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Abstract

Er** doped zinc lithium phosphate glass samples were synthesized by the very simple melt quenching method. The obtained
X-ray diffraction patterns specify that the prepared glass samples exhibit glassy nature. The physical properties like packing
density, molar volume, density, oxygen packing density, interionic distance, field strength, rare earth ion concentration, and
polaron radius were calculated using appropriate formulae. DTA curve was analysed to evaluate the crystallization tempera-
ture, melting temperature, and glass transition temperature and hence study the thermal properties. Fourier transform infrared
spectrum was recorded to examine the functional groups in the glass and study the structural characteristics of the glass. It
showed the presence of symmetrical and asymmetrical stretching vibration modes of P-O-P linkages, bending modes of P-O
in PO,, bending and stretching vibrations of OH groups and P-O-H water absorbance in the glasses. The absorption spectra
of the prepared glasses in the UV-visible region (wavelength 200-1100 nm) were taken to study the optical properties of
the glasses. The urbach energy and optical energy bandgap values are determined using Davis—Mott method. The refractive
index of all the prepared glass samples is also measured and these values are used to determine the corresponding molar
refraction, the molecular polarizability of oxide ions, dielectric constant, reflection loss, metallization criterion, electronic
polarizability of the oxide ions, interaction parameter, electronegativity, optical basicity, and electric susceptibility of all the

glass samples using appropriate formulae.

1 Introduction

Glasses with lanthanide ions are nowadays grabbing utmost
attention attributable to their widespread impending applica-
tions in development of laser hosts, optical sensors, optical
displays, optical fibres, optical readers, multicolour phos-
phors, photodiodes, etc. [1-6], because these ions exhibit
substantial features like extensive lifetime, various emission
and absorption bands from UV to IR region and various
excited energy levels. Higher transparency and also easy
method of preparing glasses with different compositions
make oxide glasses especially phosphate-based glasses more
advantageous and suitable for hosting rare earth ions [7-10].
Phosphate glasses also possess distinctive properties like low
glass transition and melting temperature, high UV and IR
transitions, lesser dispersion, good solubility of lanthanide
ions [11-15]. In this glass matrix, ZnO acts as a network
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former in addition to being a network modifier depending
on the chemical composition and Li,O acts a glass modifier
[16-18]. Zinc Oxide is generally used in phosphate glasses
due to its non-hygroscopic and non-toxic nature which helps
to reduce the tendency of the phosphate-based glasses to
absorb moisture from the air [19]. The presence of Li,O
aids in decreasing the hygroscopic nature and also help in
increasing the chemical resistance and polarization of the
glasses [20, 21]. Out of all the known rare earth ions which
generally help in optically exciting the glasses, Er’* ions are
extremely helpful because these ions have high emission
cross-section, broad bands of emission, longer lifetime, and
high quantum efficiency [22, 23] which plays a very impor-
tant role in photonics like telecommunication, designing
optical devices like 3d displays, optical readers, etc. [24-26].

In this paper, the thermal properties, optical properties,
structural properties and physical parameters of Er** doped
zinc lithium phosphate glasses have been examined and
reported.
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2 Experimental details

By melt quenching, Er** doped zinc lithium phosphate glasses
with glass formula, xmol% Er,05; —40 mol% P,05 —45 mol%
Zn0O — (15 -x)mol% Li,0 (where x=0, 0.1, 0.3, 0.5, 1, 1.5
and 2 mol%) are prepared. Analar grade chemicals (Er,0;,
LiOH.H,0, ZnO, and NH,H,PO,) were weighed (about 8 g
per batch) and mixed carefully by grinding in an agate mortar.
The blend was then transferred to porcelain crucibles. The
crucibles were marked accordingly and placed inside a muffle
furnace which was set to 1150 °C for 1 h to get a homogenous
liquid. The liquid was then immediately quenched using pre-
heated brass moulds and brass blocks. The obtained glass sam-
ples were transparent, pink in colour and they were annealed
(300 °C for 2 h) to achieve structural and thermal sturdiness
The glasses obtained of suitable sizes were polished, named as
PZLEO, PZLEO1, PZLEO3, PZLEOS, PZLE10, PZLE1S5 and
PZLE20 for varying concentrations of Er,0; i.e., for x=0,
0.1, 0.3,0.5, 1, 1.5 and 2 mol%, respectively, and were used
for studying various properties. X-ray diffraction spectra were
taken from RIGAKU, ULTIMA IV X-ray diffractometer oper-
ated at 40 kV/30 mA, using Cu Ko radiation of wavelength
2=1.5406 A. Archimedes procedure was followed at room
temperature to estimate the densities of the glasses. Fourier
transform infra-red spectra were obtained following KBR
pellet technique in 4004000 cm™! spectral range and resolu-
tion of 4 cm™' using Thermo Nicolet, Avatar 370 FTIR spec-
trometer. DTA curve was taken from Simultaneous Thermal
Analyser, PerkinElmer STA 6000 in nitrogen atmosphere
from 20 to 900 °C at 10 °C per minute heating rate. Refractive
index values were measured from digital Abbe refractometer
ATAGO at 589.3 nm wavelength. Optical absorption spectra
for all the glasses at room temperature from 200 to 1100 nm
were recorded from Shimadzu UV-1800 Spectrophotometer
operated at 220-240 V.

3 Results and discussion

3.1 X-ray diffraction (XRD) analysis

Figure 1 shows the XRD pattern obtained for the prepared
glass sample with 0.5 mol% Er,0;. A broad hump instead of
any sharp peaks is observed for all the glasses between 15° and

35°, which indicates the non-crystalline nature of the glasses
prepared.
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Fig.1 XRD pattern of PZLEO5 glass sample

3.2 Physical properties

3.2.1 Density, molar volume, and average phosphorus—
phosphorus separation

Density was calculated from the Archimedes technique by
measuring the weight of the glass in air (w,), its weight when
submerged in toluene (w,) and applying to the well-known
formula,

p__ Wa
Pt B (Wa - wt) M

(where p,, density of toluene =0.866 g/cm?). The equation
which relates molar volume, molecular weight, and density
of the glass sample given by,

Vin =M/p, )

was used to calculate the molar volume. Calculated molar
volume and density of all the glass samples are listed in
Table 1. Density and molar volume of the glass samples are
found to be increasing from 3.161 to 3.290 g/cm?® and 30.96 to
31.89 cm’/mol, respectively, as a result of the network modi-
fication in the structure of glass caused by the incorporation
of higher molecular weight compound erbium oxide (333 g/
mol, which is heavier than all the other compounds present in
the matrix) and also may be due to the increasing number of
the non-bridging oxygen on increasing the quantity of Er,0s;.
The correlation of the molar volume, V,,, and density, p of the
glasses with Er,0; are shown in Fig. 2.

The influence of Er,0; content on the glass system can be
analysed by calculating the average phosphorus—phosphorus
separation. It can be calculated using [27]

v 1/3
(dpp) = <m> . 3)



Influence of Er** ions on the physical, structural, optical, and thermal properties of ZnO-...

Page3of 11 221

Table 1 Density, p (g/cm3), molar volume, V,, (cmf/mol), Er’* ions
Concentration, Nrg (ions/cm®), polaron radius, Ton (A), interionic dis-
tance, d (A), field strength, F (cm‘z), packing density (Vp), average

phosphorus—phosphorus distance, dp_p (g.atom/l), oxygen packing
density (OPD), number of bonds per unit volume, 7, (m™3) and coor-
dination number (m)

x (mol%) p Vo Nge Ton d F v, <dp_p> OPD n, m
x 10! x 101 %107 x10%
+0.001 +0.01 +0.001 +0.01 +0.01 +0.001 +0.0001 +0.01 +0.01 +0.001 +0.001
0 3.161 30.96 - - - - 0.6032 349.91 83.97 0.778 4.000
0.1 3.170 30.99 1.943 3.22 8.01 2.877 0.6030 350.02 83.96 0.777 4.002
0.3 3.185 31.06 5.815 2.24 5.56 5.973 0.6029 350.28 83.90 0.776 4.006
0.5 32 31.13 9.669 1.89 4.69 8.389 0.6028 350.55 83.84 0.775 4.010
1.0 3.233 31.36 19.199 1.50 3.73 13.244 0.6013 351.41 83.54 0.771 4.020
1.5 3.262 31.62 28.560 1.31 3.27 17.269 0.5992 352.38 83.17 0.767 4.030
2.0 3.290 31.89 37.762 1.20 2.98 20.791 0.5970 353.38 82.78 0.762 4.040
130 0.604 84.2
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3284 —=—Molar volume Z ’ —s=(xygen packing density ’ o
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Fig.2 Variation of density and molar volume with Er,O; concentra-
tion

It is found that dpp is increasing from 349.91 to
353.38 g atom/] with increasing concentration of Er,0O5.

3.2.2 Packing density and oxygen packing density

Packing density, V, gives the measurement of rigidity of the
oxide system [28] which may be determined by the formula,

1
Vo=~ 2 ViX; )

where V; and X; represent the packing factor and mole frac-
tion of the composition, respectively.

Packing factor [29] of any oxide DyOy having D and O
ions with ionic radii r, and r may be estimated by:

47N,
V. =
! 3

(Xry, + Yrp)). )

V, of Li,0O, ZnO and P,05 are available in the literature
[29], for Er,0; it is 27.91 cm*/mol, calculated using Eq. 5.

Er203 (mOlo/o)

Fig.3 Variation of packing density and OPD with Er,O; concentra-
tion

It is found that the packing density decreases from 0.61
to 0.32 with increasing concentration of Er,O; which is
leading to the increased molar volume values indicating
the rigidity of the glasses.

Oxygen packing density which defines the organisation
of oxygen atoms in the glasses [30] was calculated from
the formula,

1000 x O
OPD = ———,
v 6)

m
where O refers to the number of oxygen atoms in the glass
network.

The behaviour of oxygen packing density and packing
density with Er,O; composition is presented in Fig. 3. It
is observed that there is a deviation occurred at 1 mol%
Er,0; concentration which is due to the generation of more
number of non-bridging oxygen and the changes that have
occurred in bonds.
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Table 2 Melt.ing.temperature X (mol%) Tm (oc) T (oC) Tc (oc) T (OC) TS (oc) K (oc) Tr (oC) S (OC)
(T,), crystallization temperature P € €
(T,), onset crystallization *1 x1 *1 *1 *1 +0.05 +0.01 +0.05
temperature (7), glass 0 658 540 488 356 132 0.77 0.54 19.28
transition temperature (7,),
thermal stability (T), glass 0.1 660 545 494 361 133 0.80 0.58 18.78
forming ability (K), reduced 0.3 662 550 503 364 139 0.87 0.56 18.85
glass transition temperature 0.5 681 558 513 369 144 0.85 0.55 17.56
(T;,) and thermal stability 1 698 569 520 370 150 0.84 0.52 19.86
parameter (S)
1.5 704 575 528 372 156 0.88 0.52 19.70
2 708 580 531 375 156 0.88 0.52 20.3
Additionally, the number of bonds per unit volume of the 35 9
glass can be calculated using the relation [31], —=— Polaron radius
—s—Interionic distance |38
NA 3.0 4
n, = ——m (7) [
Vm 7] & 3
3 254 S
where the average coordination number of the glass, m is = -6 30
. ;-‘ =
given by o= 204 "y
e -
- = =
m = Z CN[X[. (8) E‘ ) . ﬁ
i o 1.54 &
& =
. . I 8
CN,; represents the coordination number of the cations — } L3
that are directly obtained from the literature [32]. It can be B
T ™77 —rT 2

seen that the number of bonds per unit volume of glasses is
decreasing with increasing concentration of Er,O; which
confirms the kind of variation observed in the molar volume
and density values.

3.2.3 Erbium ion concentration, internuclear distance, field
strength, and polaron radius

The concentration of Er** ions (Ng,), field strength (F),
polaron radius (r,,) and internuclear distance (d) are cal-
culated using appropriate formulae [33] and registered in
Table 2. The values of polaron radius (r,,,) and internuclear
distance (d) are found to be decreasing with increased Er**
content in all the glass samples indicating the rise in Er-O
bond strength which produces the strong field strength
around Er** jons. Variation of internuclear distance and
polaron radius with concentration of erbium ions is shown

in Fig. 4.

3.3 Thermal properties

Differential thermal analysis is a well-known and an appro-
priate method for the evaluation of characteristic tempera-
tures of any glass like glass transition, crystallization, and
melting temperature [16]. These thermal characteristics are
necessary for the determination of thermal stability and
glass forming ability of any glass. DTA curves obtained
at the heating rate of 10 °C/min for PZLEO and PZLE10

@ Springer
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Fig.4 Variation of polaron radius and interionic distance with con-
centration of Er’* ions
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Fig.5 DTA curve of PZLEO glass sample

glasses are portrayed in Figs. 5 and 6. A distinct peak is
observed owing to 7, in the obtained DTA curves indicating
the homogeneity of the glasses. All the determined thermal
parameters are given in Table 2. The glass transition temper-
ature for the glass samples is in the range 356-375 °C. The
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Fig.6 DTA curve of PZLE10 glass sample

thermal stability of the glasses can be analysed by calculat-
ing the difference between onset crystallization temperature,
T, and the glass transition temperature, Tg [34]1i.e.,

Tgy=T,— Tg. 9)

Glass forming ability, K is calculated using the relation
given by Hruby [35, 36],

K=n_g.
Tm - Tc

(10)

The higher values of (7-T,) indicates the delay in nucle-
ation activity and the smaller values of (7,,—T,) hold up the
growing of the nucleated crystals [37].

The ability of glass formation is usually evaluated by
finding the reduced glass transition temperature (7},) of the
glass [38, 39]. Here, we see that the values obtained for all
the glasses are obeying the two-thirds rule, which states that

g
Trg = T_’ (11)

m

such that% <T,< % The thermal stability parameter which
reveals the opposition offered by the glass formed to crys-
tallization, introduced by Saad and Poulin [40] can also be

calculated using

(Tp B Tc) (Tc - Tg)

T,

S =

12)

(T,-T,) indicates the rate of crystallization from the
glassy state [41, 42]. All the calculated values of 7§, S,
T\, and K for different concentration of Er’* are listed in
Table 2. These results from the data obtained indicate that
the prepared glass samples have good thermal stability as
specified by all the calculated glass stability factors and,
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Fig.7 FTIR spectra of un-doped and 0.5 mol% of rare earth doped
PZL glasses

therefore, these glasses can be good materials for fibre
fabrication.

3.4 Structural properties (FTIR study)

FTIR spectra of Er** doped and undoped PZL glasses are
recorded and we observe that they all show alike spectral
characteristics. Figure 7 shows spectra of 0.5 mol% of Er**
doped and un-doped PZL glass matrices. The spectrum con-
sists of nine bands at ~537 cm™!, ~622 cm™!, ~732 cm™',
~965 cm™', ~1131 ecm™', ~1623 cm™!, ~2416 cm™,
~3416 cm™" and ~3509 cm™'. The well-known fact is that
the cross-linking PO, tetrahedra with three bridging oxygen
and a terminal double bonded oxygen constitute the network
of phosphate glasses. Here, the absorption band observed at
537 cm™! may be consigned to the bending modes of P-O
in PO,. Band at 622 cm™" is due the Zn—O stretching vibra-
tion of the ZnO, unit. 732 cm™' indicates the presence of
meta-phosphate groups and it can be allocated to symmet-
ric stretching vibrations of bridging oxygen. The band at
965 cm™! can be assigned to the asymmetric stretching mode
of P-O—P linkages and band at 1131 cm™' is a characteristic
band due to the asymmetric stretching vibrations of non-
bridging oxygen atoms bonded to phosphorus atom, i.e.,
0-P-0. Around 1623 cm™! the band observed is because
of the stretching and bending vibrations of P-O—H bridges
and water which is because of the absorption of moisture.
It is observed that there is a gradual decrease in the inten-
sity of the band at 1623 cm™! which indicates the decrease
of hygroscopic nature of the glasses. Vibrational band at
2416 cm™! is due to the hydrogen bond between P-OH and
O-Zn units. The band around 3416 cm™' and 3509 cm™!
specifies the presence of hydrogen bonding and O-H stretch-
ing vibration respectively [43-50].
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3.5 Optical properties

3.5.1 Optical absorption, Urbach energy and energy band
gap

Figure 8 shows UV-visible absorption spectra of the glasses
containing 0.3 mol% and 1.5 mol% of Er,0;. It comprises
eleven prominent and sharp absorption peaks. All the peaks
instigate from ground state *I,;s;, — %G, (255 nm), Gy,
(364 nm), *G,,/, (377 nm), *Gy), (407 nm), *F5, (451 nm),
*F,, (489 nm), 2H, , (522 nm), *S5, (545 nm), *F,, (656 nm),
*Io;, (800 nm) and *I,,,, (980 nm) [51-54]. All these transi-
tions well agree with the previously measured absorption
data available in the literature for Er,O5 doped glasses and
they obey AS=0, AL<0 and AJ<0 selection rules [55]. The
intensity of the absorption peaks is found to be increasing with
the increasing concentration of Er,0; indicating the good rare
earth solubility of the prepared glass matrix.

The electronic band structure of glasses and transitions
which happen between valence and conduction band can be
studied and understood from the absorption spectra measured
in the UV-visible region. The direct/indirect energy difference
between the conduction and the valence band is the optical
energy band gap, an important means to explain the structure
and characteristics of the material. It can be enumerated using
the following equation described by Davis and Mott [56],

ahv = B(hv - E,, )", (13)
where
a(A) = 2.303%, (14)

is the optical absorption coefficient which depends on the
thickness, d and absorbance, A of the glass, hv represents the

24
s . ——LZPE03
2.0 Gun ——LZPE1S
S_—
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= 1.6
D
=
= 1.24
=
T
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Fig. 8 UV-Vis absorption spectra of PZL glasses with 0.3 mol% and
1.5 mol% of Er,0;
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photon energy, r is a number which depends on the kind of
transition taking the values 2, 3, 1/2 and 3/2 corresponding
to indirect allowed, indirect forbidden, direct allowed and
direct forbidden transition respectively, B is a constant which
represents the band tailing parameter. Both indirect and
direct bandgap values were determined from Tauc’s plots,
i.e., (ahv)"? versus hv and (ahv)? versus hy plots, as shown
in Figs. 9 and 10 by extending the linear part of the curve to
the x-axis. (ahv)>=0 and (ahv)"? =0 for direct and indirect
transition, respectively. It is seen that direct bandgap values
lie between 4.230 and 4.042 eV and indirect bandgap val-
ues lie between 3.976 and 3.576 eV (Table 3). Decrease in
indirect and direct bandgap energies with increasing Er,0;
and decreasing Li,O content is observed. This decrease is
the outcome of the generation of non-bridging oxygen and
the changes that may have taken place in the bonds.
Amorphous substances have trailing of the density of
states into the bandgap and width of these band tails is
termed as Urbach energy (AE) [57]. It is the measure of

o PZLEO03 :
NA
- 84
£
9
z 6+
-
NA
2 4
2
24
0 T T T
0 1 2 3 4 5
hv (eV)

Fig.9 Plot of (ahv)? versus hv for PZLEO3 glass sample
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2 204
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>
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0.0 T T T T T
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“hv (eV)

Fig. 10 Plot of (ahv)"? versus hv for PZLE20 glass sample
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Table 3 Optical direct and indirect bandgap—E,q), Eq(ing) (€V), Urbach energy—AE (eV), steepness parameter—iS, refractive index—n, dielec-
tric constant—n?, reflection loss—R; (%), molar refraction—R,, (cm*/mol), molar polarizability—a,, (A%) and metallization criterion (M)

2

x (mol%) Eya Eq(ing) AE N n n R R, an M
+0.001 +0.001 +0.001 +0.0001 +0.001 +0.001 +0.001 +0.001 +0.001 +0.0001
0 4.230 3.976 0.471 0.0545 1.590 2.528 5.189 10.448 4.146 0.6625
0.1 4.202 3.791 0.504 0.0509 1.593 2.537 5.230 10.501 4.167 0.6611
0.3 4.191 3.713 0.523 0.0491 1.595 2.544 5.257 10.553 4.187 0.6602
0.5 4.164 3.693 0.541 0.0474 1.596 2.547 5.270 10.592 4.203 0.6597
1 4.105 3.674 0.563 0.0456 1.597 2.550 5.284 10.684 4.239 0.6593
1.5 4.066 3.609 0.589 0.0435 1.598 2.553 5.298 10.778 4.280 0.6588
2 4.042 3.576 0.594 0.0422 1.600 2.560 5.325 10.909 4.328 0.6579
1.602
10
PZLE20 1.600 <
B % 15984 [/l
= /
£ 1.596 4
6 Q
-~ o
3 O 15941
z g
= S 15924
~
. 1.590 4
1.588 r v T v T . T v T
5 0.0 0.5 1.0 1.5 2.0
T LI S S T T T o,
28 32 36 40 44 48 52 56 6.0 Er 203 (mol%)

hv (eV)

Fig. 11 In(a) as a function of hv for PZLE20 glass sample

disorderness in the crystalline as well as non-crystalline
materials. AE can be determined using the following
equation,

hv

Ine=Ina,+ -—

AE’ as)

by plotting a graph of In(a) versus hv and taking the recipro-
cal of the slope of the linear region of the curves as shown
in Fig. 11. Here AFE values are increasing with increase in
the Er,0O; content indicating the increased disorderness in
the glass structure which may be due to the presence of
structural defects. AE values for these glasses well agree
and follow the fact that smaller the bandgap energy greater
will be the Urbach energy. Steepness parameter (S) [58] at
room temperature for the samples can be determined by the
formula,

G_ kT

= AE (16)

where T is the room temperature and k is Boltzmann
constant.

Fig. 12 Variation of refractive index with Er,05 concentration

3.5.2 Molar polarizability, refractive index, and molar
refraction

On addition of Er,03, the refractive index of the glasses is
increasing from 1.590 to 1.60 due to the fact that, Er** with
highest coordination number 6 than any other components in
the matrix play as a network modifier increasing NBO bonds
in the matrix. The behaviour of the refractive index with Er,0;
content is shown in Fig. 12.

Molar refraction and the molar polarizability denoted by R,
and a,,, respectively, are calculated from the obtained molar
volume and refractive index values using Lorentz—Lorentz
equation [33]

n*—1
V., 17
=V an
Rm
am—ﬁ. (18)
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Both molar refraction and polarizability are found to be
increasing with increasing concentration of Er,05 as it can
be seen from Fig. 13.

Reflection loss (R, ), dielectric constant (¢) of all the glass
samples are evaluated from the corresponding refractive
index values using the following relations,

€ =n’ (19)

-1
R=<”
L n+1

2

) % 100. (20)
Metallic or non-metallic nature of any material can be

identified by calculating the metallization criterion [59]

given by,

Vm
M=1--".
R

m

2y

If R >V, the materials are said to be metallic and they
are insulators if R, <V,,. Here, we can see that all the pre-
pared glass samples show insulating nature.

The variation observed in all these parameters on adding
Er’** ions is mainly because of the creation of additional
non-bridging oxygens.

10.95

10.90 435

10.85 4

10.80 -

- 4.30 Z
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-~ | 9
i; 10.70 i -
KR 10.654 F4.25 =3
= S
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- 420
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=) ) o
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Fig. 13 Variation of molar refraction and molar polarizability with
Er,05 concentration

3.5.3 Optical basicity, interaction parameter and electronic
polarizability of oxide ions

Electronic oxide polarizability [60] based on the obtained
refractive index values can be evaluated from the equation
given by:

I’ n?—1
o [(2)(5) 2o

where ) a , denotes the molar cation polarizability,
Nge- represents the number of oxide ions and a:- repre-
sents the electronic oxide polarizability of the glass sam-
ple. For any glass xA,0y-yB.04-2C.0tD,Oy, 3 cy
will be xaa, + ycap + zeas +tgap and Np- will be
xb + yd + zf + th. Here ap, az, ar; and ag, values are taken
from the literature [61] and the calculated a2- and Np- val-
ues are tabulated in Table 4. We can see that - values
calculated based on refractive index are increasing with the
rise in Er’* ions concentration as expected. The variation
of electronic polarizability with Er** ions concentration is
shown in Fig. 14.

Optical basicity of any glass refers to the ability of that
glass to donate negative charge of the ion [62, 63]. It can
be calculated from electronic oxide polarizability using the
following relation [64]:

A= 1.67(1 _ )
X2

The relationship between the electronic polarizability and
the optical basicity of glasses is shown in Fig. 15.

Theoretical optical basicity of the prepared glass samples
can be determined using the following relation:

(22)

(23)

A = Xer,0,Mkr,0, T Xp,0,Ap,0, + XLi,000i,0 + Xz00Azn0>

24
where Xg o, Xp,0,, X1j,0 and Xz, are the equiva-
lent fractions based on the amount of oxygen and
Agr,0,> Ap,0,> Ari,0 and Ay,q are the optical basicity of the
corresponding oxides and they are obtained from the litera-
ture [61, 65]. From the calculated values, we observe that

Table 4 Electronic

i o x(mol%) ay™ (A Ng* A A x e AT Ay (AT
polarizability of oxide ions
(e, number of oxide ions +£0.001  +0.001 +0.001 +0.001 +0.0001 +0.0001 +0.0001 +0.0001
ﬁi‘f re)t’icogg“tlicba";s]‘)jstiyci(g)i A, 1.5364 2.6 0.5830  0.5911  1.0381  0.1216  0.1962  0.1963
electronegativity (1), electric 0.1 1.5427 2602 05874 05920  1.0393  0.223  0.1961  0.1961
susceptibility (7,), interaction 03 1.5470 2606 05904 05931  1.0408  0.1228  0.1958  0.1959
parameter (A) and theoretical 0.5 1.5491 2.61 05925 05943  1.0424 01231 01955  0.1956
interaction parameter (Ay,) 1 1.5539 2.62 0.5953  0.5974  1.0465  0.1233  0.1949  0.1950
1.5 1.5603 2.63 0.5996  0.6005 1.0506  0.1236  0.1943  0.1944
2 1.5694 2.64 0.6056  0.6034  1.0545  0.1241  0.1936  0.1937
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Fig. 15 Relationship between electronic polarizability and optical
basicity

with an increase in the Er,0O5 content optical basicity is also
increasing indicating that the glasses are capable of donat-
ing a negative charge to the surrounding cation leading to an
increased covalency of the oxygen-cation bonds.

Electronegativity and electric susceptibility [65, 66] are
also calculated using the relations given below,

A
(n2 — 1) 26)
=

Interaction parameter of glasses describes the polariz-
ability state of an oxide ion in oxides and also the ability
to form an ionic covalent bond with the cation [67]. From
Dimitrov and Komatsu equation [68] (modified Yamashita
and Kurosawa equation [69]) for interaction parameter of

simple oxides, interaction parameter can be determined
using:

A x (3.921 — ag-)
%) (e +3.921) (s + ag—)
N (3.921 - a )
P95 2 (aps+ +3.921) (aps+ + e )
x (3.921 — ag-) @7
L1202(aLiz+ +3.921) (a pr + age)
X (3.921 - ag-)

2(0{an+ + 3.921) (aan+ + (102_) .

Values for polarizabilities of oxide ions and free cations
are used from literature [61, 65] to calculate the interac-
tion parameter.

Theoretical interaction parameter of the glasses is cal-
culated using the formula [70],

Ay = Xgr,0,48r,0, T Xp,0.4p,0, T X1i,04Li,0 T X700A 700>

(28)
where Ag o, Ap ., ALi,o and Ay, are the interaction
parameters of corresponding oxides and their values are
taken from literature [68] and the value of A, ¢, is calcu-
lated using Dimitrov and Komatsu equation. Calculated val-
ues of A and A, are tabulated in Table 4.

It is found that the calculated interaction parameter is
decreasing with increasing concentration of Er,O; which
is in total agreement with the fact that larger the optical
basicity smaller will be the interaction parameter. Vari-
ation of the calculated theoretical optical basicity and
interaction parameter with Er,O5 concentration is shown
in Fig. 16.

0.604 + —s—=Optical basicity - 0.1965
I\I —s—Interaction parameter
0.602 | 0.1960 =
1960 5
270,600 1 g
S L 0.1955 o3
= <
£ 05984 =
= -0.1950 S
— =
= 0.596 -
g 3
1 - 0.1945
= =
O:' 0.594 o
- 0.1940 B
0.592 4 G
¢
=
0.590 - 0.1935

T T T
0.0 0.5 1.0 1.5 2.0

Er,0; (mol%)

Fig. 16 Variation of theoretical optical basicity and theoretical inter-
action parameter with Er,0; concentration
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4 Conclusion

Er,0; doped zinc lithium phosphate glass samples were
synthesized by simple and conservative melt quenching
method. Non-crystalline nature of the prepared glasses was
confirmed by the obtained XRD patterns. On increasing the
rare earth oxide concentration density and the molar vol-
ume of the glass were found to be increasing due to the
non-bridging oxygen and the decreased packing density
and OPD. FTIR studies show the structural units and the
functional groups present in the glass samples. Additionally,
the very few OH groups observed in the spectra point out
the chance of improvement in the luminescence of glasses.
The dependency of the melting (7,,), crystallization (7)),
and glass transition (7,) temperatures on the concentration
of Er,0; were examined by DTA studies. The glass stabil-
ity factor (T~T,) of the glass system is found to be greater
than 100 °C, which is a necessary condition to achieve fibre
drawing. Additionally, these glasses have higher values of
Hruby’s parameter and hence these glasses possess greater
glass forming tendency. Briefly, the obtained results from
the data indicate a good thermal stability of the prepared
glasses and, therefore, these glasses can find application in
fibre fabrication. The optical bandgap is found to be decreas-
ing with increasing concentration of Er,O; which is due to
the shifting of absorption edge to a region of longer wave-
length. Refractive index, electronic polarizability, and opti-
cal basicity of the glasses are found to increase with increas-
ing Er,0; content while the interaction parameter is found
to be decreasing which can be ascribed to the non-bridging
oxygen. These overall studies and the obtained results imply
that the prepared glasses find potential applications in devel-
oping display devices, thermal sensors and also can be good
materials for fibre fabrication.
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