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ABSTRACT 
Glasses with composition of 70TeO2-20ZnO-10Na2O-0.5Er2O3-(x) Au where x=0.0, 0.1, 0.3 and 0.4 mol% are synthesized 
via melt-quenching technique. Optical characterization is performed using UV-Vis spectroscopy. Ten absorption peaks are 
evidenced at 379 nm, 406 nm, 443 nm, 452 nm, 489 nm, 522 nm, 544 nm, 653 nm, 800 nm and 975 nm correspond to Er3+ 
transitions of 4I15/2→4G11/2, 4I15/2→2H9/2, 4I15/2→4F3/2, 4I15/2→4F5/2, 4I15/2→4F7/2, 4I15/2→2H11/2, 4I15/2→4S3/2, 4I15/2→4F9/2, 
4I15/2→4I9/2 and 4I15/2→4H1/2, respectively. Direct band gap (Edir), indirect band gap (Eindir) and Urbach energy (EU) are 
estimated to be 3.403-3.420 eV, 3.131-3.198 eV and 0.152-0.180 eV respectively. The Edir, Eindir and EU parameters vary as 
gold nanoparticles (Au NPs) are incorporated into glass matrix and this leads to the generation of non-bridging oxygen, 
subsequently changing the structure of glass.  
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INTRODUCTION 

Tellurite glasses have some advantages over other types of glasses. They have relatively low 

phonon energy (≈750 cm-1), high refractive index (≈2.0), high solubility of rare earth ions, etc. (Żmojda 

et al., 2014; Lin et al., 2008). Tellurite glass is a conditional glass former and incorporation of glass 

modifiers like rare earth metal oxide forms a stable glass (Parveen et al., 2016; El-Mallawany et al., 

2008). The incorporation of glass modifiers changes the structural and optical properties of the 

glasses (Sidek et al., 2015; Wang et al., 2009; Elkhoshkhany et al., 2014; El-Mallawany, 2000). 

 

Pure tellurite glass is made up of TeO4 trigonal bipyramidal (tbp) units with bridging oxygen. In 

TeO4 tbp unit, two oxygen atoms are in the axial site while the other two and a lone electron pair of 

tellurium are in three equatorial sites of the TeO4 tbp unit. The incorporation of modifier into pure 

tellurite glass leads to the rupture of TeO4 tbp, forming the TeO3+1 and/or TeO3 trigonal pyramid (tp) 

unit (Dimitriev et al., 1983; Yusoff et al., 2015). TeO3 unit has non-bridging oxygen. According to 

previous studies, modification in the glass structure leads to changes in direct optical band gaps, 

indirect optical band gaps and Urbach energy of glass (Dimitriev et al., 1983; El-Diasty et al., 2006; 

Jlassi et al., 2011; Sidek et al., 2009). In the present study, we investigate the effect of Au NPs on optical 

properties of the glass using small increment in the concentration of Au NPs. 

 

 

BACKGROUND THEORY 

Beer-Lambert law shows the amount of light absorbed by a material with thickness by 

comparing the intensity of transmitted light to intensity of incident light after the light passes 
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through the material. According to El-Mallawany (2000), the light is normally incident on the 

material surface in UV-Vis-NIR spectroscopy. Beer-Lambert law is given by: 

I

I

d

0ln
1

            (1) 

where   is absorption coefficient of the glass sample in the unit of cm-1, d  is thickness of the glass 

sample, 0I  is intensity of incident light, I  is intensity of transmitted light, and 
I

I0ln is absorbance 

(Ghoshal et al., 2015). 

 

Davis-Mott relation shows the relationship between the absorption coefficient of an amorphous 

material and photon energy of the incident electromagnetic wave, and also enables calculation of 

optical band gaps. Accordingly, Tauc plot derived from Davis-Mott relation gives the absorption 

coefficient of the glass as a function of photon energy for direct and indirect optical transitions 

(El-Diasty et al., 2006; El-Mallawany et al., 2008; Jlassi et al., 2011): 

 
 









n

optEA 
          (2) 

where A  is an energy-independent constant, optE  is optical band gap,   is photon energy, and 

n  is a constant which can be 1/2, 3/2, 2 or 3, depending on the type of optical transition. n  equals 

to 1/2 for allowed direct transitions, 3/2 for forbidden direct transitions, 2 for allowed indirect 

transitions, and 3 for forbidden indirect transitions. By changing equation (2) into equation (3), a 

direct optical band gap of each glass sample can be determined. To determine indirect optical band 

gap of the glass, equation (4) is used. 

  )(
2

optEA            (3) 

  )(
2/1

optEA   
    

    (4) 

where optE  is direct optical band gap for equation (3) when n  equals to 1/2, and optE  is indirect 

optical band gap for equation (4) when n  equals to 2. 

 

Urbach energy is a measure of the disorder of structure of the material. Urbach rule shows the 

exponential dependence of the absorption coefficient of a material on photon energy and enables 

calculation of Urbach energy. Urbach law gives exponential dependence of the absorption coefficient 

with photon energy given by equation (5) (Jlassi et al., 2011; Saritha et al., 2008; Soltani et al., 2016): 

  









UE





exp0          (5) 

where   is absorption coefficient as a function of photon frequency, 0  is a constant, UE  is 

Urbach energy, and f 2  is angular frequency of photon with f  (photon frequency) (Awang 

et al., 2013). By changing equation (5) into equation (6), this gives Urbach plot, and Urbach energy of 

each glass sample can be determined (Saritha et al., 2008). 

0lnln 


 
UE


         (6) 
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METHODOLOGY 

 

Sample Preparation 

Glass samples with composition 70TeO2-20ZnO-10Na2O-0.5Er2O3-(x)Au where x=0.0, 0.1, 0.3 and 

0.4 mol% were prepared by using melt-quenching technique. Table 1 shows the glass composition of 

respective glass. The glass ingredients were mixed thoroughly. They were put in a platinum crucible 

in a furnace at 900°C for 25 minutes, and then melted before pouring it into a brass mould. Next, the 

sample was put into an annealing furnace for 3 hours at 295°C to eliminate thermal and mechanical 

strains. The samples were gradually cooled down to room temperature before cutting and polishing 

prior to optical characterization. The bulk glass samples have a thickness of approximately 2 mm. 

 

Table 1. Glass compositions and glass codes. 

Glass codes Glass composition (mol%) 

TeO2 ZnO Na2O Er2O3 Au 

TZNE0.5 70 20 10 0.5 0.0 

TZNE0.5-Au 0.1 70 20 10 0.5 0.1 

TZNE0.5-Au 0.3 70 20 10 0.5 0.3 

TZNE0.5-Au 0.4 70 20 10 0.5 0.4 

 

Sample Characterization 

UV-Vis-NIR spectra are recorded by using Agilent Technologies Cary 60 UV-Vis 

spectrophotometer in the wavelength range of 300-1100 nm at room temperature. 

 

RESULT AND DISCUSSION 

 

UV-Vis-NIR Spectroscopy 

Figure 1 represents UV-vis absorption spectra of the glass samples with varying concentration of 

Au NPs. Ten absorption peaks and their corresponding erbium transitions are summarized in Table 

2. Addition of Au NPs does not change the positions of absorption peaks. This is likely because the 

concentration of Au NPs in the samples is very low (Dousti et al., 2015). 

 

 
Figure 1. UV-Vis-NIR spectra of glass samples with different concentration of Au NPs. 
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Table 2. Absorption peaks and their corresponding peak labels, peak positions and transition of Er3+ 

ion from the ground state to excited state of energy levels. 

Peak label Peak position (nm) Transition of Er3+ ion from ground 

state to an excited energy level 

References 

A 379 4I15/2→4G11/2 Anigrahawati et al., 2015 

Dousti et al., 2015 

Serqueira et al., 2013 

B 406 4I15/2→2H9/2 Anigrahawati et al., 2015 

Dousti et al., 2015 

Serqueira et al., 2013 

C 443 4I15/2→4F3/2 Mahraz et al., 2014 

Serqueira et al., 2013 

D 452 4I15/2→4F5/2 Baki et al., 2013 

Serqueira et al., 2013 

E 489 4I15/2→4F7/2 Awang et al., 2015 

Anigrahawati et al., 2015 

Ghoshal et al., 2015 

Serqueira et al., 2013 

F 522 4I15/2→2H11/2 Awang et al., 2015 

Anigrahawati et al., 2015 

Ghoshal et al., 2015 

Serqueira et al., 2013 

G 544 4I15/2→4S3/2 Anigrahawati et al., 2015 

Baki et al., 2013 

Dousti et al., 2015 

Dousti et al., 2015 

Serqueira et al., 2013 

H 653 4I15/2→4F9/2 Awang et al., 2015 

Anigrahawati et al., 2015 

Ghoshal et al., 2015 

Serqueira et al., 2013 

I 800 4I15/2→4I9/2 Awang et al., 2015 

Anigrahawati et al., 2015 

Ghoshal et al., 2015 

Serqueira et al., 2013 

J 975 4I15/2→4I11/2 Awang et al., 2013 

Anigrahawati et al., 2015 

Ghoshal et al., 2015 

Serqueira et al., 2013 

 

Table 3 shows the variation in direct optical band gap, indirect optical band gaps and Urbach 

energy with increasing concentration of Au NPs. Figure 2(a) is a Tauc plot for determining the direct 

optical band gaps of the glass by using equation (3). Figure 2(b) shows that direct optical band gap of 

each glass sample is calculated by firstly extrapolating a straight line from the linear part of the Tauc 

plot until the straight line intersects with the photon energy axis where (αħω)2=0 and subsequently 

calculating the gradient and y-intercept of the straight line (El-Diasty et al., 2006; Jlassi et al., 2011). 

The direct optical band gap equals to 
gradient

intercept-y
 . Figure 2(c) shows the variation in direct optical 
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band gap with the addition of Au NPs in the glass samples. Upon addition of 0.1 mol% of Au NPs 

into the glass, direct optical band gap increases from 3.409 eV to 3.420 eV due to structural 

rearrangement of glass structure (Fatimah et al., 2014). This increase in direct optical band gap is also 

due to strengthening of covalency of oxygen ions, and change in oxygen bond strength in the glass 

structure as Au NPs are added. In other words, the excited electrons are tightly bound to bridging 

oxygen (BO) than NBO (Ahmadi et al., 2017). However, further addition of Au NPs from 0.1 to 0.4 

mol% leads to the decreasing of direct optical band gap to 3.403 eV due to the creation of 

non-bridging oxygen (NBO) which changes the glass structure (Awang et al., 2013; Ghoshal et al., 

2015; Soltani et al., 2016). Furthermore, low bonding energies of NBO also decrease the direct optical 

band gap (Yusof et al., 2015). 

 

Table 3. Direct optical band gap (Edir, eV), indirect optical band gap (Eindir, eV) and Urbach energy (EU, 

eV) of each glass sample with different concentration of Au NPs. 

Glass codes Edir Eindir EU 

TZNE0.5 3.409 3.151 0.173 

TZNE0.5-Au 0.1 3.420 3.198 0.152 

TZNE0.5-Au 0.3 3.418 3.190 0.154 

TZNE0.5-Au 0.4 3.403 3.131 0.180 

 

 

 

Figure 2. (a) Tauc plot for allowed direct transition; (b) TZNE0.5-Au 0.3 graph for calculating direct 

optical band gap; and (c) variations of direct optical band gap with varying concentration of Au NPs. 
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Figure 3(a) is a Tauc plot for determining indirect optical band gaps of the glass samples by using 

equation (4). Figure 3(b) is an example to show that indirect optical band gap of each sample is 

calculated by firstly extrapolating a straight line from the linear part of the Tauc plot until the straight 

line intersects with x-axis and then calculating the gradient and y-intercept of the straight line 

(El-Diasty et al., 2006; Jlassi et al., 2011). The indirect optical band equals to 
gradient

intercept-y
  when 

(αħω)1/2=0. Figure 3(c) depicts the variation in indirect optical band gap with increasing the 

concentration of Au NPs. The addition of 0.1 mol% Au NPs leads to the increase in the optical band 

gap from 3.151 eV to 3.198 eV due to structural rearrangement (Fatimah et al., 2014). This increase in 

indirect optical band gap is also due to strengthening of covalency of oxygen ions, and change in 

oxygen bond strength in the glass structure upon addition of Au NPs (Ahmadi et al., 2017). In 

addition, the incorporation of Au NPs decreases the number of NBO and then makes glass structure 

more compact (Samanta et al., 2017). Nevertheless, increasing the concentration of Au NPs from 0.1 

mol% to 0.4 mol% causes the indirect optical band gap to decrease from 3.190 eV to 3.131 eV due to 

the creation of NBO by the addition of Au NPs via conversion from TeO4 tbp (trigonal bi-pyramidal) 

to TeO3 tp (trigonal pyramidal) units, and low bonding energies of NBO (Ghoshal et al., 2015; 

Samanta et al., 2017; Soltani et al., 2016; Yusof et al., 2015; Yusoff et al., 2015).  

 

   

 

Figure 3. (a) Tauc plot for allowed indirect transition; (b) TZNE0.5-Au 0.3 graph for calculating 

indirect optical band gap; and (c) variations of indirect optical band gap with varying concentration 

of Au NPs. 
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Figure 4 (a) shows the Urbach plot for determining Urbach energy of each sample by using 

equation (6). Figure 4(b) is an example to show that Urbach energy is calculated by extrapolating a 

straight line from the linear part of the Urbach plot until the straight line intersects with photon 

energy axis where ln α=0 after calculating the gradient of the straight line (El-Diasty et al., 2006 ; Jlassi 

et al., 2011). Urbach energy is reciprocal of the gradient of the straight line, i.e. 
gradient

1
. Figure 4 (c) 

shows the variations of Urbach with varying concentration of Au NPs. Adding 0.1 mol% of Au NPs 

into the glass decreases the Urbach energy from 0.173 eV to 0.152 eV due to structural rearrangement 

of glass structure and this leads to decrease in disorder of the glass structure (Fatimah et al., 2014). 

Further addition of Au NPs increases the Urbach energy from 0.154 eV to 0.180 eV because this 

causes the creation of non-bridging oxygen in the glass structure and hence the increase of the 

disorder of the glass structure (Ghoshal et al., 2015; Awang et al., 2013; Rivera et al., 2016; Yusoff et al., 

2015). 

 

   

 

Figure 4. (a) Urbach plot of glass samples; (b) TZNE0.5-Au 0.3 graph for calculating Urbach energy; 

and (c) variations of Urbach energy with varying concentration of Au NPs. 

 

 

CONCLUSION 

The effect of changing the concentration of Au NPs on band gaps and Urbach energy of 

erbium-doped tellurite glass was studied. The addition of more Au NPs in the glass causes initially 

increase in band gaps and decrease in Urbach energy due to structural rearrangement of the structure 
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of the glass. Further increase in the concentration of Au NPs in the glass leads to the reduction in 

band gaps and increase in Urbach energy due to increasing disorder of glass structure via the 

creation of non-bridging oxygen by Au NPs to change the structure of the glass. 
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