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NON-RADIATIVE RELAXATION OF THE Eu3+ SD, LEVEL IN NaGdTiOd 
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Non-radiative rchsation by multi-phonon emission has been invcstigatcd for the 5D1 level of Eu3+ in ?iaGdTiO,l. The 
SD,+ SDo relaxation rate has been evaluated in the temperature region between 4.2 K and room tempentUre. The temper- 

OtUrc dcpcndence of the relaxation rate points to a fifth-order process. The frequency of the emitted phonons corresponds 

with that of the Cd-O strerching vibrations. 

l_ Introduction 

Non-radiative relaxation between electronic states 
of rare-earth ions in solids occurs by the emission of 
phonons. The theory has been described extensively 
[ l-61. The critical factor in the multi-phonon relax- 
ation process is the number of phonons required to 
conserve energy. The frequency of each of the emitted 

phonons should be close to the maximum frequency 
in the phonon spectrum, since such a process involves 
the smallest number of phonons and has the highest 

probability [5]. This has been confirmed experimen- 
tally. However. if lower-frequency modes are more 

numerous and strongly coupled, the dominant process 
may occur in higher order (see, for example, ref. [7]). 

The 5D1 -+ 5Do relaxation of Eu3+ has been stud- 
ied in a number of compounds [6-81. The rate was 
found to be abnormally slow. This is due to the only 
selection rule observed in multi-phonon relaxation, 
viz. between levels with J = 0 and J = 1 [9] _ We inves- 
tigated the 5D, + 5D,-, relaxation properties of Eu3+ 
in powdered samples of NaGdTiO, : Eu3+ (1%) using 
selective-excitation and time-resolved spectroscopy. 
The crystal structure of NaGdTi03 is described in ref. 

[ 101. The luminescence properties of NaGdTiOq : Eu3+ 

were investigated by Blasse and Bril [ 1 I] and by Linares 
and Blanchard [ 121. Recently, we investigated the en- 
ergy-transfer phenomena in NaEuTiOa [ 131. 

Both decay curvesof the SD1 and the sDt, emission 
were recorded upon laser excitation in jD, _ The tem- 
perature dependence of the sDt + 5Do relasation 

rate can be explained by a fifth-order multi-phonon 
process. as shown below. 

2. Experimental 

The preparation of the powdered samples was de- 

scribed in ref. [ 12). For the low-temperature measure- 
ments. the samples were immersed into liquid helium 
in a Thor bath cryostat (S-100). The temperature oi 
the samples could be regulated between 4.2 K and 
room temperature. For measuring the emission sptc- 
Ira, a tunable dye laser (Molectron DL300) pumped 
with a nitrogen laser (Molectron Wl?) was used as 
an excitation source. The laser generated a pulse with 
a peak power of 30 kW and a width of shout 10 ns. 
The repetition rate was set at 40 Hz. The resolution 
of this equipment amounts to 1 cm-l. The emission 
was detected using a Spex 1704s high-resolution mo- 
nochromator in combination with a cooled photomul- 
tiplier (RCA type C3 1034). To record the time-re- 
solved spectra and the decay of the luminescence. a 
PAR model 162/ 165 boxcar avenger was used. 

3. Results 

The emission and excitation spectra of the Euj+ 

luminescence in NaCd0.99Eu0.0,Ti04 were pr+sented 

in refs. [ 12.13]_ We used a runable dye laser to excite 
selectively the lowest-lying5D, level (at 18941 cm-*). 
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Fig. 1. The time dependence of the emission spectrum of 
Eu3+ in NaCd 0_99EuO_otTi04 upon excitation in SDt at 4.2 
K. f indicates the time after the excitation pulse. The nota- 
tion J - J’ refers to the tra.lsitions sD~ - ‘FJ’. 

To monitor the relaxation from 5D, to “Do, we mea- 
sured emission spectra L: 4.2 K as a function of time 
in the range IO-350 PS after the excitation pulse. 
Fig. 1 shows the time dependence of the 5D, + 7 F3 
and the 5D0 + 7Fl. 7F3 emission spectra of the 
Eu3+ ions. The spectrum recorded 10 PS after the la- 
ser pulse shows mainly the 5D, + 7F3 emission 
(around 590 nm). However, the 5Do + 7F, emission 
around 6 17 nm can be recognized. The spectrum re- 
corded IO0 ps after the pulse shows a relative decrease 
of the emission from 5 Dt . This effect becomes even 
more drastic at 350 us after the excitation pulse, as 
can be seen in fig. Ic. This spectrum resembles the 
time-integrated emission spectrum recorded at 4.2 K 
with excitation in SD,. 

The decay characteristics of the 5D1 and the 5DO 
emission upon excitation in 5Dt were investigated as 
a function of temperature. For the former, the decay 
curves are exponential in the whole temperature region 
under study. The decay curves of the emission from 
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Fig. 2. Decay curve of the ‘Do - “F, emission of Eu3+ in 
NaGdo.99Euo.otTi04 at 4.2 K. 

3 

SD,, show a build-up. This is illustrated in fig. 2, which 
shows the decay curve of the 5Do emission at 4.2 K 
upon 7 F, + 5Dt excitation. The decay curves are ex- 
ponential for long times after the pulse. The plotted 
line in fig. 2 is a theoretical fit, as discussed below. 

4. Discussion 

There are several methods of obtaining the 5D, 
+ 5D,, relaxation rate. We calculated the relaxation 
rate with three different methods. The calculated val- 
ues were in good agreement with each other. Consider 
the simple three-level (5D, >5Do > 7F) scheme of 
fig. 3. Neglecting thermal population of level 2 and 
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Fig. 3. Three-level scheme used in the calculations. 



Volume 107. number 3 CHEhfiCAL PHYSICS LETTERS 1 June 19S-t 

non-radiative transitions to level 0. the rate equations 
for the populations of levels I and 2 after excitation 

in level 2 are: 

dr1,ldr= - k,l,12 - kZOll:! ‘I (1) 

dirlfdl = kzlrtZ - klOtzl . t-11 

The salution of eqs. (1) and (2) for the population of 
level 1 at time I after the excitation pulse is 

“I =A(exp(-ktOt)-esp[ -(kzt +kzo)r]f - (3) 

It can easily be shown (see, for example, ref. [l-4]) 
that for the simple case where level 2 relaxes 10 an 
emitting level 1 _ the emission from level 1 will exhibrt 
a maximum intensity at time 

trnaS = In(KllK~)I(K1 - Kz) . (1) 

Here K 1 and K2 are the summations of all possible ra- 
diative and non-radiative probabilities from level I and 
level 2. respcc:iveIy. Integration of cqs. (1) and (2) 
yields the intensities of the emission from levels 2 and 
1 under continuous excitation in level 2. The ratio of 

the intensities is given by 

l,li, = X-,*/k,, . 0) 

We catculated the relaxation rate X-, l by using eqs. 

(3), (4) and (5). The required data were obtained 

from the 5D0 -+ 7FJdecay curves and rhe time-inte- 

graled emission spectra. Since the ratio of the ‘D1 and 

the 5Do emission intensiries of NaGd*.99Eu~.~~TiO~ 

and NaGd0.9S Eu0,05 TiO, are nearly the same. neglect 
of cross relz.uation as a process which contributes to 

the 5Dl-5D0 relaxation in our 1% Eu3+ sample can 

be justified_ For the relaxation rate at 4.2 K we obtain 

%I = 13.2 X 103 s-J from a computer fit of the es- 

perimental decay curve using eq. (3). The theoretical 
fit is shown in fig. 2. Using eq. (4) we obtain kzl 
= 13.4X lo3 s-t. From the ratio of the intensities 

we found a value of 12.5 X 103 s-l _ A comparison 
with values of k,t = _ 3X 104s-tat42KinYV0, 

171. kll = 1.5X 10” s-l at 4.2 Kin YAsO4 [7] and 

1.5 X 104 sMi at 77 K in YAi03 [S] shows that our 

value is quite acceptable. 
Fig. 4 shows the temperature dependence of the 

relaxation rate. which was calculated from the com- 

puter fits of the 5D0 + 7 FJ decay curves. The theoret- 
ical Gt is discussed betow. The temperature dependen- 

ce of the multi-phonon relavntion rate has been de- 
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Fi$. 4. Temperature dependence of the ‘D, - ‘Do r&u- 
ntion rate in S&d,-,_99Euo.otTiO,. 

scribed by Riseberg and Moos [ 11. The number of 
phonons p of equal energy fliw required to conseme 

energy. and hence the order of the process, is deter- 

mined by Ihe condition 

ptiw=x. (6) 
It can be easily shown that rhr terllper~ture-dclpcnd+nt 

relaharion rare for a smgle-frequency p-phonon pro- 

ccss becomes 

(7) 

The significance of eq. (7) is in the possibility of es- 

tablishing the order of ihe relssation process and the 

energies of the dominant phonor:s involved. We have 

firred our experimenral data IO eq. (7) under the con- 
dition thatpfiw = 1733 cm-l _ The best fit isprescnrcd 

in fig. 4 and was obtained by assuming a fifth-order 

process (i.e. p = 5). The corresponding phonon energ 
is 347 cm-l. 

The infrared and Rnmsn spectra of NaCdTiOq were 
presented by B&se and van den He&l f 151. From 

these spectra it is obvious that the m$mum phonon 
enerv is 850 cm -__ -1. corresponding IO the Ti06 sym- 
metric stretching mode. As stated above. the frequen- 

cy of the emitted phonons is expected to be close to 

the maximum frequency in the phonon spectrum. 
However. if lower-frequency modes are more strongi!, 
coupled. the dominant process may occur in higher 

order. The Raman spectrum of NaCdTiO, shows a 

peak at 315 cm-t _ Tiris pea?~ cannot b+ ascribed to the 

internal modesof theTi06 octahedron and is probably 

353 



Volume 107. number 3 CHIMICAL PHYSICS LETTERS 1 June 1984 

due to lattice mcdes corresponding to Gd(Eu)-0 
stretching vibrations. This explains the fact that these 
phonons are strongly coupled. 
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ERRATUM 

A. Castellan, J.-P. Desvergne, R. Lesclaux and J.-C. 
Soulignac, New insight into fluorescence properties 
of 1,2-bis(9-anthryl)ethanes: temperature depen- 
dence and conformational effects in dilute methyl- 
cyclohexane solutions, Chem. Phys. Letters 106 
(1984) 117. 

On page 122, the equation giving ~2 is incorrect. It 

shoutd read: 

a = t+i; - %)/(@FA f QFGGCA - @FG) 9 

where @GA = kGrt. This does not modify the follow- 
ing conclusion. 
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