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lasses with ultra-optical properties are most favored in all-optical 

communication devices, e.g. switches. Heavy polarizable Bi2O3 and 

PbO, in their high contents, have achieved the most high index of 

refraction and dispersion in oxide glasses, particularly in cooperation with 

relatively heavy glass conditional former, such as, TiO2. In this research, 

transmission and absorption properties of novel TiO2-Bi2O3-PbO (TBP) glass 

system were characterized by the spectrophotometry techniques in the near 

infera-red (2.5-10 µm) and ultraviolet/visible (0.25-1 µm) regions. The 

corresponding traces were explored with respect to the glass compositions. The 

Taus plot (method) was executed for the absorption coefficient (attenuation) 

measurements, and the subsequent related predictions in the uv/visible regions. 

Results indicated that TBP glasses claimed relatively appreciable absorption 

around, 7µm due to Ti-O bonds. Addition of TiO2 shifted transmission cut off and 

the related absorption peaks to higher wavelengths and broadened the 

absorption region. In the uv/visible region, addition of TiO2, as a conventional 

glass former, widened the transmission window in all by shifting attenuation to 

shorter wavelengths, where steeper absorption tails were observed. The overall 

attenuation in TBP glasses were more affected by Bi2O3 than PbO. Prog. Color 

Colorants Coat. 14 (2021), 67-78© Institute for Color Science and Technology. 
 

 

  

  

  

  

  

1. Introduction 

In all-optical communications, linear and non-linear 

optical properties, and in particular transmission and 

absorption are under prime consideration with respect 

to energy consumption and transmission limitation. 

The spectroscopy studies of transmission and 

absorption properties of optical glasses, in infra-red 

and UV/Visible regions, determines the media 

transmission characteristics and defines boundaries in 

the design of optical devices, particularly in 

applications concerning; optical fibers, all-optical 

switches, filters and etc. Since, in all-optical 

communication, transmission in infra-red regions, 

around 1.25 to 1.65 µm, was in the interest of optical 

fibers, attempts have been devoted to investigating 

desirable glasses with wide near infra-red (IR) 

transmitting windows. Fluoride, chalcogenide, 

phosphate based glasses are referred to IR transmitting 

glasses [1-4]. In the relevant all-optical communication 

systems concerning devices, such as; switches, ultra-

optical and the consequent third non-linearity 

properties of glasses, along with the low attenuation 

(absorption coefficient) in UV/Visible and near infra-

red (IR) transmission regions, are under particularly 
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considerations. In correspondence with the mentioned 

requirements, heavy atom oxides with suitable glass 

formers may be tailored to propose appropriate glasses 

for all-optical based devices [5-7]. 

In discrete spectrophotometry experiments for the 

different stable glass compositions, dependence of near 

infra-red (0.78-1000 µm) transmission and uv/visible 

(0.25-1 µm) absorption on ionic bonds and electrons 

configurations have been studied, in order to detect a 

desired transmission window in association with the 

optical properties. Generally, absorption property of 

glass is characterized by the Beer,s Law expression, 

where the absorption coefficient or attenuation η cm
-1

, is 

defined in the following equation (Eq. 1) [8]: 
 

�

��
 = e

-ηt
    (1) 

 

Where Io and I are the incident and transmitted 

intensities through glass of t (cm) thickness, 

respectively. 

Transmitted incident rays, in the infra-red region 

through a transparent glass, are normally absorbed by 

different resonances of constituting atomic bond 

vibrations, which can be bond stretching and bending. 

The latter acquire lower energy level. Resonance 

frequency decreases with the increase of; atomic sizes 

and weight, bond length, and ion coordination numbers 

in the glass network structure. Thus, heavy atoms 

bonded to oxygen, e.g., Pb-O and Bi-O, in comparison 

with small atoms, e.g., Si-O and B-O, tend to have 

lower absorption band frequencies or say longer 

wavelengths, [9-12]. However, ultra-violet absorption 

in glass as a transparent medium may occur, when the 

incident light rays are in resonance with the frequencies 

of electrons configured in the ions, constituting the 

glass [13].  

Referring to Babcock and Rawson [14-16] 

absorption can be considered as the imaginary 

component of refractive index variation with 

frequency, i.e., dispersion. Therefore, absorption may 

approaches maximum as dispersion increases. Urbach 

[17, 18] proposed an empirical relationship (equation 

2) between the uv/visible absorption coefficient 

(attenuation), η and the incident photon energy, E=hν, 

ν=1/λ, where, h is the planks number, and ν and λ are 

frequency and wavelength, respectively. 

 

η = Ae
[(E-Eg)/∆E]

 (2) 

 

After rearranging equation 2: 
 

ln(η) = E/∆E-[Eg/∆E-ln(A)] (3) 
 

Where, A is the proportionality constant, `Eg` is the 

band gap energy or optical gap which is the material 

dependent and is considered constant (3.5 eV or 

~1x10
5
cm

-1
), [19, 20]. It concerns the photon energy 

corresponding to uv absorption edge and is estimated 

by Tauc plot or method for a particular composition 

[19], and ∆E is referred to as the Urbach width. The 

latter is the material and temperature dependent and is 

considered constant. Hence, logarithm of the 

attenuation is expected to be in proportional to the 

incident photon energy, and is expected to vary linearly 

[21]. 

In these series of studies, attentions are drawn 

towards transmission and absorption characteristic 

behavior of highly content PbO and Bi2O3 heavy atom 

oxide glasses. These oxides are highly polarizable and 

acquire ultra-optical properties, in the favor of the 

above applications requirements. Absorption 

characteristic curve of these glasses in correlation with 

the optical properties, for instance the refraction and 

dispersion tend to move to longer wavelengths with the 

tail extended in the low spectra visible region of 

incident light. Since the above oxides cannot form 

glass alone, TiO2, as a conditional glass former may be 

added, in order to make stable glass. TiO2 introduces 

relatively high proportion of oxygen, as a strong anion, 

which induces structural distortion and causes high 

polarizable states in the glass network. Generally, the 

glass network polarization is particularly enhanced, 

when the probability of the non-bridging oxygen is 

expected to rise with the oxygen population. In 

addition, Ti
4+

 in comparison with other glass formers is 

heavier and larger, and so demanding higher 

polarisability [22, 23]. Thus, TiO2 could compromise 

polarisability effects of the above heavy oxides on 

achieving the ultra-optical properties of the tailored 

glasses, when are substituted by TiO2. 

Correspondingly, TiO2 is a high photon energy 

absorber and would act as a photo-catalyst, in relation 

to ultra-violet light in different applications, [24, 25].  

 

 

 



Transmission and Absorption Properties in the Novel Ultra-optical TiO2-Bi2O3-PbO Glass System 

   Prog. Color Colorants Coat. 14 (2021), 67-78 69 

2. Experimental 

Different batches of TiO2, Pb3O4 and Bi2O3 of 99.9 wt 

% purity were prepared by tumbling in a mixing jar for 

three minutes. Referring to TiO2-Bi2O3-PbO (TBP) 

ternary phase diagram in [22]. The melting processes 

were consistence and performed continuously in 

separate covered α-alumina crucibles heated at a 

maximum temperature 1100 
o
C for half an hour along 

with agitation. Suitable stable glasses for the 

spectrophotometry tests were attained around the 

eutectic and peritectic regions, (Table 1). 

Homogeneous glass samples, free from any cracks, 

inclusions or any defects, were chosen. Parallel-sided 

slabs of about 1±0.05 mm thickness were cut, ground 

and polished with SiC powders (200, 450 and 600 

meshes) and cerium oxide power of particle size 0.35 

µm in liquid paraffin, consecutively. Finally, 

appropriate specimens, with uniform, smooth and 

cleaned surfaces, were shaped and prepared for the 

spectrophotometry experiments. Perkin Elmer 683 and 

330 Spectrophotometers were employed for infra-red 

transmission set in the spectrum ranges of 

wavenumbers (inverse of wavelength) between 4000 

and 500 cm
-1

. Figure 1 presents an example of the trace 

of the infra-red spectrophotometer, corresponding to 

the glass sample, in Table 1, 20TiO2-10Bi2O3-70PbO 

(20TBP70).  

 

3. Results and Discussion  

The IR traces for the stable TiO2-Bi2O3-PbO glasses 

have been similar and displayed two absorption peaks 

at wavenumbers (1/λ) shown in Figure 1 and Table 1. 

 

 
Figure 1: Infra-red spectrophotometer traces of 20TBP70 glass. 

 

Table 1: Measurements of transmission cut-off and absorption peaks positions in infra-red transmission curve for TiO2-

Bi2O3-PbO (TBP) glasses. 

No. Sample Compositions, mole% 
OH absorption 

peak, cm-1 

Transmission 

cut-off, cm-1 

Absorption 

peak, cm-1 

1 5TBP60 5TiO2-35Bi2O3-60PbO 3108 1401 1345 

2 5TBP70 5TiO2-25Bi2O3-70PbO 3108 1451 1370 

3 10TBP50 10TiO2-40Bi2O3-50PbO 3129 1362 1303 

4 10TBP60 10TiO2-30Bi2O3-60PbO 3143 1412 - 

5 10TBP70 10TiO2-20Bi2O3-70PbO - 1407 1325 

6 15TBP55 15TiO2-30Bi2O3-55PbO 3129 1371 1229 

7 20TBP70 20TiO2-10Bi2O3-70PbO 3129 1263 1143 
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The relatively shallow peak 1 observed in Figure. 1, 

corresponds to the -OH absorption band. It is ascribed 

to the presence of low water entrapped impurity, 

existing in the glass samples. In the plot of -OH 

absorption peak against TiO2 content, (Figure 2), the 

shift and depth of -OH peaks of different compositions 

are not appreciable, yet it has apparently depicted a 

maximum around 10TBP50 and 15TBP55 glasses in 

which the oxygen concentrations in the glass network 

are the most. Correspondingly, the absorption 

resonances tend to lower frequencies (wavenumbers) 

TiO2 concentration. The second peak, which is 

composed of two overtone absorptions, may 

correspond to TiO4 and TiO6 [26], where the latter 

attributes to the lower frequency peak, i.e. in the region 

of 1100-1400 cm
-1

. 

In Figure 3 with the addition of TiO2, the major 

absorption peak, corresponding to TiO6, shifts to lower 

frequencies. This may be attributed to the increase of 

structural distortion effects on Ti-O, which can be 

imposed by the presence of large modifying cations, 

such as; Pb
2+

 and Bi
3+

. The appearance of a relatively 

steep cut-off edge with a weak shoulder, and its shift to 

lower frequencies is noteworthy, [27, 28], (Table 1). 

The trace shape of the transmission cut-off shoulder 

may suggest an impurity at low levels. Other 

possibility is that it can be an overtone band 

corresponding to Al2O3 impurities from the little 

dissolutions of the alumina crucibles, during melting 

process in glass sample preparation [29]. 

 

 
Figure 2: Effect of TiO2 content on the absorption OH peak shift concerning to the water impurity. 

 

 
Figure 3: Transmission cut-off and absorption peak variation with TiO2 content in TBP glasses. 
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In the plot of transmission cut-off and absorption 

peak wavenumber against the TiO2 content in mole 

percent, (Figure 3), the linear descending variations 

observed in the both curves, may be related to the 

replacement of Pb and Bi as large atoms with smaller 

Ti atom in the glass structure. The second absorption 

peak [26, 30], in correspondence with Pb-O or Bi-O 

bonds, tends to shift to lower wavenumbers (i.e., low 

photon energy state), because of the occurrence of 

structural distortion in the glass network. Moreover, the 

introduction of higher amount of strong Ti-O bond 

could induce more distortion in the neighboring heavy 

oxides, because the overall oxygen population in the 

glass network increases. Consequently, both 

coordination number and non-bridging oxygen are 

expected to rise. In addition, the widening differences 

observed between the transmission cut-off and the 

absorption peak wavenumbers suggest broadening of 

the absorption curve, which endorses the above 

explanations.  

The stable TBP glass samples in Table 1, were 

suitable enough to execute the ultra-violet/visible 

(UV/Vis) spectroscopy investigations [22, 26]. In order 

to study variation of absorption coefficient 

(attenuation) concerning the TBP glass system, the 

measured attenuations, η, are conventionally presented 

in decibel per kilometer, i.e., 10log10 (Io/I)/t dB/km in 

correlation with all-optical fiber and the related device 

applications [2, 3]. The plot of attenuation versus 

inverse of wavelength, 1/λ, as the proportionate to the 

incident light photon energy, i.e.E, (Figure 4), does not 

exhibit quite linear curves for the stable TBP glasses, 

as it is expected by the Urbach empirical equation [17, 

18] particularly in lower energy levels. 

Results from Figure 4 suggest that the linear least 

square regression values, R
2
 [31], in the curves 

decreases with the increase of the polarizable ions 

constituted in the glass structure. Figure 5 indicates that 

higher linear curves are expected from glasses with 

more TiO2 content, though it introduces more oxygen 

into the glass structure. Therefore, the real attenuations 

in low and high energy levels are in fact higher than 

that the Urbach empirical equation would predict. 

Generally, presence of the large atoms such as; Pb
2+

 

and Bi
3+

 in glass network, causes the structural 

distortion, and thus polarizability and so refractivity of 

the glass increases. Hence, glass refractive index rises 

and the related absorption edge tends to higher 

wavelengths in which the optical non-linearity 

becomes eminent [32, 33].  

 

 

Figure 4: Plot of attenuation against photonic energy in TBP glasses. 
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Figure 5: Increase of linearity in the curve deduced from the Urbach empirical equation with Ti

4+
 in the TBP glasses. 

 

Therefore, influence of large cations; Bi
3+

 and Pb
2+

, 

constituting TBP glasses, would shift the light 

absorption to lower energy levels by distorting the glass 

network, [34, 35]. There are many other factors could 

also enhance the above curves` non-linearity, which 

could be pertained to: `the samples thicknesses and their 

uniformity`, `poor sample surface smoothness`, glass 

inhomogeneity`, and `multiple reflections or light 

scattering due to the presence of different inclusions 

[36]. Attempts have been made to minimize the above 

effects by controlled melting period and stirring of the 

molten samples. Importantly, the preparations of 

moldings by consecutive grounding and polishing are 

vital, in order to obtain relatively uniform thin slabs (of 

about 1mm thickness). Moreover, in order to relief any 

possible stress relaxation, glass annealing process may 

be applied. Lastly, to minimize glass inhomogeneity and 

internal reflections effects, only narrow incident light is 

allowed to pass through the samples by covering the 

samples with aluminum foil pieces having a slit in the 

middle. 

Besides to, the above analogies concerning reasons 

for the non-linearity of curves in Figure 4, the effects 

of ultra-refractive index and dispersion properties of 

TBP glass samples in promoting interfacial reflection 

have been considered, (refer to the introduction). 

Rough estimations of absorption coefficient 

(attenuation) at long wavelengths have been measured 

by curves fitting to 1/λ→0, (Table 2). In the 

introduction section, constant, A and attenuation, η, are 

estimated as λ in the equation (3) tends to infinity, i.e., 

E=0, and ∆E can be measured from the extrapolation of 

the curves in Figure 4. In order to obtain the photon 

energy edge constant Eg, which is required in 

absorption measurements, Tauc plot method was 

executed [19], (Figure 6 and Table 2). 

 

Table 2: Prediction of attenuation tails at the minimum photon energy (as the wavelength approaches infinity) by 

uv/visible absorption traces and executing of Tauc plot method for TBP glasses. 

Sample 

Property energy 

constant, 

∆E(=1/λ)×104 cm-1 

Photon energy 

gap or edge 

Eg ×104 cm-1 

Attenuation, as λ→∞ 

η[=10log10(Io/I)/t]×10-2  

dB/km 

Wavelength, λ, at 

attenuation, η=105 

dB/km, Nm 

5TBP60 0.1048 1.758 2.0479 539.0 

10TBP50 0.1094 1.928 3.8388 535.5 

10TBP60 0.1075 1.807 2.4734 531.0 

10TBP70 0.0656 1.896 1.6904x10-5 518.4 

15TBP55 0.0903 1.823 5.6663x10-2 520.3 
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Figure 6: Estimating photon energy edge constant, Eg, for TBP glasses by employing Tauc plot (method). 

 

In Table 2, results which are corresponded to 

different wavelength, λ, are presented at the particular 

attenuation, i.e., 10log10 (Io/I)/x=10
5
 dB/km (number of 

decibels per length), in relation to the interest of 

absorption region concerning the all-optical 

communication devices, [37]. 

In an overall view, in an analogy concerning effects 

of the above heavy oxides and TiO2 on the TBP glass 

system, the results indicate that on the contrary to 

Bi2O3, as the PbO content relatively increases in total, 

the attenuations of TBP glasses becomes lower at 

shorter wavelengths, i.e., higher energy level, (Figure 

7). The low smoothness observed in the resulting plots 

are due to the existing differences in PbO and Bi2O3 

polarizations and their inconsistence substitutions in 

the glass formula, since, limited stable glass sample 

were available. 

In Table 2 and Figure 4, 10TBP70 glass in 

comparison with 10TBP60 and 10TBP50, exhibits a 

steeper curve, which suggests the appreciable 

attenuation in relatively shorter wavelengths in the 

visible regions around 550 nm. Correspondingly, in 

longer wavelengths i.e. lower photon energies, E, of 

the curve, the attenuation tends to lowest. Thus, 

10TBP70 glass with respect to its relative ultra-index 

of refraction at Na spectrum (nD~2.4) and high 

dispersion properties (Abbe Number~10), [32], can be 

a considerable candidate for non-linear optical 

applications, e.g., all-optical switching devices, [22]. 

These observations, in Figure 7, could be in 

contradictory to the effects of Pb
2+

, which claims larger 

cation radius and higher refractivity in the oxide form, 

in comparison with the effects of Bi
3+

, [32, 38]. 

However, it may be explained that in substituting Bi2O3 

for PbO, the population of a strong polarizing anion 

such as, O
2-

, which generally improves optical 

properties, reduces. On the other hand, addition of 

oxygen in the glass structure increases the cations 

coordination numbers and so, the population of non-

bridging oxygen. The both mentioned phenomena are 

demanded to stimulate the overall optical properties, 

[39, 40]. Therefore, the absorption band is expected to 

move to longer wavelengths in uv/visible regions. 

Moreover, when TiO2 is added to TBP glasses, along 

with O
2-

 anions, the population of Ti
4+

, as a relatively 

lower polarizable cation, increases in the glass structure 

too. It can have adverse effects in relation to other 

cations on the polarizability of the glass structure. 

Figure 8 depicts the reduction of the attenuation at 

infinite wavelengths with Ti
4+

 content in the TBP glass. 

Thus, it could be concluded that in correspondence 

with the increase of TiO2 in the glass composition, 

oxygen ions are increased in the network structure and 

subsequently, the reduction of attenuation, in longer 

wavelengths in the uv/visible region, is expected. In 

Figure 9, the curve deduced from the plot of the 

attenuation against the ratio of oxygen to cations, 

endorses this, i.e., oxygen as a strong polarizer 

normally increases the attenuation. 
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Figure 7: Effects of Bi

3+
 ions on the attenuation in long waves in comparison with Pb

2+
ions in TBP glasses. 

 
Figure 8: Overall decrease of attenuation in long wavelength with the Ti

4+
 content in TBP glasses. 

 
Figure 9: Increase of attenuation to a maximum in long wavelengths as oxygen ion fraction rises in the TBP glass 

structure. 
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However, the curve in Figure 9, suggets that the 

attenuation in long wavelength increases with oxygen 

fraction in the glass network, provided the relative 

amount of polarizable ions, such as, Bi
3+

 and Pb
2+

are 

not reduced in total. The observed maximum in the 

corresponding curve, due to the presence of sample 

15TBP55, in comparison with 10TBP60 and 10TBP50, 

may explain the compensating effect of Ti
4+

, which is 

substituting the highly polarizable cations. Therefore, 

the attenuation declines or shifts to shorter wavelengths 

(higher energy levels). 

In order to investigate the effective absorbed energy 

levels in related optical devices, the inverse of 

wavelengths at a particular attenuation in 

correspondence with the interest of the communication 

devices (all-optical switches), i.e., 10
5
 dB/km, are 

plotted against the content of polarizable oxides in the 

glass composition, (Figures 10, 11 and 12), [37]. The 

results indicate that at a particular attenuation of the 

interest, in the presence of relatively strong polarizable 

ions, addition of Ti
4+

 to the TBP glass network 

increases the required energy level, (Figure 10). 

Similarly, in Figures 11 and 12, Pb
2+

 tends to increase 

the required energy level, when comparing with the 

higher polarizable Bi
3+

 and O
2-

 ions. In Figure 12, the 

observed minimum region in the curve is attributed to 

the increase of O
2- 

in the glass structure along with 

Ti
4+

, which has the lowest polarizability in comparison 

with the other constituents in TBP glasses [22, 32]. 

 

 
Figure 10: The effect of heavy cations on photon energy level at particular attenuation, 10

5
dB/km in the TBP glass 

system. 

 
Figure 11: The effect of Ti

4+
 cation on photonic energy level at particular attenuation, 10

5
dB/km in the TBP glass system. 
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Figure 12: The effect of heavy cations on photonic energy level at particular attenuation, 10

5
dB/km in the TBP glass 

system. 

 

 

It should bear in mind that the observed scattered 

data`s in the above plots were partly due to the low 

consistancy in the stable glass formula, which were 

available.  

 

4. Conclusions 

The stable TBP glasses with the limited preparation, 

exhibited transmission between 0.55 to 7 µm, with 

absorption tails extended to below 0.55 µm. Steeper 

and linear absorption tails, in respect to the Urbach 

empirical equation, were observed in TBP glasses, 

which comprised relatively higher fraction of Ti
4+

 

cation in their compositions. Thus, increase of TiO2 

content in the TBP glasses widened the transmission 

window. In highly polarizable TBP glasses, the real 

attenuations, in very low and high energy levels, were 

higher than those predicted by the Urbach empirical 

equation, for which non-linear curves were observed. 

From the photon energy level point of view in all-

optical devices, concerning non-linear optics, e.g. 

switching, addition of Ti
4+

 increases the energy level in 

correspondence with attenuation in the uv/visible 

region, whereas, effects of O
2-

 on the energy level, 

despite its relative high polarity, was depended on the 

polarizability of the cation in the corresponding oxide, 

e.g. TiO2. In the substitution of Bi2O3 with PbO, in 

TBP glasses, when the population of both highly 

polarizable ions; O
2-

 and Bi
3+

 declined comparatively 

in total, the addition of PbO in relation to Bi2O3 had 

similar effects as TiO2 on the glass. From optimal point 

of view concerning low attenuation or low absorption 

in high energy states, sample 10TBP70 in comparison 

with other stable samples in TBP glasses, claimed the 

lowest structural polarisability, because in all, it 

comprised relatively lower O
2-

 and Bi
3+

. Consequently, 

it would relatively acquire lower optical properties, 

which could be a drawback to applications concerning 

optical non-linearity. Lastly, the investigations may be 

extended by introducing suitable modifying oxides, 

while maintaining the desired stable ultra-optical 

properties. . 

 

 

 

 

5. References 

1. A. Jha, Inorganic Glasses for Photonics, Wiley 

Malaysia, 2016, 261-310. 

2. Z. Chai, X. Hu, F. Wang, X. Niu, J. Xie, Q. Gong, 

Ultrafast All-optical Switching, Adv. Opt. Mat
s
., 5(2017), 

1-21. 

3.  F. Idachaba, D. U. Ike and O. Hope, Future Trends in 

5TBP60 10TBP50

10TBP60

10TBP70

15TBP55

1.83

1.86

1.89

1.92

1.95

1.24 1.27 1.3 1.33 1.36

1
/λ

( αα αα
a

l
P

h
o

to
n

 e
n

e
rg

y
, E

),
 1

0
4
cm

-1

O/(Ti+Bi+pb), mole fraction



Transmission and Absorption Properties in the Novel Ultra-optical TiO2-Bi2O3-PbO Glass System 
 

   Prog. Color Colorants Coat. 14 (2021), 67-78 77 

Fiber Optics Communication, Proc. World Cong. on 

Eng., WCE 2014, online, London, UK., I(2014), 1-5  

4. L. N. Dmitruk, S. K. Batygov, L. V. Moiseeva, O. B. 

Petrova, M. N. Brekhovskikh, V. A. Fedorov, 

Preparation and Properties of Heavy-Metal Halide 

Glasses, Neorganicheskie Mater., 43(2007), 887–890. 

5. J. P. Goure, Optics in Instruments, Wiley and Sons 

Pub., NY, 2011, 1-11, 95-135. 

6. J. M. Parker and H. Moghaddam, Some recent 

developments in glasses for nonlinear optics, Int. J. Elec., 

76(2007), 849-856.  

7. M. Abdel-Baki and F. El-Diasty, Glasses for photonic 

technologies, Int. J. Opts. Appl., 3(2013), 125-137. 

8. J. Wong and C. A. Angell, Glass structure by 

spectroscopy, Marcel Dekker Inc., 1976, 213-340, 707-

807. 

9. G. W. C. Kayes, T. H. Laby, Ionic radii, Properties of 

chemical bonds, Table of Physical and Chemistry 

Constants, Nat. Phys. Lab. (NPL), 2015. 

10. N. Turova, `Inorganic Chemistry in Table`, Springer, 

2011, 52-79 

11. J. Duffy, Relationship between cationic charge, 

coordination number and polarizability in oxidic 

materials, J. Phys. Chem. B, 108(2004), 14137-14141. 

12. V. Dimitrov, T. Komatsu, Classification of simple 

oxides: a polarizability approach, J. Solid State Chem., 

1(2002), 100-112. 

13. C. N. Banwell, Fundamentals of molecular 

spectroscopy, McGraw-Hill, London, 1966. 

14. H., Rowson, Properties and applications of glass, 

Glass Science and Technology 3, Elsevier, NY, 1984, 

156-236. 

15. C. L. Babcock, Silicate glass technology method, 

Wiley-Inter-science, 1977. 

16. T., Maeder, Review of Bi2O3 based glasses for 

electronics and related applications, Int. Mat. Rev., 

58(2013), 3-40. 

17. F. Urbach, The long-wavelength edge of 

photographic sensitivity and electronic absorption of 

solids, APS J. Phys. Rev., 92(1953), 1324-1326. 

18. I. Studenyak, M. Kranjčec, M. Kurik, Urbach rule in 

solid state physics, Int. J. Opt. and Appl., 4(2014), 76-83. 

19. B. D. Viezbicke, S. Patel, B. E. Davis, D. P. Birnie, 

Evaluation of the tauc method for optical absorption edge 

determination: ZnO thin films as a model system, Phys. 

Status Solid, B 252(2015), 1700-1710 

20. A. Escobedo-Morales, I. I. Ruiz-Lopeza, M. deL. 

Ruiz-Peralta, L. Tepech-Carrillo, M. Sanchez-Cantua, J. 

E, Moreno-Orea, Automated method for the 

determination of the band gap energy of pure and mixed 

powder samples using diffuse reflectance spectroscopy, 

J. Heliyon, online, Elsevier, 5(2019), eo1505. 

21. J. M. Parker and A. B. Seddon, Infrared transmitting 

optical fibers, in High Performance Glasses, eds. M. 

Cable and J. M. parker, Blackie, Canada, 1992, 252-284 

22. H. Ahmadi Moghaddam, Formation and stability of 

glasses with ultra-optical properties in TiO2–Bi2O3–PbO 

system, Glass Phys Chem., 5(2017), 404–409. 

23. S. Karlsson, L. G. Bäck, P Kidkhunthod, K 

Lundstedt, L Wondraczek, Effect of TiO2 on optical 

properties of glasses in the soda-lime-silicate system, 

Opt. Matls Exp., OSA, 6(2016), 1198-1216. 

24. K. Hashimoto, H. Irie, A. Fujishima, TiO2 Photo-

catalysis: A historical overview and future prospects, 

Japanese J. Appl. Phys., 44(2005), 8269–8285. 

25. A. Fujishima, X. Zhang, D. A. Tryk, TiO2 photo-

catalysis and related surface phenomena, Surf. Sci. Reps., 

63(2008), 515-582. 

26. D. R. Brezinski, An infrared spectroscopy atlas for 

the coatings industry, Federation of Societies for Coating 

Technology, Chicago, 1991. 

27. T. Kokubo, M. Nishimura, M. Tashiro, IR 

transmission of (R2O or R`O)-(TiO2, Nb2O5 or Ta2O5)-

Al2O3, J. Non-Cryst. Sol., 1(1976), 125-133. 

28. Q. Chen, Q. Wang, Q. Ma, H. Wang, Structure, 

spectra and Faraday rotation in TiO2 doped diamagnetic 

PbO-Bi2O3-B2O3 glasses, J. Non-Cryst. Solids, 

464(2017), 14-22. 

29. W. H. Dumbaugh, Heavy metal oxide glasses 

containing Bi2O3, Phys. Chem. Glasses., 23(1986), 119-

123. 

30. P. J. Worsfold, E. A. G. Zagatto, Spectrophotometry 

overview, encyclopedia of analytical science, module in 

chemistry, molecular sciences and chemical engineering, 

Elsevier, 2019, 244-248. 

31. J. L. Devore, Probability and Statistics for 

Engineering and the Sciences, MA: Cengage Learning, 

Boston, US, 2011, 508–510. 

32. H. Ahmadi Moghaddam, Dispersion and nonlinearity 

in ultra-optical Ga2O3 and TiO2-Bi2O3-PbO glass 

systems, Prog. Color Colorants Coat, 11(2018), 179-

191. 

33. V. Dimitrov, T. Komatsu, An interpretation of optical 

properties of oxides and oxide glasses in terms of the 

electronic ion polarizability and average single bond 

strength (review), J. Uni. Chem. Tech. Metal., 45(2010), 

219-250. 

34. H. Ahmadi Moghaddam, Study of stable gallium 

oxide heavy metal (Ga2O3-Bi2O3-PbO) system glasses 

proposed as a base for optically noble glazes and 

enamels, Prog. Color, Colorants Coat., 3(2014), 201-

212.  

35. H., Ahmadi Moghaddam, Tailoring and fabrication of 

ultra-dispersive glasses for novel coatings, 1
st
 int. and 2

nd
 

nat. conference on color science and technology, Iran, 

2006, 333-341 

36. I. M. G. dos Santos, R. C. M. Moreira, A. G. de 

Souza, R. Lebullenger, A. C. Hernandes, E. R. Leite, C. 

A. Paskocimas and E. Longo, Ceramic crucibles: a new 

alternative for melting of PbO-BiO1.5-GaO1.5 glasses, J. 

Non-Cryst. Solids, 319(2003), 304-310. 

37. J. M. Senior, Optical fiber communications principles 

and practice, Prentice Hall International, UK. Ltd., 

(1985), 62-110. 

38. I. Fanderlik, Optical property of glass, Glass Sci. & 

Tech., Elsevier Amsterdam, 1983, 19-179. 

39. H. Ahmadi Moghaddam, Preparation of ultra-

dispersive glasses for designing novel coatings, Prog. 



 H. Ahmadi Moghaddam  

78 Prog. Color Colorants Coat. 14 (2021), 67-78  

Color Colorants Coat., 2(2009), 7-21. 

40. H. Ahmadi Moghaddam, Fabricating, determining 

stability and study of optical properties of novel glazes 

based on Nb2O5, La2O3 and PbO-B2O3 glass systems, J. 

Color Sci. Tech., 8(2014), 47-57. 

 

 

 

How to cite this article: 

H. Ahmadi Moghaddam, Transmission and Absorption Properties in the Novel Ultra-

optical TiO2-Bi2O3-PbO Glass System., Prog. Color Colorants Coat., 14 (2021), 67-78. 

 
 

 


