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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
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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).
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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-

PeaKkosemenbHble NOHbI B MaTepuanax umerT
BaNeHTHOCTb 2+, 3+ 1 4+. [lponcxoguT 3anosiHeHue
3KpaHMpoBaHHOM 4f 060104KMN.

B TpexBaneHTHOM cocTtoaHuM La n Lu nmetot 3akpbiTyto f-
060/104Ky

earth ion (Gd™). The 4 orbital is seen to lie inside the 5s and 5p orbitals. Iustration

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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PacwenneHwe 4f ypoBHei

Splitting of energy levels of 4f" electronic configuration due to: | — Coulomb interaction;

Il — spin-orbit interaction; Ill — crystal-field interaction
I 11 111
ES—HLJ(‘H)

~10% cm’?

f”




Crystal field splitting for 4f*-15d electronic configuration

The 5d electrons are not effectively shielded by other electrons, and the crystal field
influence on the energy levels of 4/"-15d electronic configuration is strong.
Accordingly, crystal field splitting of 5d levels is large and the energies of levels within
4f-15d electronic configuration can strongly differ for different crystal hosts.

I 11 I IV
f2E+ — rz ?_
______ — r];_
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€4];— f— €2]—6+
EE(eg)  —— €2E+

Crystal-field splitting of 5d* configuration for tetragonal Ce3* center:
| —free ion, Il - O,, Ill = O, + spin-orbit, IV — C,,
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YPOBHW NAHTAaHOWMAOB B KPUCTA/1/1e

[MonoxeHne 0CHOBHBbIX 4f
YPOBHEN N HANHUSLLINX
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P.Dorenbos, J. luminescence, 2013,
135, 93-104
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11— —m— E(4f-5d) absorption (in CaF2, eV)
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17.7 ns | 129 [2]
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167 164.5 | 15.3ns
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1 Ivanovskih et al Journal of Luminescence 122-123 (2007) 28-31
2 V.N.Makhov et.al. ®TT (2008) 50 1565
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Excitation and emission spectra of LuVO4:5 mol% Eu3+ (A), LuvO4:5 mol% Dy3+ (B), LuvO4:5
mol% Sm3+ (C), and LuVO4:5 mol% Er3+ (D). The insets are the corresponding luminescence
photographs of the samples upon excitation at 254 nm with a UV lamp.
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KackagHoe cseyeHue Pr3* 8 kpuctanne YF,

E (10° cm™)

Pr3* ion
60 +
4fod Configuration — 4f2
T s Singlet 1S,, 1D,, 1G,, 1,
1% step _
204 A = 400 nm('S, - '|) (~80%) Triplet 3Py 4, 3F, 34 °H 556
% =330 nm ('S, - 'D,) (~1%)
=270 nm ('S, - 'G,) (~12%)
4 % =250 nm ('S, - 'F,) (~5%) :
30 Energy-level scheme of Pr3* in
3p 1 : YF;. The transition branching
20 T J"l ® 2step ratios for the main transitions
D, lfzjg ”m(gzo's:ﬁ(iz:f’) of the cascade are also given
1 - =610mm( P, - H)(06%) (from S.Kusk, et.al.
10T C Lo T PO PHYSICAL REVIEW B 71
3 % =720 nm(’P, - °F,)(~5%) 1
J 165112 (2005))
0 -+ 3HJ



Emission
Bak,

Emission spectra of BaF, crystal doped
by PrF; at 78 K. Samples were excited
at 6.9 eV (full curves) or at 6.0 eV
(dotted curve). Middle right inset — Pr
concentration dependence of
intensities 1(2.5 eV)/1(4.8 eV) ratio at
6.9 eV excitation at 78 K. Bottom right
inset - excitation spectra of BaF,-0.3
mol.\% PrF; for emission bands at
2.57 and 4.8 eV at temperature 78 K.
No measurable emission was observed
inBaF,-0.015 % PrF; under 7.0 eV
excitation at 90 K.
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Fig. 1. Absorption spectra of CaF;, 5rF; and BaF; crystal doped by EuFs.
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Fig. 2. Absorption spectra of CaF;, SrF; and BaF, crystal doped by YbF3 at room
temperature. Dashed curves show the fitted CTy absorption bands.
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Fig. 3. Excitation spectra of CaF; crystal doped by 0.1 mol. % EuF3. Emission of Eu
ionswas monitored at 2.1 eV £ 0.1eVat 78 K.
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Fig. 4. Emission spectra of CaFz crystal doped by 0.1 mol.® EuFz in the region of
SDg-"F4 transitions at 78 K with vacuum ultraviolet excitation, Crystal was excited
by unfiltered light from DDS30 lamp which was directly connected with MgFa
window ofcryostat{curve 1) (excitation mainly into CTy band), and separated from
window by 5 mm air space (curve 2) {excitation into CT> band).
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Fig. 5. Emission spectra of 5rF; crystal doped by 0.01 mol® EuF3 in the region of
3Dp-7Fy transitions at 78 K with vacuum ultraviolet excitation into 7.8 or 6.7 eV
absorption bands. Crystal was excited by unfiltered light from DDS30 lamp which
was directly connected withMgF; window of cryostat (curve 1), and separated from
window by 5 mm air space {curve 2). Position of Cyqy, Oy lines were taken from

paper [7.8].
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KBAaHTOBO-Pa3MepHble CUCTEMBbI.

metal

Valenta et al Appl Phys. Lett. 80, 1070 (2002).

one individual
quantum dot
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By fluorescent markers
W

in-vivo observation of tumors
multi-color staining of different organelles in living cells

Bull's-eye. Red quantumn dots injected into
a live mouse mark the location of a tumor.

narrow emission spectra allow multicolor experiments

tuning to tissue extinction minimum
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due to quantum size effect cover large spectral range
large absorption cross section

Distribution of Power in Sunlight
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FIG. 1. Models of the dehydroxylation reaction involved in the
two adjacent geminal silanol groups: (a) formation of an edge-
sharing dimer (scheme 1), (b) formation of a defect pair consisting
of =Si(0,) and =Si: (scheme 2).
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COM un pnyopecueHTHOE n30bpakeHne (KoOHPOKaNbHbIA MUKPOCKOMN) KPEMHUCTOM
CTBOPKM S. acus, KynbtuBupoBaHHoM ¢ gobasneHmnem 1 mkM NBD-N2H. MacwTab -
10 mKm.



