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Introduction: Ln3+ in solids

Ion-crystal
interaction << Spin-orbit

interaction
Columbic
interaction<<

~ 100 cm-1 ~ 1000 cm-1 ~ 10000 cm-1

● To use perturbation theory to describe the ion-crystal system

● To use the quantum numbers of free ion to describe the levels

✔ energy spectrum
✔ transition probabilities
✔ radial matrix elements

Electronic configuration: [Xe] 4f w Excited configuration: 4f w-1 5d

w = 3  for Nd3+               w = 6  for Eu3+           w = 11 for Er3+ 
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Solids doped with Eu3+ : Judd-Ofelt theory
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● Judd, B. R. (1962). Optical absorption intensities of rare-earth ions. Physical review, 127(3), 750.
● Ofelt, G. S. (1962). Intensities of crystal spectra of rare-earth ions. The journal of chemical physics, 37(3), 511-520.
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Crystal field

Atomic properties

Adjustable parameters

Fixed parameters

Radial matrix elements

k = 1 k = 3 k = 5

1.13062 -3.22134 21.72715

● relaxing of some of the strong assumptions of standard JO theory

● simple interpretation of the transitions that are forbidden in standard JO theory

Eu3+  
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Extension

SO within 4fw 5d → perturbative way →  3rd order 

SO within 4fw      → taken as it is 

all eigenvector components

wavelength-dependence of
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perturbation operator: V
CF

+H
SO  

transition amplitude 2nd order contribution
bare influence of CF + 3rd order contribution

influence of CF and excited SO
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Line strengths calculations
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Results on Eu3+

Kedzioeski et al.:
Eu3+ in acetate crystal

Hovhannesyan, G., Boudon, V., & Lepers, M. (2022). Transition intensities of trivalent lanthanide ions in solids: Extending the Judd-Ofelt theory. 
Journal of Luminescence, 241, 118456.
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Conclusion
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✔ The model is based on accurate calculations of free-ion properties.

✔ All eigenvector component are taken into account.
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➢ Account for different light polarizations and free-ion sublevels, or for overlapping 
transitions.

Future improvements
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Thank you

for your attention !
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Methodology

First step

✔ P
nl

 with HFR method

✔ Energy parameters

Second step

✔ Setting up energy 
matrices

✔ Diagonalization

✔ Eigenvalues and 
eigenvectors

Third step

✔  Least-square fitting

ab initio least squareSemi empirical method
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Description of calculations

Multipolar expansion of the crystal-field potential:

ED transition amplitude:

 k = 1, 3, 5

4f w-1 5d

4f w-1 5d

Unperturbed levels: 
free-ion levels:
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Results on JO parameters

Eu3+  

Nd3+  

Er3+  
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