
Advanced Glass Science 
(4016101) 

 

     Instructor: Asst.Prof.Dr. Jakrapong Kaewkhao 
 

 

     Course Outline: 

      Week 10: Glass composition, structures and applications (1) 

          - Boric Glass 

          - Alkali Boric Glass 

         - Case studies from international publications 

 

      Book:  A.K., Varshneya. Fundamentals of inorganic glasses 

  A., Paul A, Chemistry of glasses 

    J.E. Shelby, Introduction to glass science and technology 



Boric Glass or Borate Glass    

Fig. 1 The superposition of orbitals in B2O3: (1) σ-electrons  
           (2) π-electrons  (3) lone pair electrons 



Structure of Borate glasses   

Fig. 2 Different structural units present in alkali borate glasses 



Alkali Borate Glasses   

Fig. 3 (a) Creation of NBO when introduction of modifier to borate glass 
          (b) Structure change from B3 to B4 introduction of modifier to borate glass 

(a) Create a nonbridging oxygen (NBO), as in the silicate glasses, by forming 

BO2/2O
-M+. (The “ ∕ 2” subscript is denoted for the connection between a 

bridging oxygen and two borate ion. 

 

 

 

 

 

(b) Convert boron from a 3 - coordination state (“B3 state”) to a 4 - coodination 

state (“B4 state”). Tetrahedral borate, B4 is commonly found in alkali and 
alkali earth borate glass. 



Alkali Borate Glasses 

Fig. 4 Variation of B4 with R2O concentration 



Alkali Borate Glasses    

Fig. 5 Variation in the number of bridging oxygen atoms (Ob), the coefficient of  

          thermal expansion (αT) and the softening temperature (Sp) as a function of            
          alkali-oxide concentration in a B2O3-containing binary glass 



Fig. 6 FTIR spectra of base alkali-borate glasses modified with Li, Na and K   
           oxides. Recorded at room temperature. 

1200-1650 cm-1 = B-O bond stretching of BO3 

800-1200 cm-1 = B-O bond stretching of BO4 

695-725 cm-1 = B-O linkages of borate network 



Fig. 7 Absorption spectra of the 

borate glasses modified with Li, 

Na or K oxides and doped with 
Co ions. 

Table. 1 Band positions (mmax) in 

the absorption spectra and optical 

basicity of the alkali-borate glasses 

doped with cobalt ions in octahedral 
and tetrahedral coordination spheres. 



Table. 2 Band positions (mmax) in 

the absorption spectra and optical 

basicity of the alkali-borate glasses 

doped with Nikle ions in octahedral 
and tetrahedral coordination spheres. 

Fig. 8 Absorption spectra of the 

borate glasses modified with Li, 

Na or K oxides and doped with 
Ni ions. 



Table. 3 Band positions (mmax) in the 

absorption spectra and optical basicity 

of the alkali-borate glasses doped with 

chromium ions in octahedral and 
tetrahedral coordination spheres. 

Fig. 9 Absorption spectra of the 

borate glasses modified with Li, 

Na or K oxides and doped with 
Cr ions. 



Table. 4 Band positions (mmax) in the 

absorption spectra and optical basicity 

of the alkali-borate glasses doped with 

manganese ions in octahedral and 
tetrahedral coordination spheres. 

Fig. 10 Absorption spectra of 

the borate glasses modified with 

Li, Na or K oxides and doped 
with Mn ions. 



Fig. 11 Glass transition temperature, 

Tg, as a function of metal oxide 

content in borate glasses, xMO(1-

x)B2O3. Tg data for alkali borate 

glasses (M= Li2 to Cs2) 



Fig. 12 Infrared absorption spectra of  
             xBaO.(1-x)B2O3  glasses 

Fig. 13 Infrared absorption spectra of  
             xMgO.(1-x)B2O3  glasses 



Fig. 14 Comparison of the 

infrared spectra of alkaline earth 

borate glasses, xMO.(1-x)B2O3, 
with (a) x=0·33 and (b) x=0·45 



Fig. 15 Deconvoluted far infrared profiles of 0·45MO. 0·55B2O3 glasses (M=Mg, Ca, 

Sr, Ba). Experimental spectra are shown by continuous lines, Gaussian component 
bands by dashed lines and simulated spectra by dotted lines 



Fig. 16 Comparison of the far infrared spectra of glass and crystal with composition  

             0·5CaO–0·5B2O3. Dashed component bands resulted from the deconvolution             
             of the glass spectrum 



Fig. 17 Raman spectra of  xBaO.(1-x)B2O3 glasses for (a) 0≤x ≤ 0·33 and  
             (b) 0·40 ≤ x ≤ 0·47 

Boroxol ring 

BO3 vibration 
BO4 vibration: 500-530, 940, 

1120 cm-1 



Fig. 18 Raman spectra of xMgO.(1-x)B2O3 glasses 



NOTE:  

Raman and FTIR spectroscopy differ in some key fundamental ways. Raman 

spectroscopy depends on a change in polarizability of a molecule, whereas IR 

spectroscopy depends on a change in the dipole moment. Raman spectroscopy 

measures relative frequencies at which a sample scatters radiation, unlike IR 
spectroscopy which measures absolute frequencies at which a sample absorbs radiation. 

Table 5 IR band assignments 
for the borate glass 



Fig. 19 Dependence of glass transition temperature, Tg, on the effective force 

constant, FM–O, of the metal ion oxygen bond in alkaline and alkali metal borate 

glasses of the diborate composition, 0·33MO–0·67B2O3. Lines are least square 
fittings. A diborate glass is not formed in the Mg borate system 



Fig. 20 Variation of density and molar volume   
             with the concentration of Nd2O3 



Fig. 21 Cut-off wavelength for sodium-lead-borate glasses containing  
            varying amounts of Nd2O3 



Next week 

Course Outine: 

 Week 11: Glass composition, structures and applications  (3) 

       - Phosphate Glass 

       - Alkali-and Phosphate Glass 

        - Case studies from international publications 


