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Luminescence and Energy Migration Characteristics of EuWO&I 
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Luminescence and energy transfer properties of EuWO&l and Gda.99E~.01W04C1 are reported. Emis- 
sion due to a small amount of second phase has been observed for both samples. Energy migration 
among the Eu3+ ions has been observed for EuW04CI. The temperature dependence of the migration 
rate can be explained assuming phonon-assisted energy transfer. The interaction between the Eu3+ 
ions is probably multipole-multipole in character. 0 1986 Academic PWSS. IX. 

Introduction 

The luminescence properties of GdW04 
Cl : Eu3+ and EuWO&l (I) have been re- 
ported recently. It was found that the inten- 
sity of the europium emission in EuWO&l 
was temperature independent within the 
experimental accuracy. The quantum effi- 
ciency is high, viz. ~70%. This means that 
no pronounced concentration quenching 
occurs in the system Gdi-,Eu,WO&l. 
These observations seem to imply, that in 
spite of the short nearest-neighbor Eu3+- 
Eu3+ distance (-4.4 A) no energy migration 
among the Eu3+ ions occurs in EuWO&l. 
As announced in Ref. (I) the aim of the 
present investigation is to study by laser 
spectroscopy, whether energy migration 
within the Eu3+ sublattice of EuWO&l oc- 
curs. 

surements has been described in Refs. (3, 
4). 

3. Results 

3.1. Spectral Properties 

2. Experimental 

The emission spectrum of Gdo.uuEuo.o, 
WO&l recorded at 4.2 K under high resolu- 
tion is presented in Fig. 1. A dye laser was 
used to excite selectively into the lowest- 
lying 5Di level at 19015 cm-i. The number 
of peaks in this spectrum is one 5Do -+ ‘FO, 
three 5D0 + ‘Fi , and five sDo + ‘F2. Since 
the site symmetry of Ed+ in GdWO&I is 
C, (2), and there is only one crystallo- 
graphic site available for Gd(Eu), this is in 
agreement with the expected number of 
lines. In addition to the main peaks corre- 
sponding to the 5Do + ‘Fz transition, weak 
peaks in the region between 608 and 614 nm 
can be observed, which are probably due to 
a small amount of second phase. 

Samples were prepared as described in These peaks appear also in the emission 
Ref. (2). They were checked by X-ray pow- spectra of EuWO&l, where their relative 
der diffraction, which showed them to be intensity is stronger than in the spectra of 
single phase. The setup for the optical mea- the diluted system. Figure 2 shows the 
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Fig. 1. Emission spectrum of G&.BEuO.O, WO,Cl, re- 
corded at 4.2 K (ext. ‘F,, + 5D,). The notation J + J’ 
refers to the transitions sDJ + ‘F,’ . 

emission spectrum of EuWO.,Cl recorded at 
1.2 K under high resolution. From this fig- 
ure it is clear, that in addition to the so- 
called satellite peaks that were already ob- 
served for Gdo.99E~.ol WO&l, two extra 
peaks at 610.2 and 615.8 nm can be ob- 
served. Since the number of peaks in the 
sD~ --, ‘Fz spectral region (10) exceeds the 
maximum number of possible peaks (5), it 
is obvious that there exist different crystal 
fields in the samples under study. In pass- 
ing we note that the number of peaks and 
their relative intensity do not show notice- 
able temperature dependence within the ex- 
perimental accuracy up to 300 K. The inte- 
grated intensity of the europium emission in 
EuWO&l remains constant up to approxi- 
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Fig. 2. Emission spectrum of EuWO,Cl, recorded at 
1.2 K (ext. ‘Fo + 5D1). The notation J + J’ refers to 
the transitions 5DJ -+ ‘F,, 

mately 25 K, above which temperature it 
decreases slowly. At 300 K the emission 
intensity is about 50% of the value at 4.2 K. 

In order to obtain information on the dif- 
ferent types of Eu3+ ions, we recorded the 
excitation spectra for the 5D,, + ‘F2 main 
(intrinsic) emission peak at 618.9 nm and a 
satellite (extrinsic) emission peak at 612.4 
nm of EuWO&l in the ‘F. --f 5D1 spectral 
region at 4.2 K. The excitation spectrum of 
the intrinsic emission peak at 618.9 nm con- 
sists of two lines at 525.9 and 526.3 nm (see 
Fig. 3). The ‘Fo* 5D1 transition is expected 
to be split into three lines. The reason for 
this discrepancy is not clear, but may be 
accidental. The excitation spectrum of the 
satellite peak consists of three main peaks 
and two weak peaks, which resemble the 
ones in the excitation spectrum of the in- 
trinsic emission peak (compare Fig. 4 to 
Fig. 3). Their occurrence is probably due to 
overlap of the intrinsic emission peaks with 
the satellite peaks under the experimental 
conditions. 

We used a tuneable dye laser to excite 
selectively the Eu3+ ions with the 7Fo + 5D, 
peak at 524.9 nm. Figure 5 shows the emis- 
sion spectrum recorded at 4.2 K. It is clear 
that this spectrum differs strongly from the 
spectrum recorded after excitation into the 
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Fig. 3. Excitation spectrum of the emission of 
EuWO.,CI, recorded at 4.2 K in the ‘F,, + 5D, spectral 
region (emission wavelength: 618.9 nm). 
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Fig. 4. Excitation spectrum of the extrinsic emission 
of EuWOFl, recorded at 4.2 K in the ‘FO + 5DI spec- 
tral region (emission wavelength: 612.4 nm). 

intrinsic Eu3+ ions (see Fig. 2). The intrinsic 
peaks in the spectral region between 614 
and 622 nm can be distinguished. The spec- 
trum of the extrinsic emission resembles 
that of the Eu3+ emission in La3 WO& (5). 
From this, and the fact that the relative in- 
tensity of the extrinsic emission does not 
show noticeable temperature dependence, 
we conclude that we are probably dealing 
with a second phase of Eu3W0&13. 

Fig. 5. Emission spectrum of EuWO.&l, recorded at 
4.2 K upon excitation into the extrinsic Eu3+ ions (ext. 
524.9 nm). 

We also tried to record the excitation 
spectra of the satellite peaks at 610.2 and 
615.8 nm. However, probably due to over- 
lap with other extrinsic or intrinsic emis- 
sion peaks, respectively, we were not able 
to record these spectra. On account of the 
same temperature argument as mentioned 
above, we assume that the occurrence of 
these two lines is due to another second 
phase. 

3.2. Time Dependence 
of the Luminescence 

In order to obtain information about any 
possible excitation energy migration 
through the Eu3+ sublattice, we investi- 
gated the decay characteristics of the intrin- 
sic sD,, emission as a function of tempera- 
ture for Gdo.99Eu,,or WO&l and EuWO&l. 
For the diluted system the decay curves of 
the intrinsic emission after excitation into 
the 5D~ level are exponential in the whole 
temperature region under study (1.2-300 
K). The decay time at 1.2 K was I .39 msec 
and remained constant up to room tempera- 
ture. The decay curves of the intrinsic 
emission in EuWO&I show a deviation 
from exponential behavior for short times 
after the excitation pulse, but they become 
exponential after a long time. The exponen- 
tial tail of the decay curve recorded at 1.2 K 
corresponds to a decay time of I .34 msec. 
Above 20 K the decay time starts to de- 
crease slowly (0.57 msec at 300 K). In Fig. 

Fig. 6. Decay curves of the intrinsic Eu3+ emission 
(618.9 nm) in EuWO&l at various temperatures (exci- 
tation wavelength: 525.9 nm). 
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6 some semilogarithmic plots of the decay 
curves of the intrinsic emission at various 
temperatures are shown. 

We also measured the decay characteris- 
tics of the extrinsic 5D,, emission. The decay 
curves are exponential in the whole temper- 
ature region. The decay time for the extrin- 
sic emission at 612.4 nm was 500 psec at 4.2 
K and 340 psec at 100 K. Even at 1.2 K no 
build-up of the extrinsic emission upon ex- 
citation with 525.9-nm light could be ob- 
served. This, again, suggests that the oc- 
currence of extrinsic emission peaks after 
excitation into the intrinsic Eu3+ ions is due 
to overlap of the excitation peaks. 

4. Discussion 

Both from the emission spectra and from 
the excitation spectra it is clear that in 
Gd~.~Eu0.01W04C1 and EuWO&l a small 
amount of the Eu3+ ions is extrinsic. From 
the fact that the relative intensity of the ex- 
trinsic emission is temperature independent 
and from the absence of a buildup of the 
extrinsic emission decay curve after excita- 
tion into the intrinsic ions it follows that the 
extrinsic Eu3+ ions do not function as traps 
for the intrinsic excitation energy. As 
stated above, the extrinsic ions are proba- 
bly due to a small amount of second phases. 

The decrease of the integrated intensity 
of the europium emission in EuWO&l 
above 25 K suggests a thermally activated 
loss of excitation energy at quencher sites. 
A comparable, though more drastic effect 
has been observed for NaEuTi04 (3) and 
EuOCl (6), where it could be explained by 
phonon-assisted energy migration through 
the Eu3+ sublattice. A striking difference 
with these two compounds, however, is the 
high quantum efficiency of EuWO&l. 

If we assume energy transfer to quencher 
sites, the time development of the intrinsic 
emission following pulsed excitation can be 
used to distinguish between several cases 
of energy transfer. In general, if one knows 

the intrinsic radiative decay rate, informa- 
tion about the transfer between intrinsic 
ions (donors) and transfer from intrinsic 
ions to acceptor ions can be obtained by 
fitting the decay curve to the appropriate 
theoretical expressions. A general theory 
for the time development of the intrinsic 
luminescence in the presence of a random 
distribution of acceptors is given in Refs. 
(7-9). Exact solutions for the decay curves 
are only possible in two limiting cases: no 
donor-donor transfer (20) and rapid donor- 
donor transfer (7). 

As stated above, the decay curves of the 
intrinsic Eu3+ emission in EuWO&l ap- 
proach a single exponential a long time af- 
ter the pulse. Since the exponential tail of 
the decay curves recorded at higher tem- 
peratures corresponds to a decay rate 
which is faster than the radiative rate of the 
intrinsic emission (719 set-I), direct energy 
transfer to acceptors can be ruled out as the 
only transfer mechanism (20). For the case 
of three-dimensional diffusion-limited en- 
ergy migration the decay is predicted to be 
nonexponential for short times after the ex- 
citation pulse due to direct transfer to ac- 
ceptor ions. For long times after the pulse 
the decay becomes exponential (7,12). The 
decay time derived from this exponential 
part of the decay curve is shorter than the 
radiative decay time. This suggests three- 
dimensional diffusion-limited energy migra- 
tion in EuWO&l (see Fig. 6). 

If we assume a three-dimensional diffu- 
sion model for the energy migration in 
EuWO&l, the decay rate due to migration 
(7;‘) can be obtained from the exponential 
part of the decay curves by the expression 

l/T = l/7, + l/7, (1) 

where 117 is the observed decay rate and I/ 
7, is the radiative decay rate. Using Eq. (1) 
we can calculate the rate of migration 
with the Eu3+ system (ril = p,). The cal- 
culated rate of migration showed a temper- 
ature dependence, which is probably due to 
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Fig. 7. The temperature dependence of pm. See text 
for explanation of the theoretical line. 

a temperature dependence of the diffusion 
constant (3, 4, 6). Figure 7 shows a plot of 
lnp, against 1000/T. The temperature de- 
pendence of the migration rate in Eu(PO& 
(12) and EuA13B4012 (13) has been ex- 
plained by thermal population of ‘Fi and ‘Fz 
levels. Since the lowest ‘F1 level of Eu3+ in 
EuWO&l lies at relatively high energy (316 
cm-i), this process is not very likely below 
100 K. However, for EuWO&l the increase 
of pm starts at lower temperatures (-20 K). 
The temperature dependence of pm is prob- 
ably due to the fact that the energy transfer 
interactions within the 5D0 level are 
phonon-assisted. 

The theory of phonon-assisted energy 
transfer was first developed by Orbach (14) 
and then worked out in detail by Holstein et 
al. (15, 26). The best fit for the experimen- 
tal data is presented in Fig. 7 and was ob- 
tained by using the equation for the one- 
phonon-assisted process: 

pm = A coth (AEI2kT) (2) 

with A = 57.7 set-’ and AE = 12.3 cm-‘. 
The value of AE equals approximately the 
halfwidth of the ‘F. G 5D0 transition (-- 12 
cm-l). It has been discussed in Ref. (3) that 
the one-phonon process is not very proba- 
ble for transfer among nearest-neighbor 
identical rare-earth ions. However, as 
found earlier for NaEuTi04 (3) and for 
EuOCl(6), the temperature dependence of 
the migration up to -100 K seems to sug- 

gest that the one-phonon process occurs. In 
Fig. 7 a deviation from the theoretical fit 
can be observed above -100 K. This is 
probably due to thermal population of the 
7Fr levels above this temperature. 

Compared to pm found for EuOCl at 1.2 
K (1420 set-l), pm found for EuWOJl at 
1.2 K (27 set-i) is very small. Even at 300 
K pm for EuWO&l (1035 set-i) is still 
smaller than for EuOCl(8100 set-l). It has 
been shown that the interaction between 
the Eu3+ ions in EuOCl is, at least partly, 
exchange in character (17). The interaction 
occurs via the europium-anion charge 
transfer state. The only anions to give rise 
to such a superexchange interaction in 
EuWO.,Cl are the Cl- ions. However, the 
Cl- ions are shared between two Eu3+ ions 
in a pair, which is not connected to another 
pair by Cl- ions (2). This excludes energy 
migration among the Eu3+ ions via superex- 
change interaction in EuWO&l, and im- 
plies that the observed energy migration is 
due to multipole-multipole interaction. The 
relatively small values found for pm at low 
temperatures are then explained by the fact 
that for multipolar coupling the probability 
of energy transfer depends on the probabil- 
ity of the multipolar transitions on the ions 
involved: jDO fs ‘Fo. Due to the forbidden 
character of this transition, the probability 
for energy transfer between two Eu3+ ions 
is low. 

In conclusion we have evaluated the en- 
ergy migration process in EuWO&l. It has 
been shown that energy migration to 
quenching centres occurs. The energy 
transfer between the Eu3+ ions occurs via 
multipole-multipole interaction. This ex- 
plains the low migration probability and the 
high quantum efficiency. 
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