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H I G H L I G H T S  

� The linear optical band gap and refractive index of the glass samples. 
� The calculated optical parameters of electronic polarizability. 
� The optical basicity and metallization criterion. 
� The nonlinear optical properties and third order nonlinearity.  
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A B S T R A C T   

The glass series with composition of {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 
0.02, 0.03, 0.04 and 0.05; was fabricated via melt-quenched technique. The third-order optical nonlinearity was 
observed by using Z-scan technique. Polarizability and third-order nonlinearity of borotellurite glass doped with 
neodymium (Nd3þ) will be reported. This work presents the effect of neodymium ions on the linear and nonlinear 
optical performance of borotellurite glass for potential photonics applications. The structure and optical per-
formance of the resulting transparent neodymium doped borotellurite glass are characterized. The reduction of 
optical band gap energy, Eg is observed which shows the alteration of tellurite structure by the Nd3þ. The values 
of electronic polarizability are enhanced with an increase of Nd3þ ions. The enhancement of electronic polar-
izability provides an excellent medium for nonlinear optical applications. The optical basicity of the investigated 
materials shows non-linear trend along with Nd3þ ions concentration. The Z-scan data for third-order optical 
nonlinearities suggest that the glass materials are excellent to be used as a medium in nonlinear optical fiber. 
Therefore, the investigated glass materials may provide a good material for photonic applications.   

1. Introduction 

Tellurite glasses have an interesting physical properties when 
compared to borate or germanate or silicate or phosphate glasses [1–7]. 
The incorporation of borate oxide in tellurite glasses are the most stable 
glass and had been widely used due to their attractive characteristics 
which have potential used for specific applications [8–10]. The glass 
materials doped with various elements of rare-earth oxides have been 
extensively studied, mainly due to their important medium in laser 
glass, optical fibre and mode lock fibre laser [11]. Erbium doped fibre 
amplifier (EDFA) is one of the common applications in optical tele-
communications. Furthermore, the silicate oxide, SiO2 is largely used as 

a host materials for commercial optical telecommunications. However, 
silicate glass has high melting temperature and high absorption loss 
which degrades the capability of optical fiber [12]. Phosphate glass had 
been widely used in lasing materials and one of the examples is the 
commercial neodymium doped phosphate laser glass. The phosphate 
glass has high hygroscopic properties which leads to the corrosion and 
unstable in air [13]. This features give high disadvantage to the laser 
glass. The replacement of the current glass materials with the new ma-
terials is crucial especially to increase the optical performance and sta-
bility. The extensive research on tellurite glass shows that the TeO2 has 
received high interest among the researchers due to its low melting 
temperature, low hygroscopic and low loss to replace the current silicate 
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and phosphate glasses [14]. The importance of tellurite glass to be used 
as a laser emission is of interest. In the development of tellurite glass as a 
laser glass, Bell et al. conducted a research on neodymium doped 
zinc-tellurite glass for high emission of laser glass [15]. Based on the 
reports, the presence of neodymium oxide in tellurite glass provides a 
low laser threshold of 8 mW and low internal losses. Subsequently, the 
studied tellurite glass was shown to have high lifetime of emission in the 
range of 210 μs and large stimulated emission cross section of 
3.1 � 10� 20 cm2. Such features suggest tellurite laser glass as an efficient 
photonic devices. The excellent optical efficiency of the Nd3þ-tellurite 
glass had raised the number of research to develop an excellent laser 
application. Wei et al. stated that Nd3þ possesses outstanding properties 
such as several excited levels that are useful for optical pumping and 
longer fluorescence lifetimes [16]. It was also stated that 1.06 μm 
emission can be produced by using commercial 808 nm laser diode. 
These features indicate that Nd3þ doped glasses are commercially 
necessary which increases the study on optical efficiency of Nd3þ in 
various glass network. Hence, the study of Nd3þ doped borotellurite 
glass may provide high possibility of developing new materials for 
photonic applications. 

In recent research, there are some studies on the effect of neodymium 
on optical band gap and 1.06 μm emission band of tellurite glass, but 
there are limited study on the polarizability and third order optical 
nonlinearity of neodymium doped borotellurite glass [17]. Hence, the 
present research is focused on the development of neodymium doped 
borotellurite glass for optical fibre and lasing materials. This work 
consists of the characterization of Fermi energy, optical band gap, 
electronic polarizability and third order optical nonlinearity. 

2. Experimental 

The glass series with composition of {[(TeO2)0.70 (B2O3)0.30]0.7 
(ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05; 
was fabricated via melt-quenched technique. The chemical composi-
tions (in wt%) used for the preparation of the titled glass system are 
shown in Table 1. Each of the raw materials was weighed according to 
the chemical composition. The raw materials were mixed in a platinum 
crucible thoroughly. The compound in a platinum crucible was trans-
ferred in a furnace with heating temperature of 400 �C at 1 h for 
annealing process. The mixture was transferred to a second furnace with 
heating temperature of 900 �C at 2 h for melting process. The molten of 
the mixture was formed during the melting process. The molten was 
quenched in a cylindrical stainless steel would that had been pre-heated 
at 400 �C for 1 h. The molten in the mold was transferred to a furnace 
with heating temperature of 400 �C at 1 h to enhance its mechanical 
strength. The furnace was turned off and the sample was allowed to cool 
down to room temperature. The glass sample was cut in a pallet form. 
The XRD was carried out by using X’pert pro pan analytical. The 
refractive index of the glass system was measured by using EL X–02C 

high precision Ellipsometer. The absorption spectra of the glass system 
were carried out by using Shimadzu UV–Vis spectrophotometer. The 
third-order optical nonlinearity was observed by using Z-scan technique. 

3. Results and discussion 

3.1. X-Ray Diffraction analysis and FTIR analysis 

Fig. 1 revealed the XRD patterns of Nd3þ doped borotellurite glass in 
the form {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, 
y ¼ 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05. The observed broad hump at 
lower diffraction angle indicates the amorphous structural arrangement 
in the glass system. It is proved that the glass system is fully amorphous. 

The assignments of elements of the studied glass system are obtained 
from the FTIR analysis. The FTIR spectra was depicted in Fig. 2, 
meanwhile, Table 2 revealed the details of the assignments for the glass 
system. The tellurite oxide consists of TeO2 structural arrangement 
before the glass formation [18]. The breaking linkage of TeO2 is done by 
the inclusion of oxide modifiers after the glass formation by converting 
the TeO4 bridging oxygen to TeO3 non-bridging oxygen [19]. The first 
absorption band is located in the range of 640 cm� 1 to 649 cm� 1 which 
indicates the high concentration of TeO3 structural unit. Meanwhile, the 
absorption band at 1220 cm� 1 to 1367 cm� 1 is assigned to the 
BO3-nonbridging structural unit. The BO3 structural units consist of 
several stretching vibration groups which are metaborate, pyborate and 
orthoborate groups [20]. The intense absorption band of BO3 units in-
dicates the high number of non-bridging oxygen in the glass system. The 
ZnO structural assignments are unable to be located due to the breaking 
of ZnO lattice structure after the glass formation [14]. Meanwhile, the 
structural assignment for Nd3þ is not presence which is due to the low 
concentration of Nd3þ. 

3.2. Optical absorption spectra, extinction coefficient and fermi energy 

The absorption spectra in the visible region of the studied glass are 
revealed in Fig. 3. The sharp peaks indicating several energy transitions 
are revealed in the figure. This trend is due to the effect of 4f-4f orbital in 
the glass system. The magnetic dipole and forced electric dipole of Nd3þ

are the main contributors to the observed sharp intensities in the ab-
sorption spectra. The spectral lines which associate with f-f transition 
are located from the ground state 4I9/2 to the excited states 2P3/2, 4G7/2, 
4G5/2, 4F9/2, 4F7/2, 4F5/2 and 4F3/2. It is noted that the intensity of the 
energy transitions is enhanced with an increase of Nd3þ. According to 
Derr, 1980, the extinction coefficient can be described as a rate of the 
light transmission due to scattering and absorption of a particular me-
dium [21]. The extinction coefficient spectra of a glass can be obtained 
from Fermi-Dirac relation, meanwhile the Fermi energy is determined 
by using least-square fitting of Fermi-Dirac relation [22]. Fig. 4 shows 
the extinction coefficient spectra of the studied glass. The trend of 
extinction coefficient spectra of the glass system shows a steep increase 
near ultraviolet (UV) region which indicates a strong value in the UV 
region. Meanwhile, the extinction coefficient is found to decrease with 
an increase of Nd3þ. The Fermi energy of the glass system can be 
calculated by using the least square fitting of Fermi-Dirac distribution 
function. Table 3 shows the tabulated data of Fermi energy of the glass 
system. It can be seen from the table that the value of Fermi energy, EF 
reduces with an increase of Nd3þ. The reduction of Fermi energy, EF 
indicates the improvement of semiconducting properties. Moreover, the 
value of Fermi energy, EF is found lower than the value of thermal en-
ergy at room temperature (kBT ~ 25 meV). Consequently, the glass 
system shows a tendency towards semiconducting behavior. 

3.3. Refractive index, optical band gap and urbach energy 

Fig. 5 shows the trend of refractive index along with Nd3þ content. It 
is shown that the refractive index, n is enhanced with an increase of 

Table 1 
Glass composition {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, 
y ¼ 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05.  

Sample Glass composition Percentage of 
Nd3þ

1 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.995 

(Nd2O3)0.005 

0.5% 

2 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.99 

(Nd2O3)0.01 

1% 

3 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.98 

(Nd2O3)0.02 

2% 

4 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.97 

(Nd2O3)0.03 

3% 

5 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.96 

(Nd2O3)0.04 

4% 

6 {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}0.95 

(Nd2O3)0.05 

5%  
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Nd3þ from 1.760 to 1.863. The enhancement of refractive index can be 
explained by the role of Nd3þ to alter the structural properties of bor-
otellurite glass system. The addition of Nd3þ leads to the modification of 
the glass network by converting the TeO4 tetrahedral to TeO3 triangular 
[23]. The conversion of tellurite oxide structure leads to the creation of 

non-bridging oxigen which increase the polarizability of the glass 
network. The high polarizability of lone pair in non-bridging oxygen 
results to an increase of refractive index. The creation of non-bridging 
oxygen leads to the formation of ionic bonds which increase the num-
ber of refractive index. Fig. 6 shows the Tauc’s plot of (αhν)1/2 for in-
direct allowed transitions of the glass system [24]. The values of optical 
band gap, Eopt has been estimated by extrapolating the absorption co-
efficient curves and the obtained results are shown in Fig. 7 and listed in 
Table 4. Fig. 7 shows the reduction of optical band gap energy with an 
increase of Nd3þ. The shifts of valence and conduction band leads to the 
change in optical band gap energy. The reduction in optical band gap 
energy indicates that the forbidden gap is decreased. Moreover, the 
structural change in the glass network leads to the shifts of forbidden 
gap which affect the optical band gap energy [14]. The role of 
non-bridging oxygen contributes to the increasing number of free elec-
trons which are less tightly bound to the nuclear charge. The free elec-
trons have high ability to excite from the valence band to the conduction 
band which in turn leads to the reduction of optical band gap energy. 
Furthermore, the inclusion of Nd3þ ions in the glass system increase the 
number of weaker bonds which reduce the number of optical band gap 
energy [25]. Moreover, the decline in optical band gap energy is caused 

Fig. 1. X-Ray Diffraction spectra.  
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Fig. 2. Fourier Transform Infrared spectra.  

Table 2 
Transmission assignments for Nd3þ doped borotellurite glasses {[(TeO2)0.70 
(B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 0.02, 0.03, 0.04 and 
0.05  

No 0.005 0.01 0.02 0.03 0.04 0.05 Assignments 

1 1347 1338 1362 1357 1377 1367 Trigonal B–O bond 
stretching vibrations 
in isolated trigonal 
BO3 units 

2 1220 1210 1221 1221 1225 1222 Trigonal B–O bond 
stretching vibrations 
of BO3 units from 
boroxyl groups 

3 649 644 645 635 649 640 TeO3 stretching 
vibrations  
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by the presence of TeO3 non-bridging oxygen atoms, the high field 
strength of Nd3þ and high polarizing power of non-bridging oxygen. The 
information of rigidity in the glass matrix is explained by the value of 
Urbach energy. The values of Urbach energy of the glass system are 
tabulated in Table 4. The increasing trend of Urbach energy is revealed 
with an increase of Nd3þ. This trend may be contributed by the number 
of defects in the glass network. The increase of defects in the glass 
network leads to an increase of Urbach energy. Furthermore, the degree 

of disorderliness in the glass system can be analyzed by using the Urbach 
energy value. The increase of Urbach energy indicates that the glass 
structure tends to be more disorder and weaker with an increase of 
Nd3þ. 

3.4. Electronic polarizability and oxide ion polarizability 

The values of electronic polarizability and oxide ion polarizability 
were calculated by using Lorentz-Lorentz equation [26]. 

αm ¼
3

4πNA
Rm (1)  

where NA denotes the Avogadro’s number in which correspond to the 
number of polarizable ions per mole. The values of electronic polariz-
ability for Nd3þ doped borotellurite glasses calculated in this study are 
given in Table 5 and plotted in Fig. 8. The figure shows the composi-
tional dependence of electronic polarizability. The increasing trend of 
electronic polarizability is displayed as the concentration of Nd3þ in-
creases. The deformability of electron cloud is affected by the number of 
non-bridging oxygen exists in the glass system. Non-bridging oxygen 
consists of free electrons from the lone pair which are less tightly bound 
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Table 3 
Fermi Energy of Nd3þ doped borotellurite glasses {[(TeO2)0.70 
(B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 
0.02, 0.03, 0.04 and 0.05  

Mol fraction Fermi Energy, EF (eV) 

0.005 3.686 
0.01 3.611 
0.02 3.491 
0.03 3.441 
0.04 3.301 
0.05 3.270  
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to the nuclear charge. Consequently, the free electrons are easily 
polarized as the electrical field is penetrated through the medium [27]. 
The number of non-bridging oxygen ions is increased as the concen-
tration of Nd3þ increases. The increment number of non-bridging oxy-
gen leads to the raised number of free electrons in the glass system. 
Hence, the electronic polarizability is increased as the concentration of 
Nd3þ increases. The results of oxide ion polarizability of Nd3þ doped 
borotellurite glasses are listed in Table 5 and plotted in Fig. 8. The 
non-linear trend of oxide ion polarizability values is found in the glass 
series. The lowest value of oxide ion polarizability of Nd3þ doped bor-
otellurite glasses is at 0.005 mol fraction. The values of oxide ion 
polarizability are found to increase up to 0.04 mol fraction. Previously, 
it has been suggested that the increasing number of refractive index 
leads to a rise of oxide ion polarizability [28]. This is due to the direct 
relationship of molar refraction with oxide ion polarizability [29]. 
Meanwhile, the value of oxide ion polarizability decreases at 0.05 mol 
fraction. This trend is due to the structural change in the glass matrix at 

0.05 mol fraction of Nd3þ. 

3.5. Optical basicity and metallization criterion 

The value of optical basicity was calculated by using relation below 
[20].   

ᴧ ¼X1ᴧ1 þ X2ᴧ2 þ…….. þ Xnᴧn                                                    (2) 

Where X1, X2, ….,Xn correspond to the equivalent fractions of oxides and 
ᴧ1, ᴧ2, ….,ᴧn correspond to the optical basicity of oxides in the studied 
glass system. Meanwhile, the value of metallization criterion was ob-
tained by using an equation as follows [20]. 

M¼ 1 �
Rm

Vm
(3)  

where Rm is molar refraction and Vm is molar volume. The obtained data 
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of optical basicity for Nd3þ doped borotellurite glasses are tabulated in 
Table 6 and plotted in Fig. 9. The large value of optical basicity in the 
glass series revealed that the glass system is more basic. Oxide ions in the 
glass system act as a Lewis base which donate electrons to the sur-
rounding cations. The high degree of donating ability of oxide ions in-
fluence strongly to the acid-base characteristic. Furthermore,it has been 
proposed that the optical basicity is related to the polarization state of 
oxide ions in the glass system [30]. Low polarizing cations in the glass 
system contributes to the strong donating ability of oxide ions to the 
surroundings cations. Based on the previous data of oxide ion polariz-
ability, there is a good agreement with optical basicity. 

The non-linear trend of optical basicity along with concentration are 
found in the glass system. The non-linear trend of optical basicity is 
caused by the structural change in the glass system. Besides that, the 
optical basicity values are found slightly increases with increasing 
concentration of Nd3þ. This trend can be explained by comparing the 
value of optical basicity of single element in the glass system. In 

conditions of glass former and modifier, former oxides should less basic 
compare with modifier oxides. The addition of modifier oxide to former 
oxide results the modification reaction to be the acid-base reaction in 
which the acidic region of former oxide is approached by modifier oxide 
ion in order of decreasing acidities [31]. The obtained values of metal-
lization criterion of Nd3þ doped borotellurite glasses are tabulated in 
Table 6 and plotted in Fig. 9. The results show that the value of metal-
lization criterion is decreased along with concentration. The decline in 
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Table 4 
Optical band gap (Eopt) and Urbach energy (ΔE) of Nd3þ doped borotellurite 
glass system {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 
0.01, 0.02, 0.03, 0.04 and 0.05  

Mol fraction Eopt (eV) Urbach energy, ΔE(eV) 

0.005 3.331 0.316 
0.01 3.323 0.316 
0.02 3.320 0.317 
0.03 3.311 0.319 
0.04 3.310 0.318 
0.05 3.307 0.320  

Table 5 
Electronic polarizability and oxide ion polarizability of Nd3þ doped borotellurite 
glasses {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 
0.02, 0.03, 0.04 and 0.05  

Mol fraction Electronic Polarizability, αm (Å)  Oxide ion polarizability, αo2� (Å)  

0.005 5.265 2.279 
0.01 5.452 2.352 
0.02 5.567 2.363 
0.03 5.698 2.382 
0.04 5.795 2.384 
0.05 5.843 2.361  
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Table 6 
Optical basicity and metallization criterion of Nd3þ doped borotellurite glasses 
{[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 0.02, 
0.03, 0.04 and 0.05  

Mol fraction Optical basicity, ᴧ Metallization criterion 

0.005 1.401 0.589 
0.01 1.400 0.574 
0.02 1.399 0.568 
0.03 1.397 0.560 
0.04 1.396 0.555 
0.05 1.173 0.549  
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metallization criterion shows the metallizing of the glass samples which 
leads to tailing and shrinking of the band gap [32]. Metallization cri-
terion depends on the band gap of the glass system. The decrement value 
of optical band gap indicates that the valence and conduction band are 
broadened. This effect will lead to the metallization of the glass system. 

3.6. Non-linear refractive index 

Factors that affect nonlinearity of refractive index are electronic 
polarizability, electrostriction, molecular orientation, photorefractive 
effect, and thermal effect [33]. Moreover, the nonlinear refractive index 
consists of third or higher order nonlinearity. The close aperture curves 
indicating the nonlinear refractive index of Nd3þ doped borotellurite 
glass are depicted in Fig. 10. The nonlinear refraction coefficient, ƞ0 
(cm2/W) of Nd3þ dopant obtained in the present work are listed in 
Table 7. It can be seen that the Z-scan curves exhibit peak-and-valley 
ration which corresponds to positive nonlinear refraction (ƞ2 ˃ 0) and 
self-focusing behavior. The negative or positive sign of nonlinear 
refractive index correlate to self-defocusing and self-focusing are 
depended on sample properties. In the case of self-focusing, as the 
sample glass move closer to the focal area, the incident laser is diverged 
and leads to an increase in irradiance before it arrives at the focal point. 
As the sample arrives at the focal point, the incident laser is collimated 
and caused a decrease in irradiance [34]. It is observed that the distance 

of peak-to-valley is approximately 1.7 times of Rayleigh length from the 
laser source. Hence, it is confirmed that the nonlinear refractive index is 
caused by the third-order response. 

It can be seen from Table 7 that the nonlinear refractive index co-
efficient for Nd3þ is in nonlinear variation along with dopants concen-
tration. This variation might be due to the effect of dopants 
concentration. Moreover, the nonlinear refractive index for Nd3þ are in 
high value. The nonlinear refractive index is related to the value of the 
linear refractive index. Chen et al. [35] stated that a glass material which 
has a high refractive index possess high nonlinear refractive index. 
Previous data of linear refractive index reported that Nd3þ dopants have 
a high value of the linear refractive index. Hence, it corresponds to the 
high value of the nonlinear refractive index of Nd3þ dopants. The 
maximum point of nonlinear refractive index of Nd3þ are 0.04 and 
0.01 mol fraction respectively. The increasing number of the nonlinear 
refractive index is highly related to the formation of [TeO3]2- clusters in 
the glass matrix. The formation of TeO3 clusters is proved from the 
previous FTIR spectra. The presence of lone pair in TeO3 structural units 
leads to an increase in polarizability. Consequently, the increment of 
polarizability caused an increase in the nonlinear refractive index. The 
reduction in the nonlinear refractive index at a certain amount of Nd3þ is 
due to the effect of structural defects in the glass matrix. 

3.7. Non-linear optical absorption 

The nonlinear optical absorption is measured by using the open 
aperture mode from the Z-scan technique (S ¼ 1). Moreover, the 
nonlinear absorption can be divided into two conditions: a. saturation 
absorption, b. reverse saturation absorption. The existence of valley 
curves at focus point (Z ¼ 0) corresponds to saturation absorption, 
meanwhile the presence of a peak at focus point (Z ¼ 0) is ascribed to 
reverse saturation absorption. The valley curves indicating nonlinear 
absorption of Nd3þ are shown in Fig. 11. It is confirmed that the 
nonlinear absorption is in saturation absorption. It is observed that the 
optical transmission is decreased towards the laser focus (z ¼ 0) which 
ascribed to the occurrence of nonlinear absorption as the laser density 
decreased. The presence of valley curves proved the existence of two- 
photon absorption (2 PA) at a fix visible laser wavelength. The calcu-
lation of nonlinear optical absorption coefficient is made by fitting the 
curves using the equation below 
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TðzÞ ¼
ln½1þ q0ðzÞ�

q0ðzÞ
(4) 

The obtained value of nonlinear absorption coefficient is tabulated in 
Table 6. It can be seen that the nonlinear absorption coefficient exhibits 
nonlinear variations which are due to the effect of dopants concentra-
tion. The highest value of nonlinear absorption coefficient is at 0.04 mol 
fraction. The increment of nonlinear absorption coefficient can be 
attributed to the increasing number of non-bridging oxygen in the glass 
matrix. It has been stated that the valence electrons in non-bridging 
oxygen are less stable and weakly bound to the host materials [36]. 
Consequently, the valence electrons are easy to deform by the laser 
electromagnetic field which leads to an increase in nonlinear absorption 
coefficient. The FTIR studies also reported that the non-bridging oxygen 
is increased with increasing content of Nd3þ. Slightly decreases of 
nonlinear absorption coefficient are found in the glass system. This trend 
is attributed to the loss of a few fractions of photocarriers from the 
ground state [37]. Hence, when the incident laser intensity is greater 
than saturation intensity, the nonlinear absorption coefficient is 
decreased. The small value of nonlinear absorption coefficient indicates 
that the present glass sample is suitable for optical limiting devices. 

The third order susceptibility of Nd3þ are calculated by applying ƞ2 
and β values as shown in the following equation; 

�
�Xð3Þ

�
� ¼

h�
ReXð3Þ

�2
þ
�
ImXð3Þ

�2
i1=2

(5) 

Moreover, the third order susceptibility consists of real parts, Re (χ) 
and imaginary parts, Im (χ) which are obtained by using the nonlinear 
refractive index, ƞ2 and nonlinear absorption coefficient, β. The ob-
tained data of third order susceptibility of the glass system are tabulated 
in Table 6. It is observed that the third order susceptibility of Nd3þ

doped borotellurite glasses exhibit nonlinear variations. The third order 
nonlinearity is highly related to the structural properties of the glass 
network. Table 6 revealed that the highest susceptibility of Nd3þ doped 
borotellurite glass is at 0.05 mol fraction. The dependence of χ on the 
structure of the glass network indicates that the high intensity of [TeO3] 
pyramidal in the glass network enhance the value of third order sus-
ceptibility. The formation of [TeO3] pyramidal is proved from the pre-
vious data of FTIR. Moreover, the increase in nonlinearity of the glass 
system is associated with the higher ratio of oxygen-to-cation which 
consequently increase the polarizability of the glass system [38]. A slight 
decrease of third order susceptibilities of Nd3þ doped borotellurite 
glasses is due to the effect of dopants compositions [28]. Moreover, the 
decreasing variations of third order susceptibility can be due to the 
substitutions of higher polarizable compounds with lower polarizable 
compounds in the glass network. 

4. Conclusion 

The glass series was successfully prepared by using melt-quenching 
method. The effect of Nd3þ has been studied by:  

� The values of electronic polarizability of borotellurite glasses are 
increased with increasing concentration of Nd3þ (5.265–5.843 Å)  
� The obtained results of oxide ion polarizability of borotellurite 

glasses are found in nonlinear trend along with the concentration of 
Nd3þ (2.279–2.361 Å)  
� The nonlinear trend of optical basicity is found in borotellurite glass 

system with increasing concentrations of Nd3þ (1.401–1.173)  
� The decreasing value of metallization criterion was found in Nd3þ

doped borotellurite glass (0.589–0.549) 

Table 7 
Nonlinear refractive index, ƞ of Nd3þ doped borotellurite glasses {[(TeO2)0.70 (B2O3)0.30]0.7 (ZnO)0.3}1-y (Nd2O3)y where, y ¼ 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05  

Mol 
fraction 

Phase change, 
ΔØ 

Linear absorption coefficient, 
α 

Non-linear refractive index, ƞ (x 
10� 12) 

Nonlinear absorption, β (x 
10� 3) 

Third order susceptibilities, χ (x 
10� 6) 

0.005 0.11 13.62 2.35 1.52 5.06 
0.01 0.06 12.72 1.29 2.95 10.2 
0.02 0.10 9.95 2.20 1.42 4.99 
0.03 0.04 4.69 1.00 1.86 6.71 
0.04 0.18 7.02 4.15 7.49 27.3 
0.05 0.03 15.93 0.633 4.84 18.0  
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Fig. 11. Z-scan open aperture curves.  
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� The non-linear trend of nonlinear refractive index and nonlinear 
optical absorption was found  
� The decrease in third-order susceptibility is found which is due to the 

effect of Nd3þ by enhance the polarizability of the glass system. 
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