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Abstract 

A glass of system 3Li2O-2K2O-5B2O3 has been prepared by melt quenching technique. The glass sample was characterized 

by powder X-ray diffraction (XRD) to confirm an amorphous nature of glass. 

ultraviolet-visible-near infrared (UV-vis-NIR) spectroscopy,

The optical band gap of the grown glass has also been reported.
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Introduction 

In past few years, borate-based glasses have attracted much 
attention due to their potential applications in electronic, 
electrochemical, electro-optic devices and optical applications
The glasses are featured by the absence of long range order in 
their structure. The category of solid materials is commonly 
termed amorphous in compare with the crystalline materials
Nowadays, borate is one of the most important glass formers 
and has been fitted into several kinds of glass systems to 
achieve the desired chemical and physical properties
important attractive properties of non-crystalline borate glass 
such as high transparency, low melting point, large values of 
refractive index, radiation and thermal stability, non
relaxation states and good optical properties
literature survey, borate-based glasses such as potassium lithium 
borate2, lithium-potassium borate11 lead sodium borate
bismuth borate13, calcium bismuth borate6, bismuth borate
lead borate15 and Bi2O3–Li2O–B2O3 glasses system
found studied thoroughly for different applications purpose.
 
In the present work, we have synthesized a glass of system 
3Li2CO3-2K2CO3-5B2O3 (LKB) by the melt quenching method 
and characterized it for optical properties. 
characterized by powder X-ray diffraction (XRD) and 
ultraviolet-visible-near infrared (UV-vis-NIR) transmission 
spectroscopy. The optical energy band gap of the material 
determined by using transmission spectrum is reported.
 
Materials and methods  

Materials and synthesis: High purity analytical reagent grade 
chemicals- lithium carbonate (Li2CO3) purchased from LOBA 
Chemi, India,  potassium carbonate (K2CO3

Fisher scientific, India and Boron trioxide (B2
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has been prepared by melt quenching technique. The glass sample was characterized 

ray diffraction (XRD) to confirm an amorphous nature of glass. Obtained glass was characterized using 

NIR) spectroscopy, which was used to determine percent transmission of the glass. 

The optical band gap of the grown glass has also been reported. 

UV-vis-NIR spectroscopy. 

based glasses have attracted much 
due to their potential applications in electronic, 

optic devices and optical applications1. 
The glasses are featured by the absence of long range order in 

structure. The category of solid materials is commonly 
termed amorphous in compare with the crystalline materials2,3. 
Nowadays, borate is one of the most important glass formers 
and has been fitted into several kinds of glass systems to 

chemical and physical properties2,4. The 
crystalline borate glass 

such as high transparency, low melting point, large values of 
refractive index, radiation and thermal stability, non-radiative 

ood optical properties5-10. As per the 
based glasses such as potassium lithium 

lead sodium borate12, alkali 
, bismuth borate14, 

glasses system7 have been 
found studied thoroughly for different applications purpose. 

In the present work, we have synthesized a glass of system 
by the melt quenching method 

 The sample was 
ray diffraction (XRD) and 

NIR) transmission 
band gap of the material 

is reported. 

High purity analytical reagent grade 
) purchased from LOBA 

3) purchased from 
2O3) was purchased 

from sd Fine chemicals, India., India were used as starting 
materials for the preparation of glass. 
 
Appropriate amounts of the raw materials were taken and 
crushed to make the homogeneous mixture. The mixture was 
calcinated at 300oC for 3 hour to remove 
was removed from the crucible and once again crushed and 
heated at 500oC for 1 hour to receive a polycrystalline powder 
of LKB compound. Then powder sample was melted in a 
platinum crucible in an electric furnace for 15 minutes at 
1000oC. The obtained melt was poured on a stainless steel plate 
and immediately pressed with second one for immediate 
quenching to form amorphous phased solid. The formed glass 
sample was allowed to cool gradually to room temperature. 
obtained glass was cut into rectangular slabs of dimensions 
6x4x2 mm3 and polished to use for further characterization.
 
Powder XRD patterns of powder glass sample w
a X-ray diffractometer (Rigaku, Miniflex
Kα (λ=1.504 Å) radiation to check t
prepared glass sample at the scanning rate of 8 deg/min and 2
varied from 10–80o. UV-vis-NIR transmission and optical band 
gap study have been performed using Black
UV-vis spectrophotometer.  
 
Results and discussion 

Powder XRD analysis: Figure-1 shows recorded powder XRD 
pattern of glass sample LKB. This figure doesn’t exhibit any 
sharp peak that represents the sample is of amorphous nature.
 
UV-vis-NIR spectroscopic study: 

transmission spectra recorded in the wavelength range 190
nm and a plot of variation of (αhν)2 

band gap of LKB glass has been determined. It can be observed 
that the lower cutoff wavelength for the grown glass is lying in 
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Obtained glass was characterized using 

which was used to determine percent transmission of the glass. 

sd Fine chemicals, India., India were used as starting 
materials for the preparation of glass.  

Appropriate amounts of the raw materials were taken and 
crushed to make the homogeneous mixture. The mixture was 

C for 3 hour to remove moisture. The mixture 
was removed from the crucible and once again crushed and 

C for 1 hour to receive a polycrystalline powder 
compound. Then powder sample was melted in a 

platinum crucible in an electric furnace for 15 minutes at 
C. The obtained melt was poured on a stainless steel plate 

and immediately pressed with second one for immediate 
quenching to form amorphous phased solid. The formed glass 
sample was allowed to cool gradually to room temperature. The 

ut into rectangular slabs of dimensions 
and polished to use for further characterization. 

XRD patterns of powder glass sample was recorded on 
(Rigaku, Miniflex-II, Japan) using Cu-

Å) radiation to check the amorphous state of the 
prepared glass sample at the scanning rate of 8 deg/min and 2θ 

NIR transmission and optical band 
gap study have been performed using Black-CSR-50 StellarNet 

1 shows recorded powder XRD 
pattern of glass sample LKB. This figure doesn’t exhibit any 
sharp peak that represents the sample is of amorphous nature. 

spectroscopic study: Figure-2 shows the optical 
spectra recorded in the wavelength range 190-1083 

2 versus hν (eV) from which a 
band gap of LKB glass has been determined. It can be observed 
that the lower cutoff wavelength for the grown glass is lying in 
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UV range at around 200 nm. The glass has shown the optical 
transparency above 75% in the UV and visible regions. The 
optical absorption coefficient (α) was evaluated using the 
relation (1); 
 
α = (2.303/d)log(1/T)                (1) 
 
Where: ‘d’ is the thickness of the glass and ‘T’ is the 
transmittance. 
 

 
Figure-1: Powder XRD Patterns of LKB Glass. 

 
The direct band gap of the glass can be determined with the help 
of a relation (2); 
 
(αhν)2=A(Eg - hν)                                                              (2) 
 
Where: ‘A’ is a constant.  
 
Plotting a graph between (αhν)2 and hν10, as shown the Figure-2 
(b), and drawing tangent to straight portion intercepting energy 
axis gives energy band gap and it was found to be nearly 6.3 eV. 
 

 
Figure-2: a) UV-Vis spectrum and b) a graph of (αhν)2 versus 
hν (eV) for LKB glass. 

Conclusion 

In the present report, a glass of system LKB was successfully 
grown. A simple melt quenching technique was used to prepare 
glass of large size with good optical transparency. The 
amorphous nature of the glass has been confirmed from powder 
XRD pattern. The optical transparency of the present crystal 
was more than 75 percent and envisages good optical quality. 
The band gap energy of the grown glass was found to be 6.3 eV 
and shows lower cutoff at 200 nm. 
 
Acknowledgments 

The financial help from Science and Engineering Research 
Council (SERB), New Delhi under Fast Track Program 
(SR/FTP/PS-065/2010) is acknowledged. 
 
References 

1. Gautam C., Yadav A. Kumar and Singh A. Kumar (2012). 
A Review on Infrared Spectroscopy of Borate Glasses with 
Effects of Different Additives. International Scholarly 

Research Network, 17, doi:10.5402/2012/428497  

2. Aboud H., Wagiran H., Hossain I. and Hussin R. (2012). 
Infrared Spectra and Energy band gap of Potassium 
Lithium Borate glass dosimetry. Int. J. Phys. Sci., 7(6), 
922-926.  

3. Pal M., Roy B. and Pal M. (2011). Structural 
Characterization of Borate Glasses Containing Zinc and 
Manganese Oxides. J. Mod. Phys., 2(9), 1062-1066.  

4. Kaur M., Saini M.S., Singh D. and Mudahar G.S. (2014). 
Synthesis and Characterization of Lithium Borate Glasses 
Containing Bismuth. Int. J. Adv. Res. Phys. Sci., 1(8), 1-8.  

5. Agarwal A., Seth V.P., Sanghi S.P., Gahlot S. and Goyal 
D.R. (2003). Optical band gap studies and estimation of 
two photon absorption coefficient in alkali bismuth borate 
glasses. Radiation Effects & Defects in Solids, 158(11-12), 
793-801.  

6. Sanghi S., Sindhu S., Agarwal A. and Seth V.P. (2004). 
Physical, optical and electrical properties of calcium 
bismuth borate glasses. Radiations Effects & Defects, 
159(6), 369-379.  

7. Saddeek B.Y., Shaaban E.R. and Moustafa M. (2008). 
Spectroscopic properties, electronic polarizability, and 
optical basicity of Bi2O3–Li2O–B2O3 glasses. Phys. B., 
403(13-16), 2399-2407.  

8. Singh D., Singh K., Singh G., Mohan S., Arora M. and 
Sharma G. (2008). Optical and structural properties of 
ZnO-PbO-B2O3 and ZnO-PbO-B2O3-SiO2 glasses. J. Phys., 
20(7), 075228.  

9. Singh G.P., Kaur P., Kaur S. and Singh D.P. (2011). Role 
of WO3 in structural and optical properties of WO3–Al2O3–
PbO–B2O3 glasses. Phys., 406(24), 4652-4656.  

10 20 30 40 50 60 70 80

In
te

n
s

it
y
 (

A
. 

U
.)

2θ θ θ θ ((((Degree))))

200 400 600 800 1000 1200
0

15

30

45

60

75

90

1 2 3 4 5 6 7
0.0

0.4

0.8

1.2

1.6

2.0

( αα αα
h

νν νν
)22 22

 x
1

0
8

 (
e

V
2
/c

m
2

)

hν ν ν ν ((((eV)

T
ra

n
s
m

it
ta

n
c
e
 (
%

)

Wavelength (nm)

a)

b)



Research Journal of Chemical Sciences ___________________________________________________________ ISSN 2231-606X 

Vol. 7(3), 30-32, March (2017) Res. J. Chem. Sci. 

 

 International Science Community Association            32 

10. Dagdale S.R. and Muley G.G. (2015). Optical study of 
neodymium doped lanthanum calcium borate glasses of 
La2O3-8CaO-3B2O3 system. Bionano front., 8(3), 265-268.  

11. Kim M., Choi H.W., Park H.W., Song C.H. and Yang Y.S. 
(2006). Crystallization Process and Mixed Alkali Effect in 
Lithium-Potassium Borate Glass. J. Korean Phys. Soc., 49, 
S495-S499.  

12. Limkitjaroenporn P., Kaewkhao Jakapong, Tuscharoen 
Suparat, Limsuwan P. and Chewpraditkul Weerapong. 
(2010). Structural Studies of Lead Sodium Borate Glasses. 
Adv. Mat. Res., 93-94, 439-442.  

13. Rajasree Ch. and Rao Krishna D. (2011). Spectroscopic 
investigations on alkali bismuth borate glasses doped with 
CuO. J. Non-Cryst. Solids, 357(3), 836-841.  

14. Oprea I.I., Hesse H. and Betzler K. (2004). Optical 
properties of bismuth borate glasses. Opt. Mat., 26(3), 235-
237. DOI:10.1016/j.optmat.2003.10.006. 

15. Pan Z.D., Morgan S.H. and Long B.H. (1995). Raman-
scattering cross-section and nonlinear-optical response of 
lead borate glasses. J. Non-Cryst. Solids, 185(1-2), 127-
134.

 


