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Abstract – Erbium doped lead bismuth borate glasses with 

the composition60PbO-20B2O3-(20-x)Bi2O3-xEr2O3; where x 

= 0, 0.5 and 1.0 mol% have been prepared by melt quenching 

technique. Structural and optical properties of the prepared 

samples were studied using X-ray diffraction (XRD), Optical 

absorption spectroscopy and FTIR spectroscopy. XRD studies 

confirmed the amorphous nature of the prepared glass 

samples. Optical absorption studies showed presence of 

various absorption bands attributed to 4f-4f transitions of Er3+ 

ions from the ground (4I15/2) state to the excited states at 488 

nm (4F7/2), 521 nm (2H11/2), 545 nm (4S3/2), 652 nm (4F9/2), 798 

nm (4I9/2), 980nm (4I11/2)  and 1510 nm (4I13/2). FTIR spectra 

revealed the presence of PbO4, BO3 and BO4 units in PBBE 

glasses are evident from infrared spectral studies 
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1.INTRODUCTION 

Since about 40 years, rare earth ions like Er3+ have 
attracted much interest as luminescence centers in crystals as 
well as in glasses [1 ,2]. Presently, special attention is paid to 
erbium due to its emission band at 1.53 μm which makes it an 
ideal element for applications in the field of optical data 
transmission (erbium-doped fiber amplifier). In all trivalent 
RE activator ions Er3+ is widely popular owing to its NIR 
emissions at ~0.85 mm(4S3/2/4I13/2), ~1.25 mm (4S3/2/ 4I11/2), 
~1.53 mm (4I13/2/ 4I15/2), and ~1.7 mm (4S3/2/ 4I9/2), and MIR 
emissions at ~2.8 mm (4I11/2/4I13/2), ~3.3 mm (4S3/2/4F9/2), and 
~3.5 mm (4F9/2/ 4I9/2) including upconversion luminescence at 
~0.66 mm (4F9/2/4I15/2), ~0.55 mm (4S3/2/ 4I15/2), and ~0.525 
mm (2H11/2/ 4I15/2) [3].  

In all distinct kinds of oxide glasses, borate is familiar as a 
typical network former owing to its favorable traits like large 
glass formation tendency, lesser fusion heat, higher bond 
strength, better thermal and mechanical stabilities, small 
cation size, reasonable RE ion’s solubility, and better optical 
transparency [4, 5]. In recent times, glasses containing heavy 
metal oxide network formers doped with luminescent 
lanthanide ions have attracted a considerable interest due to 
their low vibrational frequencies [6], which cause the non-
radiative relaxation from the exited states of the dopant ions to 
be inefficient 70]. This can lead to interesting applications for 
the development of optical devices requiring high emission 
quantum yields, such as solid-state lasers and optical 
amplifiers [8]. On the other hand, glasses containing heavy 
metal oxide network formers and/or modifiers exhibit 
interesting non-linear optical properties. After optical/thermal 
poling we can find applications for NLO devices. In the case 
of Ln3+ doped materials, these properties could lead to the 
possible development of self-frequency-doubling lasers. 

In this investigation, lead bismuth borate glasses doped 
with erbium ions have been prepared. The XRD, optical 

absorption and FTIR spectra have been measured for the 
prepared samples and the results are discussed in detail. 

2. EXPERIMENTAL 

For the present study, glasses with the composition 60PbO-
20B2O3-(20-x)Bi2O3-xEr2O3; where x = 0, 0.5 and 1.0 mol%  
are chosenand the glass samples are labelled as PBBE0, 
PBBE0.5 and PBBE1, respectively. Appropriate amounts of 
AR grade reagents of PbO, H3BO3, Bi2O3 and Er2O3 powders 
were weighed by using digital electronic balance. All the glass 
samples were prepared by conventional melt quenching 
technique. 

The X-ray diffraction (XRD) spectra for all the glass 
samples were recorded using Rigaku MiniFlextable top X-ray 
diffractometer. The optical absorption spectra were obtained 
with the Perkin Elmer lambda 950 UV-VIS-NIR 
spectrophotometer at 350–2000 nm spectral span. The FTIR 
spectra of glass samples were recorded on a BRUKER 
OPTICS, TENSOR-27 infrared spectrometer in the range 4000 
- 400 cm-1.  For IR measurements, the glasses were pulverized 
and mixed with KBr in order to obtain thin pellets with a 
thickness of about 0.3mm.   

3. RESULTS AND DISCUSSION 

X-Ray Diffraction 

The X-ray diffraction spectra of all the prepared samples is 

shown in Fig. 1.  The samples prepared were free from visible 

inhomogeneities, such as inclusions, cracks or bubbles.  The 

diffraction patterns obtained have proved the vitreous 

character of these samples. 

 

Fig-1:XRD diffractograms of PBBE glasses. 
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Optical absorption 

Fig .2 depicts UV-Vis-NIR absorption spectra of prepared 

glass samples at 350–2000 nm spectral span.The spectra 

exhibited six absorption bands attributed to 4f-4f transitions of 

Er3+ ions from the ground (4I15/2) state to the excited states at 

488 nm (4F7/2), 521 nm (2H11/2), 545 nm (4S3/2), 652 nm (4F9/2), 

798 nm (4I9/2), 980nm (4I11/2)  and 1510 nm (4I13/2) [9, 10].  

 

Fig-2: Optical absorption spectra of PBBE glasses. 

 

The transition energies obtained in the present glasses are 

similar to those measured in other glasses.  The intensities of 

all bands were found to increase with increase in the 

concentration of Er3+ ions. There is no significant shift is 

observed in the band positions. Here 4I15/2 → 4I13/2 transition 

shows both MD (magneticdipole) and ED (electric-dipole) 

contributions, and the rest of them all are ED only in nature. 

Moreover, in all transitions, 4I15/2 → 2H11/2 are proportionally 

very intense as they obey ∆S=0, |∆L| ≤ 2, and |∆J| ≤ 2 

selection rule as HS (hypersensitive) ones [11-13]. Usually, 

such HS transitions intensity varies considerably depending 

on Er3+ ion’s interaction strength with host matrix in a local 

environment that ultimately affects Ω2,4,6 (J-O parameters) 

magnitude. 

 

Fig-3: The (h)1/2 as a function of photon energy for the PBBE glasses. 

From the spectra it was observed that cut-off wavelength 

value increased with the addition of Er2O3. The absorption 

coefficient ‘’ below and near the fundamental absorption 

edge of each curve in Fig. 2 was determined, from the relation 

[14] 
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where ‘t’ is the thickness of each sample and  ln (I/I0) 

corresponds to absorbance.  Thus the data for Fig. 3 were 

obtained from the relation [15] 

( ) ( ) hvEhvconst opt /.
2

−=   ………………..   (2)     

where Eopt is the energy of the optical band gap and ‘hv’ is 

the photon energy of the incident radiation.  Since relation (2) 

can be readjusted to represent the linearity between (hv)1/2 

and (hv-Eopt), one can determine the optical band gap values 

from the curves representing (hv)1/2  as a function of the 

photon energy (hv) shown in Fig. 3.Thus the data obtained 

from Fig. 3.2 were fitted to the equation  

( ) ( )optEhvconsthv −= .
21

    ……………….. (3) 

for the linear regions of the curves in Fig. 3 by the method of 

least squares.  The Eoptvalues were determined by 

extrapolation of the linear region of the plots of (hv)1/2  

againsthv to (hv)1/2 = 0.  The values of Eopt obtained are 

given in Table 1. 

 

Fig-4: The ln () as a function of photon energy for the 

PBBE glasses. 

The logarithm of the absorption coefficient ‘’ was plotted 

as a function of the photon energy (hv) for various 

compositions of the glasses (Fig. 4).  The values of the Urbach 

energy (ΔE) were calculated by taking the reciprocals of the 

slopes of the linear portion in the lower photon energy region 

of these curves.  The values of ΔE for different compositions 

are given in Table 1. 

From the values presented in Table 1, it was observed that 

the decrease of optical band gap (Eopt) and increase in Urbach 

energy takes place with the addition of Er2O3. The presence of 

Er2O3 is likely modifying the structure of the glass, improving 

the connection between boron-oxygen tetrahedra or other 

structural components. As a modifier, Er3+ ions increase the 

concentration of non-bridging oxygens (NBOs) by creating 
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dangling bonds [16-19].  Such defects increase the degree of 

localization of electrons, thereby increasing the donor centers 

in the glass matrix. The presence of large concentration of 

these donor centers lowers the optical band gap and shifts the 

absorption edge towards high wavelength side as observed. 

Probably in this concentration range the erbium ions may take 

network forming positions with ErO4 structural units and 

alternate with BO4 units.  Such linkages may cause a decrease 

in the rigidity of the glass network and leads to the decrease in 

the optical band gap and increase in the Urbach energy as 

observed. The increase in Urbach energy is indicative of an 

increase in concentration of NBOs and disorder in the glass 

network.   

Table-1: Values of cut off wavelength, optical band gap 

and Urbach energy of PBBE glasses. 

S.No. 
Sample 

code 

Cut-off 

wavelength 

(nm) 

Eopt(eV) 

0.01 

ΔE (eV) 

0.001 

1 PBBE0 390 3.18 0.134 

2 PBBE0.5 400 3.10 0.139 

3 PBBE1 407 3.07 0.142 

 

Urbach energy that is generally interpreted as the width of 

tail of energy levels in the optical energy gap and is found to 

increase with temperature.  Highly crystalline solids show a 

very sharp absorption edge with small ΔE values.  Therefore, 

Urbach energy can be considered as a measure of disorder in 

amorphous and crystalline materials [19-21]. The higher the 

concentration of NBOs in the glass network, the smaller the 

optical energy gap and the greater are the Urbach energy 

values in borate glasses [22]. The increase in the Urbach 

energy is indicative of an increase in concentration of NBOs 

and disorder in the glass network. 

FTIR 

Fig. 5 shows the FTIR spectra of lead bismuth borate 

glasses doped with erbium ions in the range 1600-400         

cm-1.The FTIR spectra of PBBE glass system shows 

characteristic bands corresponding to the different vibration 

modes of the various functional groups present in the glass 

system. 

 

Fig-5: FTIR spectra of PBBE glasses. 

 Previous research reported that the transmission band of 

borate network is mainly active in only three spectral regions 

[23, 24]. The first band of borate network is located in the 

range of 1200–1600 cm−1. This correlates with the asymmetric 

stretching vibration of the B-O band in trigonal BO3 units 

[25]. The second band of borate network lies in the range of 

800–1200 cm−1 which corresponds to the stretching vibrations 

of B-O band in tetrahedral BO4 units. The third group of 

borate network is positioned in the range of 700 cm−1 which 

correlates to bending vibrations of B-O-B in trigonal BO3 

units. 

The FTIR spectra of lead bismuth borate glasses doped 

with erbium ions reveals the presence of active peaks around 

533, 615, 709, 896, 956 and 1246 cm-1. The band at ~533 cm-1 

can be attributed to the Bi-O bending vibration in BiO6 units 

[26] and also due to the presence of PbO4 structural units [27].  

The peak at 612 cm-1 is observed to be in the glass, which can 

be attributed to stretching vibrations of Bi–O bonds in BiO6 

[28, 29] and also may be due to the presence of ErO4 bending 

modes (Er– O–Er) [44].  

Table-2: Absorption bands and their assignments for FT-IR 

spectra. 

Wave number (cm-1) 
IR assignments 

PBBE0 PBBE0.5 PBBE1 

~533 ~533 ~533 
Due to the Bi-O bending 

vibration in BiO6 units. 

 ~612 ~612 ~624 
Due to the ErO4 bending 

modes (Er– O–Er) 

~709 ~709 ~707 

Due to the bending vibration 

of B–O–B linkages in the 

borate network and 

vibrations of PbO4 groups 

can also be associated with 

this band. 

~895 

~956 

~897 

~956 

~896 

~956 

Due to the B-O stretching 

vibration in BO4 units from 

di-borate groups and also 

this band may be due to 

vibration of strongly 

distorted BiO6 octahedral 

units. 

~1246 ~1246 ~1246 

Due to the B–O asymmetric 

stretching vibrations in BO3 

unit from pyro- and ortho-

borate groups. 

 

Many authors suggested that Bi2O3 in Bi2O3-B2O3 glasses 

can share in the structure in three different ways; it gives part 

of its oxygen to the boron to create a four coordinated state; it 

participates in the structure by forming BiO3 groups belonging 

to the pyramidal point group C3v; and it introduces some 

nonbridging oxygens. It was shown that Bi2O3 appears in the 

glass networks as deformed BiO6 units [30-31], both BiO6 and 

BiO3polyhedra [32] or only as BiO3 pyramidal units [33]. The 

most important condition for the existence of BiO3 polyhedra 

is the presence of a band at 830 cm-1 in the FTIR spectra [31, 

32]. The absence of this band in the FTIR spectra of the 

present glasses proves that Bi3+ cations are incorporated in the 

structure of glasses as only BiO6 octahedral units.Rare earth 

http://www.ijsrem.com/
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doped bismuth borate glasses present a relatively high rigidity 

of the vitreous host glass matrix. Thus, the presence of RE 

ions in the glass composition seems to influence the 

surrounding of the Bi3+ cations favoring the formation of the 

BiO3 units. The Bi3+ cations are incorporated in the network 

of these glasses as BiO6 units, while the boron atoms takes 

part in the glass network as BO3 and BO4 units [34-36].  

The band at ~709 cm-1 is due to bending vibration of B–

O–B linkages in the borate network and vibrations of PbO4 

groups can also be associated with this band [37, 38]. The B-

O stretching vibration in BO4 units from di-borate groups was 

observed at ~896, ~956 cm-1 [39] and also this band may be 

due to vibration of strongly distorted BiO6 octahedral units 

[26, 27]. The absorption band at ~1246 cm-1 was assigned to 

B–O asymmetric stretching vibrations in BO3 unit from pyro- 

and ortho-borate groups [40, 41].  

In borate glass, B2O3, possesses boroxyl ring structural 

arrangement located at 806 cm−1.However, this band 

disappeared after the glass formation which indicates the 

absence of boroxyl ring in the glass system. Furthermore, the 

trigonal BO3 and tetrahedral BO4 are taking place after the 

glass formation [43]. This is in agreement with the IR 

spectroscopy results, which detected a decrease in the 

intensity for four coordinated boron atoms BO4 than those 

three-coordinated ones of BO3 with increasing Er2O3 

concentration. The decrease of the BO4 groups with the 

addition of erbium oxide depends on the number of oxygen 

atoms and converted BO4 to BO3 groups and forms non-

bridging oxygen (NBO). In addition, erbium oxide may enter 

the network as a modifier, which affects the probability of 

BO4 formation, i.e. increase of Er2O3 concentration breaking 

up tetrahedral bonds of BO4 units and introduce coordination 

defects known as dangling bonds [41, 42]. 

4. CONCLUSIONS 

Optical properties of erbium doped lead bismuth borate 

glasses were studied. The X-ray diffraction (XRD) spectra of 

the glass samples show absence of sharp peaks.  The absence 

of sharp peaks confirms the amorphous nature of the prepared 

glass samples. FTIR spectra of the base glass and RE-doped 

glasses exhibit significantly characteristic vibrational bands 

due to combined vibrations of borate network and Bi–O 

vibrations. FTIR spectra revealed the presence of the various 

functional groups in the prepared glasses.Absorption spectra 

showed distinct extended Er3+ ion’s bands from UV to NIR 

region.  

The values of ∆E are consistent with the trend of Eopt 

values. The variations in the values of Eopt and ∆E can be 

understood in terms of the structural changes that are taking 

place in glass samples. The value of optical band gap (Eopt) 

reduced with increase in the concentration of Er3+ ions 

specifying higher NBOs creation over BOs in the glass 

structure. Overall, these results indicate that the studied 

glasses are potential candidates for laser and broadband 

amplifiers. 
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