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Abstract: The present work illustrates optical properties of
potassium strontium lead boro oxyfluoride glasses doped with Nd3+
ions were prepared by using melt quenching technique. The
prepared glasses were characterized with optical properties by
using CIE diagram, absorption and photoluminescence (PL)
spectral measurements and structural properties by X-ray
diffraction (XRD) and Fourier Transform Infrared spectroscopy
(FTIR). The objective of the paper is to report detailed studies of
glass matrix. The Nd3+ ion has been use as an excellent optical
activator. Using proper optimization method we can make use of
these lasers for photonic applications. From the luminescence
spectrums it’s clear that synthesized glass offers red colour and can
be an auspicious laser candidate. Glasses have high refractive index
which shows that prepared glasses are desirable candidate.

Index Terms: UV-Vis  Spectroscopy, CIE
Photoluminescence, X-ray diffraction, FTIR

diagram,

I. INTRODUCTION

Oxyfluoride glass systems exhibit huge potential as these
glass combine the advantages of both oxide and fluoride glasses.
In general, the oxide glasses have good stability and chemical
durability and on the other hand, fluoride glasses have very low
phonon energy. In these glasses, the replacement of fluorine by
oxygen affects the glass formation and the structure of glass
networks, namely, their connectivity. Further, they turned out to
be suitable for operating in the UV spectral range and as laser
materials [1-9].

The present investigation is an attempt to study the optical and
structural properties of neodymium ion-doped with potassium
strontium lead boro oxyfluoride glasses. The neodymium ion is
an excellent optical activator as it plays an essential role because
it has multiple emission property moreover neodymium ion
gives the least variation in spectroscopic properties with various
glass compositions [10-17].
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Il. 1. SYNTHESIS AND CHARACTERIZATION

A. Synthesis

Oxide glasses with composition 20Ka,O -10SrO-10PbF, -
60B203 -XNd;0O3 with X= 1 mol% -were synthesized utilizing
electric furnace by the conventional melt quenching technique
and indicated as NSFB and NSFBN. The chemical composition
of the 10g batch was weighted very precisely. In an agate
mortar, the 10g batches chemical were grinded and mixed
thoroughly. Later in a porcelain crucible, chemical compositions
were taken and melted in the temperature range of 1030-1080 °C
in an electric furnace for 45 minutes and then immediately
poured on a brass mould which was preheated to get pellet form
samples. Therefore by employing conventional melt-quench
technique glasses were obtained. It includes or involves batch
preparation, grinding or mixing, calcinations, melting,
guenching and annealing. The aforementioned process is
summarized and presented in the flow chart, Fig 1.

B. Characterizations

X-ray diffraction patterns of the present prepared glass
samples, potassium- strontium-lead-boro-oxyfluoride glasses
doped with Nd*" ions were recorded to investigate the non-
crystallinity utilizing advance XRD diffractometer RIGUKA
ULTIMA IV.

The IR absorption spectra of potassium strontium lead boro
oxyfluoride glasses doped with Nd** ions glasses were obtained
and recorded at room temperature by a Bruker, single beam
spectrometer using the KBr disk technique in the wavenumber
range of 4004000 cm—1 with a resolution of 2 cm—1. The
infrared spectra were normalized to exclude the concentration
influence of the powder sample in the KBr disk and also the IR
absorption spectra obtained were corrected for the dark current
noises.

69



The refractive index and density were experimentally
measured and using suitable expression few physical properties
has been calculated as discussed in literature [30-38].

The absorption spectra recorded at room temperature using
Perkin Elmer Lambda-950 UV-Vis spectrometer. The
luminescence spectrum has been recorded by
Spectroflourometer, Horiba Jobin Yvon Fluorolog-3. Few
physical parameters were calculated. The density is measured
using Archimede’s principle. Refractive indices of samples were
measured at 589.3 nm using an Abbe’s refractometer.
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Fig. 1. Flow chart of overall process summarized for sample
preparation

1. RESULTS AND DISCUSSION MANUSCRIPT

1) X-RAY DIFFRACTION

XRD pattern of potassium-strontium-lead-boro-oxyfluoride
glass (undoped) and doped with neodymium ions is displayed in
Fig. 2., which has no sharp peaks that is a clear indication of the
absence of crystalline nature. The diffractograms exhibit just
broad diffuse scattering at low angles which is characteristic of
long-range structural disorder. That confirms the amorphous
characteristics of the glass.
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2) FOURIER TRANSFORMATION OF SPECTROSCOPY
(FTIR) ANALYSIS

The IR absorption spectra of potassium strontium lead boro
oxyfluoride glasses doped with Nd3* ions glasses were obtained
and recorded at room temperature single beam spectrometer
using the KBr disk technique in the wavenumber range of 400—
3500 cm—1 is displayed in Fig. 3.
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Fig 2. XRD pattern of doped and undoped glasses.

The essential information regarding the structural units arranged
in glasses are studied for the present glasses using FTIR
analysis. It is assumed that in the glass network, structural units
vibrations are independent of other neighbouring units
vibrations. Since concentration of borate is high one can expect
major vibration modes are due to borate units [6, 23-27].
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Fig 3. FTIR spectra of neodymium ions doped glass.
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3) PHYSICAL PROPERTIES
Density (p) was estimated using (W) sample weight in air, (Wy)
sample weight in liquid (toluene) (px=0.8669gcm= , toluene of
density) using
W,
=— (D).
P (Wa—Wp Joy o
Molar volume (Vm) was calculated by using glass molecular
weight (M.W),
MW

Vo= 2).

m o

Molar refractivity (Rm) is calculated using molar volume Vn, and
refractive index,

n -

1T —1
R =—=p, (Vi) ..03).

The polarizabilities (om) is calculated using Avogadro’s number

(Na) and molar refractivity (Rm) by using relation,

@ = —R ().

m dnNy ™

Rare earth(RE) ion concentration is calculated using relation,
x pNA

N;, = S (5).
Where, x is the weight of RE ion and y is molecular weight of
rare earth ion.

The inter ionic distance (r;) and polaron radius (rp) is calculated
using the concentration of RE ion (N;),

7= )]
SHGON

Field strength (F) can be calculated by using charge of rare
earth ion (Z) and polaron radius,

F= (5) ()
p

Dielectric constant (¢) is calculated form,
€= n° ...(8).

.....(6a)

.....(6b) respectively.

Reflection loss (RL%) was calculated by using Refractive index,

R, = {::] .9).

For the better understanding purpose the preliminary physical
properties of potassium strontium lead boro oxyfluoride glass
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doped with neodymium ions are estimated and reported as
follows [30-38].

Table I. Variables used in algorithm and their description

SI.No Physical properties

1. Refractive index (RI) 1.653
2. Density (p) gm/cm?® 3.384
3. Molar refractivity (Rm)cm™ 9.74
4. Molar volume (Vm)g/cm?® 26.60
5. Molar polarizability (om)*10-?4cm? 3.86
6. Reflection loss(RL)%, 6.079
7. Dielectric constant(g), 2.734
8. Concentration (Ni)x10% ions/cc. 2.22
9. Polaron radius (rp)nm 0.45
10. Inter ionic distance (ri) nm 1.46
11. Field strength(F) x10%*cm? 8.50

IV. OPTICAL ANALYSIS

UV-Vis-NIR spectra of potassium strontium lead boro
oxyfluoride glass doped with neodymium ions with possible
transitions in the wavelength range 400-850 nm is displayed in
Fig. 4. The neodymium ion possesses the “f; electronic
configuration with *lg;, ground state. The observed transitions are
*loa 10 ‘G, “Gorz, *Grr, *Gsiz, *Huvz, *Forz, *Fri2, *Fsia, “Dape,
%P3, The “*lgr2 to “Gs, transitions occurring in the visible region
which is hypersensitive[10-29].
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Fig 4. Absorption spectra of neodymium ions doped glass.

V. EMISSION PROPERTIES

Photoluminescence spectrum of potassium- strontium-lead-
boro-oxyfluoride glass doped with neodymium ions with
possible transitions in the wavelength range 620-660 nm is
displayed in Fig. 5. The glass samples were excitation at 580 nm
[39-40] and we can suspect red emission as the emission peak is
obtained at 637 nm, with transition in the visible region *Gs;, —
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Fig 5. .Emission spectra of neodymium ions doped glass
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VI. COLOUR ANALYSIS

For the estimations of the emission color, the (CIE)
chromaticity coordinates were determined for the glass matrices.
The luminescence colour of the potassium- strontium-lead-boro-
oxyfluoride glass doped with Nd3+ ions was excited under
suitable excitation was determined by CIE 1931 chromaticity
diagram. The glass incorporated with neodymium oxide glass
exhibits red colour as explicated in Fig. 6.
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Fig. 6. CIE diagram for neodymium ions doped glass.

CONCLUSION

UV-Vis-NIR spectra of potassium strontium lead boro
oxyfluoride glass doped with neodymium ions with possible
transitions observed form #lg;, ground state to *Giip, *Gar, *Gp,
4Gs/2, *Huz, *Fop, *F7p2, *Fspa, 2D3/2, 2P, excited state. The glass
samples were excitation at 580 nm and we can suspect red
emission as the emission peak is obtained at 637 nm, with
transition in visible region *Gsp —2Hiis. The chromaticity
diagram conforms that the neodymium oxide glass exhibits red
colour. For the better understanding purpose the preliminary
physical properties of potassium strontium lead boro oxyfluoride
glass doped with neodymium ions are estimated and reported.
The influence of neodymium ions on the potassium-strontium-
lead-boro-oxyfluoride glasses has been examined employing X-
ray diffraction (XRD) including infrared spectrophotometer
(FTIR) and even density of the sample also found. The greater
role played by the neodymium oxide as a glass-modifier, since it
influences the conversion of BO3 «BO4. When BOj3 units are
converted to BO4 units, a similar influence is also observed in
molar volume and density variation due to non-bridging
oxygen’s (NBO) created. The glasses have high refractive index
which shows that prepared glasses are desirable candidate for
optical fibre glass application.
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