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Effect of AL0; on the Optical and Physical 
Characteristics Of Cdo-Zno-B;O; Glasses 

Abstract 

Department of Physics, Universin College of Science, Omania University, Ilhyderabad-500007, Telangana, 

B.Sreenivas', P. Hima Bindu' 

Date of Submission: 06-09-2023 

A Glass composition of qualernany ovide constiuents of different Al,0: content with a composition (80-x) B:0; 
KALO,-10cÁO-10Zn0: (a-0 to 20 mol % with a step of 5 mol "%) was fabricated by conventional melt 
quenching method. The primary structural disorderness confirmed by X-ray diffraction analysis. The non 
cnsalline natre of the produced glasses were veriied as the absence of crystalline peaks in Xray difraclion 
spectra. The densiy of ihe glass System decreased from 4.410 g.cm to 3.138 g.cm'with the increase of 

AlOcontem. Optical absorption spectroscopic studies were carried out on the glass system. The Cut-off wave 
length (à) varied between 378 nm-500 nm vwhereas, the optical band gaps (Eg) decreased with the addition of 
Al,0; in the glass nenwork. The role of NBOs on the physical and optical properties was also discussed. 
Keywords: Density, N-ray diffiraction study. optical properties 

India 

Preparation of glasses 

I. Introduction 
B:0: bascd glasses arc of scientific and technical interest due to their low melting point, chemical 

durability, low cation size, thermal stability and high transparency. B:0; is an cxcellent glass former among 
various inorganic Oxides and it convert its units from BO; to B0, very casily whcn network modifiers like Al,O; 

ete. werc addcd to the borate host matrix B,0, based glass matrix undergocs the structural changes when alkali 
Oxides like ALO, and Ag:O are added which leads to the creation of non-bridging oxygens (NBOs)[ 1-3). The 
crystals and glassy materials containing borates, the boron atom is generally co-ordinatcd with cither three or 
four oxygcn atoms, that forms |BO:|pyramidal or |B0:] tetralhedral structural units which are fundamental. 

These |BO;] and |BO| units can randomly form either the supposed superstructure or B,0, structural 
groups like diborate, tetraborate, pcntaborate, boroxal-ring. Glasses incorporated with Zn and CdO are of 
particular attention various arcas of optical and clcctronics bascd materials |4-6]. Addition of Al,O; to a glass 
matrix causes cxcess negative charge and also influences the symmetry of glass nctwork. Al;0; containing 
borate glasses widely used for battery applications due to their higher order ionic conductivity |7-8]. Borate 
ulasses havc gaincd significant attention in recent ycars due to their unique optical and magncto-optical( MO) 
properties|9-10). In general, these glasses show high transparency of (UV) to the mid-infrared (MIR)spectral 
region, making them promising for optical applications such as fiber optics, amplifiers, and lasers 11-12].The 
other advantage of borate glasscs is thcir good glass-forming ability[ 13] and relatively casy preparation at mild 
temperatures 14). 

The density (p) can play a significant role on the structural variations duc to the addition of alkali. 
alkaline carth oxides into lhe borate giass network. It also explores the tightness of the glass structure. It closely 
associated with the co-ordination number of the atoms and dimensions of the glass network. Density related 
physical properties such as molar volune (Vm). nmolccular weight (M ), Oxygen packing density (OPD) ctc. have 
been caleulated and studied here. Optical absorption spectroscopy used to study the excited states of molecules 
or atoms. The prescnt papcr deals with the intluence of Al;O:on the physical and optical propertics of Cd0-Zn) 
containing borate glass system. The role of non-bridgng oNygens on the density related parameters and optical 
parameters have been discussed in the paper. 

DO: J0.9790/4861-1505012934 

Date of Acceptance: 16-09-2023 

II. Material And Methods 

ALO: added glasses with a chemical composition (80-x)B,0;-xAl;O;-10CdO-|0Zn0 (BACZ), where x 
valucs lies from ) to 20 mol% with 5 variation were synthcsized by rapid mclt-qucnch route. AR grade B;O1, 
CdO(Sipma), Zn0 (AR grade) and Al0; were taken lor preparalion of tlhe glass samples. About 15 grams of 
oxides powder arc taken in a crucible made of porcelain, and meltcd at 1250°C for lhr. The powder mclted and 

www.iosrjournals.org 29| Page 
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formed hquid. The liquid in the crucible was agitated/swirled frequcntly for Ihr to form a homogencous Iiqund 
mclt. The crucible wvith melt was Cmpticd on a steel plate which is at 250nd hard-pressed using another steel 
disc which is also at same temperatue which resulted in the format ion of plasses, The prepared ylassy smples 
werc anncaled at around 200°C for 24 hrs tor removal of thermal stress and strain and also to avoid crack tngg of 
glass samples. The glass samples thus obtained were good transparency The glass fornation was contirmed 
vith the transparency and uniformity. 

Characterisation of glasses 
Using Archimcdes' principle density mcasurenmens was carricd out on Vibra-|| analytical balance n which 
xylene uscd as immersion liquid with random error 0,002. UV-Vis-NIR spectra were rccorded on 
Spcctrophotometer (Shimadzu) in the rangc 200nm-1000nm vith spectral resolution 2nm for all the synthesized 
glasses and uncertainty is almost 0,S nm. X-ray diftraction speetra of the glasses rccorded on a PAN analytical 

X-pert PRO model diftractometer in the Bragg's angle range 10"-N0". 

X-Ray Iiffraction 
III, Results and Discussion 

The X-ray diffraction (XRD) analysis was performed on a specific set of glasses with varying 
compositions of (80-x)B,O1-xAl;O;-10CdO-10ZnO. The x values fixcd tor the samples were 0, S, 10, 1S and 20 
mol %. The results of the analysis are prescnted in Figure I, which shows the XRD pattens of all the glasses. 
The absence of sharp Bragg's peaks in the XRD pattems indicates that the glasses are anorphous in nature. This 
is because the XRD tcchnique is primarily uscd to identily crystalline structures, and the absence of any sharp 
peaks in the patterm suggests that thcre is no long-range order in the atomic arrangement of the glass. Theretore,. 
the glasses prepared in this study do not exhibit any erystallinc behavior and are contirmed to be annorplhous. 

Density, Molar volume and O0xygen Packing Density(OPD) 
The density of the prepared glasses in the present study was ncasured using Arehimedes principle. 

Figurc.2 illustrates how the density of BACZ glasses varies when B,O, is replaccd with modifier concentrations 
of AL0,. In (80-x)B,01-xAb0,-10CdO-10Zn0 glasses, the density decrcased with increasing Al:0 content 
The densily varies from 4.410g.cm'to 3.138 g.em'. This decrcase in density with the addition of Al;O can be 
attributcd to several factors: Firstly, ALO, hasa lower atomie weight compured to B01, CAO, and Zn0. 
Thercforc, the substitution of B,0; with Al;O leads to a decrease in the average atomic weight ot the glass, 
resulting in a lower density. Secondly, ALO; has a larger atomic radius compared to B:01, CdO, and Zn0 
|24,25|. This substitution leads to an incrcase in the average bond length betwveen atoms, which reduces the 
packing density of the glass and contributes to the overall deerease in density. l'inally. the incoporation of 

Al,O, into the glass network may also lead to the formation of voids or structural deteets in the glass, which can 
further contribute to the decrcase in density (26,27]. Overall, the decreasc in density wvith increasing Al;0: 
content in (80-x)B,01-xAl,0,-10CdO-10ZnO glasses can be attributed to a combination of these tactors, Nassar 
et al. [28| explored the impact of Aluminiunm ions on B:0,-A;O glasscs. They otbserved that substituting B:0; 
with Al,O, resultcd in a reduction in glass density, as the concentration of B0, groups decreascd and boroNol 
groups have formed. The introduction of aluminiunm ions into the B;O1glasses caused a shit in the structural 
units from BO, to BO, ultimately leading to a deerease in density. In the case of Al,O, series glasses, the 
experimental density decreascs with the addition ol modifiers while the molar volume increases. These glasses 
follow the general trend of molar volunne with density. llowever, in the case of BACZ glasses, density 
decreased and molar volume increased with an increase in Al;O, content. 

DO: TO,9790/48G1-1505012934 
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Figure I: XRD pattenis of BACZplass samples. 
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Table 1: Density, Molar volume and oxygen Packing density (OPD) of prescnt glasses 
GJass Compostion 

80 B,O,-10Cd0-10Zn) 

75 B,0,-5 AL) 19 Cd0-10 Zn0 

70 B,0,- 10 A,O,-10 Ca0-10 Zn0 

65 B,O,r 15 Al,0,-10 CAO)-10 Zno 

60 B,O,- 20 AL,0,-10 Cd0-10 Zn0 

Exp. Density (g/cc) 

46 

44 

42 -

40 -

38 

3.6 

34 

3.2 

30 

Optical Studies 
Cut off wavelength 

10 

20 

Molar weight 

76,67 

DO1: 10.9790/4861-1 505012934 

78 291 

79 90% 

10 

81525 

83 142 

Density 

(g.cm ') 
4410 

It is also possible lo find A,0,-B,0;-CdO glass compositions wherc both the density and molar 
volume dccrease with increasg Al,0, content. The changc in glass structure with increasing Al;0; content can 
again cause this bchavior. Jiao Ilan et al |29| investigated physical propcrtics of the calcium boro silica glasses a 
function of Al;0; content and observed that both glass density and molar volume decreases due to structural 
changes in the glasses. Ahmed et al., [30| reported physical properties of Al,0,-B,O,-CdO glasses. In that, as 
the Al,O, content incrcases, the glass structure shifts from a nctwork of B-0 and Cd-0 polyhedra to a network 
of Al-0 polyhedra, resulting in a decrcase in both density and molar volume. Singla ct al., (31| investigated the 
cffect of Al,O, content on thc propcrties of Aluninium borate glasses. They found that as the Al>O content 
increased from 0 to 50 mol%, the density of the glass decreased from 4.30 g/cm' to 4.02 g/cm'.In the present 
glasses, if the concentration of network modifiers increases, the oxygen packing density of oxygen atoms in the 
glass network may dccrcasc duc to changes in the local atomic arrangement and the bond1ng between atoms. 
This may lead to an incrcasc in the molar volume of the glass, as more free volume becomes availablc. All the 
physical parametcrs were shown in T'able.l 

Al,0, (mol%) 

(80-x)B,O,-KAl,0,-10Cd0-10Zno 

(BACZ) 

15 

3395 

349 

3231 

3.138 

Oxygen Packind density (g-atom/l) 

Molar volume ( m'Imol) 

Molar volune 
(m'/mol) 

17 39 

20 

23.06 

23 86 

25 23 

26 49 
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Figure 2: Density and molar volume of BACZ glasses 
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The cutoff wavelength is an important parameter in thc optical properties of glasses as it provides 
information about the transparency range of the material. The cutoff wavclength is crucial in the design and 
selection of optical components. By understanding the cutoff wavelength, one can choose glasses that are suitable 
for spceific applications. For instance, in ultraviolet (UV) applications, glasses with a low cutoff wavelength are 
preferred, while in intrared (Ik) applications, glasses with a high cuolf wavelength are desired. The cutoff 
wavelength can be deternined by identifying the point at which the absorplion decreases signi ficantly by drawing 
tangents in the absorption spcctra. 

98.13 

The following cquation was used to get the optical absorption co-efficient (v) at the fundamental absoption edge. 
a) = C)log log () 

Jere, incident and transnitted beam strengths are denoted by lo and I,, respcctively. d represents the glass 
samplc's thickncss in this casc. I.og (l/M) is an clement that matches absorbance. 
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In the glass conmposition (80-x) B,O1-xAb,0,-10CdO-10ZnO, the incrcase in cutoff wavclength from 
408.66 nnm to S00,02 nnn when the AlbO, content incrcases can be attributed to several factors, including changes in 
the electronic structure, optical properties, and the refractive index of thc glass |33|.The aldition of ALO; to the 
glass composition introduces different clements and their electronic structures. The encrgy levcls and clectronic 
transitions of AL), may conribute to the absorption properties of the glass at different wavelengths. As the Al;O1 
content increases, there could be a shift in the eneryy levels or clcctronic transitions, resulting in a change in the cut 
ofT wavelength |34), 

Figure.3 depicts the optical spectra. By plotting (ahv)" as a function of hv, where B is a constant rclatcd to 
the extent of the band tailing and hv is the incident photon energy, one can determine the optical cncrgy band gap L, for all clectronic transitions. The valuc of n, determines the type of transition |35|. Generally in glasses the type of transition is indircct allowed (n /2). The optical band gap encrgy E, is obtained by extrapolating the absorption 
cocfficient lo zero in the (ohv)" versus hv plots lor n 1/2. Figure.4 depicts Tauc plots showcasing the band gap 
energies of glasses comprising (80-x)B,0,-xAl,O-10CUO-10Zn0. 

Absorbance (a.u) 

Optical Energy band gap 

X20 
X=15 

X=5 

X=0 

378.61 nm 

100 200 300 400 500 600 700 800 900 1000 

Wavelength (nm) 

Figure 3: OpticalAbsorption spectra of BACZ glasses 

(80-X)B,0,-XAI,0,-10CdO-1 0Zno 

The optical band gap of present glasses are calculatcd from the Urbach plots using following relation, 
(2) 

DOE: 10.9790/486 -I505012934 

(uhv" B(hv-E) 
The cxtractcd values are oblaincd Irom Table.2, indicating that the band gap cncrgics cxhibit 

decreasing trend as the Al,O; contcnt in the glasscs is raised. The addition of Al,0, may introduce new NBOs or 
modify the existing ones in the glass structure. These changes can affect the electronic structure, leading to a 
decrease in the band gap cncrgy|321. IT the Al0, NBOs have cnergy levels closer to the valence or conduction 
bands, they can facilitate clcctron transitions, resulting in a smaller band gap. The interaction betwecn Al,O, and 
other constituents the glass can result in NBO hybridization. This can modify the energy levels and bonding 
characteristics, influencing lhe band gap energy. lIybridization between ALO, NBOs and those of other 

clements in the glass can lcad to a decrease in the band gap. Sing et al.|33| conducted a study on the optical 
propertics of Al,0,-Pb0-B;0, glasscs. Their lindings revcaled a decrcase in cnergy band gaps as the ALO1 
content increased, ranging lrom 3.28 eV to 2.78 eV. l'urthermore, the introduction of zine content resulted in an 
increased availabiiity of oxygen ions within thc glass nelwork, leading to a transformation from trigonal |BO; 
to tetrahcdral |BOa| configurations, Conscquently, this alteration caLIsed a contraction in the glass network. 
ultimately shifting the absorption edge to lower energy levels |36|. In a separate investigation, Lin et al.|37| 
exained the optical properlies of A lunium borate glasses. Thcy observed a similar trend of deereasing 
optical enerpy bad gaps with nercaSDg A}O, content. This plhenonenon was attributed to structural changes 
ocCurring within the glass nctwork, specilically the conversion of|BO units to B0 units. 
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Figure 4: Tauc plots of (80-x)B,0;-XAI,0;-10CdO-10ZnO (BACZ) glasses 

The Urbach energy AE was uscd to calculate the creation of defect concentration in the glass structure. The well 

known Urbach law [38] describes the relationship between a(v) and AE 

B is a constant, while 1E cxpressed as Urbach encrgy. 

X16 

]X=10 

1.2 

2 

1.817eV 

All glass samples demonstratcd Urbach plots depicting In(a) versus hu. The inverse slopc of the lincar 
segments within the Urbach plots was calculatcd to determinc the Urbach encrgy (E). The Urbach energy serves 
as a measure of disorder in non-crystalline materials, where lower values indicate a less glassy nature. To obtain 
the Urbach cnergy values, Urbach AE plots were constructed by plotting In(A) versus hv. Figure 5 illustrates 
the Urbach energy of BACZ glasses. The graph shows that as the Al,0; content increased, the Urbach energy 

incrcascd. The encrgy range recorded in this study ranges fron1 0.368 eV to 0.4|| eV. The addition of ALO: 
promotes the crcation of strong covalent bonds within thc glass matrix, incrcasing the overall structural 
integrity. This enhanced structural order reduces the presence of localized states or defects resulting in a 

increase in Urbach cncrgy. Morcovcr, AlLO; has a smaller ionic radius comparcd to B;0;, CdO, and ZnO. This 
differcnce in ionic radii can induce stress or strain in the glass structure when Al,O; is incorporated. The 

presencc of stress or strain can further limit the formation of defects or localized states, lcading to a increase in 

Urbach encrgy. The calculated cncrgy valucs arc presented in Table.2. 
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Figure 5: Urbach energy of (80-x)B,O;-xAL0;-10Cd0-10Zn0 glasses. 
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The glass composition was succcssfully preparcd by mclt quench route. XRD results confirmed the 
amorphous nature of the glasses,. The density was decrcased with additive Al0,.The UV-Vis.spectra confirmed 
the creation of NBOs as its shift towards higher wavclength. The indirect band gap valucs decreased with 
incrcasing A,0, content. The NBOs arc responsiblc for changcs occurred in thc optical propertics. The 
Refractive index increased with additive Al,0,. The increment of Urbach values confirms more randomness in 
the glass by adding Ai;0; due to NBOs. 
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Table 2: Optical Parameters of BACZ glasses 
Cut off Wavelength (nm) Energy band gap (eV) 

2 145 

L817 

378.61 

408.66 

41945 

44|.04 

S00.02 

IV. Conclusion 
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