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Abstract: This study reports on physical and optical progsrtf Dy* doped bismuth borate glass. The
glasses containing BYin (70-x)B,03:30Bi,05:xDy,05 (Where x = 0.0-2.5 mol%) have been prepared by
melt-quenching method. In order to understand tile of DyO; in these glasses, the density, molar
volume and optical spectra were investigated. Hsalts show that molar volume of the glasses iserea
with the increasing of DyD; concentration and consequently generating morebniolging oxygen
(NBOs) into glass matrix. The absorption spectrdgt doped in bismuth borate glass correspond with
several bands, which are assigned from the grotatd, 8,5/, to °F55(761 nm),°F5(806 nm),°F;,(907
nm), CH-1, ®Fo/2)(1099 nm), F112 °Horn) (1283 nm) andH,1(1695 nm). Moreover, the optical basicities
were also theoretically determined.
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INTRODUCTION of the cation switches over in this way (Badgaal.,

2003). Also, glasses containing,8; have attracted a
Glasses doped with Rare-Earth ions {REre proving considerable attention because of their wide
to be luminescence materials as they have higlapplications in the field of glass-ceramics, thdrared
emission efficiencies. These emissions correspand tmechanical sensors, reflecting windows, radiation
4f-4f and 4f-5d electronic transitions in the REThe  shielding and because they may be used as layers fo
4f-4f transition gives an especially sharp fluosrsze  optical and opto-electronic devices (Venkataramash a
pattern from the Ultra Violet (UV) to the infrared Varma, 2006). These glasses have a Long Infrafey (I
region. This is due to shielding effects of theeptss ~ cut-off, which makes them ideal candidates for azpti
and 5p orbitals on the 4f electrons. In recent giear transmission (Balest al., 2008). Bismuthate glasses
glasses doped with rare-earth ions have drawn mucfPntaining _aIkaI| OX|de_ act as ionic conductors and
attention due to their potential applications irico POSsess high conductivity compared to other heavy
state lasers, optical amplifiers and three-dimeradio Metal glasses (Gahlet al., 2005). However, the study
displays (Malchukovat al., 2005; Vetronet al., 2002; of _the_ physical Pproperties of the ionic glasses ean
Biju et al., 2004; Lakshminarayarghal., 2009). paid little attention. .

On the other hand, for higher valent oxides, ach Dy3 (4f°) doped glasses have been considered as
Bi,O; when used as a modifier, the cation produce®romising laser active materials able to emit réoinm
important structural effects due to its highestenab.  associated with th#,s,, - °Hsy, transition of Dy* ion
In the literature, it is supposed thab®j occupy both ~ around 3um (Praveen &t al.,2008) .The active DY
network-forming and network modifying positions. ion provides two typical emission transitions that
Therefore, the physical properties of such glassesorrespond t0'Foro— ®His, (Magnetic dipole) in blue
exhibit discontinuous changes when the structwld r (480 nm) and'Fg, - °Hy3, (€lectric dipole) in yellow
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(£b70 nm) regions, which are also necessary for fullM= x;_, Z
primary color displays(Barkyoumb et al., 1997;

Tanabeet al., 1998; Yuet al., 2002; Lakshminarayana \ynere:

et al., 2009.
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In this study_ we rep+o_rt on optica!, physical and Xg.0.+ Xs0,@8Nd X, o = The mole fractions of the
structural properties of By ion-doped bismuth borate T o fituent oxid
glass in formula (70-x)BD5:30Bi,05:xDy,03 (where x constituent oxides
= 0.0-2.5 mol%). Zy o, Zso,and Z, , = The molecular weights of

the constituent oxides
MATERIALSAND METHODS
The optical absorption spectra were recorded at
Glass preparation: Dy*" doped bismuth borate room temperature using a  UV-visible-NIR
glasses with the following compositions (in mol%ga spectrophotometer (Shimadzu, UV-3100), working in
developed for the present work along with a refeeen 190-2100 nm.

glass:

RESULTS
DOBB: 30.0Bj0Os: 70B,0; (reference glass)
DOSBB: 29.5B}03 : 70B,03 : 0.5Dy,05 Based on the determined density, the various
D10BB: 29.0BjO;: 70B,05 : 1.0Dy03 physical properties of the glass studied are pteisen
D15BB: 28.5BjO;: 70B,05: 1.5Dy,05 Table 1. Therefore, the Figs. 1-2 illustrate denaid
D20BB: 28.0B}O3 : 70B,05 : 2.0Dy,0; molar volume, respectively, as function of Dy
D25BB: 27.5B}0; : 70B,03 : 2.5Dy:05 concentration (%mol). Figure 3 shows the typical

absorption spectrum of bismuth borate glasses wedlop
All these glasses were prepared by using highand doped with D"370.5-2.5%mol.
purity grade of BiO; (Fluka), HBO; (Fluka) and

Dy.03; (Fluka) as raw materials. Each batch weighingrapie 1: Density, molecular weight, molar volume aptical asicity

about 30 g was mixed homogeneously and melted at of (70-x)B,03:30Bi,0s:xDy,0;5 glass system
1100°C for 3 h in an alumina crucible, in air. The melts Percent Density M Vi Optical
were poured onto a preheat stainless steel plalese  DY20: (g cnT) (g mor’) (e’ mol™) basicity
glasses are in rectangular designs with a goo@ggg ﬁgg ggggz 32'52}1 g'gg;‘i
transparency. All the glasses were annealed betew t | 59 4.184 193.421 46.228 0.6597
glass transition temperature to remove thermalnstra 1.500 4.176 194.938 46.675 0.6623
Finally, the as-prepared glass samples were cut art000 4.203 196.455 46.747 0.6649
then finely polished to a dimension of £20x0.3cm 2:500 4193 197.972 47.210 0.6675
for properties investigation.
121
M easurements: By applying Archimedes principle, the M
weight of the prepared glass samples was measored i ~ ;5 | *
air and in xylene using a 4-digit sensitive micriainae =
(Denver, Pb214). Then, the densipy,was determined ;D 110 +
using the relation: =
% .
W, 2418t
p - Wa'bepb (1) *
417 +
Where: N
W, = The weight in air, Wis the weight in xylene 4.16 . ) . . ) .
pp = The density of xylengf = 0.863 g Cl'f13) 0.0 0.5 1.0 1.5 2.0 25

The corresponding molar volume |V was Percent mol of Dy;0;

calculated using the relationV= M+/p, where M is
the total molecular weight of the multi-componelatsg  Fig. 1: Density of (70-x)B05:30Bi,05:xDy,0O3 glass
system given by: system
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Fig. 3: Optical
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system

In multi-component oxide glasses, the theoretical
basicity, Ay,, was calculated based on the basis of the
equation given by:

Ay = X A2+ XA+ XA F . 3)
Where:
A1, ArandA; = Basicities of the oxide components
X1, Xo and % = Their equivalent fractions (fraction
of the total oxygen provided by the
component oxide glass)
The optical basicity of the glass samples are

evaluated and listed out in Table 1. Figure 4 fiate
optical basicity as a function of BY; concentration
(%omol).

DISCUSSION

Physical properties. From Fig. 1, although the relative
molecular mass of D@, is higher than BOs, density is
found to not depend on B®; concentration. Boron
oxide is well known conventional network former. It
consists of a random three-dimensional network -of 6
membered boroxol rings (Suzukt al., 2002), when
some modifier is added, coordination humber of horo
atoms changes from 3 to 4. As a result of this, -Non
Bridging Oxygens (NBOs) would start to form. It is
well reported that at low concentration of Xy acts as
network modifier in place of network former in bisth
borate glass system. So, the increase in molamalu
(Fig. 2) may indicate that the volume of NBO sites
produced by the modifier 5.

Optical absorption: The optical absorption edges are
not sharply defined in glass samples under studly, i
accordance with their amorphous nature (Chimalawong
et al., 2010). It is observed that the absorption iritgns

of the observed bands increase with the increase of
Dy,0; concentration. From the Fig. 3, the spectra
consist of various absorption levels correspondimg
the transitions between the ground state and higher
energy states. The bands are assigned from thedjrou
state,®H;s,. The transitions from the next excited state
®H,5, may be ruled out due to thermalization as the
energy gap betweefH;s, and ®Hys; is around 3000
cm™. From this spectra, the levels fsy, *Frp, “Giua

*|,5, are not observed. The absorption peak&a(762

nm), °Fs»(805 nm),°F+,»(905 nm), fH,, °Fo) (1100
nm), CFi1z ®He)(1280 nm) andH,,(1695 nm) are
observed and well resolved. The position and iritens
of certain transitions of rare-earth ions are fotmde
very sensitive to the environment around the iarchS
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