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Organic complexes of E u  3+ supported in functionalized silica gel: 
highly luminescent material 
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Abstract 

Eu III ion and its chelates of 1,10-phenantroline (phen), 2,2-bipyridine (bpy), benzoyltrifluoroacetone (bfa) and 
acetylacetone (acac) were supported on silica gel (SG) and silica gel functionalyzed with propyl imidazole (IPG). 
The luminescence studies of Eu III showed an increase in the intensity and lifetime of the Eu IIII 5Do--* 7F2 
transition in the presense of IPG, when compared with SG. The energy transfer from bfa and phen to the Eu 
III ion was also detected. In these cases, an increase in the intensity and lifetime of Eu III related to the direct 
excitation at the metallic ion was observed. 

1. Introduction 

Recent progress has been made in the design of 
lanthanide complexes in which light is absorbed by the 
ligands and energy is transferred to the emitting metal 
ion (antenna effect) [1,2]. Many luminescent lanthanide 
complexes have been synthesized and their chemical 
and photophysical properties modified by interaction 
with hosts such as solid interfaces [3]. In these cases, 
the luminescence efficiency of the Eu 3 + ion is markedly 
increased compared to that of the aqueous ion. The 
organic molecules shield the E u  3+ and displace the 
OH and/or H20 groups that provide the radiationless 
decay [4]. Moreover, the ligands have a larger absorption 
bands than Eu 3+, amplifying the range of excitation 
energies. Silica gel glass with trapped EU 3 + has already 
been studied by Reisfeld [5]. 

In this work, we have studied the luminescent prop- 
erties of EU 3+ and its chelates with 1,10-phenanthroline 
(phen), 2,2'-bipyridine (bpy), benzoyltrifluoroacetone 
(bfa) and acetylacetone (acac) supported on silica gel 
(SG) and silica gel functionalized with propyl imidazole 
(IPG). 

2. Experimental section 

2.1. Preparation of SG-Eu and IPG-Eu 
All the syntheses were carried out in methanolic 

medium. A 0.02 M stock solution of EuC13 was prepared 
from the oxide. The reaction between 1.5 ml of the 
Eu 3+ solution and 500 mg of silica gel (SG) or func- 
tionalized silica gel (IPG) occurred under agitation for 

30 min. The solid was washed with methanol and dried 
at 60 °C during i h. The IPG was prepared as described 
in the literature [6]. 

The ligands phen, bpy, bfa and acac were individually 
incorporated by the interaction of 1.25, 1.00, 0.70 and 
1.25 ml, respectively, of 0.02 M methanolic solutions 
with 100 mg of SG-Eu or IPG-Eu and processed as 
above to yield the final solids. 

2.2. Luminescent data 
All the luminescent data were obtained with a SPEX 

FLUOROLOG II spectrofluorometer at room and liquid 
nitrogen temperatures. The excitation spectra were 
corrected. 

3. Results and discussion 

Table 1 shows the excitation maxima for all samples 
at ambient and liquid nitrogen temperatures. The ex- 
citation maxima in the SG- and IPG-Eu with the 
ligands were assigned to the absorption of the ligands. 
The compounds without the ligands showed the ex- 

TABLE 1. Excitation maxima ()tmax) of the supported compounds 
in IPG and SG for the E u  3+ transition 5Do'--~TF 2 with emission 
at 612 nm, at 77 K 

IPG-Eu 3+ Amax (nm) SG-Eu 3+ Am~, (nm) 

phen bpy bfa acac - phen bpy bfa acac - 

323 304 334 317 391 332 303 328 316 391 
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Fig. 1. Emission spectra of the Eu 3+ IPG compounds at 77 K. (a) IPG-Eu, (b) IPG-Eu-acac, (c) IPG-Eu-bpy, (d) IPG-Eu-bfa, 
(d) IPG-Eu-phen, for excitation in the maxima indicated in Table 1. 
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Fig. 2. Emission spectra of Eu 3+ SG compounds at 77K. (a) SG-Eu, (b) SG-Eu-acac, (c) SG-Eu-bpy, (d) SG-Eu-bfa, (e) 
SG-Eu-phen, for excitation in the maxima indicated in Table 1. 
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TABLE 2. Lifetime, ~- (ms), for the emission of the E u  3+ transition 
5D o ~ 7F 2 in the samples, for the excitation in the maxima indicated 
in Table 1 

IPG-Eu 3÷ Am~ (nm) SG-Eu 3+ Am,x (nm) 

phen bpy bfa acac - phen bpy bfa acac - 

1.07 a 0 .94 0.77 0.74 0.30 0.98 0.48 0.42 0.40 0.26 
1.24 b 1.18 0.98 0.86 0.39 1.10 0.47 0.44 0.57 0.33 

"Room temperature --298 K. bLiquid nitrogen temperature 77 
K. 

citation maximum at 391 nm due to the Eu 3+ 7Fo--*SL 6 
transition. 

The emission spectra in the region of the 5Do~ 7Foj,2,3 
transitions are given in Fig. 1 for the IPG-Eu system 

and in Fig. 2 for the SG-Eu system. For each spectrum, 
the excitation wavelength corresponded to the maximum 
in Table 1. The intensity of the 0 ~ 2 transition was 
found to increase in the order Gel-Eu < Gel-Eu-acac 
< Gel-Eu-byp < Gel-Eu-bfa < Gel-Eu-phen. This 
behavior is directly related to the capacity of the ligands 
for absorbing and transferring energy to the Eu 3+. The 
propyl imidazole removes some of the H20 molecules 
and OH groups of the silica around the Eu 3+, atten- 
uating the vibrational losses. The addition of the ligands 
increases the emission intensity in both systems. The 
ligands bind to the Eu 3 +, making the system more rigid, 
and replace some or all of the H20 or OH groups 
bound to the metal ion. The intensity of the emission 
is thus increased by the more efficient energy transfer 
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through the organic system and the reduction of the 
OH vibrations which are good quenchers of the lu- 
minescence. The breadth of the peaks even at 77 K is 
much larger than the instrumental resolution (5 ~ )  and 
indicates the existence of a number of different states 
for the Eu 3÷ in all the systems. 

The lifetimes the Eu 3 ÷ 5D o ~ 7F 2 emission in SG and 
IPG in the absence and in the presence of the ligands 
are shown in Table 2. At liquid nitrogen temperature, 
they are larger than at room temperature, which is a 
reflection of the reduction of loss by vibrational mech- 
anisms. The values decrease from phen to acac but 
the lifetimes are always greater than for the Gel-Eu 
systems without additional ligand. The maximum pos- 
sible number of water molecules or OH groups can be 
estimated from the correlation due to Horrocks [6] 
even in the absence of measurements in deuterated 
systems (n =q (z - lH20-~ - -1D20)  and as q ~ 1 or 2 for 
Eu 3÷ and H20 or OH groups, the value of ~.-1 sets 
an upper limit on n). Thus, the maximum number of 
bound water molecules can be estimated to be one for 
the IPG-Eu-ligand systems, three for IPG-Eu, one for 
SG-Eu-phen, two for SG-Eu-bfa,  -bpy, -acac and four 

for SG-Eu. (The maximum number of OH groups could 
be twice each value.) 
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