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Abstract: The present glass samples were prepared by using
melt quenching technique. The prepared glasses were characterized
optical properties by using absorption and photoluminescence (PL)
spectral measurements and Structural properties by X-ray
diffraction (XRD). The objective is to report detailed studies of
glass matrix. The rare earth ions are used as optical activators,
since they have excellent optical properties. 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 light yellow colour and can be an auspicious
laser candidate. The physical parameters have been evaluated. The
densities (p) of the glass samples were measured using Archimede’s
principle with toluene as an immersion liquid. Refractive indices (n)
of samples were measured at 589.3 nm using an Abbe’s
refractometer and few physical parameters of the glasses like,
molar volume (Vm), molar refractivity (Rm), polarizabilities (om),
concentration of rare earth ion (Ni) , polaron radius (rp) , inter ionic
distance (ri), field strength(F), reflection loss (RL%) and dielectric
constant (g). The detailed studies of them have been reported for
the better understanding.

Index Terms: X-Ray Diffraction, physical
UV/Visible Spectroscopy,  photoluminescence.

parameters,

l. INTRODUCTION

Now a days the applications of lanthanides is extended to
almost all important fields of technology. The lanthanides built-
in glass host matrices due to its spectroscopic properties have
been one of the most attractive areas for researchers.
Photoluminescence of lanthanides ions were investigated for
many application in some of the fields such as optical data
storage, biomedical lasers, high-energy particle detector, laser
printing, bar-code reading, environment friendly solid- state
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lighting, underwater and satellite communication, etc. [1-6]. The
4f electrons of lanthanides ions are shielded with 5s, 5p electrons
and spin—orbit interactions exerts considerable influence on
positions of their electronic energy levels. The characteristic of
different emission properties of lanthanides ions basically take
place which is caused by electronic transitions among these
energy levels. The surrounding ligand-field or glass host
matrices doped with lanthanides ions also shows a great
influence on the lasing properties [7-14].

Up-conversion materials have drowned great attention from
researchers. In the up-conversion process absorption of two or
more photons will results in the emission of one photon and that
too with a shorter wavelength than exciting light, in which
emission energy of a photon is much higher than the excitation
energy photon. The rare-earth ions act as the luminous centers
hence RE are doped in the different hosts for the design of a
number of luminescent materials [15-16]. Especially optical
glasses doped with the holmium due to its abundant energy
levels in the range of ultraviolet (UV) to infrared ray (IR), can be
utilized in numerous applications such as data storage systems or
data recording in HD quality, medical diagnostics, 3D displays,
optical sensors [17-19]. The transition 5I; — 5lg shows
stimulation of Ho®" at about 2.0 um which draw considerable
attention in the past because of efficient optical pumping due to
possible by co-doping with ions such as Er¥*, Tm* and Yb®
[38].

In this work, we report the preparation of calcium sodium
lead boro oxyfluoride glasses doped with holmium ions by melt
guenching technique. The physical, structural and optical
properties of holmium ions doped with calcium oxides, sodium
oxides, lead fluoride and borate were investigated and for the
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better understanding the detailed studies of them have been
reported.

1. 1. SYNTHESIS AND CHARACTERIZATION

A, Synthesis

Oxide glasses with composition 10Ca0-20Na,0-10PbF; -
60B,0; -XH0,03 with X= 1 mol% were synthesized
utilizing electric furnace by the conventional melt
quenching technique and indicated as CNFB and CNFBH.
The chemical composition of the 10g batch was weighted
very precisely. In an agate mortar, the 10g batches chemical
were grinded and mixed thoroughly, and taken in a
porcelain crucible, chemical compositions were taken
melted in the temperature range of 1030-1080 °C in an
electric furnace for 45 minutes and 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,
quenching and annealing.

B. Characterizations

1) Few physical parameters were calculated. The density
is measured using Archimedes principle. Refractive indices of
samples were measured at 589.3 nm using an Abbe’s
refractometer. Using suitable expression few physical properties
has been calculated as discussed in literature [19-32].

2)  X-ray diffraction patterns of the present prepared glass
samples calcium sodium lead boro oxyfluoride glasses doped
with holmium ions were recorded to investigate the non-
crystallinity utilizing advance XRD diffractometer RIGUKA
ULTIMA IV.

3) The absorption spectra recorded at room temperature
using Perkin Elmer Lambda-950 UV-Vis spectrometer.

4) The luminescence spectrum has been recorded by
Spectroflourometer, Horiba Jobin Yvon Fluorolog-3.

M. RESULTS AND DISCUSSION

1) 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 (W —Wpg oy @
Molar volume (Vm) was calculated by using glass molecular

weight (M.W),
MW

v, =— ).
o

Institute of Science, BHU Varanasi, India

Journal of Scientific Research, Volume 65, Issue 8, 2021

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

_ n®-1
Rm T ontiz (vm) -3).

¥

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

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

€. = —R_ ).

m 4mNg ™

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

__ xpHNA
N, = y—b ...... 4).

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 (Nj),

=)
=2 (2)"]

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

F= (3) ()
Tp

Dielectric constant (€) is calculated form,
e= n? ..(8).

.....(6a)

.....(6b) respectively.

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

R, = ("_1)2 9.

n+l

For the better understanding purpose the preliminary physical
properties of glass samples of calcium sodium lead boro
oxyfluoride glasses and doped with holmium ions are estimated
and reported as follows [19-32].

SI.No | Physical properties CNFB | CNFBH

1. Refractive index (RI) 1.612 1.692

2. density (p) gm/cm?3 3341 | 3.294

3. Molar refractivity (Rm)cm-3 10.59 11.02

4, Molar volume (Vm)g/cm? 26.87 | 27.92
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5. Molar polarizability (om)x10%cm? | 4.19 4.26
6. Reflection loss(RL)%, 6.156 | 6.144
7. Dielectric constant(e), 2.815 2.828
8. Concentration (N;j)x102%° ions/cc. - 2.24
9. Polaron radius (rp)nm - 0.49
10. Inter ionic distance (rj) nm - 1.58
11. Field strength(F) x10%*cm? - 8.47
2) X-RAY DIFFRACTION

XRD pattern of prepared glass samples doped with holmium
ions is displayed in Fig.1, 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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Fig 1. XRD pattern glass samples doped with holmium ions.

3) OPTICAL ANALYSIS
Using double beam spectrophotometer the spectral

measurements were carried out. In the spectral range 300-900
nm absorption spectra were recorded using Pekin Elemer
Lambda—35 UV-Vis spectrometer. In 1000-2200nm spectral
range recorded using Perkin Elmer Lambda-950 UV-Vis
spectrometer.

The UV-Vis-NIR spectra of Holmium incorporated calcium
sodium lead boro oxyfluoride glass in 350-2000nm spectral
range has been explicate in fig 2(a) and 2(b). Based on the
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energy separation of Ho®' free ions, observed intensity and
absorption bands have been assigned in visible (300—700 nm)
and as well as near-infrared (700-2000 nm) regions with all
possible transitions from S5l ground state to different energy
levels. Form the ®Ig ground state to excited states 5Gs °Gg, °F», °F3,
5F4, 5Fs, Sl1s, Slg, and °l;. The Ho®" ion has the electronic
configuration of 4f° with g ground state. It gives a large
number of well resolved absorption and emission transitions in
the UV, Vis and NIR regions [33-37]. The two transitions of
Ho®" in the absorption spectra, viz., °ls — 5Gg and ®ls — 5Hg are
hypersensitive [16-19]
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Fig 2(a). Absorption spectra of glass samples doped with holmium
ions in the spectral range 300-900 nm
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Fig 2(b). Absorption spectra of glass samples doped with holmium ions

in the spectral range 900-2200 nm.

V. EMISSION PROPERTIES

The figure 3 shows photoluminescence spectra of Ho®* doped
samples under 450 nm excitation and we observed that the
sample revealed strong emission bands at 494 nm and 612 nm.
The former is governed by the quadrupole selection rules (AS =
0, AL, AJ < 2). The transition from °F3 — 5lg indicates green
emission. The glass was exciting with 450 nm wavelength
radiation, as a result two emission bands were obtained, the first
emission bands is located at 494 nm, this corresponding to 5F;
— Slgand, the second emission bands is located at 612 nm, this
corresponding to °Fs — %lg 612 nm [38-42].
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Fig 3. Emission spectra of glass samples doped with holmium ions.

CONCLUSION

In this work the spectroscopic properties of holmium doped
glass were investigated. The calcium sodium lead boro
oxyfluoride glasses doped with holmium ions have been
prepared by normal melt quench technique. The Powder X-Ray
diffraction analysis of the prepared samples confirms the
amorphous nature of the samples. To evaluate changes in the
optical properties, the optical absorption and photoluminescence
spectrum of polished samples have been recorded at room the
temperature. The Ho®" ion has the electronic configuration of
4f1° with ®lg ground state. It gives a large number of well
resolved absorption and emission transitions in the UV, Vis and
NIR regions. All possible transitions from 5l ground state to
different excited states °Gs, °Gg, °F», 5F3, °F4, °Fs, ls, %lg, and 51y
were observed. The photoluminescence spectra of Ho®* doped
samples under 450 nm excitation, the sample revealed strong
emission bands at 494 nm and 612 nm.
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