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Abstract

Zinc aluminium barium borate glasses doped with Cr3+ ions at the composition of (60-x) 
B2O3:10ZnO:20BaO:10Al2O3:xCr2O3, where x = 0.01, 0.02, 0.03, 0.04 and 0.05 mol%, have been synthesized 
by conventional melt quenching technique at 1,100 C for  3 hours. The physical, optical and luminescence 
properties of zinc aluminium barium borate glasses were investigated. The results showed that density and 
molar volume of glass samples were in the range of 3.1682-3.2088g/cm3 and 28.6672-29.9507 cm3/mol, 
respectively. The optical absorption spectra of glasses were measured in the wavelength range of 200-2,500 nm. 
The intensity of all absorption bands increased with increasing Cr2O3 . ln addition, the luminescence properties 
of  Cr3+ doped zinc aluminium barium borate glasses system were carried out using excitating wavelength of 347 
nm and the luminescence peaks around 694 nm were observed. 
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1. Introduction
  Glasses doped with transition metal ions still 
gather continuous interest as materials attractive for 
optoelectronic applications [1, 2]. These applications 
are based on the fact that ions in the glassy (vitreous) 
matrix are characterized by the optical properties 
typical for inhomogeneous broadening of the density 
of states [3]. This inhomogeneity can be a very 
attractive property addressed to such applications as 
optical memory media based on the spectral hole-
burning [4], etc. Another branch of the possible 
optoelectronic applications is search for new tunable 
laser materials. Borate glasses may be considered as 
promising materials which can accept the transition 
metal and rare earth ions as efficient dopants [5, 6, 7].    
  B2O3 is one of the most important glass forming 
oxides and has been incorporated into various kinds of 
glass systems in order to attain the desired physical 
and chemical properties. Borate glasses have been of 
particular scientific interest for many years [8, 9, 10, 
11, 12, 13, 14, 15]. Borate glasses have several 
commercial applications because of high thermal 
expansion coefficient, low melting point and softening 
temperature, high electrical conductivity and optical 
characteristics.  

 BaO contained glasses are very important due to 
their various applications such as, its suitability for 
liquid waste, making barrier of plasma display ribs, 
gamma ray shielding material, and crown optical 
glasses. [16]. 
 Al2O3 doped with transition metal Cr3+ ion is the 
most important phase for laser hosts, possessing 
excellent emitting properties [17, 18, 19, 20]. 
Aluminum oxide (Al2O3) plays a key role in many 
technologies due to its remarkable physical properties, 
such as  high melting point, hydrophobicity, high elastic 
modulus, high optical transparency, high refractive 
index of about 1.76 at 632.8 nm wavelength, thermal 
and chemical stability, low surface acidity, and fine 
optical and dielectric characteristics [21, 22, 23, 24]. 
It can act as a tunnelling barrier for novel magnetic 
sensors and for organic transistors because of its large 
band gap (8 eV) [25]. 
 ZnO was widely used to improve the chemical 
stability of borate glasses. Furthermore, ZnO is well-
known as an intermediate oxide in glass since Zn2+ 
has a large ion radius and an electronic configuration 
with 18 outer-shell electrons [26]. Zn2+ can either 
form ZnO4 [27]. Or BO3–O–Zn bridges via borate 
chains linkages in the glass network.  
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Cr2O3   (mol %) (g/cm3) MT (g/mol) VM (cm3/mol) 

0.01 3.1951 91.5948 28.6672 

0.02 3.2088 92.4186 28.8016 

0.03 3.1952 93.2424 29.1820 

0.04 3.1708 94.0662 29.6664 

0.05 3.1682 94.8900 29.9507 

 
 The purpose of this work is to develop green 
emission glass materials without rare earth materials. 
The physical, structural, optical and luminescence 
properties of Cr3+ ions in zinc aluminium barium 
borate glasses have been characterized. 
 
2. Materials and methods 
  Glass samples with the formula (60-x)B2O3: 
10ZnO:20BaO:10Al2O3:xCr2O3 (ZABaB:Cr3+) with x 
= 0.01, 0.02, 0.03, 0.04 and 0.05 mol% were prepared 
by melt quenching technique. Required quantities of 
ZnO, Al2O3, BaCO3, Cr2O3, H3BO3 were weighed 
separately in an electronic balance before being mixed 
thoroughly. The mixtures were calcined to remove 
vapor and then were melted in alumina crucible at 
1,100 C for 3 hr. in an electric furnace. The 
homogenized melt was poured onto a preheated 
graphite mould  to avoid breaking of the sample due 
to thermal stress and pressed with another plate to get 
the square-shaped sample. In order to prevent breaks 
and cracks, these glass samples were immediately 
annealed at 500 C for 3 hr. and then cooled slowly to 
room temperature. Finally, the glass samples were cut 
and finely polish to a dimension of 1.0 cm x 1.5 cm x 
0.3 cm. The density was measured by the Archimedes 
method using distill water as an immersion fluid. The 
molar volume was calculated using the relation VM = 
MT/, where MT is the total molecular weight of the 
multi-component system given by; 
 
 

2 3( ) ( ) ( )T ZnO Al O BaOM AM BM CM      

   
2 3 2 3( ) ( )B O Cr ODM EM                               (1) 

 
 

where A, B, C, D and E are the mole fractions of the 
constituent oxides and 

( ) ,ZnOAM
2 3( ) ,A l OB M

( ) ,B aOC M
2 3( )B OD M and 

2 3( )C r OE M are the molecular 

weights of the different oxides for glasses prepared in 
this research. The amorphous nature of the prepared 
glasses were confirmed through X–ray diffraction 
studies using a Shimadzu XRD–6100 diffractometer.  
The scanning region of 2 angles was set from 10° to 
80° with a step rate of 5°/min. The optical absorption 
spectra of the glasses sample were recorded in the 

range of 200-2500 nm using a UV–3600 Shimadzu 
UV–VIS–NIR spectrophotometer. The luminescence 
spectra measurements were carried out using Cary 
Eclipse Fluorescence spectrophotometer with 347 nm 
excitation of xenon flash lamp. 
 
3. Results and discussion 
  3.1 Density and molar volume 
  The density and molar volume of glass is usually 
considered as an important physical parameter and 
any observed changes in density value directly 
indicate the differences in the selected glass chemical 
composition and in turn the glass network structure. 
The results are show that in the range of 3.1682 - 
3.2088 g/cm3 indicating that they are not dependent 
on the concentration of the densities are Cr2O3. The 
molar volume of the glass systems under study 
changes with Cr2O3 content in a specific manner 
(Figure 1). When Cr2O3 into was doped the borate glass 
network, the molar volume is inversely proportional 
to the density. The molar volume increase slightly 
with increasing the concentration of Cr2O3. Which is 
attributed to the increase in the number of non-
bridging oxygen (NBOs). A further addition of Cr2O3 

may accordingly result in an extension of the glass 
network, reflecting that the inter-atomic spacing is 
expanded. 
  3.2 X-ray diffraction 
  Figure 2 Shows the XRD patterns for (60-x) 
B2O3:10ZnO:20BaO:10Al2O3:xCr2O3 (ZABaB:Cr3+) 
with x = 0.01, 0.02, 0.03, 0.04 and 0.05 mol% glass 
samples. The XRD spectra show the broad sharp 
peaks indicating that the samples are amorphous 
structural in nature [28]. 
 3.3 Absorption spectra  
  The optical absorption spectra observed at room 
temperature for zinc aluminum barium borate doped 
with Cr3+ (ZABaB:Cr3+)  glass samples are shown in 
Figure 3. The spectra exhibits one broad band at 640 
nm. The observed bands are characteristic of Cr3+ ion 
in octahedral symmetry [29]. The band is assigned to 
the d–d transitions 4A2g (F) → 4T2g (F). The absorption 
intensity of the absorption band increases with the 
increase of Cr2O3 concentration. 

 
 

Table 1 Physical property of zinc aluminum barium borate doped with Cr3+ ions glasses 
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Figure 1 Molar volume of ZABaB:Cr3+glass samples 
 

 

 

Figure 2 XRD patterns of ZABaB:Cr3+ glass samples with x = 0.01, 0.02, 0.03, 0.04 and 0.05 mol% 
 

 

                            Figure 3 Optical absorption spectra of ZABaB:Cr3+ glass samples at room temperature 
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Figure 4 Luminescence excitation spectra of ZABaB:Cr3+glass samples with x = 0.01, 0.02, 0.03, 0.04 and 0.05 mol% 
 

 

Figure 5 Luminescence emission spectra of ZABaB:Cr3+ glass samples with x = 0.01, 0.02, 0.03, 0.04 and 0.05 mol% 
 
 3.4 Luminescence spectra  
  The excitation spectra of zinc aluminnium barium 
borate glasses doped with Cr3+ (ZABaB:Cr3+) were 
measured from 300-400 nm using the xenon flash 
lamp. One excitation peak was observed and assigned 
to the transition originating from the ground state, 
4A2g (4F) to the excited state 4T1g (2G) (347 nm) of 
Cr3+. The excitation spectra from 300-400 nm of 
Cr3+doped in zinc aluminnium barium borate glasses 
are shown in Figure 4. Figure 5 shows the room 
temperature emission spectra recorded for all samples. 
One emission spectra of emission band corresponding 
to 4T2g (694 nm). The emission color is strongly 
dependent on the co-ordination environment of Cr3+ in 
the host matrix, and it emits a green light when it is 
octrahedrally  co-ordinated (CN=6). The luminescence 
intensity of luminescence materials is known to be 
dependent on the doping concentration of luminescent 
ion. The energy level diagram for Cr3+ doped zinc 

aluminum barium borate glass can be presented as a 
diagram in Figure 6. 
 
4. Conclusions 
  On the basis of the results reported in the present 
investigation, the following conclusions can be drawn: 
  4.1 The densities of the glass samples were in the 
range of 3.1682 – 3.2088 g/cm3. 
  4.2 The molar volumes increase slightly with 
increasing the concentration of Cr2O3. 
  4.3 The XRD pattern confirm the amorphous nature 
of the prepared glasses. 
  4.4 The absorption spectra show a characteristic 
absorption band of Cr3+ at 640 nm which correspond 
to d-d transition 4A2g (F) → 4T2g (F). 
  4.5 The excitation spectrum occurs at 347 nm which 
due to the transition of  4A2g (

4F)   4T1g (
2G). 

  4.6 The emission spectrum occurs at 694 nm which 
due to the transition of  2Eg 

     4A2g.  
 



Journal of Thai Interdisciplinary Research                                                                                                                                                                                               27 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 Diagram of partial energy levels of  ZABaB:Cr3+ 

 
Acknowledgements 
    The authors would like to thank National Research 
Council of Thailind (NRCT) and Nakhon Pathom 
Rajabhat University for support of this research. 
 
References 
[1] Brocklesby WS, Golding B, Simpson JR. Absorption 

fluctuations and persistent spectral hole burning in 
a Nd3+-doped glass waveguide. Physical Review 
Letters. 1989; 63: 1833. 

[2] Reisfeld R, Jorgensen CK. Excited states of 
chromium(III) in translucent glass-ceramics as 
prospective laser materials. Structure and Bonding. 
1988; 69: 63.   

[3] Almeida JM, Boyle G, Leite AP. Chromium 
diffusion in lithium niobate for active optical 
Waveguides. Journal of Applied Physics. 1995; 
78: 2193. 

[4] Macfarlane RM, Shelby RM. in: W.E. Moerner 
(Ed.), Persistent Spectral Hole-Burning: Science 
and Applications, Springer, Berlin, 1988; 127. 

[5] Majchrowski A, Ebothe J, Ozga K, Kityk IV,  
Reshak AH, Lukasiewicz T, Brik MG. J. Phys. D 
Appl. Phys. 2010; 43: 15-103. 

[6] Oprea II, Hesse H, Betzler K. Optical properties of 
bismuth borate glasses, Opt. Mater. 2004; 26: 235. 

[7] Becker P, Cryst. Res. Technol. thermal expansion of 
bismuth triborate. Crystal Research and Technology. 
2001; 74: 1175-1180. 

[8] Kamitsos EI, Chryssikos GD. Borate glass structure 
by Raman and infrared spectroscopies. Journal of 
Molecular Structure. 1991; 247: 1-16.   

[9] Ivankov A, Seekamp J, Bauhofer W. Optical 
properties of rare earth doped borate glasses. 
International Journal of Chem Tech Research. 
2015; 8: 310-314. 

[10] Bai JH, Kim JR, Chung JY, Kim JH, Whang JH. 
Fabrication and properties analysis of Lithium 
Borate glass scintillators with transition metal 
oxides. Journal of Nuclear Science and Technology. 
2008; 5: 503-506. 

[11] Venkateswarlu M, Naresh V, Ramaraghavulu R, 
Rudramadevi BH. Spectral analysis of Sm3+& 
Dy3+: B2O3-Zno-Mgo optical glasses. Journal of 
Engineering Research and Applications. 2014; 
4: 103-113.    

[12] Sanghi S, Rani S, Agarwala A, Bhatnagar V, Mater. 
Optical and thermal investigations on vanadyl 
doped zinc lithium borate glasses. Journal of 
Asian Ceramic Societies. 2010; 120: 381. 

 
 

20 

10 

0 

En
er

gy
 (x

10
3  c

m
-1

) 

4 A2g (4F) 

 

4 T2g (F)  

4 T1g (2G)  

Cr3+
  

2Eg 

NR 

34
7 

nm
 

64
0 

nm
 

69
4 

nm
 



    28                                                                                     Vol. 12 No. 5 September – October 2017 
 

[13] Vasantharani P, Neelayathashi alias Vichitra S. 
Structural and elastic studies of strontium doped 
manganese borate glasses. Journal of Applied 
Physics. 2017; 4: 44-49. 

[14] Sumalatha B, Omkaram I, Rao TR. Ch. The 
structural, optical and magnetic parameter of 
manganese doped strontium zinc borate glasses. 
Physica B: Physics of Condensed Matter. 2013; 
411: 99-105. 

[15] Kaur S, Singh KJ. Ann. Nucl. Investigations of 
gamma ray and fast neutron shielding properties 
of tellurite glasses with different oxide compositions. 
Canadian Journal of Physics. 2016; 94: 1133-
1137. 

[16] Edathazhe AB, Shashikala HD. Effect of BaO 
addition on the structural and mechanical 
properties of soda lime phosphate glasses. 
Materials Chemistry and Physics. 2016; 184: 
146-154. 

[17]  Gates BC. Supported metal clusters: Synthesis, 
structure, and catalysis. Chem. Rev. 1995; 95: 
511-522. 

[18]  Bäumer M, Freund HJ, Metal deposits on well-
ordered oxide films, Prog. Surf. Sci. 1999; 61: 
127-198. 

[19]  Dellwig T, Rupprechter G, Unterhalt H, Freund 
H. Bridging the pressure and materials gaps: 
high pressure sum frequency generation study on 
supported pd nanoparticles. J. Phys. Rev. Lett. 
2000; 85: 776-779. 

[20]  Morpeth LD, McCallum JC. Formation of Ti3+ in 
sapphire by co-implantation of Ti and O ions. 
Appl. Phys. Lett. 2000; 76: 424-426. 

[21]  Dörre E, Hübner H, Aluminas processing, 
properties, and applications. Berlin: Springer-
Verlag; 1984. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[22]  Kim Y, Lee SM, Park CS, Lee SL, Lee MY. 
Substrate dependence on the optical properties of 
Al 2 O 3 films grown by atomic layer deposition, 
Appl. Phys. Lett. 1997; 71: 3604-3606. 

[23]  Gusev EP, Copel M, Cartier E, Baumvol IJR,  
Krug C, Gribelyuk MA. High-resolution depth 
profiling in ultrathin Al2O3 films on Si. Appl. 
Phys. Lett. 2000; 76: 176-178. 

[24]  Pillonnet-Minardi A, Marty O, Bovier C,  Garapon 
C, Mugnier J. Optical and structural analysis of 
Eu3+-doped alumina planar waveguides elaborated 
bythe sol–gel process. J. Opt. Mater. 2001; 16: 
9-13. 

[25]  Moodera JS, Kinder LR, Wong TM, Meservey 
R. Large magnetoresistance at room temperature 
in ferromagnetic thin film tunnel junctions. 
Phys. Rev. Lett. 1995; 74: 3273-3276. 

[26]  Boiko GG. Molecular dynamics study of the 
mechanism of Ion diffusion in an Na2O–ZnO–
P2O5 melt. Glass Physical and Chemistry. 2003; 
29: 35-41. 

[27]  Upendra Kumar K, et el. Optical properties of 
Dy3+-doped P2O5 - K2O−MgO/MgF2−Al2O3 glasses. 
Physical Procedia. 2011; 13: 70-73.  

[28]  Sumalatha B, Omkaram I, Rao TR. Ch. The 
structural, optical and magnetic parameter of 
manganese doped strontium zinc borate glasses. 
Physica B: physical of Condensed Matter. 
2013; 411: 99-105. 

[29]  Haouari M, Ouada HB, Maaref H, Hommel H, 
Legrand AP. Optical absorption and electron 
paramagneticresonance study of Cr3+-doped 
phosphate glasses. Journal of Physics: Condensed 
Matter. 1998; 281: 99-107. 

 


