
SOVIET PHYSICS JETP VOLUME 22, NUMBER 6 JUNE, 1966 

TRANSFER OF EXCITATION FROM THE CRYSTAL LATTICE TO RARE EARTH IONS 

M. E. ZHABOTINSKII, Yu. P. RUDNITSKII, V. V. TSAPKIN, and G. V. ELLERT 

Institute of Radio Engineering and Electronics, Academy of Sciences, U.S.S.R. 

Submitted to JETP editor June 14, 1965 

J. Exptl. Theoret. Phys. (U.S.S.R.) 49, 1689-1694 (December, 1965) 

We have experimentally confirmed the possibility of efficient transfer of excitation energy 
from the crystal lattice to activator ions. We present the results of a study of energy transfer 
from the uranyl cesium tetrachloride lattice to rare earth ions. It is shown that an essential 
role in this transfer is played by migration of uranyl ion excitation along the crystal lattice. 

0 NE of the means of sensitizing luminescence is 
the transfer to activator ions of energy absorbed 
by the crystal lattice. This type of sensitization is 
extremely important in crystalline phosphors, 
where the energy transfer is accompanied by 
transfer of charge. 

In the case of rare earth activators, where the 
luminescence is due to f-electrons, this energy 
transfer mechanism is impossible and therefore 
the process of energy transfer without charge 
transfer-nonradiative transfer and reabsorption 
of luminescence-is important. 

A number of papers have been published, devoted 
to luminescence of rare earths in tungstates and 
molybdates, [i] in which the authors observed 
radiationless energy transfer from the lattice to 
activator ions in excitation of the lattice in the 
fundamental absorption band in the ultraviolet part 
of the spectrum. However, a detailed study of this 
phenomenon has not been carried out. 

We can compare the efficiency of sensitization 
from the lattice with the sensitization of the ion
ion type, assuming that the activator-lattice inter
action is equivalent to interaction of a sensitizer
activator pair with increase of the sensitizer con
centration to 100 mol. %. This is an extremely 
crude approximation, which neglects the collective 
properties of the ions in the lattice. 

The energy transferred in interaction of a pair 
of ions, according to Dexter, [2] is 

Etr = Eabs.sen'l'jsen Ptr , 

where the energy transfer probability Ptr is written 
in the semiclassical approximation as 

p Q'MsenMact 
tr "',-, ·,-, fi2R. 

:.'sen ::.'act m 

for a dipole-dipole interaction m = 6; for a dipole
quadrupole interaction m = 8; Qsen is the width of 
the luminescence line of the sensitizer; Qact is the 
width of the absorption line of the activator; Q' is 
the amount of overlap of the spectra Osen and 
Oact; and R is the average distance between ions. 

For sensitization from the lattice R = Rmin• 
which is determined by the lattice constants, and 
the ratio 0'/QsenQact approaches a maximum, 
since the luminescence of the lattice is broad-band. 
If the absorption bands of the sensitizer ion are 
weak, the increase of concentration also has a 
favorable effect on the absorption depth. 

To study energy transfer from the lattice it is 
convenient to select luminescent crystals with 
their fundamental absorption in the visible region. 
We expected that crystals of the compounds of 
hexavalent uranium would be suitable subjects for 
study of lattice sensitization, since in the energy 
spectrum (see Fig. 1) of the uranyl complex [U0] 2+! 
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Here 11sen is the quantum yield of the sensitizer; FIG. 1. Energy spectrum of the uranyl complex in the 
Msen and Mact are the dipole moments of the ions; crystal Cs.(U02(N03) 3] according to Dieke and DuncanJ•] 
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beginning at 5000 A, dense, wide bands of excited 
states are observed, connected with electronic 
transitions. 

The luminescence of uranyl is well known to be 
very broad-band and lies in the convenient yellow
green region. 

The nature of the absorption and luminescence 
spectra of uranyl compounds is such that we would 
expect energy transfer to ions of most rare earths, 
in which the pumping levels are located above 
5600 A (the red limit of the intense luminescence 
bands of [U02]2+) and the metastable levels do not 
fall in the uranyl absorption band. 

According to the quantum theory of solids, for 
crystals in which the uranyl complexes are suffi
ciently close together, we would expect overlapping 
of the molecular wave functions and the possibility 
of energy migration in the form of Frenkel excitons. 
The more compact the crystal structure, the 
greater the number of allowed directions of migra
tion. [3 ,.t] It is obvious that in such crystals the 
absorption and luminescence bands must be broad
ened. 
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FIG. 2. Luminescence spectrum of Cs2[U02Cl4 ] crystal. 

For the investigations we selected anhydrous 
crystals of the compound Cs2[U02Cl4], whose struc
ture, according to preliminary data, is identical 
to the structure of Cs2[U02Br 41, which was studied 
by Mikhai'lov et al. [5] 

The luminescence and absorption spectra of 
these compounds measured by us (Fig. 2) do not 
differ appreciably from those given in the mono
graphs of Levshin [G] and Dieke and Duncan. [7] 

The excitation spectrum of lattice luminescence 
corresponds to the structureless absorption spec
trum observed in samples thicker than 2-3 mm. 

The sensitization of rare earth ions by the lat
tice was studied in polycrystalline samples of 
uranyl cesium tetrachloride activated by rare 
earths (not including Ce and Gd) with a concentra
tion of 0.1-0.5 mol. %. We have recorded the 
luminescence spectra and the excitation spectra, 
and measured the lifetimes. 

Similar observations made on single crystals 
with Nd and Eu additives showed that they were 
completely identical to the luminescence in mono
crystalline samples. 

FIG. 3. Luminescence spectrum of PrH and NdH in 
a cs.[uo.cl.] crystal. 
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FIG. 4. Luminescence spectrum of Ho>+, Er>+, and 
Tm in a Cs2[U02 Cl4] crystal. 

The luminescence was excited both directly in 
the excitation bands of the ions themselves and 
through excitation of the lattice. The luminescence 
spectra (Figs. 3-5) correspond to the spectra of 
triply charged rare earth ions. 

Pr, Nd, Eu, Ho, Er, and Tm luminesce strongly; 
Sm is somewhat weaker; no luminescence of Tb and 
Dy was observed. Luminescence of Yb in theIR re
gion is observed only on pumping in the ion absorp
tion band (910-980 mf."). 

It should be noted that the yellow-orange lines 
of Sm and Eu overlap the broad-band luminescence 
of uranyl, and are separated on the basis of the 
shape and width of the lines. 

The excitation spectra of Pr, Nd, and Eu (Fig. 6) 
are identical in nature and differ only in the fine 
structure due to the absorption lines of the activator 
ions. 

The structure in the excitation spectrum of Sm 
is not resolved, as the result of the weak lumines
cence of the sample. 

The excitation spectra of Er, Ho, and Tm were 
not recorded. However, the presence of bright 
luminescence on excitation through interference 

FIG. 5. Luminescence spectra of Sm'+ 
and Eu>+ in a Cs,[U02Cl4] crystal. 
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filters at wavelengths of 410, 440, and 460 mf." and 
the absence of luminescence on excitation through 
filters at 520 and 588 mf." gives a basis for suggest
ing that the excitation spectra of Er, Ho, and Tm 
do not differ from those measured. 

The excitation spectra show the existence of 
efficient energy transfer from the lattice to the 
activator ions. Luminescence excited indirectly 
through lattice pumping is much more intense than 
in pumping directly in the absorption band of the 
ions. 

The energy transfer is accompanied by appre
ciable shortening of the lifetime of the excited 
state of uranyl, which indicates a radiationless 
transfer mechanism. Thus, while the lifetime of a 
pure single crystal is 4.5 x 10-4 sec, on introducing 
0.5% of EuCl2 into the crystal it falls to 2 x 10-4 sec. 
NdCl3 concentrations of 0.05, 0.1, and 0.15% result 
in uranyl lifetimes (in units of 10-4 sec) of 3.4 ± 0.1, 
2.4 ± 0.1, and 1.8 ± 0.1. 

In explaining the transfer mechanism we must 
take into account that: 1) the shortening of the 
uranyl excited state lifetime indicates the radia
tionless nature of the transfer; 2) the lifetimes of 
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FIG. 6. Excitation spectra of Pr'+, NdH, and Eu3+ in a 
Cs2[U02 Cl4 ] crystal; the dashed line shows the intensity of 
the exciting radiation. 

the excited state of the activators being discussed 
are roughly an order of magnitude larger than for 
uranyl and do not depend on the means of excitation 
of the activator (experimental accuracy 10%); 
3) the excitation transfer time between neighboring 
uranyl complexes, determined by Dexter [S] for 
weakly resolved dipole transitions without inclusion 
of collective effects, is of the order of 10-11 sec; 
4) the lifetime of the uranyl excited state is 4.5 
x 10-4 sec, and radiationless transitions inside the 
uranyl absorption bands occur in a time not greater 
than 10-7 sec. 

It follows from (3) and ( 4) that the range of an 

exciton, before equilibrium is reached with the 
lattice, can reach 104 lattice constants. 

Energy transfer to the activator occurs in the 
scattering of the exciton by the activator. The high 
mobility and large mean free path of the exciton 
provide efficient sensitization. Some contribution 
to the sensitization can also be given by other 
effects (for example, reabsorption of radiation). 

The identical nature of the excitation spectra of 
the activators and the absence of energy transfer 
to Yb are obtained as consequences of the sensiti
zation mechanism proposed. 

Thus, in the example considered we have shown 
a high efficiency of energy transfer from the lattice 
to the activator. 
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