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ABSTRACT

The bismuth doped borate (Bi.Os—B,03) glasses were made using the melt quench process. The physico-optical
characteristics, including their molar and density of the specimens were examined. The density readings were obtained
using the Archimedes principle. The X-Ray differ actogram was used to verify that the specimens are amorphous. Using
Tauc's approach, the optical characteristics of the specimens, including their direct and indirect forbidden energy gaps,
were computed. The Urbach energy and steepness of the glass system were calculated to determine its disorderliness.
The effect of Bi on physical and optical properties as density, poleron radius, forbidden energy gap, refractive index etc,
were observed. The metallization criteria were used to examine the materials' non-metallic character.
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1. Introduction

The potential uses of borate base glasses including heavy metal oxides (HMO) as lightning phosphors,
lasing host material and other photonic devices have sparked particular interest!-2l. Applications for heavy
metal oxide doped borate glasses include surgical lasers, shields glasses, and their glass-ceramic counterparts.
They are also used in optical fibres and optoelectronic devices . Stable glasses containing heavy metal and
second group metal oxides are formed by boric acid (HsBOs). The rare-earth ion are found to soluble in the
with HMO dope borate glasses .Glasses containing PbO have a low glass transition temperature and a high
refractive index[®. Electronic polarizability is a critical component in the usage of glasses as optical and
electrical materials. The electrical polarizability of the components in the glass matrix determines the non-
linear response to incoming radiation that glassy materials display. Conditional glass modifiers, such as ZnO,
TeO,, PbO, and Bi,0s, can be added to oxide materials that produce glass, such as B,Os, SiOz, GeO,, P20s,
and As;Os, to improve their capacity to form glass, stability, and chemical durability.

Glasses made of bismuth borate are a potential family of materials for use in modern technology. For
more than two decades, the field of photonics was involved in most of these applications’*°l. Transparent
glassy sample with a prominent refractive index have been proposed as viable substitutes for semiconductor
materials with nonlinear optical characteristics in earlier research!*®l. Therefore, it is desired to have stable
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glass samples with a wide forming rangethat contain highly polarizable metal ions; the bismuth-borate system
is one such system. By using the twin roller quenching approach, present works on glass formation and
characteristics in the Bi.Os—B,03system have expanded the glass forming range up to about 88.2 mol% Bi2Os.
The distinctive linear and nonlinear optical characteristics of glasses xBi.Os—(1_X) B2O; that may be adjusted
by changing the Bi,O3 concentration throughout a wide composition range are the main reason for their
continued popularity &7,

Different concentrations of Bi.O3; have been synthesized into glasses of bismuth borate. Properties, both
optical and physical, were computed. Studies have been conducted on the impact of Bi on physical and optical
characteristics.

2. Experimental techniques

The traditional melt and quench procedure is used to create glass systems with the composition B,Os-
Bi203-NaO in the mole percent ratio (90-x) %: x%:10%, where X is specified as 5, 10, 15, and 20%. Each
component of the batch composition is mole-percentage weighed using an electronic machine and thoroughly
mixed using a mortar and pestle. The batch mixture is placed in an alumina crucible and heated to a temperature
of 960 <C using an electrical furnace. To achieve homogeneity, the mixture is melted for thirty to forty minutes
while being shook constantly. Using a steel rod, the melt was rapidly poured over a hot stainless steel plate
that had been kept at 250 <C. For two hours, the new samples are annealed at 250 <C to release internal tensions.
Glass pellets with a radius of 2.5-3.5 mm and a width of 2-3 mm are created, devoid of bubbles. The resulting
glasses, known as BBN1, BBN2, BBN3, and BBN4, are clear, translucent, and have a little yellowish hue. The
samples' density was calculated by using the Archimedes principle, and other physical characteristics such as
the concentration of Bi-ions, the of oxygen packed density (OPD) in the samples, the inter-ionic distance, and
the polaron radius were computed. Samples with optical characteristics were then used in optical absorption
tests. The Research India model no. RI2SA spectrometer records the optical absorption spectra between 250
and 1100 nm at room temperature. The refractive index values of the glass samples are determined using the
forbidden energy gap (Eop) measurements.

3. Results and discussion

3.1. Physical properties
3.1.1. XRD
The X-Ray dffractogram of the synthesized glasses using a Rigaku Smart Lab 9kW at room temperature

are shown in Figure 1. The plot is flat with a broad hump between 25 and 350<and no sharp peak, and hence
prepared samples are noncrystalline (amorphous).
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Figure 1. X-Ray Diffractogram of BBN glasses.
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3.1.2. Density (p)and Molar Volume (V)
Density (p) and molar volume (Vv) are important physical identity to investigate. Equation (1) was used
to calculate the density measurements of the manufactured samples using Archimedes' principle!2%-22:

)pi 1)

Wa
Wa-wl

p=(

where W, and W, are the weight of specimens in air and inliquid, and p; is the density of distilled water that is
used as an immersion fluid. Toobtain an accurate measurement, the weight of the samples was measured using
a electronic balance. Equation (2) was used to determine the molar volume (Vwm) based on the samples'
molecular weight and density [2°-21;
Vm =M (2)
p
where m stands for the samples' molecular weight.

Table 1 consists of the glass composition as well as the created samples' molar mass, density, and molar
volume values. The glass's density increases with its Bi»Os; content, which varies between 4.248 and 4.542g
cm?®. The molecular weight (M) of Bi,Os is responsible for the increase in glass density. Molar volume exhibits
an inverse relationship with density and decreases as Bi.Os content increases. The decrease in the bond length
or inter-atom spacing of the glass network is responsible for the decrease in molar volume??, Figure 2 shows
how the density and molar volume change as the percentage share of bismuth oxide mol in BBN glasses
increases.
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Figure 2. Variation in density and molar volume with change in Bi2Os concentration.

3.1.3. Inter-nuclear distance, concentration, field strength and polaron radius

The following formulas were used to determine the molar volume of boron (Vm(B)) and the average B-
B distance (ds-s)), respectively.l?®l:

Vm(B) = Vm+[2(1 —XB)] (3)
de-8)=[Vme)+NA]'"® (4)

where V@), Xs NA and Ng;represent molar volume boron molar fraction, and Avogadro’s number. Further
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Bi»Os; concentration (Ngi) and inter-nuclear distance (Ri) in the glass system can be studied by equation,
polaron radius (Rp) and field strength (F) were calculated as [2%-23;

Ri =(1+Ngj)'® )
Nei=[(Xgix NA X p)+ M] (6)
Rp =(1/2)(n/6Ngj)*3 )

where Xgi molar fraction of Bi, M is molecular weight of the glass. The field strength (F) have been calculated
by using equations following equations

F= (Z+ Rpd (8)
where Z is the valence of Bi ion.By using equation (12), The oxygen packing density (OPD) is one crucial

measure to look at the tightness and compactness of the oxide network in the prepared glasses, evaluated by
following relation 120-211;

OPD = (1000x No) = Vm (9)

The evaluated values molar volume, volume of boron and average B-B distance, Bi,Ozconcentration,
inter-nuclear distance, polaron radius, field strength and OPD for the synthesized glasses are shown in Table
1.

Table 1. Physical properties of BBN glasses.

Specimen BBN1 BBN2 BBN3 BBN4
85%B203- 80%B20s- 75%B203- 70%B20s-
Batch Composition 5%Bi203- 10%Bi20s- 15%Bi20s3- 20%Bi20s3-
10%Na20 10%Na20 10%Na20 10%Na20
Molar Mass M - (g.mol?) 88.66 108.48 128.3 148.12
Molar Volume Vm-(cc.mol) 20.871 24.98388 28.90942 32.60678
Density p (gm/cc) 4.248 4.342 4.438 4542
molar volume of boron Vme)-
(ce.mol) 82.45908 72.80537 66.54564 61.98008
B-B distance d@-s)-A° 6.095 5.850 5.679 5.547
Bi ion concentration (Nai)(x 10%/cc) 1.217 2.068 2.715 3.239
inter-nuclear distance (Ri)- x 108 cm 2.01771 1.6909 1.5442 1.4561
polaron radius
(Rp)- X 10° cm 5.637 4.7241 4.3143 4.0679
field strength(F)(x 106 cm2) 9.4411 13.4422E 16.1171 18.1288
OPD 113.1876 96.14691 84.15282 75.29311

3.2. Optical properties

3.2.1. Forbidden energy gaps and urbach’s energy

The glass samples' optical absorption spectra are shown in Figure 3. It is clear from Figure that specimen
exhibit low absorption. This is what makes samples of amorphous glass unique. The glass sample absorbs
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incident light according to the well-known Beer-Lambert-Bouguer law.
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Figure 3. Optical Absorption spectra of BBN glasses.

The following relation can be used to calculate the optical absorption coefficient a(v) of a glass sample
of thickness 7 in the near absorption edge.

1, Io
(l(U) = |n; (10)
where In (lo/I7) is the absorbance, loand Izare the intensities of incident and transmitted light respectively.
The optical energy band gaps can be determined by Tauc’srule 24
a(0)= hi (hv — Eop)™ (11)
where “n” can have values of ' and 2, which stand for direct prohibited and indirect permissible transitions,

respectively, and c is a constant. In this case, hv is the incident photon energy and Eop is the forbidden energy
gap. The glass sample Tauc's plots are displayed in Figures 4 and 5.
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Figure 4. Tauc’s plot for direct energy band gap of BBN glasses.
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Figure 5. Tauc’s plot for indirect energy band gap of BBN glasses.

Urbach's law, as follows, is applicable to the primary absorption edge at lower incident photon energy

(hv) and absorption coefficient a(v)i?°l,
h
a(o)=C.exp(ﬁ) (12)

where AE is the Urbach's energy and B is a constant. The slopes of the linear areas in the plots of Ina (®) vs.
hv are used to get the values of Urbach energy. (Figure 6 shows these curves for BBN glasses).
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Figure 6. Plot between Ina and hv for Urbach energy of BBN glasses.

3.2.2. Refractive index
Using the relation established by, the refractive indices (n) of the samples are calculated from the optical

n’-1 /Eo_pz
il N (13)

Table 2 provides the refractive index values that were determined using equation 13.
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Table 2. Optical properties of BBN glasses.

Physical Properties BBN1 BBN2 BBN3 BBN4

Direct forbidden energy gap(Eop)(eV) 3.17 3.12 3.07 3.02

Indirect forbidden energy gap(Eop)(eV) 2.84 2.862 2.884 2.905

Refractiveindex(RI) 2.006 2.016 2.026 2.036
Urbatch’s Energy Eu (eV) 0.86280 0.693074 0.628607 0.617874

Refractive index values increased almost linearly within increase of bismuthoxides and optical band gaps
and decreases. Variation in optical energy band gap and refractive index with share of bismuth oxide
concentration are shown in Figure 7.
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Figure 7. Variation in optical energy band gap and refractive index with change in the concentration of Bi2Os.

4. Conclusions

In summary, this means that research on the optical and physical characteristics of bismuth doped borate
glasses yields a number of findings. It was found that as the concentration of Bi,Os3 increased, it also increased
the molar volume and density. The noncrystalline character of the samples was validated by the XRD results.
A decrease was observed in the internuclear distance, polaron radius, average distance between B-B atoms,
and field intensity. The oxygen packing density dropped from 113.1876 to 75.29311. The Urbach’s energy and
steepness parameter were used to calculate the samples' disorderliness and is found in the range between
0.86280 eV to 0.617874 eV. The refractive index of BBN glasses is found in the range 2.006 to
2.036.Ultimately, this investigation demonstrated that the synthesised glasses' metallization criteria findings
are optimal for nonlinear optical systems.
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