cm~! allows speculating that
Pr3* ions are interlocked in the eight coordination with oxygen
atoms in the glass ceramic network. These distorted PrOg struc-
tural units form a one-dimensional chain through edge-sharing in
the glass network. The X-ray diffraction studies as mentioned ear-
lier have indicated that there is a formation of Pr3SbO7 crystallites
(orthorhombic in shape with unit cell dimensions a=10.9442A,
b=7.5589 A, c=7.6639 A [27]). In such type of crystal phases, Sb>*
ions occupy octahedral positions and participate in the glass net-
work with SbOg structural units. The Pr3SbO7 crystallites consist of
the chains of SbOg and deformed PrOg structural units in alternate
parallel planes [12,28]. Based on these arguments, an illustration
of structural fragmentation of Pr3SbO7 crystalline phase is shown
in Fig. 8.

The inset of the Fig. 7 represents the variation of optical band
gap, Eg (evaluated from Urbach plots) with the concentration of
Pr,03 for both glass and glass ceramic samples. The plot clearly
indicates the lower values of optical band gap for the crystal-

L

@ -

Fig. 8. An illustration of structural fragment of Pr3SbO7 crystalline phase.

lized samples with respect to the corresponding pre-crystallized
samples. The higher concentration of distorted PrOg structural
units, higher is the concentration of induced non-bridging oxygens
(NBOs) in the glass ceramic network. This leads to an increase in the
degree of localization of electrons there by increasing the donor
centres in the glass ceramic matrix. The presence of larger con-
centration of these donor centers decreases the optical band gap
and shifts the absorption edge towards higher wavelength side as
observed. More specifically, the red-shift of Ey with the increase in
the content of Pr, 03 in the glass ceramic is associated with increase
in the exchange interactions between the p electrons in the conduc-
tion band of antimony and the localized 6 s electrons of neighboring
Pr3* ions situated in eight coordination with the oxygen ions.

Figs. 9(a and b) give photo-induced birefringence (An) with
the probe wavelength for the glasses and glass ceramics (mixed
with different concentrations of Pr,03) respectively, with simul-
taneous treatment by polarized bicolor irradiation of the Er-glass
laser at 1.54 wm and its second harmonic generation 0.77 pm. It is
observed that the value of induced An is decreased with increase
in probe wavelength with exhibiting a maximum at about 1040 nm
for glass and glass ceramic samples containing any concentration of
Pr,03. The comparison of induced An indicates higher value for the
glass ceramics (mixed with any concentration of Pr,03) than that of
glasses at any particular probe wavelength. The evaluation of opti-
cal band gap indicates lower values for glass ceramics than for the
glass samples as mentioned above. The refractive index measured
to an accuracy of £0.001 at room temperature (at the wavelength
of 589.3 nm) is varied from 1.592 (CP,) to 1.598 (CPg) where as for
the glasses it is varied from 1.589 to 1.594. The low optical band gap
and high refractive index observed for glass ceramic samples can be
considered as responsible for higher photo-induced birefringence
in these samples when compared with that of amorphous samples.

For the sake of understanding, in Fig. 10, we have plotted com-
bined variation of An and the optical absorption spectra recorded
in the same wavelength region for the sample CPg. The figure clearly
confirms that there is a correlation between 3Hs— 1G4 transition of
Pr3* ion and the maximum of An. This observation suggests that
diffraction due to induced grating can be attributed to changes in
the absorptive part (imaginary part) of the refractive index.

The relation between measured value of absorption coefficient
Ac« at the peak in the absorption spectrum and the changes in the
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Fig. 9. Photo-induced changes for PbO-Sb,03-B,03:Pr,03 (a) glass ceramics and (b) glasses.

real part of the refractive index An’(w) (determined using a weak
probe beam of variable frequency w in the presence of a strong
pump at the appropriate frequency) is represented by the conven-
tional Kramers-Kronig (KK) relation as

, C “ Aa(w, 1 ,
An(a),l):;P/o ﬁdw 1)

0.0024
0.0023 r
0.0022 r
0.0021

*H, —'G,
0.002 |
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0.0018 : - ' : :
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Fig. 10. Comparison of the optical absorption spectrum and photo-induced bire-
fringence for the glass ceramic CPg.

Here, P refers to Cauchy’s principal value and C is the velocity of
light and A« = (1/LN;)log(lp/I) with N; being the rare earth ion
concentration (in mol%), L the optical path length (thickness) in cm
and log(Ip/I) the optical density at the peak position. The peaking
of An at ~1040 nm in the presence of a pump, as per Eq. (1), can
therefore be attributed to the building up of maximum population
by the pump at 1G4 level. The fall of absorption observed above this
wavelength is a result of saturation.

Itis necessary to emphasize that the investigated glasses possess
substantial advantage with respect to the organic materials [29]
which were used for the photo-induced changes due to the higher
photo-thermal stability.

4. Conclusions

PbO-Sb,05-B,03 glasses have been crystallized to nano-size
with different concentrations of Pr,03. The TEM studies indicated
that the samples contain well defined and randomly distributed
clusters of nanocrystal of the size ~30-40 nm. The XRD studies have
pointed out the formation of Pr3SbO7 crystalline phase in addition
to Sb3* crystal phases. The IR and Raman spectral studies revealed
that there is an increasing degree of disorder with increase in the
content of Pr,03 in the glass ceramic. The photo-induced changes
in the refractive index versus the probe wavelength have exhib-
ited a maximum at the wavelength corresponding to the excitation
of 3H4 — 1G4 transition of Pr3* ion. The correlation between the
two maxima is comprehended due to the maximum photo-excited
population by the pump at 1G4 level. The increased photo-induced
birefringence with increase in the content of Pr, O3 is explained due
to the increasing degree of disorder and increasing concentration
of deformed PrOg structural units in the glass ceramic.
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