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Abstract -We report here on the structural (XRD & Raman),
thermal (TG-DTA), dielectric, absorption and emission (Vis &
NIR) properties of lithium borate glasses with and without (1 mol
%) Ho®* has been prepared using standard melt quenching
technique. Based on XRD feature, an amorphous nature of this
glass has been confirmed. Raman spectrum has revealed that
there exists a transformation of BO; triangles into BO,
tetrahedral with the addition of Li,O content in the glass
composition. Weight loss, glass transition temperature (T,) have
been identified from TG-DTA profiles measured for the lithium
borate precursor chemicals mix. From absorption spectrum,
absorption and stimulated emission cross-section have been
evaluated by applying McCumber’s theory and further
cross-sectional gain has also been computed for the emissions at
1195 nm (~1.20 pm). On exciting Ho** glass at (hgyj = 451 nm), two
emissions at 556 nm (°S, —°lg; Green), 655 nm (°F5 —°lg; Red)
have been obtained. Upon exciting this Ho®*" glass with a laser
excitation source at 451 nm, an NIR emission at 1199 nm (5I5
—°I5) has been measured. Dielectric measurements have also been
carried for both the undoped host glass and Ho**doped glass too.
Based on those results, ac-conductivity values of these glasses have
been evaluated.

KEY WORDS: Luminescence, Melt quench method and Optical
glasses

1. INTRODUCTION

Glasses are more advantageous than crystalline
materials because of their physical isotropy, absence of grain
boundaries and compositional variations [1]. Borate glasses
have widely been investigated due to its open like structure.
Addition of modifier salt Li,O to the borate glass composition
significantly changes its structure i.e., transforming BO;
triangles to BO, tetrahedral along with an increase in glass
thermal stability, humidity withstanding ability associated with
chemical durability and transparency from UV to NIR range [2,
3]. Lithium borate glasses find a wide range of technological
applications as electro-chemical devices as ionic conductors,
optoelectronic devices and fluorescent or luminescent materials
depending on the presence of transition metal (or) rare earth
ions [4]. When transition metal/ rare earth ions are added in to
glassy systems, those could generate different dopant sites by
creating strong interaction amongst those ions thus resulting in
with an intense optical (absorbance) and spectral (excitation
and emission) properties. Among RE®" ions, Ho®*" is an
interesting ion for spectroscopic studies, because it exhibits
several electronic transitions in the visible and NIR and also in
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Mid- IR regions that are useful for the development of visible
and IR solid state lasers. In addition to those uses, glass with
Ho®* ion provides an eye-safe potential lasing emission at room
temperature with a low threshold action that has attractive
applications in atmospheric communication systems. Here, we
have investigated the structural, thermal and electrical
properties of lithium borate glasses besides optical and
VIS-NIR emission for Ho* as a dopant ion in lithium borate
glass matrix.

2. EXPERIMENTAL STUDIES

2.1 Glass sample preparation

By employing a melt quenching technique, glass samples
in the following chemical compositions were prepared:

(i)  30Li,0-70B,0;3 (host or reference glass)
(i) 1 mol% Ho,0;: 30Li,0-69B,05 (Ho*": LB glass)

Analytical grade (Sigma Aldrich) chemicals of H3BO;,
Li,CO3, and Ho,O5 were weighed in 10g batch each separately,
thoroughly mixed and finely powdered using an agate mortar
and pestle and each of those was collected into porcelain
crucibles and heated each of those was put inside in an electric
furnace for melting for an hour at 930°C. These melts were
quenched in between two smooth surfaced brass plates to
obtain glass samples in circular designs with 2-3 cm in diameter
and each having a thickness of 0.3 cm. Thus, obtained glassy
sample are used for their analysis of different properties.

2.2 Measurements

XRD profiles were recorded on a Seifert X-ray
diffractometer (model 3003TT) with CuK, radiation (A =
1.5406 A) at 40 KV and 20 mA with a Si detector and 26 = 10°
and 60° at the rate of two degrees per minute. A simultaneous
measurement of TGA and DTA was carried out on NetZsch
STA 409 at a heating rate of 10°C/min with N, as the purging
gas was obtained to correlate these results with FT-IR spectra of
the sample recorded on a Nicolet -5700 FT-IR spectrometer
using KBr pellet technique in the range of 4000-400 cm™.
Electrical conductivity measurements were carried at room
temperature over a frequency range of 1 Hz — 1 MHz at an ac
voltage strength of 1 V,,s on a Phase Sensitive Multimeter
(PSM 1700) in LCR mode for acquiring the data of real and
imaginary parts of complex impedance. The calculation of
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conductivity (ou), real (&) and imaginary (&") parts of
dielectric constant (&*), dielectric loss (tand) were performed
using raw impedance data based on the capacitance, sample
dimensions and electrode area. Absorption spectra of glasses
were measured on a Varian-Cary-Win Spectrometer (JASCO
V-570). The emission spectrum of Ho®* doped lithium borate
glasses were measured in a steady state mode in a SPEX
Flurolog-3(Model-11)  Fluorimeter. The NIR emission
measurement was carried on a Jobin YVON Fluorolog-3
spectrofluorimeter with 450 W Xenon flash lamp as pump

source under 451 nm wavelength. . 70B,0,-30Li,0 glass

3. RESULTS AND DISCUSSION | | |
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B-O-B linkages in borate network [6]. The band at 685cm™ is
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BO3 group. The band at 3435 cm™ is assigned to Hydrogen
bonding due to O-H stretching vibration [7].
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Fig.2 shows an FTIR spectrum of Li,O-B,0;glass. The
structure of vitreous borate consisting random network of BO;
triangles transformed into BO, network with the inclusion of
alkaline metal oxide (Li,O) [5]. The FTIR spectrum has 40
revealed characteristic peaks located at 685 cm™, 871 cm™, i
1009 cm?, 1133 cm™, 1195 cm?, 1370 cm™ & 3435 cm™. In the ” [
measured infrared spectral range, the vibrational modes of "0 200 30 40 S0 60 00 800
borate show three regions, the first region at1200-1600 cm™ Temperature (°C)
band is due to an asymmetric stretching of relaxation of the Fig: 3
B-0 bond of trigonal BO; units.
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TG & DTA profiles of host B,O3- Li>O precursor chemical mix.

The TG profile shows that the weight loss is taking place in a
multi step process in the temperature range of 30°C-800°C.
The initial weight loss takes place between 30°C-175°C due to
the decomposition of the organic compounds that were added
while grinding raw chemicals to obtain homogeneity and water
present in the sample which is about 2%. A weight loss of 1.5%
has been noticed in the temperature range of 176°C-465°C due
to a phase change of H;BOs in to B,Os. Final weight loss of 2.5
% has been identified in the temperature range of
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460°C-610°C, that could be due to decomposition of Li,CO3 to
Li,O and thereafter no appreciable weight loss has been noticed
in the sample due to formation of a stable compound [7]. The
DTA profile of host precursor chemicals mix shows an
endothermic peak at 162° C which is attributed to the short
range order and partial melting of small percentage of impurity
phase phase change of H3BO; to B,0Os. The glass transition
temperature (Tg) has been noticed at 490°C [7, 8].

3.4 Absorption, stimulated emission cross-section and gain
spectra characteristics

Fig.4 (a) shows the Visible-NIR absorption spectra of
Li,0-B,0 (host) and Ho%*": Li,0-B,0; glasses. In the reference
Li,0-B,0 glass, the absorption edge lies in the UV- region and
no absorption peak has been observed. When Ho** ion is doped
in lithium borate glass some peaks attributed to 4f-4f electronic
transitions of Ho®* ions have been observed along with a shift in
the absorption edge towards lower energy side. This shift in
absorption edge could be due to increase in non-bridging
oxygens (NBOs).
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3
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Optical density (a.u.)
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Fig: 4(a) Absorption spectra of both B2Os- Li,O and Ho**:B,0s- Li,O glasses.

The optical absorption spectrum Ho*glass exhibits bands at
360nm, 387nm, 417nm, 451nm, 473nm, 485nm, 537nm,
642nm, 1162nm which correspond to the electronic transitions
Of5|8—)3H6, *lg—>°Gy, °lg—> °Gs, °lg —)5G6,5F1; *lg _)5F213K8;
Slg—)SFg, Slg—)5F4, 582; Slg—)5F5 and 5|8—)5|6, reSpectively
[9]. Among these, the transition °lg — °Gg (451 nm) is
hypersensitive in nature obeying laporte’s selection rulesAS =
0, Al =2 and AL = 2. In Fig.4 (b), the absorption and stimulated
emission cross-sections obtained for lithium borate glass doped
with 1 mol % of Ho®* at 1.20 pm is shown. Absorption
cross-section (ogys) is determined from absorption spectrum
data by employing Lambert-Beer Law formula given below

[10]:
2.303I0g(l% )
I ) (1)
Oabs =
NI
where N is the concentration of the rare earth ion, | is the
thickness of the sample, (l,/1) is the absorption intensity, 1, and
| are the intensities of incident and transmitted light .
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Fig: 4(b)  Absorption & stimulated emission cross-section spectra of

Ho%":B,03- Li,O glass at ~1.20 ym emission.

According to McCumber’s theory, stimulated emission
cross-section (cemi) of Ho** ®lg, °I; — °Ig transition is derived
from °lg— °lg, °I; transition of the absorption cross-section
(Cans) [11]:

O (1) =0 (ﬂ)exp[(g‘h%{ e

where v is the photon frequency, k is the Boltzmann constant, &
is the free energy required to excite Ho®*" ion from ground state
to excited state at temperature T, o iS the absorption
cross-section. A close overlap between the absorption and
emission cross-section spectra suggests re-absorption of the
emitted radiations of Ho®* ions and is re-emitted resulting in
spectral broadening, which is normally observed in a three level
system.

Fig.4 (c) shows the gain spectra as a function of
population inversion rate (B). The gain coefficient is calculated
from the absorption cross-section data using the expression
given below as:

G (2) =N[Boy (2) = (1 =B)ows(2)] .. (3

where N (N = N;+N,) is the concentration of the Ho*" ion, Sis
the population inversion rate (= N»/N;) which is dependent on
the pump energy-density and its value falls into the region 0 to
1.

576



International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3Issue 7, uly - 2014

1JERTV31S070547

5 5
Iﬁa IS

" ) 21 -2
Gain cross-section (10" e¢m™)

5 5
IS% Iﬁ

T T T T T T T T T T T T T
1100 1120 1140 1160 1180 1200 1220 1240

Wavelength (nm)

Fig:4(c) Gain cross-section as function of population
inversion parameter f3

From the Fig. 4 (c), it is observed that when the population
inversion rate (/) takes the values from 0 to 1, the spectra
evolved depicts like absorption cross-section spectra and as the
values of g increases from 1 to 1, gain achieves maxima in the
positive axis attributed to 1.20um resembling as NIR emission
spectra of Ho®'. Generally, this type of characteristic
phenomenon is exhibited by quasi three level lasers.

3.5 Photoluminescence (Vis-NIR) spectral
Ho**:Li,0-B,0; glass

Fig.5 (a) shows the excitation spectrum of Ho*" doped
lithium borate glass by monitoring with a strong emission band
located at 548 nm (green). The spectrum has displayed three
excitation bands that are assigned to the electronic transitions of
®lg—>°Gs, *Gs (418 nm), 13— °Gg (451 nm), °l; — °F; (486
nm) respectively. Of these, the prominent transition at 451 nm
(°ls — °Gg) has been used for recording the emission spectrum
of Ho®* doped glass in the visible wavelength region [12, 13].
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Fig: 5(a) Excitation spectrum of Ho%>*:B,0s- Li,O glass.
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The photoluminescence (Vis and NIR emission) spectra of
Ho®*: lithium borate glass is shown in Figs.5 (b & c).
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Fig: 5(b)  Vis-emission spectrum of Ho%":B,0s-Li;0 glass.

From excitation spectrum, the band at 451 nm has been chosen
to record the emission spectrum of Ho** doped lithium borate
glass as shown in Fig. 5 (b). Ho®" ions are excited to higher
energy levels from where they decay non-radiatively to °F,and
°F; states and subsequently relax to the ground state °lg with
emissions at 548nm (green) and 664 nm (red) corresponding to
the electronic transitions °F,—>°lg and °Fs—>°lg respectively
[12-14].

In Fig. 5 (c), NIR emission spectrum of Ho®* doped lithium
borate glass has been shown with an excitation 451 nm. In the
emission spectra, an intense emission band at 1.20 um (°le—"lg)
associated with a weak band at 1.37um (°F, (°S,)—"ls) have
been observed [15, 16].
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Fig: 5(c) NIR-emission spectrum of Ho®*:B,03-Li,O glass.
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The energy level scheme of the 1Ho**:30Li,0-69B,0; glass
shown in the Fig. 6 explains emission process involved in the
visible-NIR photoluminescence of Ho®*" glass.
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Fig: 6 Energy level scheme of Ho®" ion.

3.6 Dielectric (¢’ & tano) and a.c conductivity analysis

When dielectric material has been introduced in an
a.c electric field, there will be a phase log between the applied
field and the response of the system. This is due to the losses
associated with the presence of polarizable entities in the
dielectric or due to inertial effects [17]. In the dielectric studies,
the complex permittivity of the system is calculated using the
impedance data:

SN S e
5—(ijcz*) &'-Jje (4)

where Z" is the complex impedance, C, is the capacitance of
free medium. The real part of permittivity (dielectric constant)
€' represents the polarizability of the material (or energy stored
in a material), while the imaginary part (dielectric loss) &"
represents the energy loss due to polarization and ionic
conduction.

The dielectric constant (¢') and dielectric loss factor are
calculated using the formulae:

_cd

g'= - (5)
&A

and

g"=¢g'tano ... (6)

Where C is the capacitance of the glass sample, ¢, is the
permittivity of the free space (8.85x 10™ F/m and A is the
cross-sectional area of electrode. where tan 3 is the loss tangent.
The ac conductivity of the sample (c,;) was determined from
dielectric parameters using the relation:

O, = WEE" )

where o is an angular frequency.
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Fig: 7(a) Dielectric constant (¢') values as function of
log () for B,Os- Li,O and Ho%":B,0s- LixO glasses.

In Fig. 7 (a), Dielectric constant (&) as a function of log (o)
at the room temperature for Lithium borate glasses with and
without Ho®* are shown. From this figure it has been observed
that the dielectric constant (¢'(w)) value decreases with an
increase in frequency and reaches to a minimum value without
any further decrease from 1Hz to 1MHz for the glasses studied.
The dielectric constant describes the polarizing performance of
a‘material in the presence of an applied electric field. At lower
frequencies, due to absence of net polarization, the ions get
accumulated at the electrode-electrolyte interface forming a
space charge region causing immobilization of charges leading
to high €' value. As frequency increases, the periodic reversal of
electric field occurs so fast that no excess ions accumulate in the
electric field direction and hence, the dielectric constant is
lowered by weakening of ion-ion interaction in the dipoles as a
result their contribution to the polarization would be reduced
[18, 19].

Loss tangent or dielectric loss factor (tand) as a function
of log (w) at room temperature for Lithium borate glasses with
and without Ho®" is shown in Fig.7 (b). Both the glasses with
and without dopant (Ho*") ion have exhibited same decreasing
trend with increasing of frequency because, when the electric
field is applied the dipoles rotate to align themselves in the field
direction. As the time passes, the electric field reverses its
direction the dipoles also rotate again to remain aligned in the
direction of electric field with the correct polarity. As it rotates,
energy is lost through the generation of heat (friction). More
energy is being dissipated through motion therefore less energy
is available to propagate the dipoles.
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Fig: 7(b) Dielectric loss factor (tand) values as function of log (w) for

B20s- Li20 and Ho**:B,0s- Li,O glasses.

. The dielectric loss tangent has high dispersion at low
frequency, which decrease gradually as frequency increases due
to less contribution of ions in the direction of applied electric
field [19, 20].

The frequency dependent mechanism for the present
glass system is analyzed on the basis of Jonscher universal
power law [21]:

o(w)=04+Ad° 0<s<1 .. (8)

Where oy is the dc conductivity of the samples, A(: GVSJ

a)P
is temperature dependent constant, @ =27 f is the angular

frequency of the applied field and s is the power law exponent
in the range 0 < s < 1, represents the degree of interaction
between the mobile ions and it can be measured by taking slope
of log o, (@) Versus log e for the curves . From the Fig. 7

(c), it is observed that the two profiles of Lithium borate glass
with and without dopant Ho®" ion have shown same trend with
nearly flat portion at lower frequencies and at higher
frequencies conductivity exhibits dispersion which increases
nearly following power law relation:

o(w)=Aw’s<1 .. (9)

From the ac-conductivity profile it is noticed that the
conductivity due to Ho** doped lithium borate glass has been
decreased when compared to lithium borate glass. Such
decrease in conductivity could be due to introduction of high
density of rare earth (Ho®") ion in high concentrations (1 mol
%) polymerizes the glass network by decreasing the molar
volume as a result number of path ways available for Li* ions
conduction decreases. The other reason for decrease in mobility
of Li* ions is due to their bonding with the available
non-bridging oxygens and also could be due to formation of the
quasi-molecular complex (clusters) of rare earth ions with the
glassy matrix [22-24].
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Fig: 7(c)  Ac-conductivities (log oac) as function of log (o) for B2O3- Li,O

and Ho®" :B,0s- Li0 glasses.

The analysis of frequency dependent electrical properties
show that the value of dielectric constant (¢') decreases with
increasing frequency and accordingly increases in conductivity
(o4c) has been explained.

4. CONCLUSION

In summary, it is concluded that we have successfully
developed a couple of transparent optical glasses in the
composition of 1 Ho%":69B,0,-30Li,0 and also a reference
glass of 70B,05-30Li,O by using a standard melt quench
technique. The optical absorption, XRD, FT-IR and TG-DTA
profiles of the host lithium borate glass have been undertaken to
analyze its structural and thermal properties. From optical
absorption spectra it is noticed that the prepared lithium borate
glass with and without Ho** ion posses good UV transmission
ability. From the dielectric (¢’ & tand) properties, it is observed
that both glasses have exhibited same trend of decreasing
dielectric constant and dielectric loss with an increase in the
frequency. Because the dipoles are no longer able to orient
rapidly so that their oscillations begin to lag behind those of
electric field in the glasses studied. Ac conductivity value has
been found to be increasing with an increase in the frequency
for both the glasses. But due to presence of Ho ion in the
lithium borate glass, its conductivity has been found decreased
compared with the reference (glass. The optical
characterizations based on the measurement of absorption,
emission bands have been observed for the reference and Ho*
ion doped glass in Visible and NIR regions. Emission levels
cross-sections and their gain at ~1.20 pm of Ho®*" An intense
green emission (°F,—>°lg; 14 pm) and a week red emission
(°Fs —°lg; 0.66 pm) and also a couple of NIR emission bands
Cle—"lg; ~1.20 pm and °F,, °S,) —°Is; 1.37 pm) of Ho* doped
lithium borate glass has been noticed upon exciting at 451 nm.
Our results provide an opportunity to suggest that these glasses
could significant potentiality with an encouraging importance
in the progress and development of luminescent optical
systems.
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