
Advanced Glass Science 
(4016101) 

 

     Instructor: Asst.Prof.Dr. Jakrapong Kaewkhao 
 

 

     Course Outline: 

      Week 4:  Optical properties and advanced measurement/  

   calculation analysis 

        - Refractive index 

    - Dispersion 

    - Absorption 

   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 



Refractive index (RI)    

Refractive Index ~ (velocity of light in vacuo, or air)/(velocity of light in medium) 
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*note: n, unitless quantity 

     n (air)     =        1.0003 

     water     =        1.33 

     sapphire   =        1.77 

     diamond   =        2.42 
      f-SiO2      =        1.458 
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Refractive index (RI)    

The light travel from less to more density (n2 > n1) 

 - Refracted ray convergent with perpendicular ray (normal line)   

θ2 < θ1, v2 < v1, λ2 < λ1 

 

The light travel from more to less density (n2 < n1) 

- Refracted ray divergent with perpendicular ray (normal line) 
θ2 > θ1, v2 > v1, λ2 > λ1 

 
n1 sin θ1  =  n2 sin θ2 



Refractive index (RI)    

Total internal refrection 
 

- Refractive angle can’t more than 90o 

- n1 sin θ1(max)  =  n2 sin 90o
 

- θ1(max) is critical angle 

- If incident more than θ1(max) 

-  Not refracted but refrected 

- Critical angle (Brewster’s angle) 

below which light is totally reflected: 

 

 

 

- Total internal refrection: 

   The light travel from more to less 

density only!!! 
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Refractive index (RI)    

    When light interact with the transparent 
material 

The effect of an external electric field, E, on the components of a solid 

a) Molecules with permanent dipoles will align in 

the field as much as the structure will allow. 

 

b) Ion which are evenly spaced tend to be 

displaced in the field so as to create a net 

dipole moment 

 

c) The uniform electron cloud around an atom or 
ion tends to distort so as to produce a dipole. 

Refractive Index and polarizability 



Refractive index (RI)    

The bulk polarization; EεP χ0

where ε0 is the permittivity of free space, χ is the dielectric 
susceptibility and E is the applied electric field. 

    The refractive index of a material, n, is actually a reflection of 

its electronic polarizability. The relation ship between the two is 
given by 

rε~n

and εr is the relative permittivity of material (dielectirc constant) 

where 1χr ε

Refractive Index and polarizability 



Refractive index represents the interaction of light with electrons of the 
constituent atoms in a glass. 

 'n' increases with electron density or polarizability. 

• Low 'n': low atomic ions: BeF2 glasses, n~1.27; SiO2, B2O3: n~1.46 

   low polarizable ions (F- for O2-) 
   bridging oxygen for nonbridging oxygens; NBO's increase 'n' 

 increasing R2O→increase in 'n'  

• 'n' increases even when smaller 

atomic# ions (Li, Na) replace Si4+ 

because of the greater polarizability 
of NBO's 

 note that 'n' increases in the series  

Na < K < Li < Rb < Cs 

Refractive index (RI)    



Refractive index (RI)    

- Refractive index is sensitive to other network structural changes 

       • replacing Na2O with Al2O3 in aluminosilicate glasses decreases 'n' 

 because polarizable NBO's are replaced by less polarizable Al-O-Si 

 bridging oxygens 

 

-High index glasses contain heavy, polarizable ions: Pb, Bi, Ti, etc. 

        • PbO•Bi2O3•Ga2O3 glasses: visible light 'n'∼2.7 

        • S2- for O2- also increases 'n‘ 

 

- Asymmetric ions also contribute to large 'n' 
 



Refractive index (RI)    

Molar Refractivity: measure of the contribution of constituent ions in a  

        glass to the overall refractive index; dependent on ion  
        polarizability. 

Molar refractivity is the sum of the individual ionic refractivities (RI): 

for AxBy, Rm = xRA + yRB 

*Note: The ionic refractivity are used to 

predict the molar refractivity (and so the 

refractive index) of a glass with a known 

composition. 

 Increasing ion size, increasing ionic 

refractivity: Li+<Na+<K+; Mg2+<Ca2+<Ba2+ 

 Small, highly charged glass-forming ions 

(Si4+, P5+) contribute less to the index of 

refraction than the larger modifiers 



Refractive index (RI)    

       The relation between the refractive indices of the material and its molar 

refraction (Rm) is given by 

where (n2-1)/(n2+2) is known as the reflection loss (Rloss) 

where N is the number of polarizable ions per mole. 

*Note: The increase in molar refraction and increase refractive index 

accompany the increase in polarizability. 

        The molar refraction is proportional to the molar electronic polarizability 

of the material, am,  by the relation  

Molar electronic polarizability 



The factors affecting refractive-index of the glass 
 

1. Polarizability of the first neighbor ions coordinated with 

it (anion). 

 

2. Field intensity Z/a2 (i.e., polarization power), where Z is 

the valence of the ion (ionic charge) and a is the distance 

of separation (ionic radius). 

 

3. Coordination number of the ion. 

 

4. Non-bridging oxygen bonds (NBO’s). 

 

5. Electronic polarizability of the oxide ion. 

 
6. Optical basicity of the glasses. 



Refractive index (RI)    



Dispersion   

- Refractive index depends on wavelength. 

-This dependence is call dispersion  

- So, refractive index should be quoted at a specific wavelength: 
  

 Abbe number; vd: 

 

 nD, 589.3 nm, Na-D line emission (yellow) 

 nF, 486.1 nm, H-F line emission (blue) 
 nC, 656.3 nm, H-C line emission (red) 



Dispersion   
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Wavelength, λ (micrometer) 

- Associated with the oscillation of electron 

couple to light 

- At short wavelengths, 'n' increases because 

the photons are absorbed by the promotion 

of electrons across the optical band-gap;  

 

UV-absorption 

- At longer wavelengths, 'n' increases 

because photons are absorbed by phonons 

associated with molecular scale vibrations;  

 

IR-absorption 

- dn/dλ varies as the λ approaches either the 

UV- or IR-edges. 

Dispersion: the variation in index with wavelength: dn/dλ 



Absorption   

Fig. 1 Interaction of light 

Fig. 2 The energy level from ground to excited state 



Absorption   

1. Lambert’s law 

I0    =   Intensity of incident ray 

I     =   Intensity of light-transmitting 

t     =   Mean free path (cm) 
k   =   Proportion of mean free path 



Absorption   

2. Beer’s law 

; C = concentration of medium 

When combining equation of Lambert and Beer, so 

Where transmittance (T) is It/I0 and absorbance (A) is log(It/I0) 

A   = Absorbance   T  =  Transmittance 

C   = concentration (mol/L) t   =  mean free path (cm) 
ε    = Absorbance coefficient 



Absorption   

Table 1 The relation between of color and absorbance 



mol/cm.R

).)(
.

.
(R

).)(
.

.
(R

m

m

m

3

2

2

22737=

451023
33634

33631
=

451023
2+52851

152851
=

86752=

22737
10×026××4

3
= 23

.α

).)(
.π

(α

m

m

CASE 1 



-Wavelength: 380-420 nm 

-Absorb: Violet 
-Transmitt: Yellow-Green 

CASE 1(con’t) 
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J. Kaewkhao, et al., 2008, “Effect of Copper (ll) Oxide 

to Glass Properties from Local Sand in Nakorn 

Pathom Province” ,  

Thai Journal of  Physics, Vol.3, pp.152-153. 

20Na2O : 1.0Al2O3 : 13B2O3 : 6.3CaO : 

0.2Sb2O3 : 1.5PbO2 : (58-x)SiO2 : x CuO  

(where x = 0.0, 0.2, 0.4, 0.6 and 0.8)  

- It has been found that refractive index and density values increased for all the glasses, with 

the substitution of CuO in the place of SiO2   due to higher molecular weight of CuO compare 

to that of SiO2.  

- Theoretically, the refractive index is a function of density and mean polarisability of the 

medium.  

- The prepared glass samples show the refractive index is a function of glasses density at 

different CuO content and it has been found that the refractive index could be increased 
linearly with glass density.  

CASE 3 



P. Chimalawong, et al., 2010, “Optical properties of the 

SiO2-Na2O-CaO-Nd2O3 glasses”  

American Journal of Applied Sciences, 7(4), pp.584-

589.  

The refractive 

index is a function  

of density and 

mean polarisability  
of the medium. 
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(65-x)SiO2 : 25Na2O : 10CaO : xNd2O3 

(where x = 0.0-5.0 mol%)  



J. Kaewkhao et al., 2009, “Optical Absorption  Study of  
CoO  in glass Prepare from Local  Sand ”,  

The Proceedings of 47th Kasetsart University Annual 
Conference, March 17 - March 20, pp.374-379. 

20Na2O : 1.0Al2O3 : 13B2O3 : 6.3CaO : 

0.2Sb2O3 : 1.5PbO2 : (58-x)SiO2 : x CoO  

(where x = 0.00-0.05)  

-- The main absorption bands of Co2+ in tetrahedral symmetry from the ground state 4A2(F), to the 
4T2(F), 4T1(F) and 4T1(P) states.  

-- The very intense absorption band centered about 600 nm was assigned to the spin- and electric-

dipole-allowed 4A2(F)4T1(P) transition,  the spin–orbit coupling causes the splitting of this band.  

--The absorption intensities of Co2+ in tetrahedral symmetry are about 100 times that of Co2+ in 

octahedral symmetry. The absorption bands in the visible region, due to octahedral and tetrahedral Co2+, 

occur closely and overlap considerably.  

-- The high intensity of the tetrahedrally co-ordinated band is a consequence of the mixing of the 3d-

orbitals with 4p-orbitals and ligand orbitals. Moreover, the peak intensity was increase with increasing 
of the CoO concentration. 

CASE 4 



P. Chimalawong, et al., 2010, “Optical and Electronic 

Polarizability Investigation of Nd3+ Doped Soda-Lime-

Silicate Glasses” 

 Journal of Physics and Chemistry of Solids, 71 (7), 

pp.965-970.  

(65-x)SiO2 : 25Na2O : 10CaO : xNd2O3 

(where x = 0.0-5.0 mol%)  

It is observed that the absorption 

intensity of the observed bands 

increase with the increase of 

Nd2O3 concentration. The 

spectra consists of various 

absorption peaks corresponding 

to the transitions between the 

ground       and higher energy 

states   inside the 4f3 electronic 

configuration of the Nd3+ ions. 

The transitions were assigned by 

comparing the band positions in 

the absorption spectra with those 
reported in literatures   

CASE 5 



Next week 

Course Outine: 

 Week 5: Luminescence properties, advanced   

                measurement/calculation analysis 

     Case studies from international publications 


