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Optical absorption and emission spectra (1200-200 nm) of Eu(ReO& . ZDDPA are measured between 
77 and 650 K. Based on a C, symmetry of the Eu(II1) ion, a group theoretical analysis has been carried 
out and tentative assignments of sDJ and ‘Fr energy levels and their Stark splitting are made. The 
emission spectra measured with various Ar+ laser tines exhibit prominent fluorescence exclusively 
from sDo to ‘F,, levels. The relative intensities of the ‘DJ emissions exhibit a temperature dependence 
showing a continuously decreasing intensity for the J s 1 states. The 5D,, state remains only a 
fluorescence state at higher temperatures (above -450 K). For J 2 1, the excited Eu(II1) ions in these 
states decay by a combination of radiative transitions to the ‘FJ levels and nonradiative processes 
operative within the sDJ manifold. 8 1987 Academic press, IK. 

Introduction ting are very sensitive to the local symme- 
try, coordination, and crystal field offered 

The adducts of lanthanides with N,N-di- by the nearest neighbors (4, 5). The split- 
methyl-diphenyl-phosphinamide (DDPA) ting pattern and intensity distribution 
are stable and crystallize out in different within 5DJ f) 7FY transition regions can pro- 
structures (I, 2). Recently, Vicentini and vide information about ligand field struc- 
Machado (3) have synthesized the ture and symmetry. Moreover, the lumines- 
Ln(ReO& * 2DDPA isomorphic series with cence properties of lanthanides can be 
Ln = La-Tb and Ln(ReO& * 3DDPA with substantially modified by the presence of 
Ln = Dy-Lu, Y. The “effective” symme- impurity ions and/or radiation-induced de- 
try of these chromophores have not been fects as well as by the phonon frequencies 
conclusively determined. The Ln(II1) elec- of the host lattices (6-9). This may be use- 
tronic energy levels and their J-level split- ful for characterizing the materials for laser 

applications (20-12). 
* The author to whom correspondence should be The absorption spectrum of the europium 

addressed. adduct shows a broad UV absorption due to 
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the DDPA ligand and sharp Eu(II1) lines in 
the visible region. The Eu(II1) ion also ex- 
hibits the 4f+ 4f transitions in the UV re- 
gion (23), but these usually get masked into 
the strong DDPA absorption. These transi- 
tions, however, can be utilized to populate 
the Eu(II1) levels of the visible region as the 
former (UV) transitions are easily excited 
through the DDPA absorptions. This would 
lead to the efficient laser emissions from 
5D~ levels with the emitted radiation lying in 
the visible to near infrared. Moreover, 
among the trivalent lanthanide ions, Eu(II1) 
is especially useful as an optical probe of 
crystal-field symmetry and radiative transi- 
tion properties (14). The ground state (‘FO) 
and the principal emitting state (5D0) of this 
ion are nondegenerate, and the spectra re- 
main uncomplicated even in low-symmetry 
ligand environments. Thus, a study of the 
Eu(II1) ions is of clear interest in any study 
of the electronic structures of the lan- 
thanide complexes. In this investigation, 
we report a detailed analysis of the optical 
absorption and fluorescence spectra associ- 
ated with the possible ‘FJt * 5DJ (J’ = O-6, 
and J = O-4) transitions of Eu(II1) in the 
Eu(ReO& * 2DDPA adduct at different 
temperatures between 77 and 650 K. 

Experimental 

The Eu(ReO& . 2DDPA was prepared 
by a method reported elsewhere (3). Its op- 
tical absorption (1200-200 nm) from the 
crystalline powder and single crystal was 
measured between 77 and 650 K on a Cary- 
17D spectrophotometer. X-ray diffraction 
patterns recorded for the powder samples 
(using a Rich-Seifert Isodebyeflux 2002 dif- 
fractometer with filtered Cuba! radiation) at 
three different temperatures, viz, 77, 300, 
and 650 K do not differ appreciably from 
one another. This confirms that the 
Eu(ReO& . 2DDPA adduct is stable and 
retains the same crystal structure between 
77 and 650 K. The fluorescence spectra 

were measured on a Ramalog 1403 spectro- 
photometer equipped with a Spectra-Phys- 
ics Model 165 Ar+ laser. The measurements 
were made using the various Ar+ laser 
lines for the excitations in the visible re- 
gion. This provided a comparison of the 
Eu(II1) fluorescence excited from different 
5D~ levels as well as an identification of Ra- 
man and fluorescence processes. The low- 
temperature control was achieved using a 
homemade dewar, with liquid nitrogen used 
as the coolant. An electric heater assembly 
fitted with the dewar was employed for the 
high-temperature (above 300 K) measure- 
ments. 

Results and Discussion 

Electronic Absorption Spectra 
The electronic absorption spectrum of 

Eu(ReO& * 2DDPA exhibits the character- 
istic sharp bands of Eu(II1) in the 600- to 
400-nm region. Intense and structureless 
bands involving the r + r* transitions of 
the DDPA group appear in the 400- to 200- 
nm region and mask the weak Eu(II1) ab- 
sorptions (15, 16). All crystal-field compo- 
nents of the ‘FO+ 5D0,1,2 bands between 580 
and 460 nm get resolved in the spectra at 77 
K. A typical absorption spectrum (600-400 
nm) measured at room temperature (300 K) 
is shown in Fig. 1. Some vibronic bands 
associated with the electronic transitions 
are accompanied by blue-shifted broad 
bands. These are marked by the circled plus 
sign @. The band position and oscillator 
strength of the principal band groups as- 
signed for a few low-lying energy transi- 
tions are given in Table I. The oscillator 
strengths of the bands have been calculated 
using the integral area under the absorption 
curves (for details, see Feuerhelm et al. 
(17)). Their values so obtained for the ‘Fo 
+ 5DJ (J = O-4) transitions in Eu(II1) sys- 
tems are of particular interest in elucidating 
the electric/magnetic dipole characters and 
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FIG. 1. Absorption spectrum (600-400 nm) of the 
Eu(II1) ion in Eu(ReO& . 2DDPA at 300 K. (*) Ab- 
sorption of Re4+, @) vibronic bands. 

hence the 4f+ 4fradiative transition prob- 
abilities. Among these transitions, only ‘Fo 
-+ jD1 satisfies the magnetic dipole selec- 
tionrules(AJ=O,? l,withJ=O*J’=O) 
in an intermediate coupling scheme (18). 
The 7F0 --, 5D2,4 transitions are believed to 
be primarily electric dipole in character. 
Their intensities are therefore strongly de- 
pendent on crystal-field effects. The 7Fo + 
jDX transition has a mixed character (mag- 
netic dipole intensity usually to first order 
and electric dipole intensity to second or- 
der), whereas the remaining 7Fo + jDO tran- 
sition is rigorously forbidden for any mag- 
netic/electric dipole or electric quadrupole 
transition. However, this latter transition 
generally appears (though with small inten- 
sity) for the noncentrosymmetric europium 
compounds due to the J-level mixings. The 
intensity (oscillator strength) distribution 
within the ‘Fo + jDJ transitions of the 
Eu(ReO& * 2DDPA adduct shown in Fig. 1 
is consistent with these predictions. Only 
the ‘Fo + jD1 band, as an exception, re- 
veals somewhat larger intensity than ex- 

pected for a magnetic dipole transition. We 
have also studied the electronic absorption 
spectra of EuC& . 6HzO and Eu(SO& * 
8H20, and similar results for the 7Fo + jD1 
transition have been noted. Sage et al. (19) 
have measured the absorption and mag- 
netic circular dichroism intensities in 
EuC13 * 6H20 showing no evidence of the 
presence of electric dipole/electric quadru- 
pole character, if any, in this transition. 

Perhaps a more striking result of the ab- 
sorption measurements has been observed 
for a thermally excited ‘F1 - jD3 band 
group at -420 nm. It exhibits an intensity 
-70 times that of the ‘F’o 4 jD3 transition 
excited from the ground state (‘F,,) at -300 
K. The intensity increases exponentially in 

TABLE I 
PRINCIPAL ABSORPTION BANDS OF Eu(II1) IN 

Eu(ReO& . ZDDPA OBSERVED AT 300 K 

Wavelength 
b-d 

Oscillator 
strength 
(f x 1O8) Transitions 

590.0 (16,950) 
588.0 (17,007) 1 

0.023 ‘F, + sD, 

578.4 (17,289)- 0.010 ‘FO - sDO 
570.0 (17,544)* 0.013 Re4+ band 
536.0 (18,656) 1.014 ‘F, -+ sD1 
525.0 (19,048) 0.50 ‘FO -+ sD, 
472.0 (21,186) 0.010 ‘F, + sD2 
465.0 (21,505) 
464.0 (21,552) 0.35 

459.0 (21,786)@ 
432.0 (23,148)o - 

‘FO + sD2 

Vibronic bands 

420.0 (23,895) 
416.0 (24,038) 1 

0.34 lF, + sD3 

412.0 (24,272)’ 0.005 ‘FO + sDo3 
393.0 (25,445) 35 ‘FO + sL6 
384.0 (26,042) 4.5 ‘FO + sL7 
381 .O (26,247) 
377.0 (26,525) 1 

2.5 

365.0 (27,397) 5.0 ‘F,, + 5D4 

Note. Transition energies (in cm-‘) are written in 
parentheses. 

* Absorption band of Re+4. 
@ Vibronic band as marked in Fig. 1. Here, Stark 

splittings are omitted. 
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the excitation of 7F~ * 5D3 bands and de- 
creases in the 7F~ + 5D3 excitation follow- 
ing the Boltzmann population distribution 
with temperature increases between 77 and 
650 K. The bands of the latter transition 
almost disappear at -650 K. Thermally ex- 
cited bands to the 5Do-2 levels have also 
been noted (cf. Table I), but these are not so 
pronounced. The appearance of the ther- 
mally excited Eu(II1) bands, as in the 
present case, is not very surprising. Several 
examples (20-22) in this series have been 
reported wherein the absorptions excited 
for 7F~ levels of the Eu(II1) ion revealed an 
even stronger intensity than those excited 
for the 7F~ level. The crystal-field-induced 
electric dipole characters of the involved 
levels and their pertinent selection rules are 
generally responsible for these features. 

High-resolution spectra of the 7F~ - ‘DI 
(525 nm) and 7Fo - 5D2 (464 nm) transitions 
show very clear crystal-field splittings into 
three and five Stark components, respec- 
tively. This indicates a sufficiently low site 
symmetry (most probably Cz,, CZ, C,, or 
C,) of Eu(II1) in this adduct as the 2J + l- 
fold degeneracy of each 5D~ and 5D~ is com- 

-oGow 
19060 19010 

FIG. 2. Polarized absorption spectra of the ‘Fo + sDI 
and ‘F. + 5D2 bands of the Eu(HI) ion at -77 K. The 
electric vector E for the ‘F. + 5D2 transition and the 
magnetic vector H for the ‘F. -+ sD1 transition were 
kept parallel to a, b, and c crystal axes in (A), (B), and 
(C), respectively. 

TABLE II 
ABSORPTION LINES OF ‘F. TO 5D2,,.o MULTIPLETS OF 

Eu(II1) IN THE Eu(ReO& . 2DDPA ADDUCT. THE 
ASSIGNMENT OF THE EXCITED STATE LEVELS OF 
THE TRANSITIONS Is MADE BY C, POINT GROUP 

SYMMETRY 

Line energy (cm-9 

Line 77 K 300 K 650K Assignment C, symmetry 

21.561 21,560 21,575 ‘For,) - Q2 I‘? 
21,552 21,552 21,560 l-1 
21,527 21.530 21,537 r> 
21,524 21.527 21.532 r1 
21,482 21,485 21.490 rl 
19,055 19,058 19,060 
19,040 19,c!45 19,046 
19.020 19,022 19,030 I 

Vdr,) - SD, rl 
r2 
rT 

17.289 17,290 17,295 7Fdr,) + 54 rl 

pletely removed. We have also measured 
the polarized absorption spectra of these 
crystal-field transitions (Stark lines). The 
results obtained for the different geometri- 
cal configurations of a thin single crystal of 
the Eu(ReO& . 2DDPA adduct are consis- 
tent with each other. The polarized spectra 
measured with electric vector (Z$) incident 
parallel to the crystal axes a, b, and c are 
shown in Fig. 2. For the sake of simplicity, 
the absorption lines of transitions from ‘Fo 
to Stark levels of 5D2,1,0 states are numbered 
as Pi to P9 in the order of decreasing en- 
ergy. The transition energies and symmetry 
species of Pi levels obtained at three repre- 
sentative temperatures, viz, 77, 300, and 
650 K are given in Table II. The transition 
7Fo --f 5D1 as discussed above is a well- 
known magnetic dipole transition. Its polar- 
ization is, therefore, characterized by the 
orientation of the magnetic vector (H> in 
the reference light. The spectral features of 
the Stark lines Pg, P7, and Pg (7F~ + ‘DI 
bands group) in Fig. 2 reveal that these be- 
long to two different symmetry types. The 
Pg line exhibits the same intensity in the 
two orientations Hlla and Hllb and it differs 
from that in the H//c orientation. We have 
assigned this band to a I, symmetry species 
in the C, point group symmetry. Likewise, 
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the P7 and Ps lines are attributed to the IZ 
symmetry species. 

A considerable polarization effect is 
noted in the PI to PS lines. This eventually 
confirms a predominent electric dipole 
character of the 7F0 + sD~ transition. The 
five (PI to Ps) Stark components (in C, point 
group symmetry) can be written as 

ho* = 3r1 + 2r2. 

Here, the transition moment for the Fi spe- 
cies lies in a plane defined by the a and b 
crystal axes and that for the I2 species lies 
perpendicular to this plane (23, 24). Thus 
the Stark lines with the Fl species would 
occur strongly (weakly for the I2 species) in 
Ella and E/lb orientations with a relatively 
weaker (stronger for the I2 species) inten- 
sity in the E//c orientation. The relative in- 
tensities as occurred in these five Stark 
lines change drastically in the different ori- 
entations from E//u to E//c (cf. Fig. 2) but 
do not rigorously follow any specific pat- 
tern permissible under a C, or Ci site sym- 
metry. The observed features, however, 
can be better accounted for by a Czu sym- 
metry. The assignments of the lines PI to PS 
by this symmetry would be the transitions 

r,md - r3, h r2, rl, and r4m2h 
respectively. The line PI assigned to the 
forbidden I3 species may arise in a dis- 
torted Czv (to C2) symmetry. This, however, 
does not justify an apparent contradiction 
of different site symmetries concluded for 
the 7F~ -+ 5Di (C,) and 7F~ + 5D2 (C2J tran- 
sitions. A correlation diagram of the sym- 
metry species in different symmetry sites is 
given in Table III. 

Fluorescence Spectra 
At present, the “effective” symmetry of 

Eu(ReO& . 2DDPA is not understood (3, 
25, 26). On the basis of X-ray diffraction 
studies of this compound, Vicentini and 
Machado (3) have suggested a Cav symme- 
try with distortion to C2”. The Eu(O), chro- 

TABLE III 
CORRELATIONDIAGRAMSFORDIFFERENT 

SYMMETRY SITES AS PERMISSIBLE FORTHE Eu(II1) 
ION INTHE Eu(ReO&. ZDDPA ADDUCT 

c2 G” C, Cl 

2 

I-1 (A,) 
r, (4 

r2 (B,) > r, (A’) 

r, (4 
f, 6%) 

r2 @I 
r4 (&I > 

r2 (A3 > 

* Electric dipole forbidden transition. All other tran- 
sitions are allowed in both the electric dipole and the 
magnetic dipole (23). Some authors use the notations 
given in parentheses. 

mophore forms a distorted square bipyra- 
mid with four oxygens of the two bidentate 
perrhenate (ReO& ions occupying the 
equatorial plane at about the same distance. 
The results of our absorption studies re- 
ported here indicate that the complex suf- 
fers a still lower symmetry. To deduce 
more structural information about the com- 
plex, we carried out fluorescence studies. 
The results obtained at 77 K are shown in 
Figs. 3 and 4. The emission spectrum 
shown in Fig. 3 displays emissions mainly 
from the 5DO level. The emission intensity is 
fairly intense, indicating an absence of 
concentration quenching in Eu(ReO& * 
2DDPA. A sequence of jDO + ‘FJ, transi- 
tions was observed and contained a wealth 
of fine Stark line structure. The most in- 
tense spectral features exhibit sharp lines 
followed by less intense and relatively 
broader lines located at slightly lower ener- 
gies. These broad contours exhibit very lit- 
tle loss of intensity as the temperature rises 
from 77 to 650 K. The broad features are 
vibronic in nature and the sharp lines are 
origin transitions. Assignments for the ma- 
jor peaks shown in Figs. 3 and 4 are sum- 
marized in Table IV. 

The 5D0 state of Eu(II1) is nondegenerate 
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FIG. 3. Fluorescence spectrum of the Eu(II1) ion in Eu(ReO& . 2DDPA at 77 K with the principal 
emitting state QO. A,,, = 488.0 nm Ar+ laser. 

and the spectrum 5D~ ---* ‘FJ, (0, J’) remains 
simple even for low-symmetry environ- 
ments. The transition ‘F. + 5Do in the euro- 
pium adduct occurred for both the ab- 
sorption and the emission spectrum. Its 

cd 
19500 19000 16500 16000 17500 

I ’ 1 ” ” “I 

WAVELENGTH (nm) 

FIG. 4. Fluorescence spectrum of the Eu(II1) ion 
corresponding to that of Fig. 3 with the principal emit- 
ting state 5DD1. * = Vibronic bands. 

oscillator strength known for the absorp- 
tion spectrum thus may be utilized to spec- 
ulate (assuming the same oscillator strength 
also in emission) on the oscillator strengths 
of the remaining (0, J’) emissive transitions 
using their relative emission intensity data. 
The result so obtained is given in Table V. 
The line assignments summarized in Table 
IV follow the selection rules described in 
the Judd-Ofelt theory (27, 28). The transi- 
tions 5D0 + ‘FJl in emission obey essen- 
tially the same restrictions as for the ‘F’o + 
5DJ transitions in the absorption. Thus the 
transitions 5D~ + ‘FI and 5D~ + ‘F2.4.6 (pre- 
dominantly magnetic dipole and electric di- 
pole, respectively, in character) should ex- 
hibit appreciable intensities. The other 
three transitions 5D~ + ‘Fo,s,s usually ex- 
hibit low intensities independent of ligand 
field. The magnetic dipole intensities of the 
5D0 + 7Foz,5 transitions occur to first order 
in the even parity crystal field and the elec- 
tric dipole intensities to second order (odd 
parity-even parity state mixing +J-J’ mix- 
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ing). The results of the present investiga- TABLE V 
tion are consistent (cf. Fig. 3 and Table V) SUMMARY OF THE lFr STARK LINES OBSERVED IN 
with these facts. However, the (0, 3) transi- THE FLUORESCENCE SPECTRUM OF Eu(ReO& . 

tion exhibits a relatively larger intensity. It ZDDPA 

is likely due to its large induced electric Stark lines in No. of Oscillator 
Transition C, symmetry Stark lines strength 

TABLE IV (0, J’) (Ref. (30)) observed (f x I@) 
EMISSION LINES OF Eu(II1) IN Eu(ReO& . ZDDPA 

OBSERVED AT 77 K (A,,, = 488 nm Ar+ LASER) (0, 0) l-1 1 0.01 
(0, 1) r, + 2r2 3 0.20 

Wavelength Energy Assignment (0, 2) 3r, + 2r* 5 1.10 
(nm) (cm-‘) lJ(O + JWI (0, 3) 3r, + 4r2 6 0.15 

(0, 4) 5r, + 4r2 9 0.12 
(1, 0) Band 

521.7 19,168 Vibronic 
524.8 19,055 wwx~) 

D In C, symmetry, each J-level splits into (U + 1) 

525.2 19,040 1(6)-O@) nondegenerate Stark lines characterized by r, (sym- 
525.7 19,022 IWO(a) metric) and r2 (antisymmetric) species (30). 

(1, 1) Band 
533.3 18,751 lWl(d 
534.3 18,716 lW-l(b) 
536.5 18,639 1(&l(c) dipole character, than the expected. The 

(1,2) Band 
548.2 18,242 Vibronic relative intensity distribution among the 
550.6 
555.2 
557.7 
561.2 

(0, 0) Band 
578.4 

(0, 1) Band 
588.1 
589.4 

18,162 
18,012 
17,931 
17,819 

17,289 

w-w 
w-2(c) 
1(&2(d) 
1(&X4 

various J levels does not differ much follow- 
ing the rigorous selection rules (14, 27, 28). 
The oscillator strength data of Table V thus 
may be of interest at least for a qualitative 

591.9 
(0, 2) Band 

610.1 
612.8 
615.7 
617.5 
621.5 

(1, 4) Band 
626.5 
635.2 

(0, 3) Band 
646.5 
648.8 
652.3 
655.0 

17,004 
16,966 

q&l(a) 
Ok+l(b) 

comparison of their spectral characteris- 
tics. With this view, it is very interesting to 

656.6 

(1 y&nd 

16,895 

16,391 
16,319 
16,242 
16,194 
16,090 

15,962 
15,743 

15,468 
15.413 
15,330 
15,267 

‘k&O 
670.2 

(0, 4) Band 
689.0 
693.7 
697.5 

15,230 
15,152 

O(a)-l(c) 

Kcl-4(e) 
l(a)-4w 

0(&3(a) 
W-W 
W-W) 
W-3(e) 

14,970 
14,921 

0(&3(f) 
W-3(g) 

visualize why the electric dipole intensity is 
more important for the 5D~ + ‘FJ transition 
than for the 7Fo + sD3 transition (it remains 
weaker (cf. Table I) than the even rigor- 
ously forbidden ‘F. + 5Do band out of the 
five absorptions to the ‘0, (J = 0 + 4) mani- 
fold) while both follow the A.! = 23 selec- 
tion rule. The unusually large oscillator 
strength of the 5Do + 7F3 transition may be 
attributed to significant crystal-field-in- 
duced mixings of the ‘F3 state to compo- 
nents of the 7F2 state, leading to the 5Do --, 

14,513 
14,415 
14,337 

‘F2 electric dipole strength being transfer- 
Not specified red into the transition (22). 

The number of Stark lines observed for a 
given transition reflects the symmetry of 

702.0 14,245 the first-coordination sphere around the 
705.2 14,180 
709.1 14,102 emitting ion (29). The (0, 0) transition of 
710.1 14,082 Eu(ReO& * 2DDPA yields a single sharp 
713.8 14,010 band at 17,289 cm-’ which cannot be split 
Note. a, b, c, . . , etc., are the Stark tines of 5D0~1 or ‘F, by any crystal field. Moreover, the energy 

(J’ = 0 -+ 4) as mdlcated. levels of the ‘Do, )D1, and ‘FJ manifold de- 
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duced by the results of ‘FOJ ---, 5Do,i absorp- origins assigned in Tables IV and V reveals 
tion and 5D0,l + ‘FJ emission are fairly con- that the effective site symmetry for the 
sistent together. This certainly confirms Eu(II1) can not be CZ” provided none of 
that only one type of Eu(II1) species is ex- these bands is vibronic in nature. The possi- 
cited in this europium adduct (31). Fors- ble symmetry that could account for the 
berg (30) has given a detailed analysis of number of Stark lines observed is C,. A 
the Stark splitting of J multiplets. If the possibility of C2 symmetry for these fea- 
Eu(II1) ion in the Eu(ReO& - 2DDPA actu- tures is not completely ruled out here. The 
ally resides at a C&, site symmetry as has fine structure of (1, J’) transitions (though 
been suggested by the previous authors (3), all the Stark lines could not be resolved in 
the Stark splitting would lead to one (0, 0), each case) also suggests this symmetry. 
two (0, l), four (0, 2), five (0, 3), and seven The crystal-field levels splitant of the ‘FJ 
(0,4) peaks. A comparison of the electronic multiplets deduced using the data of Table 

19060 (b) 

: --Tw72gg(a’ 
3279 (i) 

-‘309r(o 304 4(d) 
- 19IP(d 

2 
~/1199W 

-41047(c) 
Ls9s(a) 

1 - 394(c) 
323(b) 

0 -2&a) 
0 (a) 

TEMPERATURE (ItI 

FIG. 5. Stark energy levels (not to scale) of the Eu(III) ion in Eu(ReOJ, . ZDDPA at 77 K. (*) Data 
taken from absorption spectrum. The inset figure is the temperature variation of jD, (J = 0 -+ 3) 
fluorescence intensity. The intensity scale on the vertical axis is given for 5D0 fluorescence. This is to 
be multiplied by 1O-2 and lo-‘, respectively, for the 5D, and 5D2,3 fluorescence intensities. 
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IV are shown in Fig. 5. These provide the 
identification of electric dipole origins and 
their associated vibronic lines. Their en- 
ergy and intensity distribution did not differ 
using different selective excitations. Emis- 
sion from 5DJ (J = 0 + 3) levels exhibited 
optimum intensity for the excitations made 
with 514.5, 488.0, 465.8, and 457.9 nm Ar+ 
laser lines, respectively. None of the sD~ 
crystal-field levels matches completely with 
any of these laser lines and the fluorescence 
in each case is induced through excitation 
of associated vibronic levels. The 5D~ re- 
mains the prominent fluorescence state 
with all the excitations. A plot of the emis- 
sion intensity variation of the various 5D~ 
states as a function of temperature is given 
in the inset of Fig. 5. The emissions origi- 
nating from the sD3, 5D2, and 5D~ levels 
show a large decrease with increasing tem- 
perature. The rates at which the emission 
intensities decrease fall in the order 5D3 > 
5Dz > 5D1. On the other hand, the emission 
intensity from the 5Do state increases with 
increasing temperature. The higher 5D~z 1 
levels decay by a combination of the radia- 
tive (to ground state 7F0) and nonradiative 
(to 5Do) transitions. The nonradiative decay 
responsible for thermal quenching of the 
5DJz1 states increases with temperatures 
and leads to population of the 5Do level, en- 
hancing the fluorescence from the 5D~ state 
at high (above -300 K) temperatures. 

Conclusions 

The absorption and emission spectra of 
the Eu(II1) ion in Eu(ReO& * 2DDPA stud- 
ied as a function of temperature allowed the 
assignment of the Stark levels of the vari- 
ous 7F~, and 5D~ states. The Eu(II1) ion in 
this adduct resides in a site symmetry char- 
acterized by C, point group. With increas- 
ing temperature (77 to 650 K), the fluores- 
cence from 5DJ81 levels diminishes rapidly 
and increases from the 5Do level. This can 
be attributed to the decay of the 5D~z~ levels 

by a combination of radiative and nonradia- 
tive transitions, The latter process domi- 
nates above 300 K with fluorescence occur- 
ring predominantly from the 5D~ to various 
'FJ levels. 
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