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Abstract: A Series of B2O3-CaO-CuO glasses containing 5-20 mol% of CuO were prepared by sudden quenching 

method and characterized by X-Ray Diffraction (XRD), Infrared spectroscopy (IR) and Differential Thermal 

Analysis (DTA) techniques. From XRD studies, the samples were found to be completely amorphous in nature. The 

infrared spectra of the glasses were recorded in the wave number range 400 to 4000cm
-1 

as an attempt to study their 

structure systematically. The IR measurements revealed an existences of trigonal BO3 Pyramid, tetrahedral BO4 and 

Cu
2+

 ions. Thermal properties of the glasses were studied using differential thermal analysis. Composition 

dependence of the DTA data are disussed in the light of rigidity of the glasses. 

 

Keywords: Borate glasses, CuO ,XRD, IR, DTA  

 

I. INTRODUCTION 

 

 

Glasses containing B2O3 are of great interest because of their wide applications [1]. Borate glasses are considered to 

be structurally more encouraging and found them as good candidates in doping them with varied amounts of alkali, 

alkaline and transition materials for various applications. The structure of borate glasses consists of a random 

network of boroxol rings and BO3 triangles connected by B-O-B linkages.  When suitable modifiers of alkali, 

alkaline and transition metal oxides are doped,  the boroxol rings broken and borate structural units(BO3 and BO4) 

are formed [2]. Transition metal oxides exhibits interesting properties and are used in a wide variety of applications. 

Transition metals such as cadmium, copper etc., doped glasses show semiconducting properties [3-6].These glasses 

are potential candidates for electrical memory and optical switching devices [7,8], cathode materials for making 

solid state devices and optical fibers [9,10].In different glasses, copper can exist as a monovalent (Cu
+
) ion or as a 

divalent (Cu
2+

) ion or containing both states and even metallic copper as in copper ruby glass. The stability of both 

frequent Cu
+
 and Cu

2+
 ions are found to be sensitive to the glass type, composition and environment or condition of 

melting [11]. Although most glasses melt under ordinary atmospheric condition, they are usually assumed not to 

contain metallic copper.  Many investigators have reported that copper may exist in glass network both as a network 

former and also as a network modifier[12]. Drzewiecki, A., Padlyak[13] have reported that the valance state of 

copper modifies not only chemical and physical properties, but also the glass forming ability and the glasses 

containing copper ions in different oxidation states are highly useful in electrical memory switching devices. 

Recently, Cu
2+

 ions doped glasses have drawn a great attention because of their optical stability and electrical 

applications[14]. In light of aforementioned one, the aim of the present work is to understand the effect of copper 

oxide on the structural bahaviour of Calcium borate glasses.  The structural studies have been done with the help of 

XRD, FTIR  and  DTA analyses. 
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II. EXPERIMENTAL 

Sample preparation 

Batches of copper doped calcium borate glasses were prepared using conventional melt quenching technique.  The 

required quantities of AR grade B2O3, CaO and CuO were wieghed by using electronic balance.  The weighed 

amounts of all the chemicals were mixed by using an agate mortar and transferred into silica crucible in an 

electrically heated furnace at 900°C.  The obtained glass samples were annealed at 350°C for 2 hours to remove any 

external stresses.  Then the oven  was switched off and glass was allowed to cool gradually to room temperature.  

The obtained samples were ready for characterization.  The nomenclature and composition of the glasses is given in 

Table 1. 

 

Table 1 : Nomenclature and composition of glasses
 

Sample  No. Nomenclature Composition in mol% 

B
2
O

3
         CaO         CuO 

Remarks 

1 

2 

3 

4 

BCCu05 

BCCu10 

BCCu15 

BCCu20 

60                35               5 

60                30              10 

60                25              15 

60                20              20 

Mol% of 
B2O3

 is constant 

 

III. RESULTS AND DISCUSSION 

 

III.1. X-Ray Diffraction Analysis 

 

X-ray diffraction technique was used to check the possible crystallinity of the samples after quenching and 

annealing. It is well known that the absence of sharp peak in  intensity versus 2θ curves indicates amorphous nature 

of  glass samples. In the recorded spectra, no peaks have been observed so the glass samples studied are perfectly 

amorphous in nature . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. XRD pattern of BCCu05 and BCCu20 glasses 
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III.2.FTIR Spectroscopy  

Fourier Transform-Infrared Spectroscopy (FTIR) is an analytical technique used to identify the functional groups 

present in the glass. The infrared spectra of the glass samples are shown in Fig. 2. The band positions and their 

corresponding assignments are given in Table 2. . 

In the present glasses different peaks are observed. The shape of the peaks are strong, medium and weak. The band 

at 1347cm
-1

 is attributed to the B-O bonds due to stretching vibrations of trigonal BO3 units[15,16] in the borate 

network, whereas the observed band around 1077cm
-1

 is due to stretching vibrations of the B-O bonds in BO4 units.  

The another band around 720cm
-1

 is due to the bending vibration of B-O-B linkages.  The addition of CuO at the 

expense of CaO, a new band is formed at 470cm
-1

 . This band is attributed to vibrations of Cu
+
-O and  Cu

2+
-O for 

samples containing CuO. The gradual substitution of copper oxide makes an increase in the intensity of vibrational 

band due to BO4 group at the expense of BO3, indicating increase in the compactness of the glass network. 

Table2: Band positions and  their corresponding assignments of prepared glasses. 

 

Wavenumber (cm
-1

) Assignment 

~1347 B-O stretching vibrations of the 

trigonal BO3 units 

~1077 B–O stretching vibration of B-O bond 

of BO4 units from boroxol rings 

~720 B-O-B bending vibrations of B-O-B 

linkages 

~470 Specific vibration of Cu
+
-O and 

Cu
2+

-O 

 

 

 

 

 

 

 

 

 

Fig.2. FTIR spectra for prepared glasses with different concentations of CuO 

 

III.3. Differential Thermal Analysis (DTA) 

DTA technique has been employed to determine glass transition temperature, glass melting temperature and to test 

the possibility of formation of crystallization and phase separation in borate glasses. The DTA curves of the glass 

samples are given in Fig. 3. Thermal data obtained from DTA curves is given in Table 3. 

The DTA exhibits a small endotherimic hump at lower temperature in the glass sample, which is characteristic of 

glass transition temperature(Tg) region followed by a exotherimic peak and is characteristic of crystallization 

temperature(Tc). The exothermic followed by a endothermic peak which characteristic of a melting temperature 

(Tm).  The value of Tg, Tc and Tm increase from 364°C to 468°C , 635°C to 792°C and 866°C to 986°C with an 

increase CuO at the expense of CaO, implies that the number of bridging oxygen group increases and makes the 

glasses more compact.  

 



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 
Volume 4, Issue 5, May-2018, e-ISSN: 2455-2585,Impact Factor: 3.45 (SJIF-2015) 

IJTIMES-2018@All rights reserved   1491 

Table 3: Values of glass transition temperature, crystallization temperature, melting temperature, thermal stability 

and Hruby’s parameter of various glass samples 

 

Name of the 

sample 

Glass transition 

temperature’(  C̊) 

 

Crystallization 

temperature(  C̊) 

 

Melting 

temperature(  C̊) 

Thermal 

stability (S) 

Hruby’s 

parameter(Kgl) 

BCCu05 364 635 866 271 1.1731 

BCCu10 371 665 889 294 1.3125 

BCCu15 404 717 914 313 1.5888 

BCCu20 468 792 986 324 1.6701 

 

 

 

 

 

 

 

 

 

 

                                                                 Fig.3. DTA curves for BCCu Glasses 

IV. CONCLUSION  

 

The following conclusions are drawn from the present study.  XRD confirms the amorphous nature of the glass 

samples.  IR spectra indicate that the structural role played by the boron and copper ions.  A Progressive conversion 

of BO3 to BO4 structural units are also observed from the traces of IR spectra.  Differential thermal analysis depicted 

an increase in Tg,Tc,Tm stability and Hruby’s parameter with an increse in BO4 structural unite and rigidity of the 

glass network. 

 

REFERENCES  

 

1. Abo-Naf, S. M., R. L. Elwan, M. A. Marzouk, 2012.Structure–property correlations in the SiO2–PbO–

Bi2O3glasses. Journal of Materials Science: Materials inElectronics, 23 (5), 1022-1030. 

2. Bobkova, N.M. and S.A. Khot’ko, 2005. Zinc oxide in borateglass-forming systems. Glass and Ceramics, 62(5-

6): 167-170. 

3. Chandigram gautam, Avadhesh Kumar Yadhav, Vijay KumarMishra and Kunwar vikram, Synthesis IR and 

Ramanspectroscopic studies of (Ba, Sr) TiO3 glasses with theaddition of La2O3. Open J. Inorganic Non 

Metallic Mat,2:47-54. 

4. Chiodelli, G., A.Magistris, M.Villa, 1986. Solid state ionics.18, 356-361.x. 

5. Doweidar, H., G. El-Damrawia and M. Al-Zaibania, 2013.Distribution of species in Na2O–CaO–B2O3 glasses 

as probed by FTIR. Vibrational Spectroscopy., 68: 91–95. 

6. Ghosh A. 1988. “Memory Switching in Bismuth-Vanadate Glasses,” Journal of Applied Physics, Vol. 64, No. 

5, pp.2652-2655. 



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 
Volume 4, Issue 5, May-2018, e-ISSN: 2455-2585,Impact Factor: 3.45 (SJIF-2015) 

IJTIMES-2018@All rights reserved   1492 

7. Ghosh A. and B. K. Chaudhuri, 1988. “Anomalous Conductivity and Other Properties of V2O5-P2O5 Glasses 

with Bi2O3 or Sb2O3,” Journal of Non-Crystalline Solids,Vol. 103, No. 1, pp. 83-92. 

8. Ghosh, A. and S. Bhattacharya 2010. “Optical and Other Structural Properties of Some Zinc Vanadate 

Semiconducting Glasses,” Journal of Alloys and Compounds,Vol. 490, p. 480. 

9. Gopi Sharma, Kulwant Singh, Manupriya, Shaweta Mohan, Harvinder Singh Sukhleen Bindra, 2006. Effects of 

gamma irradiated on optical and structural properties of PbO-Bi2O3-B2O3 glasses. Radiation Physics 

andChemistry, 75: 959-966. 

10. Kamitos, E.I and M.A. Karakasides, 1989. Structural studies of binary and pseudobinary sodium borate glasses 

of high sodium content. Phys.Chem Glasses, 30: 19-26. 

11. Sumalatha, B., Omkaram, I., Rajavardhan Rao, T. & Linga Raju, Ch.Alkaline earth zinc borate glasses doped 

with Cu2+ ions studied byEPR, optical and infrared techniques. J. Non-Cryst. Solids, 2011, 357,3143–

52.Imagawa, H. ESR studies of cupric ion in various oxide glasses. Phys.Status Solidi, 1968, 30, 469. 

12. Ezhil Pavai, R. and K. Kiruthika Devi, (2016): Mechanical and structural properties of barium oxide doped 

manganese borate glass. Inter. J. Recent. Scientific Research, 7:12602-12606. 18.  

13. Drzewiecki, A., Padlyak, B. V., Adamiv, V., Burak, Y. & Teslyuk. I. EPR spectroscopy of Cu2+ and Mn2+ in 

borate glasses. Nukleonika, 2013, 58, 379–85. 

14. Nageswara Rao P, Raghavaiah BV, Krishna Rao D, Veeraiah N (2005) Mater Chem Phys 91:381. 

15. Kim Young June Lee See – Hyung Noh TW, Kim Junglewan. Infrared properties of barium borate glasses: 

application of the generalized Lyddane-Sachs-Teller relation J. Non-Cryst Solids,1994, 170 (2):190-198.  

16. Bhargava A, Snyder RL, Condrate RA. The Raman and infrared spectra of the glasses in the system BaO-TiO2-

B2O3. Mater.Res.Bull., 1987 22 12 1603-1611.  


