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Figure 1.1 The electromagnetic spectrum, showing the different microscopic excitation

sources and the spectroscopies related to the different spectral regions. XRF, X-Ray Fluo-
rescence; AEFS, Absorption Edge Fine Structure; EXAFS, Extended X-ray Absorption Fine
Structure; NMR, Nuclear Magnetic Resonance; EPR, Electron Paramagnetic Resonance. The
shaded region indicates the optical range.
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Figure 1.10 (a) The absorption and emission energies for a two-level system (rigid lattice).
(b) The absorption and emission energies showing the Stokes shift (vibrating lattice).



Table 1.2 The various types of luminescence

Name Excitation mechanism
Photoluminescence Light
Cathodoluminescence Electrons
Radioluminescence X-rays, a-, -, or y-rays
Thermoluminescence Heating
Electroluminescence Electric field or current
Triboluminescence Mechanical energy
Sonoluminescence Sound waves 1n liquids

Chemiluminescence and
bioluminescence

Chemical reactions
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Figure 3.2: A theoretical prediction of the radial distribution of the orbitals of a rare-

earth ion (Gd™). The 4f orbital is seen to lie inside the 5s and 5p orbitals. Illustration
from Ref. [28].

oL a and Lu - closed outer shell (N=0 and 14)

All the others - outer shell 4f partially filled
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Element Symbol Atomic Atomic Electronic Fundamental Tonic radius
no. wt. state State (A)
Cerium Ce 58 140,12 [Xe]4f'55°5p° SES 1.11
Praseodymium Pr 59 140,98 [Xe]4f’5s°5p° *H, 1.09
Neodymium  Nd 60 144,24  [Xe]4f’5s°5p° o 1.08
Promethium  Pm 61 145 [Xelaf*5s75p® "Ly 1.06
Samarium Sm 62 150,4  [Xe]4f°55°5p° ke 1.04
Europium Eu 63 151,96 [Xe]4f®5s°5p° "Fo 1.03
Gadolinium  Gd 64 157,25 [Xe]4f'55°5p° 8Sn 1.02
Terbium Th 65 158,93 [Xeldf®ss°5p° "Fe 1.00
Dysprosium Dy 66 162,5 [Xelaf’5s°5p° REI 0.99
Holmium Ho 67 164,93 [Xel4f' '5s75p° "Ta 0.97
Erbium Er 68 167,26 [Xe]af'!5s°5p° Tl 0.96
Thulium Tm 69 168,93 [Xe]4f'*5s’5p° *Hg 0.95

Ytterbium Yb 70 173,04 [Xelaf?5s°5p° T 0.94
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Splitting of energy levels ofYelectronic configuration due to:d Coulomb interaction:
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Crystal field splitting forf#'5d electronic configuration

The Sl electrons are not effectively shielded by other electrons, and the crystal field
influence on the energy levels of"45d electronic configuration istrong.

Accordingly, crystal field splitting oflfevels is large and the energies of levels within
4fr-15d electronic configuration can strongly differ for different crystal hosts.
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Crystalfield splitting of %' configuration for tetragonal Cécenter:
| ¢ free ion, lig O, llig¢ G, + spinorbit, IVC, 4,
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