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ABSTRACT

Present research explores the impact of varying ZnO and ZnF, concentrations in Nd3*/Tm3* doped
Tungsten-Bismuth-Tellurite glass for fiber optic and solid-state application. Glasses with formula
60.97Te02—6.7W03-3.3 Bi,03—0.03Nd>03-1TmO—(28-x)ZnO—xZnF, where x =0, 7, 14, 21, 28 mol%
is prepared using melt-quenching technique. The absorption and photoluminescene of the glass is
measured using a UV-Vis-NIR absorption and Photoluminescence spectrometer. About eight
absorption bands are evidenced, centred around 467, 525, 581, 687, 726,793,870, 1211, and 1691
nm, corresponding to respective REls (Nd3* and Tm3* ions) transitioning from the ground to their
excited state. The absorbance of Tm3* centred around 1691 nm improved with higher ZnF;
contents (28% mol). Physical parameters such as density, molar volume, molar refractivity, and
electronic polarizability are calculated. Seven prominent luminescence peaks of Nd3* and Tm3*
have been identified centred around 509, 586, 611, 626, 648, 795, 800, and 890 nm. Highest
luminescence enhancement is evident at 800 nm which corresponds to glass contained ratio of
Zn0O/ZnF; at 3:1. These findings highlight the role of ZnF; in altering the luminescence properties
of the glass for fiber optics and solid-state laser applications.
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Introduction

The wavelength-division-multiplexing (WDM)
system, employing glass that is drawn into optical
fiber is experiencing exponential growth to meet
demands of fast data transmission [1]. To avoid
signal attenuation, new gain media with high

emission cross-section, operated at NIR range could
be advantages [2]. Rare earth ions (REls) doped glass
is prospective as fiber optic amplifier with possible
of broad emission bands at NIR region [[3], [4]].
Specifically, neodymium (Nd**) ion and thulium
(Tm3*) ion-doped glass are excellent as co-doped ion
where their luminescence functionalized in NIR

5 —=


https://doi.org/10.31643/2025/6445.34
mailto:nurulhudamy@unisza.edu.my
mailto:farahasyiqa@student.usm.my
https://orcid.org/0009-0008-5121-9308
mailto:nurnabihah7@usm.my
https://orcid.org/0000-0002-6303-4908
https://orcid.org/0000-0003-3875-4943
https://orcid.org/0000-0002-9183-4988
mailto:azlanmn@fsmt.upsi.edu.my
https://orcid.org/0000-0002-2792-4145
https://orcid.org/0000-0001-6734-800X
https://orcid.org/0000-0003-0229-886X
mailto:nurulhudamy@unisza.edu.my
https://orcid.org/0000-0001-8219-2920
https://creativecommons.org/licenses/by-nc-nd/4.0/

Complex Use of Mineral Resources. 2025; 335(4):5-17

ISSN-L 2616-6445, ISSN 2224-5243

region (800- 2000 nm) [[2], [5], [6], [7]]. Other than
REIs ions, selection of glass hosts is equally
important to selected REls in developing efficient
optical fiber amplifiers [[8], [9]]. Among glass,
tellurite glasses are attractive since they have lower
phonon energy (~750 cm ) compared to silica
glasses (1100 cm™), and borate glasses (1300 cm™)
[10]. Tellurite glasses also exhibit wide transmission
region, high refractive index, high solubility of rare
earth ions, good chemical and mechanical durability;
making them excellent choice as replacement of
new fiber optics host [[11], [12], [13], [14]].

Tellurite glass properties can be further
improved by appropriate amount of glass modifier.
Tungsten oxide (WOs3) and bismuth oxide (Bi,Os) are
selected as modifiers in the glass system. WOs; and
Bi»0s are favourable in this work due to their ability
to improve the glass transition temperature, density
and refractive index, chemical durability, and
moisture resistance, also, reduce the non-radiative
loses [[15], [16], [17], [18]]. Less common glass
modifier such as ZnF, able to reduce the phonon
energy, improve the transparency, reduce
hydroxide-adverse effect, decrease hygroscopic
nature, possess strong transmission, and able to
lower transition temperature as incorporated into
tellurite glass [[14], [19], [20], [21]]. The inclusions of
ZnF, resulting in absorbance and luminescence
enhancement due to non-bridging oxygens (NBOs)
generation with high polarizability that facilitate REls
transitions [22]. ZnF; role could be depending on its
concentration within the composition [23]. For
example, oxyfluorotellurite glasses increase molar
volume along ZnF; contents. Two ligand atoms of
ZnF,, as opposed to only one oxygen in ZnO, creates
more spaces and volume. This also impact the
density and refractive index of the glass in general
[21]. Neethish et al., claim that the replacement of
ZnF, from BaO resulted in the destruction of the
glass network and a subsequent decrease the optical
band gap [24]. A few glass systems containing
fluoride-based modifier also reported elsewhere
such as Te0,-Zn0O-ZnF, [19], Te0,-ZnO-ZnF, [25],
TeO-ZnF, [26] B203-ZnF; [[20], [27]], AlFs-ZnF, [28],
Te0,-Ba0-BaF, [29], Te0,-Zn0O-BaF;, [30], and ZnO-
B,03-Si0,-ZnF, [31]. These findings suggest it is
possible to alter optical properties of the glass by
varied ZnF; contents during preparation process.
Here ZnF, can lowers water absorption and reduces
the multiphoton relaxation, result in improved
luminescence.

The current work examines the effect of
modifying the ZnO/ZnF; ratio in REIs doped glass.

The glass formula 60.97Te0,—6.7W03—3.3Bi,03—
0.03Nd;03—1Tm;,03—(28-x)ZnO—xZnF, is prepared
using the melt-quenching technique, where x=0, 7,
14, 21, 28 mol%. The physical parameter such as
density, refractive index, molar volume, field
strength, molar refractivity, electronic polarizability,
and inter-nuclear properties is calculated. The
optical band gap energy of the sample glasses was
determined. The unusual photoluminescence curve,
featuring Nd** and Tm3" ion is presented. This
research purposely examines the potential of ZnF; as
a glass modifier for any possible advancement of
rare earth ions (REls) doped glass as fiber optic
amplifiers.

Experimental part

Glasses with formula 60.97Te0,—-6.7W0;-3.3
Bi,03—0.03Nd;03—1Tm»03—(28-x)Zn0O—xZnF, where x
=0, 7, 14, 21, 28 mol% was prepared using melt-
quenching technique. The samples were labelled as
TBNdTmZnFO, TBNdTmZnF7, TBNdTmZnF14,
TBNdTmZnF21, and TBNdTmZnF28. The
compositions were weighed 6 g per batch by a
precision electronic balance according to chemical
composition as in Table 1. The raw constituent was
combined in alumina crucible by using a spatula to
obtain a homogenous mixture. The mixtures were
then placed in a high temperature furnace at 900 °C
for 45 minutes under dry environment while the
stainless-steel mold was preheated to remove
residual moisture. Afterwards, the molten was
quickly poured into stainless-steel mold to lessen
thermal stress, enhance mechanical strength and it
was kept in the annealing furnace at 300 °C for 6
hours before the furnace was switched off to cool
down to room temperature. The Archimedes’
principle method was performed to measure the
density of the prepared glasses with water as
immersed solution. The refractive index for each
glass was obtained by using the formula given by
Dimitriv & Sakka. The absorbance was recorded by
UV-Vis-NIR spectrophotometer of Shimadzu UV-
3600 Plus in the range of 400-2000 nm. The
fluorescence spectrum in the visible to near-infrared
range was recorded by FlouroMax-4
spectrofluorometer of Horiba Instruments. The data
obtained from the spectrophotometer is analysed in
the OriginLab software to identify the absorbance
and luminescence bands, as well as to evaluate the
optical band gap energy using Tauc’s plot.
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Table 1 - Chemical composition of the 60.97TeO,—
6.7W03-3.3 Bi,03—0.03Nd;03—-1Tm;03—(28-x)Zn0O—
XxZnF, (where x=0, 7, 14, 21, 28 mol%)

Constit | TBNd | TBNd | TBNd | TBNd | TBNd
uent/G | TmZn | TmZn | TmZn | TmZn | TmZn
lass FO F7 F14 F21 F28
TeO> 60.97 | 60.97 | 60.97 | 60.97 | 60.97
Zn0 28.00 | 21.00 | 14.00 | 7.00 0.00

WO3 6.70 | 6.70 | 6.70 6.70 6.70
Bi»O3 330 |3.30 |3.30 3.30 3.30
ZnF; 0.00 | 7.00 | 14.00 | 21.00 | 28.00
Nd20s 0.03 | 0.03 |0.03 0.03 0.03
Tm;0s | 1.00 | 1.00 | 1.00 1.00 1.00

TeO, 60.97 | 60.97 | 60.97 | 60.97 | 60.97
Results and Discussion
Physical properties

Figure 1 shows photograph of the prepared
tungsten-bismuth-tellurite  glasses. The glass
samples are coded as TBNdTmZnFO, TBNdTmZnF7,
TBNdATmZnF14, TBNdTmZnF21, and TBNdTmZnF28,
respectively according to to ZnF, concentration. The
colour of prepared glass shows no significant colour
changes as the ZnO/ZnF; concentration ratio varied
[[32], [33]]. Alshamari et al., also mention a use of
TeO; instead of B,0s cause the glass samples colour
change to more transparent light yellow instead of
colourless transparent glass [34]. This could be due
to impurities or defect in the glass network, where it
should be transparent in high TeO, purity [[34],
[35]].

TBNdTmZnF0 TBNATmZnF14 TBNATmZnF28
N O ® 60 &
~— - {\

TBNdTmZnF7 4 TBNdTmZnF21

2em

'
L4
Increment of ZnF> contents over ZnO in the prepared tellurite glass samples

Figure 1 - As prepared Nd**/Tm3* doped tungsten-
bismuth-tellurite glasses with different ZnO/ZnF,
ratio. The ZnF;, contents (0.0-28.0 mol%)
from left to right

The physical properties of Nd**/Tm3* doped
tellurite glasses are tabulated in Table 2 which the
parameters are density, molar volume, refractive
index, and polarizability is listed.

Figure 2 shows the (a) variation of density and
molar volume also (b) refractive index and electronic
polarizability of proposed glass. Archimedes’

principle is utilized to compute the density, p, of the
prepared glass [36].

w

P=p, W W, (2)

Where pw, W,, and W, are density of distilled
water (£0.997 g.cm?) weight of the sample in the air,
and weight of the sample in the distilled water
respectively.

The density of the glass samples shows the
fluctuated trend which varies from 5.718 to 5.8156
g/cm? but abruptly increases in TBNdTmZnF28 glass
as compared to the other glass with ZnF, contents.
There is distinct decrease in density between 7 and
21 mol% contributed two fluoride single bonds from
ZnF, compared to ZnO with single double bond
oxygen, leading to a network that is more
voluminous and loosely-packed [31]. Smaller ionic
radii of F (133 pm) compared to 0% (140 pm) also
could contribute to the decrement of the density in
the glass, leaving more void in the system [37].
Nevertheless, the sudden increase of density from
21 to 28% elucidates a critical concentration where
structure rearrangement could occur. At in this
point, addition of ZnF, improves the compactness
and make the network tightly packed. Here, the
greater molecular weight of ZnF2 (103.39 g/mol)
over ZnO (81.38 g/mol) intervenes, breaking the
expected trend of density’s reduction [[38], [39],
[40], [41]]. The equation of molar volume of the
glasses is calculated as following [36].

M =— (2)

Where My represents the molar volume, M is
the molecular weight, and p is the density of the
samples. Molar volume, My, typically has contrary
trend with density, p [[33], [42]]. Molar volume, My,
shows the linear trend with addition of ZnF, that lies
between 26.69 to 27.91 g/cm? from 0 to 21 mol%.
According to Azuraida et al., the increase of the
space in glass network increases the molar volume
[[43], [44]]. In other words, ZnF, creates more void
as it expands the inter-atom glass system [33].
However, the decrease trend is observed at glass
contained 28 mol% of ZnF, (27.7225 g/cm?). This
might be caused structural rearrangement as the
role converted from glass modifier to network as it
exceeds 20 mol%, a common concentration limit for
modifier in tellurite glass system. This in turn,
tightens the glass network and makes it compact
[44].
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Table 2 - Density, molar volume, refractive index, and

polarizability of the Nd**/Tm3* doped tellurite glass

0

5 10

ZnF, Content (mol%)

15 20

25 30

TBNd TBNdT TBNdT | TBNdT | TBNdT
Glass TmZn mZnE7 mZnFl | mZnF2 | mZnF2
FO 4 1 8
Density 5.81 5.82 5.77 5.72 5.81
(8/cm3)
Molar 26.69 | 26.91 27.39 27.91 27.72
Volume
(8/mol)
Refracti 1.924 1.926 1.929 1.925 1.960
ve Index
Optical 3.20 3.18 3.16 3.19 2.94
Band
Gap
Energy
(eVv)
Molar 12.64 12.77 13.03 13.23 13.48
Refracti
vity
(cm3/m
ol)
Polariza | 5.81 5.82 5.77 5.72 5.81
bility
(x1024
cm3)
Density | 26.69 | 26.91 27.39 27.91 27.72
(g/cm3)
5.82 F28.0
A T
;.530‘*// .
i 578 274
% 576 [27.2 —5
a 27.0 E
574 =
268 =
5712 26.6
0 5 10 15 20 25 30
ZnF, Content (mol%)
1.965 . 5.40
1.960 (b) (’-5.35
) 1.955 L5130 ﬁE
‘-é 1.950 [ <25 T
S 1945 X
B r5.20 gz
= 1.940 4 =
€ 193] [ 515 E
1.930 4 [s10 2
1.925-/\ F5.05 =
1.920 +— : : . r 5.00

Figure 2 - Variation of (a) density and molar volume
(b) refractive index and electronic polarizability with
respect to the concentration of ZnF; in Nd3*/Tm?3*
doped tellurite glasses

The values of ionic concentration, N, inter-
nuclear distance, r;, polaron radius, rpz, and field

strength, F of ZnF, for glass samples are listed in
Table 3. The polaron radius, r,, decreases from 0.75
to 0.48 A as ZnF, increases into the glass, leads to the
high field strength, Fs, from 5.37 to 13.26 x 10 cm"
2 3round Zn?* ions thus, contributes to the decrease
in Zn-F, bond length and increase in Zn-F, bond
strength [33]. Meanwhile, internuclear distance, r;,
decrease from 1.86 to 1.18 as ZnF, [45]. This
parameter explains the reduction of molar volume,
My, as well as the increment of density, p, as ZnF,
reaches 28 mol% in the network. The similar pattern
of the mentioned parameters is recorded in the
previous studies as well [[46], [47], [48]]. The
concentration of an ion, N, inter-nuclear distance, r;,

polaron radius, rpz, and field strength, F, are be
obtained by the following equations [[46], [49]].

(v)(p)

glass average molecular mass

N =mol% of particular element x

(3)

OB
N

1)3 (5)
6N

V4

= (6)
rp

where N, is Avogadro’s number, p is the density

of the glass, and Z is the mass of the particular ion.

Table 3 - lonic concentration, N, inter-nuclear
. . 2 .
distance, r;, polaron radius, r_, and field strength, F
P

of ZnF, for each glass sample

lonic
concent Inter- Field
. Polaron
Glass ration nuclear . strength
sample (x 108 | distance rac;us (x1017
jons/c (R) (A) cm)
m3)
TBNdTmZ - - - -
nFO
TBNdTmZ 1.57 1.86 0.75 5.37
nF7
TBNdTmZ | 3.08 1.48 0.60 8.42
nFl14
TBNdTmZ 4.53 1.30 0.52 10.9
nF21
TBNdTmZ | 6.08 1.18 0.48 13.26
nF28
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Meanwhile, the refractive index increases from
1.936 to 1.984 along ZnF, contents. The refractive
index is calculated by utilizing optical band gap
energy, Eopt Value through Dimitrov-Sakka equation
[50].

nz_l 1_ ﬂ

iy (7)
n +2 20

where n is refractive index. Eqpt is the optical
band gap energy of the glass sample obtained by
extrapolating linear part of the graph using Tauc’s
method. The absorption coefficient of the sample
glasses is necessary to compute Tauc’s plot. The
following equations are absorption coefficient, a,
from the absorption spectral data measured and
also Tauc’s relation [51].

2.303A
a= (8)
t
B(Av—E )
a:—( v Opt) (9)
Ao

(10)

hv J
EUrbach

where A, t, B, and hu are absorbance, thickness
of glass sample, independent constant which known
as band tailing parameter, photon energy
respectively. The index r =1/2, 3/2, 2, 3 represents
direct allowed, direct forbidden, indirect allowed,
and indirect forbidden transitions respectively [52].
Both allowed transition for direct and indirect of

a:Bexp(

(ahv)  are plotted against /v to attain their

respective optical band gap energy, Eon, by
extrapolating the slope on x-axis [42]. Whereas the
Urbach energy, AE, is obtained by using the
empirical relation in eq. (10), by calculating the
reciprocal of the linear slope of In(a) against energy
plot [18]. The direct, indirect optical band gap
energy and Urbach energy decreases with increasing
ZnF; from 3.11to0 2.78 eV, 3.20 to 2.94 eV, and from
0.35t0 0.33 cm, respectively, as depicted in Table 3.

Figure 3 discloses Tauc’s plot for sample coded
TBNdTmZnF28, revealing extrapolated direct,
indirect band gap and Urbach energy. The increase
in Urbach energy indicates an increase in
disorderliness with ZnF; inclusion within the glass.

—— TBNdTmZnF28 (a)

(¢hv)*1/2 (eVem™)'?

Energy (eV)

2 ®) [

—— TBNdTmZnF28

Slope=3.06
E, =1/m

Irbach™

28 29 30 31 32 33
Energy (eV)

3000 ()

—— TBNdTmZnF28

i

2500 4

2000

1500

(«thv)”2 (eVem™)?

5004

2 4 6
Energy (eV)

Figure 3 - (a) Direct energy band gap, (b) Indirect
energy band gap, (c) Urbach energy of
TBNdTmZnF28 glass

The refractive index possesses a direct
relationship with the density, electric polarizability
and the molecular electronic polarizability value is
said to be consistent with the refractive index [41].
The electronic polarizability is one of the most
important materials and it is closely related to their
applicability in the field of optics and electronics

— 9
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[38]. The trends refractive index and polarizability is
portrayed in Table 2 and Figure 2. The polarizability
of oxide and fluoride ions are computed the
relation presented by Lorentz-Lorenz [53].

Table 4 - Direct energy band gap, indirect energy band gap,
and Urbach energy of the Nd3*/Tm3* doped tellurite glasses

TBNdT
mZnF2
8

Constitu | TBNd TBNd | TBNdT | TBNdT
ent/Gla | TmZn | TmZn | mZnFl | mZnF2
Ss FO F7 4 1

Direct
Band
Gap 3.11 3.1 3.07 3.08 2.78
Energy
(eV)

Indirect
Band

Gap 3.20 3.18 3.16 3.19 2.94
Energy
(eV)

Urbach
Energy 0.35 0.28 0.20 0.18 0.33

(cm1)
( 3 )(ij
a,=—| "> (11)
A N

a

Where a. is the electronic polarizability and Ry, is
the molar refractivity [42].

2
n -1
M:£n2+2JMV (12)

Furthermore, the loose packing of glass network
from the high molar volume, My, happens to
increase both molar refraction, Rn, and electronic
polarizability, a., thus, explaining the increase of the
refractive index, n [39]. The prior increase in molar
refractivity, Ry, from 12.64 to 13.49 cm3/mol may
lead to the increase of the electronic polarizability
with value of 5.01 to 5.35 x10%* ¢cm3. This might
attribute to more polarizable non-bridging oxygens
(NBOs) compared to the less polarizable bridging
oxygens (BOs) [54]. According to Komal Poojha et al.
higher polarizability is also attributed by anion with
larger ionic radii which means fluorine (3.98) that is
larger compared to oxygen (3.44) [[37], [55]]. It is
worth mentioning that the linear relationship
between n and p as mentioned in Gladstone-Dale
equation is invalid for present work [56].

Absorption properties

Figure 4 shows the UV-vis-NIR absorption
spectra of the range of 400-2000 nm of Nd3*/Tm3*
doped tellurite glass samples. Eight absorption band
is observed at 469, 527, 584, 697, 794, 868, 1212,
and 1697 nm which originated from 4f-4f electronic
transitions from the ground state *ls/, of Nd** and 3He
of Tm3 to their respective excited levels. To be
specific, the wavelength peaks at 469, 527, 584, 697,
794, and 868 are belong to Nd** which the
transitions from the ground state to “lo; to
K152+ G11y2, *Gys2, *Gsja, *Foya, *Fsy2, and *Fs excited
levels. Whereas the wavelength peaks of Tm3" at
469, 697, 794, 1212, and 1697 are assigned to the
transitions from the ground state 3He to G, 3Fa3,
3Hs, 3Hs, and 3F; excited levels. The similar
absorption bands have been reported in the
previous studies with the doping of Nd*/Tm?3* ions
into tellurite glass [[1], [57]]. However, there are a
few of wavelength bands overlapped at the same
wavelength which are at 469, 697, and 868 nm. The
transitions in the UV-Visible region appear to be less
intense compared to those transitions in NIR region
due to the occurrence from the ground state of Nd**,
%192 to higher levels (*G and *F) and from the ground
state of Tm®, 3He to higher levels (3F) that are spin
permissible, (AS=0), except 3He>1Gs in Tm®,
where AS =2 thus, it explains the weak absorption
of the transition at wavelength 469 nm since the spin
is forbidden. Moreover, major parts of these
electronic transitions has been raised on account of
induced electronic dipole transitions, complying

with the selection rule, |AJ|36. Moreover, the

transitions for Nd3* from *lo/2 to 2Kis2+*Giis2, *G7ya,
and *Fg, also for Tm3*, 3He to 3Hs are marked as the
allowed magnetic dipole transitions owing to
A =0, £1. Furthermore, the 3Hs=>3Fs, 3He>3Hs,
and 3He>3H4 transitions of Tm3 and *lo/,>Fsp
transition of Nd** are called named as hypersensitive
transitions as they are very sensitive to the vicinity
of the host and among the most intense than other
transitions [[6], [58], [59]]. These transitions obey
the selection rule, |AS|=0, |AL|<2, and |AJ|<2.

However, the absorption peak assigned by -
*lo/22*Fos2 exhibits the most intense, but forbidden
by selection rules. The intensity of the individual
absorption bands largely increases with the addition
of ZnF; concentrations.
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Figure 4 - Absorption spectra of (a) 400-2000 nm and (b) 800-2000 nm Nd**/Tm3* doped tellurite glasses

Table 5 and Table 6 display the Nd** and Tm3*ions
doped tellurite glasses transition energies in
wavelength number, A (cm™), with the aquo-ion
values. Major outcome of change in the
characteristics of bonding between the Nd**/Tm3*
ions and neighbouring ligand ions (0%/F) in the host
is attributed by the nephelauxetic effect [[49], [60]].
When the glass compositions in embedded with
different modifiers in which also possess different
charges, the band position will be varied since the
ligands receive the charges from the central metal
ion [55]. The nephelauxetic ratio is calculated as
below [59].

ﬁ=u— (13)
1Y)

C

Where v, and oy, are the wave number (cm™)

of the corresponding transitions in the glass matric
and aqua ion.

Nonetheless, bonding parameter values
determine the nature of the bond between rare

earth ions and their ligands (O%*/F) are covalent or
ionic depending on positive on the magnitude
values. The formula for bonding parameter is as
following [59].

(14)
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Where S is the average nephelauxetic ratio.

The computed nephelauxetic ratio are 1.0917,
1.0911, 1.0912, 1.0926, and 1.0909 while the

bonding parameters are -0.0840, -0.0835, -0.0836, -
0.0848, and -0.0833 for glass samples TBNdTmZnFO,
TBNdTmZnF7, TBNdTmZnF14, TBNdTmZnF21, and
TBNdTmZnF28 respectively. The overall increase in
nephelauxetic ratio also explains the shift to higher
energy in absorption bands in Figure 4. As the nature
of bonding between Nd**/Tm3*ions and their ligands
are ionic and consistent with the studied glasses
[[49], [59], [60], [61]].

Table 5 - Calculated band positions (cm™), average nephelauxetic ratio (ﬁ_ ), bonding parameters (6) of Nd** in aqua

ion values in tellurite glasses

Energy TBNdTmZnFO0 | TBNdTmZnF7 | TBNdTmZnF14 | TBNdTmZnF21 | TBNdTmZnF28 Aqua
level ion

Hojp—>?Kspy | 21322 21322 21277 21322 21277 11527
+ Gy
492Gy, | 18939 18975 18939 18975 18975 12573
49p—%Gsy, | 17094 17094 17123 17123 17123 14854
*l9/2—>Fo)2 14556 14556 14556 14556 14556 17167
*l9/2—>Fs )2 12594 12594 12579 12610 12579 19103
*lo/2—>F32 11561 11416 11561 11561 11455 21563
Yij 1.0917 1.0911 1.0912 1.0926 1.0909 -
6 -0.0840 -0.0835 -0.0836 -0.0848 -0.0833 -
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Table 6 - Calculated band positions (cm™), average nephelauxetic ratio (ﬁ_ ), bonding parameters (8) of Tm3*in aqua

ion values in tellurite glasses

Energy level | TBNdTmZnFO | TBNdTmZnF7 | TBNdTmZnF14 | TBNdATmZnF21 | TBNdTmZnF28 Aqua ion
3H5—)1G4
21322 21322 21277 21322 21277 5811.0000
3Hs3F,3
14556 14556 14556 14556 14556 8390.0000
*He—>’Ha 12594 12594 12579 12610 12579 12720.0000
3 3
He—"Hs 8251 8258 8258 8251 8251 14510.0000
3He;—)3|:4
5914 5879 5865 5900 5914 21374.0000
B 1.4479 1.4477 1.4458 1.4480 1.4461 -
6 -0.3094 -0.3092 -0.3083 -0.3094 -0.3085
Photoluminescence Properties
The spectrain 0.7
. . Aex: 467nm —— TBNdTmZnF0
Figure 5 shows the normalised ZnF, dependent : 0.6 g oy — TBNATWZaFT
PL emission spectra of all glass samples in the visible S T © 7 —— TBNATmZnF14
and partially near infrared range (500-900 nm) : 0.5 " — TBNdTmZnF21
) ) - H,,,>l,, —— TBNdATmZnF28
under the excitation wavelength of 467 nm at room B oud N
temperature. Seven prominent luminescence peaks § 4Gsz<‘°z
of Nd** and Tm3* are identified centred around 509, S 034 M H i, 5,
586, 611, 626, 648, 795, 800 and 890 nm which the = o]
transitions from excited states to ground states 7 /
which are at *Gon>%epn, *Gspp>%le2, *Hi1a>sy, 0.1 R
3F3>%Hs, *Ha>3Hg, “*Fsp>%lepp, and  *F3p>°lop,

respectively. The intensity and bandwidth of each
spectrum are observed to be sensitive to ZnF,
contents as they are varied. At wavelength 509 nm,
the intensity of *Go/,>*ls/, transition increases up to
21 mol% ZnF,. Nonetheless, it is noticed that the
intensity of the transitions, *Gs;,>*%lo/2, H112>%92,
and “F3;2>*ly), at 586, 626, and 890 nm have been
significantly decreasing with the presence of ZnF;
concentration. Meanwhile, at the transitions of
3F3>3Hs, 3Ha>3He, and *Fs/,>%19/2 at wavelength 648,
795, and 800 nm, the luminescence intensity
enhanced along with the addition of ZnF, content up
to 7 mol% and later on the intensity decreases with
further addition of ZnF, ( 2 14 mol%) contents, due
to the phenomenon of concentration quenching
[62]. The strongest luminescence intensity observed
at 7 mol% of ZnF, which is the optimum
concentration of ZnF; obtained in the present study.
However, there are two emission bands of Nd** and
Tm3* partially overlapped and produced a wide
luminescence spectrum at wavelength 795 and 800
nm.

500 600 700 800 900
Wavelength (nm)

Figure 5 - Normalized PL spectra for all glass samples
with the wavelength range of 500-900 nm

Figure 6 displays the partial energy diagram for
the Nd**/Tm3* ions, where non-radiative (NR) and
radiative transitions are stipulated. In the presence
of 467 nm excitation, the Nd** ions are promoted to
the 2Dsj, 2P3, state while the Tm3* ions are
promoted to the !G, state. Afterwards, the
Nd*/Tm3* ions went through multi-phonon
relaxations processes and the lower states,
particularly for Nd**, *Goya, *Gs/2, 2H11/2, *Fs/2, and *F3/2
while for Tm3*, 3F; and 3H4 are occupied. Green,
orange, and red emissions are identified in Nd** ions
while orange and red are detected in Tm**ions. The
non-radiation transitions are attributed to the
strong interaction among the respective Nd3*/Tm3*
jons, as the distance between the ions decreases
[39].
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Figure 6 - Partially energy level diagram of Nd3*/Tm3*
ions in TBNdTmZnF glasses

Conclusions

Varying the ZnO/ZnF, contents in Nd3*'/Tm3*
doped Tungsten-Bismuth-Tellurite glass
demonstrate its substantial impact in physical and
optical properties of prepared glass. The absorbance
centred around 1691 nm, corresponding to Tm3*
ions improved with ZnF, contents. Physical
parameters such as density, molar volume, molar
refractivity, and electronic polarizability fluctuated
at different ZnF, concentration. The changes in
refractive index attributable to the polarizability
differences between fluoride and oxygen anions.
The prominent luminescence band is evidenced at
800 nm which highlighting the capable of ZnF; in

tuning the luminescence properties which it shifts
the wavelength towards NIR region. This work
suggested that ZnF; can alter the optical properties
of REls doped glass, that is useful in develop better
fiber optics and solid-state lasers materials operated
at NIR region.
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TYWIHOEME

3epTrensi.

LU bIHbIHbIH,

®opmynacsbl
6onatbiH WhiHblNAp (MyHaa x = 0, 7, 14, 21, 28 monb%) 6ankbiTy aaicimeH AaibiHAanagpl.

KYTblYbI

3eptrey Nd3*/Tm3* neripaeHreH Bosbdpam-BUCMYT-TENNYPUTTI LWbIHbIAAFBI 3PTYPAI ZnO aHe ZnF
KOHLLEHTPaLUMANAPbIHbIH, ONTUKANbIK-TA/IWbIKTbl KOHE KaTTbl KyhWAe KOAAaHy YLWiH acepiH

60,97Te0,-6,7W0:-3,3  Bi,03—0,03Nd203—1TmO—(28-X)ZnO-xZnF,

KoHe  GOTONOMUHECLeHUUACHI UV-Vis-NIR  KyTblly  XoHe
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dOTONOMUHECLLEHLMA CNEKTPOMETPIHIH KemerimeH enweHepai. 467, 525,581, 687, 726, 793, 870,
1211 xoHe 1691 HM OpTaNbIKTapblHAA CEerisre KyblK KYTbIy KOMAKTapbl aHbIKTanfaH, 6yn REI
(Nd3* »aHe Tm3* noHAapbIHbIH) Heri3ri KyWAeH KO3faH Kyiire aybiCKaH KyiiepiHe calkec Kenea;.
Oprtanbifbl 1691 HM 6onatbiH Tm3* wyTy Kabineti ZnF, meniwepi Kofapbl (28% monb) 6onfaHaa
Kakcapapl. TbIFbI3fblK, MONAPALIK Kenem, MOAAPAbIK CblHY KabineTi aHe 371eKTpoHAbI
nonapusaumanaty cuakTtbl ¢usMKanblk napametpnep ecentenedi. Nd3* sksHe Tm3* keTi
NIIOMUHECLLeHLMA WbIHAapbiHbIH 509, 586, 611, 626, 648, 795, 800 »kaHe 890 HM aliHanacbiHAa
OpHanackaH. JIoMUHeCLLeHUMAHDBIH, eH, }KoFapbl Kyweiyi 800 HM-ae b6aikanagbl, 6yn WbiHbIAAFbI
ZnO/ZnF, 3:1 KaTblHacblHa CaMKec Keneaj. Byn HaTUXeNep ONTMKANbIK Ta/lUbIKTAp MeH KaTTbl
Kynaeri nasepnep ywiH KONAAHLINATBIH WbIHbIHBIH, NIOMUHECLLEHTTIK KacueTTepiH e3reptyaeri
ZnF, peniH KepceTep,.

TyiiiHdi ce30ep: Mblpbil GTOPUAI, TENNYPUTTI WbIHLI, HEOAUM, TYSINIA, CUPEK KEP dNEeMEHTTEPI.
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BausHue 3ameHbl ZnO Ha ZnF, Ha onTU4yecKue csoucTea Boabppam-Bucmyr-
Tennyputosoro ctekna, nermposaHHoro Nd3*/Tm3*

Farah Asyiqa A.Z.N., **Yusof N.N., !Iskandar S.M., 2Hisam R., 3Azlan M.N.,
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AHHOTAUMUA
HacToswiee nccnenoBaHue U3yyaeT BAMAHUE PAa3nYHbIX KOHLEeHTpauuii ZnO u ZnF; B Bonbdpam-

BUCMYT-TEINYPUTHOM CTeKne, nermpoBaHHoM Nd3*/Tm3*, ana npumeHeHus B ONTOBONOKHE M
nonynposogHukax. Crekna d¢opmynbl 60,97Te02-6,7W03-3,3 Bi203—0,03Nd203—1TmO—(28-
X)ZnO-xZnF, rae x = 0, 7, 14, 21, 28 mon.%, nonyyaloT MeTOAOM 3aKajKku M3 pacnnasa.
MornoweHne 1 GOTONOMUHECLLEHLMIO CTEKNA U3MEPSAIOT C MOMOLLbIO CMEKTPOMETPA NOrN0oLLLEHUA
1 dpotontomuHecueHummn UV-Vis-NIR. BbIABNEHO OKONO BOCbMW NOMOC MOM/IOWEHUA C LLeHTpamu
okono 467, 525, 581, 687, 726, 793, 870, 1211 1 1691 Hm, COOTBETCTBYHOLLLMX COOTBETCTBYIOLLMM
P3U (MoHam Nd3* 1 Tm?3*), nepexoasLimMm U3 0CHOBHOTO B BO36YsKAeHHOe cocToAHMe. [ornoweHne
Tm?3* ¢ LeHTPoOM 0Ko/0 1691 HM yaydwanocb Npu 6onee BLICOKOM cogepxaHunm ZnF, (28% mon.).
PaccunTbiBatoTca du3nMYecKne napameTpbl, TakMe Kak NAOTHOCTb, MONAPHbLIN 06bem, monapHas
npenomasAtoLLan cnocobHOCTb U 3NEKTPOHHAA NOAAPU3YEMOCTb. Bblan naeHTUdUUMPOBaHbI CEMb
3aMeTHbIX NMKOB itoMuHecueHumn Nd3* n Tm3*, cocpeaoTodeHHbix okono 509, 586, 611, 626, 648,
795,800 1 890 HM. Hanbonbluee ycuneHue NlOMUHECLeHUUM Habato gaetca npu aavHe BoiHbI 800
HM, YTO COOTBETCTBYeT COoOoTHOWeHuo ZnO/ZnF; B cTekne 3:1. 3TM pe3ynbTaThl NOAYEPKMBAIOT
ponb ZnF; B W3MEHEHUM NIOMWUHECLLEHTHbIX CBOWMCTB CTEKNAa A/ BOJIOKOHHOW OMTUKU W
TBEPAOTENbHbIX 1a3epOoB.
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