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The luminescence spectra and extended x-ray-absorption fine-str(EX#é&S) measurements of a series
of EL®*-based organic/inorganic xerogels were reported and related to the local coordination of the lanthanide
cations. The hybrid matrix of these organically modified silicates, class&t{2800) ureasils, is a siliceous
network to which short organic chains containing oxyethylene units are covalently grafted by means of urea
bridges. The luminescent centers were incorporated as europium trifl§@&FS@;);, and europium bromide,
EuBr;, with concentrations 208n=20 andn=80, 40, and 30, respectively—whamnds the number of ether
oxygens in the polymer chains per ucation. EXAFS measurements were carried out in some of the
U(2000),Eu(CF;S0O;)5 xerogels(n= 200, 80, 60, and 40The obtained coordination numbédsranging from
12.8,n=200, to 9.7n=40, whereas the averageEfirst neighbors distand@ is 2.48—2.49 A. The emission
spectra of these multiwavelength phosphors superpose a broad green-blue band to a series of yellow-red
narrow°Do— 'F,_, EL*" lines and to the eye the hybrids appeared to be white, even at room temperature. The
ability to tune the emission of the xerogels to colors across the chromaticity diagram is achieved by changing
the excitation wavelength and the amount of salt incorporated in the hybrid host. The local environment of
Eu' is described as a continuous distribution of closely similar low-symmetry network sites. The cations are
coordinated by the carbonyl groups of the urea moieties, water molecules, abd 2@00),Eu(CF;SO;)5, by
the SQ end groups of the triflate anions. No spectral evidences have been found for the coordination by the
ether oxygens of the polyether chains. A mean radius for the first coordination shelf'ofsEealculated on
the basis of the emission energy assignments. The results obtaingd Z600),Eu(CF,S0;);, 2.4 A for 90
=n=40 and 2.6 and 2.5 A fon=30 and 20, respectively, are in good agreement with the values calculated
from EXAFS measurements. The energy of the intraconfigurational charge-transfer transitions, the redshift of
the °Dy— ’F, line, with respect to the value calculated for gaseou¥ Eand the hypersensitive ratio between
the °Dy— "F, and °D,— ’F; transitions, point out a rather low covalency nature of th&'Hiist coordination
shell in these xerogels, comparing to the case of analogous polymer electrolytes modified by europium bro-
mide.[S0163-1829)03138-7

[. INTRODUCTION reported! The difficulties encountered in determining their

crystal structures by single-crystal methods were, thus,

Solid thin polymer ion conductor films involving com- solved and, consequently, the crystal structure of some
plexes of macromolecules and various ionic salts, i.e., polypolymer-in-salt complexes have been establishddwever,

mer electrolytes, have been the focus of considerable sciemiegarding the amorphous regions of polymer electrolytes in

tific interest during the last two decades.The main driving ~ which the charge transport processes predominantly

force in this research was initially originated by the possibil-occur; > both the local interactions between the ions and the

ity of using these materials, essentially incorporatingPolymer chains and the local polymer segmental motions—

monovalent lithium salts in polpxyethyleng, POE, in a Which are critical for long-range charge transport—are

variety of electrochemical and electrochromic displays, suctpoorly known. Both vibrational and electronic spectroscopic

as rechargeable high-energy-density batteries, proton efechniques are relevant tools for gaining some insight about
change polymer electrolytes, membrane fuel cells, andhe structural molecular characteristics of those amorphous
variable-transmission “smart” windows:3 regions. These techniques have been frequently used in vari-
In spite of the tremendous quantity of physical and chemi-Ous polymer-salt complexes to investigate several aspects of
cal characterization measurements carried out during the ladteir molecular characteristics, such as, for instance, the con-
20 years, progress on the understanding of the microscopférmation of the polymer chairis, the anionic and cationic
dynamics and ionic transport features of these materials havanvironment$;?* the vibrational modes of polymer-cation
been severely restricted by the lack of structural data. In facgoordinatiom, 112 and ether oxygen-metal ion stretching
only very recently was substantial progress in the analysis afotions!°11:22
the x-ray-diffraction patterns of salt-rich polymer electrolytes In the case of polymer electrolytes incorporating lan-
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thanide salts, since the first initial reports indicating thatsol-gel synthesis of similar luminescent polymers based on
trivalent cations were also soluble in POE and pakypro-  organic/inorganic hybrid materiafS-=3

pylene, POPseveral papers have been published during In recent years the use of the sol-gel approach for the
this decade showing that the ion-polymer chain interactiongynthesis of a wide range of novel materials has attracted
can be investigated using the cation emission feattffé§, considerable scientific intere¥t.In particular, the advan-
and the active vibrational modes of the ani6fis:****!in  (ages of the rich chemistry of silicon-based networks have
particular, for POE electrolytes incorporating Eyfiie ob-  peen employed to synthesize amorphous and transparent hy-
served emission energies have previously been used for dgrig organic/inorganic structures incorporating lanthanide
termining the average Bt nearest ligands distan¢®!®the
associated local symmetry grolipt® and the number of
nearest oxygens.Moreover, for these europium-based poly-
mer electrolytes a structural model of chains of interactin 35_38 .
coordination shellgcharacterized by the luminescent centerStS=" ~ Furthermore, due to the presence of a siliceous
and by its nearest ligands oxygemsas derived, allowing the Packbone skeleton some of the organic/inorganic gels them-
determination of the interaction energy between adjacent cc2€/ves are luminescent between 14 K and room
ordination shell<3 temperaturé®=*3In spite of the potential technological rel-

The narrow room-temperature luminescence characteristigvance of that emission in several optics and electro-optics
of this encapsulation of lanthanide centers into the oxygendevices, such as, for instance, hybrid layers for optical data
lined helical turns of POE combined with the advantages oftorage, optical waveguides, stable nonlinear optical materi-
processable ionically plastic films of variable thickness andhls, sensors or gel glasses dispersed liquid crystals, electro-
large surface areas, opens up new areas of possible techraiwomics hybrids for smart windows?® only a limited
logical applications for these materidfsOn the other hand, number of works has been focused on these light-emission
the synthesis of these lanthanide-based polymer electrolytdsatures’®—43
is in accordance with the new trends in the field of lumines-  The relevance of the sol-gel method for the synthesis of a
cent materials where ligands protecting organic cage-typegifferent family of europium-based hybrid materials, classed
hosts kinetically inerts, e.g., macrocyclic ligands such as, foas ureasils, based on a siliceous backbone to which oxyeth-
instance, cyclams, crown ethers, and cryptands, are used ggne units are covalently grafted by means of urea linkages
efficient lanthanide coordinated sit®>’ The main prospect was recently shown by our two group’s3? These organi-
of this strategy involves the synthesis of stable supramolecwsally modified silicates are obtained as transparent elasto-
lar structures with high luminescence efficiencies employingneric and essentially amorphous thin monoliths—thermally
the so-calledantenna effecte.g., absorption of ultraviolet stable up to about 200 °C—and, besides the observed de-
light by the ligand cage-type hosts, an efficient intermolecu<crease in its crystalline nature and hygroscopic propensity,
lar energy transfer to the luminescent center and a subs#hey clearly present several marked emissions advantages
quent high efficient emissiofi. relatively to the analogous Elrbased polymer electrolytes.

In the quest for the development of technological applicadn fact, the ureasil hybrids are room-temperature white light
tions using POE-based cage-type’Eelectrolytes two very  phosphors (multiwavelength emittejs combining narrow
severe drawbacks were immediately recognized. The electrellow-red Ed" luminescence with broad green-blue
lytes present a strong tendency to crystallize, which reducesmissior?®=32 The white light phosphor nature of these urea
optical quality, and show a high hygroscopic charactercross-linked organically modified silicates has already been
which enhances the quenching of*Ewemission by deacti- reported for the undoped ureasil host, i.e., on the absence of
vations via O-H oscillators and makes compulsory handlingany activator metal iof>20:42:43
in an inert atmosphere. In order to suppress problems related The achievement of full color displays is one of the main
to crystallization of the electrolytes a large variety of poly- challenging tasks on the field of luminescent materials. An
mer host structures have been investigated, including polyinteresting class of stable and efficient white photolumines-
mers with comb-branched backbones, cross-linked networksent silicate materials prepared from an alkoxysilésimilar
block polymers, eté=2 Two other methods employed for to the precursor used in the synthesis of the ureaails a
decreasing the crystalline nature of POE-based electrolytegriety of organic carboxylic acids through a sol-gel route
(and, consequently, improving their ionic transport proper-has been recently reportédWhen heated above 400 °C,
ties) are the incorporation in the polymer matrix of small besides a short-lived luminescence 10 ns), these hybrids
amounts of plasticizets® and the use of large plasticizing display a bright phosphorescence with a lifetime of several
anions as, for instancébis)trifluoromethanesulfonate imide seconds at room temperatdfane must also emphasize the
(TFSI).?8 In this case, the hygroscopic character of the maset of white light emission complexes based on light emitting
terials is also reduced due to the bulkiness, flexibility, anddiodes(LED’s) involving blends of conjugated polymefs,
charge delocalization of the anion. For lanthanide-basechultilayer organic dye LED’$? and the lll-nitride technol-
polymer electrolytes the luminescence features of thegy associated with conjugated polymé&tsn the latter sys-
EuTFSE salt incorporated in polpropylene glycol, PPG, tems, as, for instance, the case of InGaN/conjugated polymer
and in low-molecular-weight POE oligomers have been rehybrid LED’s?® the blue-light from the InGaN pump is to-
cently reported? tally (or partially) absorbed and re-emitted as light of a dif-

A different route in order to overcome both the crystalli- ferent color by using thicker polymer films. The ability to
zation character and the high hygroscopic tendency o€ontrol the color with the InGaN/conjugated polymer hybrid
lanthanide-based POE electrolytes can be achieved by tHeED’s is achieved by varying the thickness of the conjugated

salts®*~38 The hybrid nature of these matrices improves the
lanthanide cation emission and the mechanical stability of
the sample, comparing to the conventional silica gel
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polymer film and by a prudent choice of the polymerformation of urea bond@reapropyltriethoxysilane, UPTES,
materials?® precursoy. The diamine used in this study is commercially
The present paper gives a detailed description of the ludesignated as Jeffamine ED-20(Rluka). The EG"-doped
minescence features of white light Eubased hybrids and ureasils, obtained by the addition of @¥F;SO;); (Aldrich)
attempts to determine the local coordination of a lanthanidand EuBg (Alpha) to the urea crosslinked hybrid, have been
ion in organic/inorganic xerogels combining the cation lumi-identified byU(2000),EuX;, X=CF;SO; and Br, whereJ
nescence characteristics with its extended x-ray-absorptiooriginates from the word “urea,” 2000 indirectly indicates
fine-structure(EXAFS) features. For polymer electrolytes the length of the oligopolyoxyethylene chains ame O/Eu
and organic/inorganic hybrids incorporating lanthanide catrepresents the number of (OQEH,) monomer units per
ions this analysis, to the best of our knowledge, has not beeRw?* cation. For theJ (2000),Eu(CF;S0;); ureasilsn varies
done yet. Even for other classes of materials modified byhetween 200 and 20, whereas for tH¢2000),EuBr; hy-
europium salts a limited number of reports have been dongrids the salt concentrations investigated m+e80, 40, and
up to now dealing with EXAFS studies and with the analysis30.
of the local cation coordination combining EXAFS and lu-
minescence propertié$:8
The remainder of the article is organized into four addi-
tional sections. In Sec. Il we describe the ureasils synthesis X-ray-absorption experiments were conducted on the EX-
and the experimental procedures associated both with th®FS station at the LNLS(National Synchrotron Light
EXAFS and luminescence measurements. The analysis dfaboratory-Brazil ring operating at 1.37 GeV and 100 mA
the EXAFS data for determining the coordination numberof nominal current with the beam monochromatized by a
and the average B first oxygen neighbors distance, as well Si(111) double-crystal. Spectra were recorded at thelu
as the luminescence specfexcitation and emission modes €dge(6977 eV in the transmission mode with air filled ion-
of the Ei*-based hybrids are presented in Sec. Ill. In par-ization chambers in the detection. Bulk samples were used
ticular, we illustrate an interesting approach to obtainingwith thickness adjusted in order to obtain a reasonable ab-
room-temperature white light emitters by using thesorption coefficient. In the approximation of simple scatter-
Eu**-based ureasils hybrids in which the ability to tune theing and plane waves, the EXAFS results can be interpreted
emission to colors across tff€ommission Internationale de With the following equation:
L’Eclairae) (CIE) (1931 chromaticity diagram is achieved
either by changing the amount of europium salt incorporated N; 202
in the ureasil host or the excitation wavelength. In Sec. IV X<k)=2 @Fi(kvﬂ)exq_zﬁ k?)
we show that the local environment of Euconsists of a : !
continuous distribution of closely similar low-symmetry net- 2R\
work sites in which the Eli cations are coordinated by the Xex;( - T) Sin(2kR; + ¢;(k)], @)
carbonyl groups of the urea moieties, water molecules and,

for U(2000),Eu(CF;SOy)s, by the oxygen ligands of the tri- wherek is the wavevector of the photoelectrog(k, ) is

flate anions. For the xerogel in which there are four availablghe amplitude of the backscattering of each of Meneigh-
carbonyl oxygens for each incorporated °EU  horing equivalent atoms localized at a mean bond distance
U (2000)s0EU(CF;SOy)3, @ possible local charge distribution R; of the absorber atones; is the Debye-Waller factoi (k)
around the cations is Suggested. Furthermore, we demOIi}s the mean free path of the photoe|ectron5, md() is the
strate that the covalency nature of the first coordination shelyhase shift including the absorber atdin this case E%i")

of the hybrids reported here is low, comparing with analo-and the backscattering atorfis this case oxygens

gous POE electrolytes modified by EuBend based on the  The EXAFS oscillationg(k) have been analyzed by con-
energy levels assignment, we evaluate a mean radius for thentional methods including normalization, background re-
EU3+ nearest |igands distribution. Fina”y, the ConCIUding re-moval and Fourier transform of the EXAFS Spectra_ To de-

B. Measurements

marks are presented in Sec. V. termine the structural parameteRs N, and o; the Fourier
transform method was usétiThe data were analyzed using
Il. EXPERIMENT the available simulations programs on Macintosh

computer’? To obtain Fourier transforms, EXAFS spectra
were multiplied by the factok? and a Kaiser apodization
The synthesis of the Bii-based xerogels discussed in this window was used between 3 and 104 with 7=2.5. Poly-
work has been described in detail elsewlér€:**The sol-  crystalline EyO; powder was used as reference during simu-
gel hybrids contain short highly solvating (O@EH,) units lations for the first coordination sphere around the europium
(=40.5) covalently grafted onto a siliceous network byatom (six oxygen atoms at a mean distance of 2.331 A
means of urea bridges and have been designated as ureasilsLuminescence spectra were recorded in the temperature
(ureasilicates® The oxyethylene segment is present in dou-range of 14—300 K with a resolution of 0.05 nm. The lumi-
bly functional amines—chemically  @diamine- nescence was excited by a 1000 W xenon arc lédratos
poly(oxyethylene-co-oxypropyleneThe bond between the LH151N/19 and recorded using a 0.25-m monochromator
alkoxysilane precursor and the polyether chains is formed byKratos GM-252—fitted with a 1180-grooves/mm grating—
the reaction of the terminal amino groups of the diamineand a 1-m Czerny-Turner spectrome(&704 Spex—fitted
with the isocyanate group of the precursor usé€t  with a 1200-grooves/mm grating—coupled to a photomulti-
isocyanatepropyltriethoxysilane, Flukahich leads to the plier (Hamamatsu R928 All the spectra were corrected for

A. Materials
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FIG. 1. Radial structural functions around *¥ufor standard
Euw,0; (dashed ling and for U(2000),Eu(CF;S0;)5, n=200 (dot
line) and n=40 (full line). Inset shows the radial structural func-
U(2000)EU(CF;S0y)5
U (2000)%,EU(CF;SO;); (solid line).
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the detector response. The experimental setup used has been
described in detail previoush.

IIl. RESULTS

A. Extended x-ray-absorption fine structure

After carrying out routine procedures for data normaliza-
tion and extraction of the EXAFS signal from experimental
absorption spectra the pseudoradial distribution functions
were obtained by Fourier analysis. Figure 1 shows the modu-
lus of the Fourier transforms thus obtained for the hybrids
and also for the standard Eds. The main observation con-
cerns the presence of only one strong peak in the Fourier
transforms of the hybrids, meaning that order exists for these
systems only for the first Edi ions neighbors range.

In order to obtain quantitative results and to interpret the
amplitude variations observed in the first peak of the Fourier
transforms a simulation of the EXAFS spectra was per-
formed. The first coordination sphere of £uvas character-
ized by fitting filtered EXAFS spectra with Edql), using
phase and amplitude functions obtained from the standard
Eu,0; spectrum. Figure 2 shows experimental and calculated
spectra. Good fits were obtained for all samples. The EXAFS
results are summarized in Table I. These results suggest a
decrease in the coordination number with the increase in the
relative E§" concentration betweem= 200 andn=40. Fur-
thermore, the decrease of the Debye-Waller disorder factor

FIG. 2. k?>-weighted Fourier-

Kyk)

0.4+

0.2}

0.0

10 filtered EXAFS of the E&" first
coordination shell (circles and
best fit (solid line for
U(2000},EU(CF:SOy); n=200,
80, 60, and 40.
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TABLE |I. Room-temperature EXAFS simulation at the Ey,
edge.N is the first-neighbors numbeR (A) the Eu-O mean dis-
tance and\o (A?) the Debye-Waller factor.

N(x1) R(%=0.05) Ao?(*+0.0005)
U(2000),EU(CFS0Oy);  12.8 2.48 0.0072
U(2000)EU(CF,S0;), 11.2 2.48 0.0068
U (2000),EU(CF;S0;), 11.8 2.48 0.0055
U(2000),,EU(CF;S0;), 9.7 2.49 0.0050

in this salt concentration range indicates the tendency of th

dispersion of the Eu-O distances to decrease.
B. Photoluminescence spectra
Figure 3 shows the excitation spectrum for

U (2000),0EU(CF3SO;)3 (Aemiss=617 nm) at 14 K. The sharp
lines were assigned to intraE%transitions between théF,
and the®D;_;, °Lg levels, whereas the broad band is as-
cribed to intraconfigurational ligands-to-Eucharge-transfer
transitions(CTT). This band lies in the same energy region
of the "Fq—°Lg and 'F,—°D5 transitions. As temperature

rises from 14—300 K, the line intensity is generally reduced”

by ~40%.

With the increase of the EGFSO;)5 content fromn
=200 ton= 20 we notice drastic changes on the CTT maxi-
mum position. While for 208 n=80 and for 46=n=20 the
CTT maximum shifts towards the low-energy region of the
spectrum, for salt concentration betwees 80 andn=40
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FIG. 3. Excitation spectrum MNgmiss=617 nm for

U(2000),,EU(CF;SO;); at 14 K. Inset shows the CTT wavelength
region for U(2000),Eu(CF;S0O;)5, n=80, 60, and 40(1): CTT;
(2), (3), (4): "Fo—"Ls, °D3, °Dy; (5): 'Fo—°D;.
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FIG. 4. Emission spectra M\=375 nm for

(2000)y0EU(CF;S0O;); (a) and U(2000)%,EuBr; (b) at 14 K. (1),
(2), (3), (4), (5): °Dy— "Fo1234 Inset shows the reduction of the
integrated  intensity observed in U(2000)sEUW(CF;S0O;),
(Aexc=375 nm) when the temperature rises from 14—-300 K.

the opposite trend is observed, that is, the CTT maximum
shifts towards the high-energy region of the spectiimset
of Fig. 3.

It is known that a shift of the charge-transfer transition
frequencies toward the high-energy region of the spectrum is
related to an increase of the effective charge of the lan-
thanide catiort® and thus to a decrease of the tendency of the
first ligands to bond covalently to the metal idsee, for
instance, Ref. 54 This behavior may be induced by an in-
crease on the cation first ligands distances and/or by a reduc-
tion in the number and in the effective charge of the neighbor
ligands. The EXAFS resultdable |) suggest that the reduc-
tion in the number of oxygen ligands betwees 80 andn
=40 may account for the mentioned increase on the effective
valence of the europium ions and therefore for the corre-
sponding decrease on the covalency nature of th& Hrst
coordination shell.

Figure 4 shows the 14 K emission spectkg,{ =375 nm)
for the xerogels  U(2000),EU(CF;SO;)4 and
U (2000)%.EuBr; recorded at the excitation wavelength for
which the europium integrated relative intensities are stron-
ger. The narrow lines were assigned to transitions between
the first excited state’D,, and the 'F,_, levels of the
ground multiplet. Luminescence from higher excited states
such ®°D; is not detected indicating very efficient nonradia-
tive relaxation to the’D, level. The observed intraf4 tran-
sitions are mainly of electric dipoléED) nature except the
°Dy— ’F, lines which have a predominant magnetic dipole
(MD) character. As temperature rises from 14-300 K the
line intensity is generally reduced by50-60%, inset of
Fig. 4(a).

The broad green-blue band seen in Fig. 4, already ob-
served in the luminescence spectra of the undoped
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FIG. 5. (a) Emission spectra folJ(2000),Eu(CF;S0;)5 n
=80 (\eyc=375Nm), 70 Keyxe=395nNnm), and 20 X, =365 nm
at 14 K. (b) Emission spectra fot) (2000)y,EU(CF;SO;); at 14 K

recorded for several excitation wavelengtts;, (2), (3), (4), (5),
(6): 350, 365, 375, 420, 468, and 482 nm. 0520 S 0720 S 1000 S

FIG. 6. A set of real-time frames illustrating the white light
ureasil?**0324243nay pe ascribed to electron-hole radiative emission ofU(2000),Eu(CRSOy) at 14 K under UV excitation
recombinations occurring in the inorganic siliceous back-331.1 and 351.4 nivand during 1 s after the laser begh®0 mWj
bone. In fact, as is the case of other silicon-based materialsas turned off.

mentioned in the literatur® >’ electron-hole recombina- _ e
tions involving strongly correlated electron-hole exciton Plexes based on light emitting diod®s*®As nondetectable
states or radiative tunneling between localized states of th@osorption of the broad green-blue component by _th% Eu
electrons and holes may be the mechanisms which accoultminescent centers is observed, the ureasils Iumlnesc_ence
for the observed broad band emission. However, attending t3P€Ctra superpose thi‘t broad green-blue band to a series of
the long lifetimes reported for that emission10 2s*2we  Yellow-red narrow E&" lines and to the eye the hybrids
cannot discarded an eventual contribution from the N-H2PPpeared to be white, even at room temperature. This ab-
groups of the urea cross linkages, as the emission spectra 3¢NCe Of sel-absorption by the lanthanide cation is, as it is
the diamine and the UPTES precursors show. m_e_nt|0ned for InGaN/conjugated polymer hyb_r_ld LED*s

The relative intensity and the energy range of the broa&nﬂca_l advgnte_tge. On the other hand, the ability to tune the
green-blue emission strongly depend on the amount of triureasils emission to colors across (@&E) (1931 chroma-
flate salt incorporated in the hybrid matrix, as the 14 K emis{icity diagram is readily achieved either by changing the
sion spectra forU(2000%EUCF;S0y)s (Aexe=375nm), amount of_europlum salt mc_orporated in the ureasil host or
U(2000),EU(CF;S0;)s (Aoxe=395 nm), and the excitation wavelength, F|gs(§5 ar_1d(b). Moreover, any
U(2000),EU(CF,S0;); ()\exc:365hm) show, Fig. &). sign of luminescence degradation is detec(cbdt_h |n.th.e
These excitation wavelengths correspond to the values fdfndoped and doped hybridsnder a prolonged irradiation
which the europium integrated relative intensities are stronPY the photoexcitation conditions used. All these features, in
ger. In addition, as the excitation wavelength increases frorfM. Stress the remarkable potential of this interesting class
350-468 nm, the intensity of the broad emission increase&f Multiwavelength hybrid phosphors.
relatively to the E3" lines, and there is a shift towards the ~ hen compared with the emission spectra of the undoped
low-energy regions of the spectrum, Figbb also already ureasils;>*****3the green-blue emission band is shifted to-
reported for the undoped ureasil hybffd*® wards lower energies. The deconvolution of the undoped hy-

A set of real time frames showing the ureasil white light brid light emission displays, for excitation wavelengths be-
emission is displayed in Fig. 6 fa}(2000)EU(CR;S0O;);  tween 350 and 400 nnt3.10-3.54 eV, two unshaped
at 14 K. These pictures were extracted from a split video fimGaussian bands, in the blue-g.6 eV) and in the purplish-
recorded durig 1 s after the laser beafAr ion) was turned  blue (=2.8—2.9 eV) region&>*3Due to a different time de-
off. The long-lived luminescence of any other phosphors campendence, these two bands are distinctly observed by time-
be thus visualized in real time by using the same procedureesolved spectroscofy.In the case of the doped hybrids
The ureasil white light emission is achieved by a mechanisnwith concentrations 99n=20, the deconvolution curve-
which is completely different than the one characteristic offitting procedure of the broad emission reveals, for excitation
multiwavelength com- wavelengths between 350 and 420 (2295 and 3.54 e\
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LA L L B B B B B B B Figure 7 compares thed-degeneracy splitting of the
F 7 "Fo.12 levels in U(2000)EU(CF;S0s)3, U(2000)0EUBTs,

] and POEGEuUBr;. The relative intensity of the“D0—>7F0,1
7 transitions is approximately an order of magnitude smaller
1 for the E"-based POE electrolyte. When th®,— Fq
7 transition is allowed by the local symmetry group, its inten-
sity can be, in general, explained Bymixing effects involv-
. ing the mixing of the’F, and ’F, levels, through the effec-
tive ligand-field Hamiltoniart® The increase observed in the
. ratio between theD,— 'F, and the®°D,— 'F, transitions,
from 0.004—0.009 in POE-based electrolytes to 0.018—0.033
— in the ureasils, indicates that tldemixing effects are much
more relevant in the latter host.
- In what concerns the splitting of th&F, level, while in
: the U(2000),0EuBr; and POEGEUBr; samples five different
- Stark components are identifi¢ill J-splitting degeneragy
in the U(2000),;Eu(CF;S0;)5 ureasil only four components
: could be detected. The higher-energy split level observed in
g the EuBg-based films at about 613 nm is not observed in any
" of the different concentrations of)(2000),Eu(CF;S0;),

U(2000),Eu(CE,SO,),

B F

U(2000),,EuBr.
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N e 0 a0 TR W ST studied.
575 580 585 590 595 600 605 610 615 620 625 630 The presence of the®Dy—’Fq5 transitions, the
Wavelength (nm) J-degeneracy splitting and the observation of the same num-

) o ; » ber of local-field split components over the entire range of
_ FIG. 7. The local-field splitting of théDo—Fo_, transitions gy citation wavelength used, indicate only one low-symmetry
in U(2000),EU(CF3S0y)3, U(2000),0EuBr5, and POREUBT;. environment for the EU cations in the hybrid materials re-
gPrted here. However, we should stress that the calculated

also the presence of two bands, in the green and in the bluvalues of theSDy— 7F, full width at half maximum inten-

\?vl;r\%llsé?;gtlﬁse bZ?viggg | 4é§g;onnds. 4820&/2 réngorz 56;( Celt;}ltlonsity, between 19 and 31 crh, point out that the EXf cations
the luminescence spectra were fitted just to the green con'e accommodated in a continuous distribution of closely

. : . similar network sites. This distribution is normally observed
ponent, with the exception ob(2000kEUCFSOs)s I ¢ e 5+ paced oxide glasses and has been also reported for

which the two bands are distinctly present. The curve-fitting ther polvmer-based materials modified by eurobium
procedure adopted is exactly the same that have been res 17 2'2 ymer-bas 1als i y europiu

ported elsewhere for the undoped urea®f For that con-  Salts: _ o .
centration range (98n=20) and for excitation wavelengths __The previously reported local coordination of Euin

between 350 and 482 nm the energy of the green componeROE and POP electrolytes is approximatelyCa, site
is fitted around 2.2—2.5 eV, 2.0 eV for=80, whereas the symmetry->%1® This same local geometry has also been

values found for the blue/purplish-blue band are approxiProposed for EuGlincorporated in POE oligomef8.How-
mately equal to 2.5-2.9 eV, 2.3 eV for=80. Comparing €Vver. for theU (2000),Eu(CF;SO;)5 hybrids theJ-splitting
with the spectra of the undoped ureasil the energy of thesgegenesracy g’f théF, level and the overall broad envelope
two bands is redshifted by:0.1-0.3 eV for all the ureasils ©f the ®Do—'F, transition strongly suggest that the Eu

samples investigated here, except fior 80 where this dif- ~ Site Symmetry must be of higher order th@g, . The coor-
ference is~0.5—0.7 eV. dination established between the cations and the oxygens of

In the next section, we will relate the emission featuresthe triflate anions, recently discussed in a Fourier transform
and the EXAFS data discussed above to the local coordinddfrared (FTIR) study;® may account for the increase of the
tion of E" in the ureasil hybrids. local site symmetry of théJ(2000),Eu(CF;SO;)3 hybrids,
when compared t&J (2000),EuBr; and POEEuUBI;. In the
range ofn investigated for bottJ (2000),Eu(CF;S0;); and
U(2000),EuBr; hybrids, the FTIR results clearly indicate

The number of Stark components identified for ﬂfejylvz that the europium ions are coordinated by the carbonyl oxy-
levels in U(2000),Eu(CF;S0;); hybrids is 1, 3, and 4, re- gens of the urea moieties and no spectral evidences have
spectively(Fig. 4). While in the ’F; manifold the three Stark been found for the coordination by the ether oxygens of the
levels are well defined, there is some uncertainly in the idenpolyether chains? unlike the situation observed in
tification and energy assignment of the lower-energy spliEu*"-based POE and POP electrolytes.
component of the'F, level. The weak intensity of théD,, Accordingly to the cation coordination to the urea bridges
—F5 does not allow an accurate energy assignment of thés convenient to express the salt concentration also in terms
F, Stark components and for tH& , state at least five split of the number of available carbonyl oxygens per incorpo-
components are distinctly detected. As Figéa)5and (b)  rated EG" cation. Representing the salt concentration by this
show, these number of Stark levels does not vary either witmumber of accessible carbonyl oxygens the hybrid structure
the excitation wavelength or cation concentration. of n=80 corresponds to a particular situation in which there

IV. LOCAL COORDINATION OF Eu 3*
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are four available carbonyl oxygens for each incorporatedespite its phenomenological nature, the main results of this
europium ion. For salt concentration greater than20, for  model nicely agree with a series af priori arguments re-
which the ratio between the number of carbonyl oxygens an¢hted with the role on covalency and local polarization in-
the incorporated Eti is 1:1, all the urea bridges are coordi- duced by different local environments. In particular, it is re-
nated to one cation and, consequently, there are sorfie Eualistic to consider, as the model points out, that thé*Eu
ions which are coordinated to the ether oxygens of the polycoordination to different types of oxygen-based environ-
mer chaingas the FTIR analysis shows, Ref)59 ments(such as, for instance, oxygens of water molecules or
Taking into account the coordination number in thegther oxygen ligandsas well as changes on the total coor-
U(20001EUCF;SQy); hybrids determined by EXAFS ination number may cause different degrees of covalency

(Table ), the infrared results mentioned above and at last the g |5cal polarization in the lanthanide first coordination
photoluminescence indication that the cation site symmetry

group in these hybrids must be of higher order tag, we

are able to suggest a possible local charge distribution . i TSN
around E&" for the case of the) (2000)EUCF:SOy)s Xe- U (2000)%EU(CF;S0;),, that is an 11-fold coordination in

rogel. For this salt concentration the FTIR results regardinq olving four carbonyl oxygens, fivéor four) oxygen atoms

the triflate spectral region indicate that one of the three avail- °M tr(;e riflate ar:jl_o ns_—coemstence of tri- ar_md bidentate
able triflate ion is “free” (that is, this ion do not participate (monodentate coordinations for the two coordinated $O

in ion pairing or aggregate formatip®’325° Moreover, the e_nd grgup}s ?nd two (or thr.eé wgter molecules,—the pre-
oxygens atoms of the remaining two $@nd groups are dicted °Do— ‘Fo energy shift derived from Ed2), —122.0
bonded in two different fashiorf€.0ne is unequivocally ina €M * (or —120.6 cm* in the monodentate caseagrees
tridentate coordination, whereas the other is involved in avell with the experimental value; 122.2 cmi*. This calcu-
mono- or bidentate coordinatidi Thus as for this salt con- lation was performed using th& presented in Table 2 of
centration the coordination number is around (Thble )  Ref. 60 for carbonyl and nitrate oxygens, as thealue for
and there are four available carbonyl oxygens for each incorthe SQ group is unknown. We should stress that despite the
porated europium ion, the U first coordination shell can tendency of the SQgroup to bond covalently with the EG
be formed by those four carbonyl oxygens, by five oxygengation is considered similar to the one associated with the
from the SQ end groups of the triflate anioffour if we  NOz oxygens, the difference between the predicted and cal-
consider the monodentate configurajicand by two (or  culated values is within the correlation uncertainty reported
three water molecules. for the &; and Cy, coefficients,+3 cm .

We will test next this hypothesis for the local structure of  In this context, we note that the predicté®,— 'F, en-

the U(2000)EU(CF;SO;); xerogel by expressing itSD,  ergy shift derived from Eq2) for POE,EuBrs, in which the
_’YFO observed energy in terms of a recent description recoordination number was estimated based on two indepen-
lated to the so-calledephelauxetic effeéP dent methods as 10-11 ether oxygé&hagrees, also, very
well with the experimental values. The observed result is
—105.8 cm* and the predicted one is 105.6 cm'%, for ten
nearest ligands.

The energy o’Dy— 'Fy is usually related to the nephe-  The ratio between the integrated intensity of th@,
lauxetic effect, which has been ascribed by Jorgefi$efi® .7k, and the®D,— ’F, transitions,lo_,/lo_, is used in

to the influence of covalency contributions of the first ligandsjanthanide-based systems as a probe of changes on the nature
; . . .
shell to the reduction of the Bt attractive potential, pro- of the cation local surroundingd8616264 For the

voking a diminution of the interelectronic electrostatic a“dU(ZOOO%Eu(CF SO,), the values obtained for,_,/I
spin-orbit parameters, relative to their free ion values. ranging from 5%37 ni 80. to 2.88.n=30. For ?Hé t(r)1_rée

Recently the redshift observed in ¥, Fy energy analogoudJ (2000),EuBr; xerogelsl o_»/1,_; is found to be
for a series of EX complexes, with rialspgct to the value 5 gg n=80), 4.22 h=40), and 2.95 11=230). With the
calculated for gaseous Eu (17374cm?),* was related exception of then= 80 salt concentration, for which the eu-
with the nephelauxetm effect by means of a phenomenologlfopium triflate-based ureasiy_,/1,_, ratio is approximately
cal equation: 1.5 times greater than the one calculated for
_ U(2000)-EuBg, the hypersensitive ratio values are similar
AE= E(5D°H7F0)C°mp'ex_ E(5D0H7F0)93560U5 for the two series of hybrids. However, comparing these val-
=C\[Ny- 814Ny 8yt +n; - 5] (2)  ues with the ones found for the PCEELBI; and. POREuUBT;
electrolyte$>81%we noted that they are consistently greater
in which Cy is the total number of EU first ligands,n; is  (at least by a factor of )2for the latter materials, in accor-
the number of atoms of typiein the first coordination shell, dance with the lower relative intensity of tR®,— ’F tran-
and §; is an adjusted parameter, which measures the tersition in POE-based electrolytes, see Fig. 7.
dency of a particular atom to bond covalently with the’Eu The increase of théq_,/1,_; ratio was ascribed previ-
cation®® The results obtained using E¢R) show that the ously to an increase of the covalency and of the polarization
ability to produce a nephelauxetic effect in®womplexes, of the local vicinities of the Etf cations (short-range
and consequently to reduce i#,—’F, energy and the effect9.>**%? Based on these relations, the observed de-
covalency of the bonds which form the Eufirst coordina-  crease in thd ,_,/1,_; ratio for the ureasil hybrids, when
tion shell, depends on the ligand coordination number and onompared to the values found for theEUPOE- and POP-
the particular characteristics of their chemical environmentsbased electrolytes, may thus be related to a decrease on the

Considering the Ef environment proposed above for

A. Covalency of the EG™ first coordination shell
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covalency of the EY first coordination shell in the former ~ Using the same arguments, the maximiyn,/1,_; value
materials. The fact that in the ureasil hybrids the europiunfnd the CTT minimum energy observed for=80 in the
cations are coordinated by the carbonyl groups of the uref (2000LEU(CF;SOy); hybngs_, may indicate a greater de-
bridges—and, in the case bF(2000)-EYCF.SO;); by oxy- gree of covalency for the B first coordination shell in this

gens of the S@end group of the triflate anions—may induce salt concentration. The existence in this salt concentration of
; : four available carbonyl oxygens per each incorporated cation
a rather low covalency in the Bl local environments than

o - is certainly the main reason which account for the greater
the ones characteristic of vicinities of POE-POP-based ele%ndency of the first ligands to bond covalently to the metal

trolytes, formed by E¥ -ether oxygens bonds. This sugges-ion.
tion is in agreement with the results obtained above regard- |n the context of this discussion, we must emphasize that
ing the redshift of the’D,— 'F energy treated in terms of the hypersensitivé,_,/I,_; ratio may also be related with
the phenomenologicab; covalent parameters, E@2). In  the odd parity_ligan(_i-field parameteB,  (k qu), i_n such a
fact, as we see from Fig. 7, the value obtained for thisvay that the intensity of théD,— 'F, transition increases
redshift is lower for the U(2000),,Eu(CF,SOy); and  With increasing the distortiofon averaggof the local-field
9 .
U(2000),EuBr; hybrids, —113.3 and—122.2 cm, re- around the E%i dcauons. Ther((ajfore a greatlaf_zllo_llratlol
spectively, than for the POEEUBr, electrolyte, —128.2 May correspond to a more distortéar asymmetry local
1 ) . ation environment??45454The intensity of the hypersensi-
cm . Therefore on the basis of the arguments discusse

b hed o i d p its free.i e °Dy— F, transition and, consequently, the variation of
above the’Do—Fo energy will decrease from its free-ion e | 1 ‘ratio depend thus on the balance between the

value with increasing éj"'ga”d covalency and, thus, the contributions of the odd parit, , parameters and of the
Eu**-ether oxygens bonds involved in the first coordinationcovalency degree of the El first ligand oxygens bonds,
shell in POEgEUBr; have a more effective covalent nature which induce the admixture of thef25d states into 4°
than the E&"-carbonyl oxygens and B{-SO; bonds asso- levels. However, from the results presented above and at-
ciated with the ureasils. This is exactly the conclusion detending to some theoretical results obtained in the last years
rived from the comparison between thg_,/l,_; ratios that pointed out the significant amount of mixing between
found for the ureasil hybrids and for the EuPOE- and the f electrons and the extended states of the host |&tice,
POP-based electrolytes. v;/]e té(Laf!Le;/_e that the contribution of the covalency degree of
Another argument which corroborate the assertion of e irst coordination shell must be dominant to account

more effective covalent nature of the ulocal environ- _ort';]heggfgrentldoﬁz(/)llg_é rati(cj)s (l)bster;/g[d in the ureasils and
. ; in the - an -based electrolytes.

ments in POE- and POP-based electrolytes is the energy oq y
the intraconfigurational ligands-to-Eucharge-transfer tran- B. A mean radius for the Eu3* first coordination shell
sitions. In these electrolytes thd,— °L4 transition is su- The measured energetic configuration of *Euin

erposed to the maximum position of the CTT at aroun :
290‘)—395 nni18 and thereforFe)z its energy is lower then thedU(2000)“EU(CIz:ng)‘q’-a-mdU(ZOOO}’EI-JBrS was modeled in

] ) terms_of a superposition of a free |on.Ham|Iton|an Qnd a
maximum value observed in thé(2000,EU(CF;SO;)s hy-  ocal-field perturbation representing the ion’s nearest ligands
brids (n=80, inset of Fig. 3 for which this energy differ- interaction potential. The free ion Hamiltoniéhe only term
ence is~500-600cm?. As we have mentioned in the dis- treated in this workincludes the electrostatic, the spin orbit
cussion of the excitation spectra, Sec. Ill, a decrease of thand other less relevant terms, each of which is characterized
CTT maximum energy is related to a decrease of the catioRy & set of phenomenological parameters simulating the
covalency nature of the B first coordination shell. We ”“mb‘?f of Ie\_/els observed, only t_he electrostatic and spin-
notice that the increase of the tendency of the first ligands t rbit |r_1teract|on?(, phenomenologically (_expressed by the
bond covalently to the metal ion in POE- and POP-base later |nte§graIsF (1§=|2,4,6) and th_ed sp|3-?]rb|t C\?Vléﬁléng
: . . parameter{, respectively, were considered here, :

electrolytes with 10& 22 20 may be induced by an increase calculated from the hydrogenic ratids*/F?, FS/F2. This
in the number of ER first ligands or in their effective

h This i tirel tible with th its found f enabled writing the free ion contribution in terms of only the
charge. 1his IS entirely compatible wi € results found fory, parameters=2 and ¢, which were then determined by

the coordination number in POE- and POP-based electrolytes,: .. .
which point out a number of first neighbors around 10_1leé°‘djust|ng the observed barycenters to the eigenvalues of the

7 - + . . - .
. X . . ~~"F,_, free ion EG" matrices. Using a microscopic model
for n=122% whereas in the ureasil hybrids this number is .°7* g P

observed for samples with much lower salt concentration, originally proposed by Morrisdfi®” for the calculation of

=60. On the other hand, the hypothesis of a lower averag € obser\(ed deqrease in the shifis" a}nd A¢ (differepces
cation first ligands distance, which, as we have mentioned ir. etweerF" and{ in a complex and their corresponding free

Sec. lll, may also account for the increase of covalency, idon valueg, Carlos and Videird defined a mean radius

totally discarded as the calculated average radius for thgpeufymg an average lanthanide-nearest ligands distance:

POE- and POP-based electrolytes is approximately the same__ 4 (k+1)p2| AlLopg [H24 2

than the ones reported hef24-2.5 A.1® Relating the hy- R= 2 %6 | (HImo? |AFK }

persensitivd ;_,/1_4 ratio with the local polarization of the o obs

EU*" first coordination sheft®®?we may also infer that the 1{ 5p2 A§obs‘r/6 7p2 AgObsrllo]

EU®* ion is in a highly polarizable chemical environment in =5 + ,
gnly p 2| | (AImo)? |AF2, ] (fImo)?|AFS,

POE- and POP-based electrolytes than in the analogous urea-
sil hybrids. ©)
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where empirically determined values were used AdF*®
and A/, and wherep, ¢ are corrections to the Hartree-Fock
expectation values of thef4electrons radial distancés.

WHITE LIGHT EMISSION OF Ed*-BASED HYBRID. ..

10051

brids, when compared to th&(2000),EuBr; and the
POE,EuBr; materials.
In accordance with the local-field splitting of th7eF1,2

Here we call attention to the fact that the exponents prelevels, the coordination number determined by EXAFS, and

sented in Eqs(5) and(6) of Ref. 16,—2k+2 and—2, —6,

the redshift of the®D,— ’F transition(with respect to the

and — 10, respectively, should be replaced by the correcvalue calculated for the gaseous gas@ossible local charge

ones, 1/(X—2) and3, 3, and.

For theU(ZOOO)nEu(CE3803)3 hybrids,n between 90 and
40, the results obtainedR=2.4 A, are quite similar. How-

ever, for the high-salt concentration regions 20 and 30R
rises to 2.6 A fom=230 and decreases to 2.5 A for=20.
There is a very good agreememiithin 5%) between these
results and the EXAFS determination of the europium firs
ligands distances. On the other hand,
U(2000),EuBr;, Ris 2.6 A forn=80 and 30, and 2.4 A for
n=40.

V. CONCLUDING REMARKS

in the case of

distribution around the cations is suggested for the
U(2000)%EU(CF;S0;); hybrid, in which there are four
available carbonyl oxygens for each incorporated europium
ion. The Ed" first coordination shell is depicted as being
formed by four carbonyl oxygens, fiv@r four) oxygen at-
oms from the S@end groups of the triflate anions and two
t(or three water molecules.

The tendency of the first ligands to bond covalently to the
metal cations are discussed in terms of the energy of the
intraconfigurational charge-transfer transitions, of the red-
shift of the °Dy— ’F, line, and of the hypersensitive ratio
between the®Dy—'F, and °D,—’F; transitions. This
analysis points out a rather low covalency nature of th& Eu

We have demonstrated an approach to obtaining roorfjrst coordination shell in the ureasils xerogels, comparing to

temperature white light emission by using a class o
Euw¥'-based hybrid xerogelsU (2000),Eu(CF;S0O;); 200
=n=20, andU(2000),EuBr;, n=80, 40, and 30. The lu-

minescence spectra of these multiwavelength phospho

combine a broad green-blue bafmdlated to radiative recom-
binations occurring in the ureasil backbonwith sharp

yellow-red intra-4® °Dy,— "F,_, transitions. Nondetectable
absorption of the broad green-blue component by th& Eu

ithe case of analogous polymer electrolytes modified by eu-

ropium bromide. On the other hand, the maximyn,/1,_1
value and the minimum CTT energy observed for
14 (2000)%,EU(CF;S0y)3 suggest a greater degree of cova-
lency for the Ed" first coordination shell. The existence in
this salt concentration of four available carbonyl oxygens per
each incorporated europium ion is certainly the main reason
which account for the greater tendency of the first ligands to

luminescent centers is observed and to the eye all the hybrigPnd covalently to the metal ion in that salt concentration.

films appeared to be white, even at room temperature. Color

tunability across théCIE) (1931 chromaticity diagram was
easily obtained changing both the salt concentration and t
excitation wavelength.

Extended x-ray-absorption fine-structure measuremen
were carried out in some of thg(2000),Eu(CF;SO;); xe-
rogels(n=200, 80, 60, and 40 The obtained coordination
numbers N ranging from 12.8,n=200, to 9.7,n=40,
whereas the average Eufirst neighbors distanc® is 2.48—
2.49 A

The presence of the®Dy—'Fy5 transitions, the
J-degeneracy splitting detected for thE,_, levels, the ob-
servation of this same number of local-field split component

The barycenters of the emission transition energies for
U(2000),Eu(CF;S0;); were modeled by a free ion Hamil-

H@nian written in terms of the electrostatic and spin-orbit pa-

rametersfF2 and {. A microscopic model was used for de-
fining a mean radius for the first coordination shell ofEu

in the ureasils, in terms of the empirically determined free
ion parameter§2*® and /. The results obtained for the av-
erage Ed" first neighbors distance, approximately 2.4 A for
40=n=90 and 2.6 and 2.5 A fan=30 and 20, respectively,
are in very good agreement with the values calculated from
EXAFS measurements.
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