
 Комплексное Использование Минерального Сырья. №4(335), 2025  ISSN-L 2616-6445, ISSN 2224-5243 

5

DOI: 10.31643/2025/6445.34 
Engineering and Technology 

Effect of substituting ZnO to ZnF2 on Optical Properties of Nd3+/Tm3+ Doped 
Tungsten-Bismuth-Tellurite Glass 

1Farah Asyiqa A.Z.N., 1*Yusof N.N., 1Iskandar S.M., 2Hisam R., 3Azlan

M.N., 4Zaid M.H.M., 5Abdul Hafidz Yusoff, 6**Nurulhuda M.Y.
1 Universiti Sains Malaysia, 11800 USM, Penang, Malaysia 

2 Universiti Teknologi MARA, 40450, Shah Alam, Selangor, Malaysia 
3 Sultan Idris Education University, 35900 Tajung Malim, Perak, Malaysia 

4 Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor, Malaysia 
5 Universiti Malaysia Kelantan, Jeli Campus, 17600 Jeli, Kelantan, Malaysia 

6Universiti Sultan Zainal Abidin, Gong Badak Campus, 21300 Kuala Nerus, Terengganu, Malaysia 

* Corresponding author email: nurnabihah7@usm.my; 
** Corresponding author email: nurulhudamy@unisza.edu.my

Received: May 10, 2024 
Peer-reviewed: July 4, 2024 
Accepted: August 29, 2024

ABSTRACT 
Present research explores the impact of varying ZnO and ZnF2 concentrations in Nd3+/Tm3+ doped 
Tungsten-Bismuth-Tellurite glass for fiber optic and solid-state application. Glasses with formula 
60.97TeO2–6.7WO3–3.3 Bi2O3–0.03Nd2O3–1TmO–(28-x)ZnO–xZnF2 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 REIs (Nd3+ and Tm3+ ions) transitioning from the ground to their 
excited state. The absorbance of Tm3+ centred around 1691 nm improved with higher ZnF2 

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 
ZnO/ZnF2 at 3:1. These findings highlight the role of ZnF2 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 (REIs) doped glass 
is prospective as fiber optic amplifier with possible 
of broad emission bands at NIR region [[3], [4]]. 
Specifically, neodymium (Nd3+) ion and thulium 
(Tm3+) ion-doped glass are excellent as co-doped ion 

where their luminescence functionalized in NIR 
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region (800- 2000 nm) [[2], [5], [6], [7]]. Other than 
REIs ions, selection of glass hosts is equally 
important to selected REIs in developing efficient 

optical fiber amplifiers  [[8], [9]]. Among glass, 
tellurite glasses are attractive since they have lower 
phonon energy (~750 cm -1) compared to silica 
glasses (~1100 cm-1), and borate glasses (1300 cm-1) 
[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 (WO3) and bismuth oxide (Bi2O3) are 
selected as modifiers in the glass system. WO3 and 
Bi2O3 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 ZnF2 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 
ZnF2 resulting in absorbance and luminescence 
enhancement due to non-bridging oxygens (NBOs) 
generation with high polarizability that facilitate REIs 
transitions  [22]. ZnF2 role could be depending on its 
concentration within the composition [23]. For 
example, oxyfluorotellurite glasses increase molar 
volume along ZnF2 contents. Two ligand atoms of 
ZnF2, 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 
ZnF2 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 TeO2-ZnO-ZnF2 [19], TeO2-ZnO-ZnF2 [25], 
TeO2-ZnF2 [26] B2O3-ZnF2 [[20], [27]],  AlF3-ZnF2 [28], 
TeO2-BaO-BaF2 [29], TeO2-ZnO-BaF2 [30], and ZnO-
B2O3-SiO2-ZnF2 [31]. These findings suggest it is 
possible to alter optical properties of the glass by 
varied ZnF2 contents during preparation process. 
Here ZnF2 can lowers water absorption and reduces 
the multiphoton relaxation, result in improved 
luminescence. 

The current work examines the effect of 

modifying the ZnO/ZnF2 ratio in REIs doped glass. 

The glass formula 60.97TeO2–6.7WO3–3.3Bi2O3–

0.03Nd2O3–1Tm2O3–(28-x)ZnO–xZnF2 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 Nd3+ and Tm3+ ion is presented. This 

research purposely examines the potential of ZnF2 as 

a glass modifier for any possible advancement of 

rare earth ions (REIs) doped glass as fiber optic 

amplifiers. 

Experimental part 

 Glasses with formula 60.97TeO2–6.7WO3–3.3 

Bi2O3–0.03Nd2O3–1Tm2O3–(28-x)ZnO–xZnF2 where x 

= 0, 7, 14, 21, 28 mol% was prepared using melt-

quenching technique. The samples were labelled as 

TBNdTmZnF0, 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 60.97TeO2–
6.7WO3–3.3 Bi2O3–0.03Nd2O3–1Tm2O3–(28-x)ZnO–
xZnF2 (where x = 0, 7, 14, 21, 28 mol%) 

Constit
uent/G

lass 

TBNd
TmZn

F0 

TBNd
TmZn

F7 

TBNd
TmZn
F14 

TBNd
TmZn
F21 

TBNd
TmZn
F28 

TeO2 60.97 60.97 60.97 60.97 60.97 

ZnO 28.00 21.00 14.00 7.00 0.00 

WO3 6.70 6.70 6.70 6.70 6.70 

Bi2O3 3.30 3.30 3.30 3.30 3.30 

ZnF2 0.00 7.00 14.00 21.00 28.00 

Nd2O3 0.03 0.03 0.03 0.03 0.03 

Tm2O3 1.00 1.00 1.00 1.00 1.00 

TeO2 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 TBNdTmZnF0, TBNdTmZnF7, 
TBNdTmZnF14, TBNdTmZnF21, and TBNdTmZnF28, 
respectively according to to ZnF2 concentration. The 
colour of prepared glass shows no significant colour 
changes as the ZnO/ZnF2 concentration ratio varied 
[[32], [33]]. Alshamari et al., also mention a use of 
TeO2 instead of B2O3 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 TeO2 purity [[34], 
[35]]. 

Figure 1 - As prepared Nd3+/Tm3+ doped tungsten-
bismuth-tellurite glasses with different ZnO/ZnF2 

ratio. The ZnF2 contents (0.0-28.0 mol%)  
from left to right 

The physical properties of Nd3+/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, ρ, of the 
prepared glass [36]. 

 


a

a

w

w

W

W W
(2) 

Where ρw, Wa, and Ww are density of distilled 
water (0.997 g.cm3) 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/cm3 but abruptly increases in TBNdTmZnF28 glass 
as compared to the other glass with ZnF2 contents. 
There is distinct decrease in density between 7 and 
21 mol% contributed two fluoride single bonds from 
ZnF2 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 O2- (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 ZnF2 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]. 

 



V

M
M (2) 

Where MV represents the molar volume, M is 
the molecular weight, and ρ is the density of the 
samples. Molar volume, MV, typically has contrary 
trend with density, ρ [[33], [42]]. Molar volume, MV, 
shows the linear trend with addition of ZnF2 that lies 
between 26.69 to 27.91 g/cm3  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, ZnF2 creates more void 
as it expands the inter-atom glass system [33]. 
However, the decrease trend is observed at glass 
contained 28 mol% of ZnF2 (27.7225 g/cm3). 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 Nd3+/Tm3+ doped tellurite glass 

Glass 
TBNd
TmZn

F0 

TBNdT
mZnF7 

TBNdT
mZnF1

4 

TBNdT
mZnF2

1 

TBNdT
mZnF2

8 

Density 
(g/cm3) 

5.81 5.82 5.77 5.72 5.81 

Molar 
Volume 
(g/mol) 

26.69 26.91 27.39 27.91 27.72 

Refracti
ve Index 

1.924 1.926 1.929 1.925 1.960 

Optical 
Band 
Gap 
Energy 
(eV) 

3.20 3.18 3.16 3.19 2.94 

Molar 
Refracti
vity 
(cm3/m
ol) 

12.64 12.77 13.03 13.23 13.48 

Polariza
bility 
(×10-24 
cm3) 

5.81 5.82 5.77 5.72 5.81 

Density 
(g/cm3) 

26.69 26.91 27.39 27.91 27.72 

Figure 2 - Variation of (a) density and molar volume 
(b) refractive index and electronic polarizability with

respect to the concentration of ZnF2 in Nd3+/Tm3+

doped tellurite glasses 

The values of ionic concentration, N, inter-

nuclear distance, ri, polaron radius, 
2

p
r , and field 

strength, F of ZnF2 for glass samples are listed in 
Table 3. The polaron radius, rp, decreases from 0.75 
to 0.48 Å as ZnF2 increases into the glass, leads to the 
high field strength, FS, from 5.37 to 13.26 × 1017 cm-

2 around Zn2+ ions thus, contributes to the decrease 
in Zn-F2 bond length and increase in Zn-F2 bond 
strength [33]. Meanwhile, internuclear distance, ri, 
decrease from 1.86 to 1.18 as ZnF2 [45]. This 
parameter explains the reduction of molar volume, 
MV, as well as the increment of density, ρ, as ZnF2 
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, ri, 

polaron radius, 
2

p
r , and field strength, F, are be

obtained by the following equations [[46], [49]]. 

  
 mol% of particular element

glass average molecular mass

A
N

N (3) 


 
 
 

1

31
i

N
r (4) 




 
 
 

1

31

2 6
p
r

N
(5) 


2

p

Z
F

r
(6) 

where NA is Avogadro’s number, ρ is the density 
of the glass, and Z is the mass of the particular ion. 

Table 3 - Ionic concentration, N, inter-nuclear 

distance, ri, polaron radius, 
2

p
r , and field strength, F 

of ZnF2 for each glass sample 

Glass 
sample 

Ionic 
concent
ration 
(× 1023 
ions/c

m3) 

Inter-
nuclear 
distance 

(Å) 

Polaron 
radius 

(Å) 

Field 
strength 

(×1017 
cm-2) 

TBNdTmZ
nF0 

- - - - 

TBNdTmZ
nF7 

1.57 1.86 0.75 5.37 

TBNdTmZ
nF14 

3.08 1.48 0.60 8.42 

TBNdTmZ
nF21 

4.53 1.30 0.52 10.9 

TBNdTmZ
nF28 

6.08 1.18 0.48 13.26 

(a) 

(b)
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Meanwhile, the  refractive index increases from 
1.936 to 1.984 along ZnF2 contents. The refractive 
index is calculated by utilizing optical band gap 
energy, Eopt value through Dimitrov-Sakka equation 
[50]. 


 



2

2

opt1
1

2 20

n

n

E
(7) 

where n is refractive index. Eopt 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, α, 
from the absorption spectral data measured and 

also Tauc’s relation [51]. 

 
2.303A

t
(8) 

 






opt

r

B Eħ

ħ
(9) 


 

 
 
 Urbach

expB
E

ħ
(10) 

where A, t, B, and ħυ 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 

  
r

ħ are plotted against ħ  to attain their 

respective optical band gap energy, Eopt, by 
extrapolating the slope on x-axis [42]. Whereas the 
Urbach energy, ΔE, is obtained by using the 
empirical relation in eq. (10), by calculating the 
reciprocal of the linear slope of In(α) against energy 
plot [18]. The direct, indirect optical band gap 
energy and Urbach energy decreases with increasing 
ZnF2 from 3.11 to 2.78 eV, 3.20 to 2.94 eV, and from 
0.35 to 0.33 cm-1, 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 ZnF2 inclusion within the glass.    

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 

(a) 

(c) 

(b)
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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 

Constitu
ent/Gla

ss 

TBNd
TmZn

F0 

TBNd
TmZn

F7 

TBNdT
mZnF1

4 

TBNdT
mZnF2

1 

TBNdT
mZnF2

8 

Direct 
Band 
Gap 
Energy 
(eV) 

3.11 3.1 3.07 3.08 2.78 

Indirect 
Band 
Gap 
Energy 
(eV) 

3.20 3.18 3.16 3.19 2.94 

Urbach 
Energy 
(cm-1) 

0.35 0.28 0.20 0.18 0.33 




  
  
  

3

4

m

e

a
N

R
a (11) 

Where ae is the electronic polarizability and Rm is 

the molar refractivity [42]. 






 
 
 

2

2

1

2
M V

n
M

n
 (12) 

Furthermore, the loose packing of glass network 
from the high molar volume, MV, happens to 

increase both molar refraction, Rm, and electronic 
polarizability, ae, thus, explaining the increase of the 

refractive index, n [39]. The prior increase in molar 

refractivity, RM, 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 ×10-24 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  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 4I9/2 of Nd3+ and 3H6 

of Tm3+ to their respective excited levels. To be 

specific, the wavelength peaks at 469, 527, 584, 697, 

794, and 868 are belong to Nd3+ which the 

transitions from the ground state to 4I9/2 to 
2K15/2+4G11/2, 4G7/2, 4G5/2, 4F9/2, 4F5/2, and 4F3/2 excited 

levels. Whereas the wavelength peaks of Tm3+ at 

469, 697, 794, 1212, and 1697 are assigned to the 

transitions from the ground state 3H6 to 1G4, 3F2,3, 
3H4, 3H5, and 3F4 excited levels. The similar 

absorption bands have been reported in the 

previous studies with the doping of Nd3+/Tm3+ 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 Nd3+, 
4I9/2 to higher levels (4G and 4F) and from the ground 

state of Tm3+, 3H6 to higher levels (3F) that are spin 

permissible,   0 ,S  except 3H6→1G4 in Tm3+, 

where   2S   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,   6.J Moreover, the 

transitions for Nd3+ from 4I9/2 to 2K15/2+4G11/2, 4G7/2, 

and 4F9/2 also for Tm3+, 3H6 to 3H5 are marked as the 

allowed magnetic dipole transitions owing to 

  0, 1.J Furthermore, the 3H6→3F4, 3H6→3H5, 

and 3H6→3H4 transitions of Tm3+ and 4I9/2→4F5/2

transition of Nd3+ 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,      0, 2, and 2.S L J

However, the absorption peak assigned by -
4I9/2→4F9/2 exhibits the most intense, but forbidden

by 
J

 selection rules. The intensity of the individual 

absorption bands largely increases with the addition 

of ZnF2 concentrations. 
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Figure 4 - Absorption spectra of (a) 400-2000 nm and (b) 800-2000 nm Nd3+/Tm3+ doped tellurite glasses 

Table 5 and Table 6 display the Nd3+ and Tm3+ ions 
doped tellurite glasses transition energies in 
wavelength number, λ (cm-1), with the aquo-ion 
values. Major outcome of change in the 
characteristics of bonding between the Nd3+/Tm3+ 
ions and neighbouring ligand ions (O2-/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].  





 B

C

(13) 

Where 
B

 and 
C

 are the wave number (cm-1)

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 (O2-/F-) are covalent or 
ionic depending on positive on the magnitude 
values. The formula for bonding parameter is as 
following [59].  









 
 
 

1
100  (14) 

Where   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 TBNdTmZnF0, 
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 Nd3+/Tm3+ ions and their ligands 
are ionic and consistent with the studied glasses 
[[49], [59], [60], [61]]. 

Table 5 - Calculated band positions (cm-1), average nephelauxetic ratio (  ), bonding parameters (δ) of Nd3+ in aqua 

ion values in tellurite glasses 

Energy 
level 

TBNdTmZnF0 TBNdTmZnF7 TBNdTmZnF14 TBNdTmZnF21 TBNdTmZnF28 Aqua 
ion 

4I9/22K15/2 
+ 4G11/2

21322 21322 21277 21322 21277 11527 

4I9/24G7/2 18939 18975 18939 18975 18975 12573 

4I9/24G5/2 17094 17094 17123 17123 17123 14854 

4I9/24F9/2 14556 14556 14556 14556 14556 17167 

4I9/24F5/2 12594 12594 12579 12610 12579 19103 

4I9/24F3/2
 11561 11416 11561 11561 11455 21563 

 1.0917 1.0911 1.0912 1.0926 1.0909 - 

δ -0.0840 -0.0835 -0.0836 -0.0848 -0.0833 - 

(b) (a)
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Table 6 - Calculated band positions (cm-1), average nephelauxetic ratio (  ), bonding parameters (δ) of Tm3+ in aqua 

ion values in tellurite glasses 

Energy level TBNdTmZnF0 TBNdTmZnF7 TBNdTmZnF14 TBNdTmZnF21 TBNdTmZnF28 Aqua ion 

3H61G4 21322 21322 21277 21322 21277 5811.0000 

3H6
3F2,3 14556 14556 14556 14556 14556 8390.0000 

3H63H4 12594 12594 12579 12610 12579 12720.0000 

3H63H5 8251 8258 8258 8251 8251 14510.0000 

3H63F4 5914 5879 5865 5900 5914 21374.0000 


1.4479 1.4477 1.4458 1.4480 1.4461 - 

δ 

-0.3094 -0.3092 -0.3083 -0.3094 -0.3085
- 

Photoluminescence Properties 
The spectra in  

Figure 5 shows the normalised ZnF2 dependent 
PL emission spectra of all glass samples in the visible 
and partially near infrared range (500-900 nm) 
under the excitation wavelength of 467 nm at room 
temperature. Seven prominent luminescence peaks 
of Nd3+ and Tm3+ are identified centred around 509, 
586, 611, 626, 648, 795, 800 and 890 nm which the 
transitions from excited states to ground states 
which are at 4G9/2→4I9/2, 4G5/2→4I9/2, 2H11/2→4I9/2, 
3F3→3H6, 3H4→3H6, 4F5/2→4I9/2, and 4F3/2→4I9/2, 
respectively. The intensity and bandwidth of each 
spectrum are observed to be sensitive to ZnF2 
contents as they are varied. At wavelength 509 nm, 
the intensity of 4G9/2→4I9/2 transition increases up to 
21 mol% ZnF2. Nonetheless, it is noticed that the 
intensity of the transitions, 4G5/2→4I9/2, 2H11/2→4I9/2, 
and 4F3/2→4I9/2 at 586, 626, and 890 nm have been 
significantly decreasing with the presence of ZnF2 
concentration. Meanwhile, at the transitions of 
3F3→3H6, 3H4→3H6, and 4F5/2→4I9/2 at wavelength 648, 
795, and 800 nm, the luminescence intensity 
enhanced along with the addition of ZnF2 content up 
to 7 mol% and later on the intensity decreases with 
further addition of ZnF2 ( ≥ 14 mol%) contents, due 
to the phenomenon of concentration quenching 
[62]. The strongest luminescence intensity observed 
at 7 mol% of ZnF2 which is the optimum 
concentration of ZnF2 obtained in the present study. 
However, there are two emission bands of Nd3+ and 
Tm3+ partially overlapped and produced a wide 
luminescence spectrum at wavelength 795 and 800 
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 Nd3+/Tm3+ ions, where non-radiative (NR) and 
radiative transitions are stipulated. In the presence 
of 467 nm excitation, the Nd3+ ions are promoted to 
the 2D3/2, 2P3/2 state while the Tm3+ ions are 
promoted to the 1G4 state. Afterwards, the 
Nd3+/Tm3+ ions went through multi-phonon 
relaxations processes and the lower states, 
particularly for Nd3+, 4G9/2, 4G5/2, 2H11/2, 4F5/2, and 4F3/2

while for Tm3+, 3F3 and 3H4 are occupied. Green, 
orange, and red emissions are identified in Nd3+ ions 
while orange and red are detected in Tm3+ions. The 
non-radiation transitions are attributed to the 
strong interaction among the respective Nd3+/Tm3+ 
ions, 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/ZnF2 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 ZnF2 contents. Physical 
parameters such as density, molar volume, molar 
refractivity, and electronic polarizability fluctuated 
at different ZnF2 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 ZnF2 in 

tuning the luminescence properties which it shifts 
the wavelength towards NIR region. This work 
suggested that ZnF2 can alter the optical properties 
of REIs doped glass, that is useful in develop better 
fiber optics and solid-state lasers materials operated 
at NIR region.   
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ZnO-ны ZnF2-ге ауыстырудың Nd3+/Tm3+ легирленген Вольфрам-Висмут-
Теллуритті әйнектің оптикалық қасиеттеріне әсері 
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ТҮЙІНДЕМЕ 
Зерттеу Nd3+/Tm3+ легірленген вольфрам-висмут-теллуритті шыныдағы әртүрлі ZnO және ZnF2 

концентрацияларының оптикалық-талшықты және қатты күйде қолдану үшін әсерін 

зерттейді. Формуласы 60,97TeO2–6,7WO3–3,3 Bi2O3–0,03Nd2O3–1TmO–(28-x)ZnO–xZnF2 

болатын шынылар (мұнда x = 0, 7, 14, 21, 28 моль%) балқыту әдісімен дайындалады. 

Шынының жұтылуы және фотолюминесценциясы UV-Vis-NIR жұтылу және 

https://doi.org/10.31643/2025/6445.34
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Сараптамадан өтті: 4 шілде 2024 
Қабылданды: 29 тамыз 2024 

фотолюминесценция спектрометрінің көмегімен өлшенеді. 467, 525, 581, 687, 726, 793, 870, 

1211 және 1691 нм орталықтарында сегізге жуық жұтылу жолақтары анықталған, бұл REI 

(Nd3+ және Tm3+ иондарының) негізгі күйден қозған күйге ауысқан күйлеріне сәйкес келеді. 

Орталығы 1691 нм болатын Tm3+ жұту қабілеті ZnF2 мөлшері жоғары (28% моль) болғанда  

жақсарды. Тығыздық, молярлық көлем, молярлық сыну қабілеті және электронды 

поляризациялану сияқты физикалық параметрлер есептеледі. Nd3+ және Tm3+ жеті 

люминесценция шыңдарының 509, 586, 611, 626, 648, 795, 800 және 890 нм айналасында 

орналасқан. Люминесценцияның ең жоғары күшейуі 800 нм-де байқалады, бұл шыныдағы 

ZnO/ZnF2 3:1 қатынасына сәйкес келеді. Бұл нәтижелер оптикалық талшықтар мен қатты 

күйдегі лазерлер үшін қолданылатын шынының люминесценттік қасиеттерін өзгертудегі 

ZnF2 рөлін көрсетеді. 

Түйінді сөздер: мырыш фториді, теллуритті шыны, неодим, тулий, сирек жер элементтері.  
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АННОТАЦИЯ 
Настоящее исследование изучает влияние различных концентраций ZnO и ZnF2 в вольфрам-

висмут-теллуритном стекле, легированном Nd3+/Tm3+, для применения в оптоволокне и 

полупроводниках. Стекла формулы 60,97TeO2–6,7WO3–3,3 Bi2O3–0,03Nd2O3–1TmO–(28-

x)ZnO–xZnF2, где x = 0, 7, 14, 21, 28 мол.%, получают методом закалки из расплава.

Поглощение и фотолюминесценцию стекла измеряют с помощью спектрометра поглощения

и фотолюминесценции UV-Vis-NIR. Выявлено около восьми полос поглощения с центрами

около 467, 525, 581, 687, 726, 793, 870, 1211 и 1691 нм, соответствующих соответствующим 

РЗИ (ионам Nd3+ и Tm3+), переходящим из основного в возбужденное состояние. Поглощение 

Tm3+ с центром около 1691 нм улучшалось при более высоком содержании ZnF2 (28% мол.).

Рассчитываются физические параметры, такие как плотность, молярный объем, молярная

преломляющая способность и электронная поляризуемость. Были идентифицированы семь

заметных пиков люминесценции Nd3+ и Tm3+, сосредоточенных около 509, 586, 611, 626, 648, 

795, 800 и 890 нм. Наибольшее усиление люминесценции наблюдается при длине волны 800

нм, что соответствует соотношению ZnO/ZnF2 в стекле 3:1. Эти результаты подчеркивают

роль ZnF2 в изменении люминесцентных свойств стекла для волоконной оптики и

твердотельных лазеров.
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