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The versatility of graphene oxide (GO) as coating materials on the glass surface is a new 

revolution in the advanced glass era. In this work, GO liquid solution was prepared by 

using electrochemical exfoliation in an electrolyte solution assisted by different 

surfactants. Meanwhile, a glass series was prepared by using the conventional melt-

quenched technique. A low-cost and simple spray deposition technique was used to 

deposit the GO on the glass sample. The obtained glass series was denoted as GO coated 

TNd (NPs), meanwhile, the uncoated glass was labelled as uncoated TNd (NPs). The 

linear optical properties of GO coated TNd (NPs) glass series was determined using UV-

Vis spectrophotometer and utilizing the Lorentz-Lorentz equation to determine the value 

of polarizability. X-ray diffraction spectra revealed the amorphous structural 

characteristics of the glass series. The SEM morphological image revealed the variation of 

GO distribution on the glass surface due to the agglomeration and inhomogeneity of GO 

distribution on the glass surface. The homogeneity of GO distribution on the glass surface 

is negligible in this work as we focus solely on the effect of GO on glass properties. 

According to the observations, the value of GO-coated TNd (NPs) is in the range 3.4531- 

3.8549 Å and uncoated TNd (NPs) is in the range 2.709- 2.774 Å.  Meanwhile, the optical 

basicity value ranges from 1.220 to 1.262. These results demonstrate that the polarizability 

of oxide ions and optical basicity values of the GO coated TNd (NPs) glass series was 

higher than the uncoated TNd (NPs) glass. The metallization criterion for the GO-coated 

TNd (NPs) glass system is in the range of 0.3 < M < 0.4. Based on these results, the 

obtained glasses are promising in linear optical glass fibre. 
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1. Introduction 

 
The discovery and availability of nanomaterials such as graphene oxide (GO) have 

exceptional mechanical, electrical, thermal, optical, and physical characteristics [1]. The excellent 

properties of GO have been attracted the interest of many applications [2], [3] such as 

optoelectronics, supercapacitors, energy storage devices such as GO-based lithium rechargeable 
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batteries,sensor (biosensor) solar cells, catalysts, and photocatalysts [2]–[5]. GO is a hexagonal 

carbon structure composed of sp2 and sp3 hybridised carbon atoms, hydroxyl and epoxy 

functional groups in the basal plane, and a carboxyl group on the edges [6]. 

Neodymium-doped phosphate laser glass has been employed in a variety of commercial 

applications. However, due of the lack of durability, tellurite-based glass is used in laser host 

materials [7]. Glass materials with higher optical efficiency and refractive index [8] are desirable 

in laser application as it corresponds to higher absorption and emission cross-section. The 

solubility and compatibility of neodymium oxide with tellurite glass is really useful for the laser 

glass. Rare-earth may produce upconversion emission by excitation of two or more near-infrared 

photons. Because of the 4f-4f orbital interactions surrounding by host materials, the specialities of 

neodymium in glass may create strong spectral and emission lines. [9, 10]. 

The inclusion of GO as a coating material on the glass surface of rare-earth-doped 

tellurite-based glasses has been studied a lot in the last few years. [4], [11], [12]. Azlina et al. 

discovered that the presence of oxygen-containing functional groups in GO layers improved the 

optical characteristics of GO coated on rare-earth-doped tellurite glass surfaces for optical fibre. 

[12]. The combination of graphene oxide with tellurite glass is an excellent strategy for improving 

the optical characteristics of the tellurite glass network system, since GO is the best choice for 

producing high-quality glass coatings and would be highly beneficial for fibre optics applications 

[4]. Utilizing GO as a coating materials on glass surface has increased significantly the refractive 

index above n > 2.0. Therefore, these materials have high optical capabilities in fiber optic laser 

technology [11] and excellent to be used as fiber cores in optical fibers [4]. 

In this work, we investigate the role of the GO on the oxide ion polarizability, optical 

basicity, and metallization criterion of neodymium NPs doped tellurite glass system which has 

never been done before. Thus, the application of nanomaterials in new tellurite glass will provide a 

higher capability to develop more efficient fiber laser technology and nonlinear optical 

applications.  

 

 

2. Experimental method 
 

2.1. Glass preparation 

Using a low-cost melt-quenched process, a series of glass systems with the chemical 

composition (0.47(1-y))TeO2 + (0.2(1-y))B2O3 + (0.29(1-y))ZnO + (y) Nd2O3 (nanoparticles) with 

y = 0.01, 0.02, 0.03, 0.04 and 0.05 were prepared.The raw materials for all compounds were 

obtained from manufacture as follows, tellurite oxide (TeO2), (99.99% metals basis),  zinc oxide 

(ZnO), (99.99%, metals basis), boron oxide B2O3, (98.5%, metals basis)  neodymium oxide (NPs), 

Nd2O3 (99.9 %, 20-30nm Nanostructure and Amorphous Materials, Inc.). 

Firsly, all the chemical oxides were weighed using a high precision digital weighing scale 

with ±0.0001 g accuracy based on the computation from the chemical compositions of the glass. 

To obtain a homogenous mixture, the chemical mixture was stirred for 30 minutes using a macro 

spatula. The alumina crucible mixes were then placed in an electric furnace and warmed at 400 °C 

for 1 hour to eliminate the moisture content. The temperature of the furnace was increased to 900 

°C after the pre-heating procedure, and the heating process takes 2 hours. The cylindrical stainless 

steel mould was annealed in an oven at 300 °C for 1 hour. After 2 hours, the molten liquid was 

immediately quenched into a 400 °C pre-heated cylindrical stainless steel split mould.  

The sample was immediately moved to an annealing procedure that was maintained at 400 

°C for one hour before the furnace was switched off. The glass sample was made after the 

annealing procedure. After the annealing process, the glass sample was formed. The glass samples 

were polished using silicon carbide paper to achieve a flat and smooth glass surface for glass 

characterisation. 

 

2.2. Synthesis of GO and spray coating technique 

As illustrated in Figure 1, graphene oxide (GO) was synthesised using an electrochemical 

exfoliation technique with an ionic 0.1 mol SDS surfactant as an electrolyte solution, which 

intercalated graphite rods into a single sheet [13]. The synthesis of GO was discussed in our 



567 

 

previous works [11]. The resulting GO solution was coated on the glass surface using the spray 

coating procedure depicted in Figure 2. 

 

 

 
a)                                               b) 

 

Fig. 1. (a) Assemble the graphite rods as electrolysis process to synthesis the GO using electrochemical 

exfoliation method. The graphite rods were partially immersed in a prepared 0.1 M SDS  surfactant 

electrolyte and connected to a DC power supply at 7.0 V current. (b) 0.1M SDS-GO dispersion after 24 

hours. 

 

 
 

Fig. 2. Spray coating method on glass sample [11]. 

 

 

2.3. Characterization of the samples 

Figure 3 shows pictures of the glass samples, and their structural properties were assessed 

using the X-ray Diffraction PANanalytical's EMPYREAN diffractometer. At room temperature, 

the diffraction patterns were recorded in the theta range 10° < 2θ < 80° with a wavelength of λ= 

1.54060Å Cu-Ka at room temperature. The transmission band of each element in the glass systems 

was determined using an FTIR NEXUS Thermo 69000 Nicolet instrument. The spectra were 

collected in the 400-4000 cm-1 region. The surface morphology of graphene oxide on the glass 

surface was studied using the HITACHI model SU 8020 Field Scanning Electron Microscopy 

equipment. The optical characteristics of the GO coated TNd (NPs) glasses were measured at room 

temperature using a UV-Vis-NIR Spectrometer (PerkinElmer Model: Lamda 950) in the range 200 

–3000 nm of wavelength. 

 



568 

 

 
 

Fig. 3. A series of glass samples after the spray-coating method. 

 

 

 

3. Result and discussion 

 
3.1. X-Ray Diffraction 

X-ray diffraction analysis is a non-destructive method to define the existence of the 

crystalline phase in the material [14]. Figure 4 illustrated the diffraction pattern of the GO coated 

TNd (NPs) glass samples at 2θ angles in the range 20˚ to 80˚at room temperature. A broad hump 

with an absent sharp peak was observed between 20° to 35°, confirming that the glass samples are 

entirely amorphous following glass formation [7] and non-existence of a crystalline phase [15].  

 

 
 

Fig. 4. XRD diffraction pattern of GO coated TNd (Nps) glasses at various concentrations  

of neodymium molar ratio. 

 

 
3.2. Scanning Electron Microscopy (SEM) analysis 
SEM analysis was conducted to confirm the existence of the GO layer on the glass surface 

and analyze the distribution of GO. Figure 5 presents the  SEM image of the GO coated TNd 
(NPs) glasses. Thick aggregation and uniformity of GO were seen at a certain area of the glass 
surface. Inhomogeneous of the GO distribution is due to the the fast exfoliation process and the 
type of surfactant in electrolyte during GO synthesis [16]. A different concentration of surfactant 
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affected the agglomeration of GO on the glass samples [12]. The presence of the higher oxygen 
functional group is due to dispersed of GO sheet assisted SDS surfactant in the water-based system 
which extend the oxidation process. Based on the exfoliation process, various oxygen is attached 
to the GO structure [13] According to Kazi et al, GO structure is more agglomerate at the highest 
defect on basal structure [17]. As a consequence, inhomogeneous structure distribution are formed 
on glass surface as shown in SEM image at 10 000 magnification. 

 

 

 
 

Fig. 5 FESEM micrographs of GO coated TNd (NPs) glass surface  

at magnification x 10 000 magnification. 

 
 

3.3. Absorption spectra analysis 

The optical absorption spectra of GO coated TNd (NPs) glasses were presented in Figure 

6. XRD analysis revealed that the absorption spectra edges in glass samples are not strongly 

defined, indicating a non-crystalline/amorphous structure [18]–[20]. There are several peaks that 

emerge from the ground state (4I9/2) to the excited state. The properties of neodymium ions in the 

present glass matrix are indicated by these absorption bands. Transitions from from 2P1/2, 
4G5/2 + 

2D3/2 +
2K15/2), (

4G9/2), (
2K13/2 + 4G7/2), (

2G7/2 + 4G7/2), (
2H11/2), (

4F9/2), (
4S3/2 +

4F7/2), (
4F5/2 + 2H9/2), and 

(4F3/2) are observed around wavelengths of 432, 479,515, 528, 595, 630, 683, 756, 800 nm 

respectively [21]–[23]. Because of the f-f interaction of Nd3+ ions, the absorption spectra have 

numerous in-homogeneously widened bands. Furthermore, the intensity of the absorption band 

shows an increasing trend due to the increasing concentration of neodymium NPs [10]. 

 

 
 

Fig. 6. UV-Vis absorption spectra of GO coated TNd (NPs) glasses. 

2µm 

 

Thick agglomeration of GO 

GO 
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3.4. Energy band gap analysis 

Optical absorption analysis is a valuable method for determining the energy band gap of 

non-crystalline materials. [24].The indirect optical band gap was calculated from absorption 

spectra data by using Mott and Davis expression as follows [21]. 

 

α(ω) =  
β(ℏω−Eopt )

n

ℏω
                             (1) 

 

where β is a constant that must be zero, ħω is the incident photon energy, and n is the index 

number that determines the nature of the interband electronic transition. The absorption n = 1/2 

denotes an indirect transition that is allowed. 

Figures 7 depicts the Tauc’s plot of (αħω)1/2 for the GO coated TNd (NPs) indirect allowed 

transitions. Table 1 shows the results of extrapolating the curves to estimate the optical band gap, 

Eopt, of the glass series. Between 2.665 and 2.405 eV, the optical bandgap value of GO coated 

TNd (NPs) decreases. At 0.03 molar fraction, the value of indirect band gap is shown increased which 

is due to the influence inhomogeneous of GO distribution on the glass surface as confirmed in SEM 

analysis. Furthermore, the observed trend is the result of the formation of oxygen functional groups in 

GO layers during oxidation. The oxidation process is the main reason for the existence of high 

oxygen functional groups with localised П electrons [25]. Aside from that, the GO optical band gap 

is primarily influenced by the П and П* states [26]. The presence of localised finite-sized molecular 

sp2 clusters in the sp3 matrix will result in -electrons confinement in the GO. [11] 

 

 
 

Fig. 7. Indirect band gap (αħω)1/2 versus photon energy, ħω (eV) for GO coated TNd (NPs) glasses. 

 

 

Table 1. Indirect optical band gap (Eopt ), GO coated TNd (NPs). 

 

Nd (NPs) molar fraction, x Indirect band gap, eV 

0.01 

0.02 

0.03 

0.04 

0.05 

2.665 

2.355 

2.998 

2.442 

2.405 
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3.5. Oxide ion polarizability  

The computation of the polarizability of oxide ions αo
2-  is originally from the Dimitrov 

and Sakka equation which used energy band gap for simple oxide [27]. The polarizability of oxide 

ions can be obtained by following relationship between √Eg and 1- 
Rm

Vm
  and was described by 

Duffy and Ingram [28] for a large number of simple oxides from the following expression  

 

Eg = 20 (1 −
Rm

Vm
)

2

                                                (2) 

 

αo2−(Eg) = [
Vm

2.52
 (1 − √

Eg

20
) ∑ αi] (No2−)−1                                           (3) 

 

where αo
-2 (Eg) represent energy band gap based polarizability of oxide ions, ∑ αirepresent molar 

cation polarizability and No2−denotes the number of oxide ions in the chemical formula. The 

molar cation polarizability of Te4+, Zn3+, B+ and Nd3+ ions are αTe= 1.595 Å3, αzn = 0.283 Å3, αB = 

0.002 Å3, αNd = 2.546 Å3
. The calculated value of polarizability of oxide ions of GO coated TNd 

(NPs) and uncoated TNd (NPs) are plotted in Figure 8 and tabulated in Table 2 respectively.  

The lowest value of polarizability of oxide ions is found at 0.03 mol fraction. This trend 

may be due to the role of  zinc oxide in the glass system. Azlina et al, [10] stated that zinc oxide 

has a dual nature and serves as a modifier or former glass. According to Dimitrov and Komatsu, 

zinc oxide, Zn4+, has a large cationic charge with a strong unit field strength [29]. As a result, zinc 

oxide may behave like a former glass at 0.03 mol fraction resulting in a decrease in oxide ion 

polarizability [10]. The inclusions of small particles in tellurite network may contributes to the 

structural changes in the glass network that influence the oxide ion polarizability [30]. However, 

the type of link between oxygen and graphene gives a significant effect in the polarizability of 

oxide ions. 

The coating of GO on the glass surface consists of oxygen functional groups on the 

present glasses system which influence the value of oxide ion polarizability. The obtained data 

revealed that the GO coated TNd (NPs) value are high and in the range 3.4531- 3.8549Å, 

meanwhile, the uncoated TNd (NPs) glass is low and in the range 2.709- 2.774 Å [10]. It can be 

assumed from this pattern that the link between oxygen and graphene is stronger than the bond 

between oxygen and the glass network. As a result, it is doubtful that the oxygens in graphene 

layers are more polarizable. However, the non-linear trending in the plotted graph is due to the 

lack of homogeneity of GO distribution on the glass surface [4]. 

 

 
 

Fig. 8. Oxide ion polarizability versus molar fraction of GO coated TNd (NPs) and TNd (NPs) glasses. 

 

 

 

Table 2. Oxide ion polarizability of GO coated TNd (NPs) and TNd (NPs) glasses. 
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Molar 

fraction, x 

Oxide ion polarizability, αo2 

GO coated TNd (NPs) 

glasses 

Oxide ion polarizability, αo2 

uncoated TNd (Nps) glasses 

0.01 3.711 2.709 [10] 

0.02 3.854 2.717 [10] 

0.03 3.453 2.678 [10] 

0.04 3.686 2.690 [10] 

0.05 3.684 2.774 [10] 

 

 

3.6. Optical basicity 

The ability of the oxide ion to give electrons (negative charge) to the surrounding cation in 

the glass network is referred to as optical basicity. The theoretical bulk optical basicity multi 

component glasses can be determined from Duffy and Ingram equation as reported by [21], [29]. 

 

ꓥth = x1 ∧1+ x2 ∧2+ … xn ∧n                                 (4) 

 

where X1, X2…Xn is are equal fractions based on the quantity of oxygen contributed by each oxide 

to the overall glass stoichiometry, and ꓥ1, ꓥ2+ ꓥn are basicities that correspond to the individual 

oxides in the glass system. The relationship between polarizability of oxide ions and optical 

basicity proposed by Duff [30], [31] can be used to predict optical basicity. 

 

∧= 1.67 (1 −
1

α02−
)      (5) 

 

The obtained data of optical basicity for GO coated TNd (NPs) glasses are plotted in 

Figure 9 and tabulated in Table 3. The values of optical basicity vary in the range of 1.220 to 1.262 

for the present glass system. Figure 9 depicts the non-linear optical basicity distribution, which 

exhibits an increasing trend in optical basicity from 0.03 to 0.05 mole fraction. This difference can 

be attributed to the present glasses increased oxide ion polarizability as compared to uncoated TNd 

(NPs) glasses. 

However, the reduction value of optical basicity from 0.02 to 0.03 mole fraction is may be 

due to the agglomeration of graphene oxide on the glass surface, where the basal structure of 

aromatic carbon rings promotes a strong tendency for hydrophobic contacts between particles [17]. 

Moreover, the increasing trend of optical basicity may be due to ZnO which has a higher basicity 

value (0.82) than borate oxide (1.75) [32]. According to Azlan et al., [33], an increase in optical 

basicity indicates an increase in the ability of oxide ions to donate electrons to the surrounding 

cation. Additionally, as the polarizability of oxide ions increases, the optical basicity of the glass 

system increases [30]. As a result, a rise in optical basicity in the current glasses suggests an 

improvement in ionic characteristics. 
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Fig. 9. Optical basicity versus neodymium NPs molar fraction  of GO coated TNd (NPs)  

and uncoated TNd (NPs) glasses. 

 

 

Table 3. Optical basicity of GO coated neodymium NPs doped ZBT glasses. 

 

Neodymium 

Molar Fraction 

 

Optical basicity of GO 

coated TNd (NPs) glasses 

Optical basicity of 

TNd (NPs) glasses 

0.01 1.220 1.190 [10] 

0.02 1.236 1.190 [10] 

0.03 1.186 1.175 [10] 

0.04 1.217 1.173 [10] 

0.05 1.262 1.170 [10] 

 

3.7. Metallization criterion 

Calculating the metallization criterion value can be used to make predictions about 

metallic and non-metallic processes in glass systems. According to Dimtrov and Sakka [34], that 

two requirements represent the glass system's nature: a metallization criterion value less than one 

shows that the glass samples are metalizing, and a metallization criterion value near one indicates 

that the manufactured glass is an insulator [30].  The equation shown below [29], [35] can be used 

to compute the metallization criterion M value. 

 

M = 1 −
n2−1

n2+2
=  √

Eg

20
                    (6) 

 

Table 4 shows the computed values of the metallization criteria for GO TNd (Nps) glasses 

as well as the uncoated TNd (Nps) glasses. The metallization criterion for the present glass exhibit 

decreasing trend in the range 0.387 to 0.343, meanwhile, for uncoated TNd (Nps) glasses lies in 

the range 0.517 to 0.485 [10] respectively as shown in Figure 10. The diminishing trend in the 

metallization criteria for GO-coated TNd (NPs) glasses can be attributed to the effect of GO 

layers, which contain a high concentration of oxygenated functional groups, hence improving the 

optical performance of glass materials. The decreasing values of optical bandgap and the rise in 

the refractive index affected the metallization criterion value of the GO coated TNd (NPs) glasses 

[36]. From the literature, the obtained values show that the GO coated TNd (NPs) glass system 

glasses have a great deal of promise for use in laser and non-linear optical applications [30], [37], 

[38]. 

 
Table 4. Metallization criterion of GO- ZBT glasses, and metallization criterion  

uncoated TNd (Nps), [10]. 
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Neodymium 

Molar Fraction  

Metallization criterion,  

GO coated TNd (NPs)  

(present study ) 

Metallization criterion uncoated 

TNd (NPs), 

 

0.01 0.365 0.517 [10] 

0.02 0.343 0.514 [10]  

0.03 0.387 0.506 [10]  

0.04 0.349 0.501 [10]  

0.05 0.347 0.485 [10] 

 

 

 
 

Fig. 10. Metallization criterion versus neodymium NPs molar fraction of GO coated TNd (NPs) and 

uncoated TNd (NPs) glasses 

 

4. Conclusions 
 

As conclusion, polarizability of oxide ion, optical basicity and metallization criterion 

based on energy band gap have been calculated theoretically for the quaternary (0.47(1-y))TeO2 + 

(0.2(1-y))B2O3 + (0.29(1-y))ZnO + (y) Nd2O3 (nanoparticles) which fabricated by using the 

conventional melt-quenching method. The findings of this research are as follows: 

Deposited graphene oxide on glass surface consisting of the presence of oxygen functional 

groups on the present glasses system influence the value of oxide ion polarizability. The observed 

shown that the GO coated TNd (NPs) value higher in the range 3.4531- 3.8549Å than uncoated 

TNd (NPs) in the range 2.709- 2.774 Å.  

The increasing the polarizability of oxide ions give the increasing trend of optical basicity 

also due to the presence of the GO. The higher optical basicity gives the ability of oxide ions 

donor electron to surrounding cation. As a result, a rise in optical basicity in the current glasses 

suggests an improvement in ionic characteristics.Metallization criterion values of the GO-TNd 

(NPs) glass system in the range 0.3< M< 0.4 show that these glasses have a great deal of promise 

for use in laser and non-linear optical applications. 
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