
Advanced Glass Science 
(4016101) 

 

     Instructor: Asst.Prof.Dr. Jakrapong Kaewkhao 
 

 

     Course Outline: 

      Week 13: Judd-Ofelt Theory 

            - 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 



Ω2 
- Sensitive to both asymmetry and covalency at the RE site 

 

- More affected by the asymmetry of the crystal field and by changes of the energy 

difference between 4fN and 4fN-15d configuration. In other words, Ω2 increases as 

nephelauxetic effect increases. 

 

- Strongly enhanced by covalent bonding. 

 

- Relates to the structural changes of the site of RE ions. Ω2 is raised drastically by 

lowering the symmetry of rare earth ligand field. 

 

- Ω2 in oxide glasses is larger than that in fluoride glasses, which is ascribed to the 

larger electric field gradient by divalent oxide ions than that by monovalent 

fluoride ions. 

 

- Depends strongly on the ionic radius of the modifier (of glasses), which, in turn, 

influences the polarizability of oxygen around RE ion. 

 

- Slightly increases as the number electron of RE ions increase. 
 



Ω4 
- Gained by lowering the covalency of σ chemical bond between RE ion and 

ligand anions. 

 

- Not directly related to the ligand symmetry of RE ions but to the electron 

density on the oxide ion, Ω4 decreases as the electron density on oxygen ions 

increases. 

 

- Decreases as the number of electron of RE ions increases. 

 

- It may be still risky to discuss the covalency depending on Ω4. The notable 

information which Ω4 provides may be the electron density around an RE ion. 

 



Ω6  
-Shows a different type of variation related to the rigidity of the medium, and increases 

in the order crystalline mixed glass<glasses<viscous solutions<hydratedions<halide  

vapors<complexes of organic ligands. 

 

-Not directly related to the ligand symmetry of RE ions but to the electron density on 

the oxide ion 

 

- Ω6 decreases as the electron density on oxygen ions increases. 

 

- Most sensitive to the overlap integral of the 4f and the 5d orbitals. 

 

- Increases with a decrease in the Coulomb interaction, which can be a measure of the 

crystal field strength. 

 

- Ω6 increases with an increase of the distance between RE ion and the ligands. 

 

- Ω6 decreases with increasing covalency between ligands and RE ions due to 

increasing σ-electron donation of the ligands (2p orbitals of oxygen ion). 

- Otherwise, Ω6 increases with the increase of π-electron donation from the ligands 

(such as PO4 tetrahedra). 

 



Radiative properties 

        The JO parameters along with refractive index (n) are used to predict the radiative 

properties of excited states of RE ion. 

 

         The total radiative transition probability (AT) for an excited state is the sum of the  
terms calculated over all the terminal states. 
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      The branching ratio (R) corresponding to the emission from an excited level to its 

lower level is given by 
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      The branching ratios can be used to predict the relative intensities of all emission 

lines originating from a given excited state. The experimental branching ratios can be 
found from the relative areas of the emission bands. 



AT is related to the radiative lifetime (rad) of an excited state by 
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    The peak stimulated emission cross-section, ((P) ( , )), between the states  and  
having a probability of  can be expressed as  
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      where p is the transition peak wavelength and eff is its effective line width 

found by dividing the area of the emission band by its average height. Good laser 

transitions are characterized by larger cross-sections and smaller eff for 

stimulated emission. 
 



Parameters 

(8) Stimulated emission cross-section (σe*10-21) 

(9) Branching ratio (βRexp) 

(1) Oscillator strength ( fexp) 

(2) Matrix element U2, U4, U6 

(3) Ω2, Ω4, Ω6   

(4) Oscillator strength ( fcal) 

(5) Radiation transition probsability (AR) 

(6) Branching ratio (βRcal) 

(7) Lifetime (τRcal) 

Manual  
(Absorption graph) 

Ref. paper 

Software 1 ; JO.exe 

Software 2 ; JORP.exe 

Manual  
(Emission graph) 



(1) Oscillator strength ( fexp) 

       
   cm,thicknessL/mol,ionconcentrat

cm,Areacm/nm,ycm,x.
f calibrate

exp





 229103184

cm,w

cm,x
cm,x

1
2


 



1
2

1
1

1   cm,xcm,xcm,x

 

 cm/nm,xcm,lnm,nm,x

cm/nm,xcm,lnm,nm,x

ncalibratio

calibrate





212

111





 
cm axis,- oflength 

1

x

nm,nm,
cm/nm,x

starting,end

calibrate

 


 
cm axis,- oflength 

1

y

yy
y

starting,end

calibrate








l1,cm 
l2, cm 

λ1, nm λend, nm 

length of x-axis, cm 

y1 

yend 

Length of y-axis, cm 



       
   cm,thicknessL/mol,ionconcentrat

cm,Areacm/nm,yx.
f calibrate

exp





 29103184

   
   

mol/L 0.2087                                      

                                  

 
309982372

10001791373460
                                      

                                  

g glass, of weight Totalg/mol oxide, RE of M.W.

1000g/cmDensity,g oxide, RE ofWeight 
mol/L ion,Concentrat

3













.

..

(1) Oscillator strength ( fexp) 
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(1) Oscillator strength ( fexp) 

Transition 
Wavelength 

λ (nm) 

Wavenumber 

(υ = 1/λ, cm-1) 

x =∆x/w 
ycalibrate 

(nm/cm) 

Peak 

Area 

(cm2) 

Concentration 

(mol/L) 

Thickness 

(cm) 

Oscillator 

Strength 

fexp*10^-6 
(cm-2) 

4F7/2 386 25906.74 5095.99 0.1 0.11 0.208702246 0.3 3.87 

4G11/2 425 23529.41 4294.15 0.1 0.01 0.208702246 0.3 0.30 

4I15/2 451 22172.95 3619.04 0.1 0.07 0.208702246 0.3 1.75 

6F3/2 750 13333.33 1384.83 0.1 0.09 0.208702246 0.3 0.86 

6F5/2 800 12500.00 1205.64 0.1 0.55 0.208702246 0.3 4.57 

6F7/2 896 11160.71 955.19 0.1 1.24 0.208702246 0.3 8.17 

6F9/2 1088 9191.18 646.104 0.1 2.49 0.208702246 0.3 11.10 

6H9/2 1266 7898.89 482.151 0.1 12.93 0.208702246 0.3 43.00 

6H11/2 1671 5984.44 261.276 0.1 3.15 0.208702246 0.3 5.68 































Next week 

Course Outline: 

 Week 14: Inokuti Hirayama (IH) Model 

        - Case studies from international publications 


