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Transparent, flexible, and luminescent Eus*-doped siloxane—poly(ethylene glycol) (PEG)
nanocomposites have been obtained by the sol—gel process. The inorganic (siloxane) and
organic PEG phases are usually linked by weak bonds (hydrogen bonds or van der Waals
forces), and small-angle X-ray scattering (SAXS) measurements suggest that the structure
of these materials consists of fractal siloxane aggregates embedded in the PEG matrix. For
low Eu®* contents, n = 300 and n = 80, the aggregates are small and isolated and their
fractal dimensions are 2.1 and 1.7, respectively. These values are close to those expected for
gelation mechanisms consisting of reaction-limited cluster—cluster aggregation (RLCCA)
and diffusion-limited cluster—cluster aggregation (DLCCA). For high Eu3* content, SAXS
results are consistent with a two-level structure: a primary level of siloxane aggregates
and a second level, much larger, formed by the coalescence of the primary ones. The observed
increase in the glass transition temperature for increasing Eus" content is consistent with
the structural model derived from SAXS measurements. Extended X-ray absorption fine
structure (EXAFS) and luminescence spectroscopy measurements indicate that under the
experimental conditions utilized here Eu®* ions do not strongly interact with the polymeric

phase.

1. Introduction

Inorganic—organic hybrid materials have emerged in
the last years as potential interesting hosts in different
technological fields such as optics, electronics, mechan-
ics, and biology.2 In general, the main interest of these
molecular-scale composite materials basically derives
from the possibility of tailoring the properties of novel
multifunctional advanced materials through the com-
bination at the nanosize level of the organic and
inorganic components in a single material .3~ Following
Sanchez and Ribot, these materials can be divided in
two main classes:® (a) In the so-called “class | hybrids”
the organic and inorganic phases are linked together
through weak interactions (hydrogen, van der Waals,
or ionic bonds), which give cohesion to the whole
structure; that is, they are physical hybrids. (b) The
“class Il hybrids” are also biphasic materials with the
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difference that strong covalent bonds link the organic
and inorganic parts. They are chemical hybrids.

In particular, siloxane—polyether hybrids offer high
visible transparency, flexibility, and good chemical
stability. When these materials are prepared containing
Eudt, potentially interesting phosphors are obtained.
Eus®*t-doped class Il hybrids exhibit a multiwavelength
emission, where a broad band intrinsic to the hybrid
host is superposed to a series of yellow-red narrow Eus*
lines.5719 The Eu®" local order and the influence of
europium doping on the structure of these composites
has also been studied.®=1° Interestingly enough, the
nature of the Eud" first coordination shell in these
hybrids may be tuned, as a function both of the salt
concentration and of the polymer molecular weight.1©
In hybrids containing relatively long organic segments,
Eu3' ions interact mainly with the carbonyl-type oxygen
atoms of the urea cross-links located at the organic/
inorganic interface. On the other hand, in hybrids
containing shorter polymer chains the lanthanide ions
are unable to disrupt the characteristic strong and
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ordered hydrogen-bonded urea—urea structures and,
therefore, the preferential coordination sites are the
ether—oxygen atoms of the polymer chains.6-10

Small-angle X-ray scattering (SAXS) has been utilized
to study the structural features of nondoped class | and
class Il siloxane—poly(ethylene glycol) (PEG) compos-
ites.112 The experimental results indicated that class
I hybrids are composed of fractal siloxane clusters
embedded in the polymer matrix, while in class Il
composites small isolated and spatially correlated si-
loxane particles are formed within the polymeric matrix.

In this paper we present results on the structural
characteristics of class | Eus*-doped siloxane—PEG
nanocomposites. Thermal analysis, small-angle X-ray
scattering (SAXS), extended X-ray absorption fine struc-
ture (EXAFS) at the Eus*' L), edge, and Eu3* lumines-
cence results are presented and compared with previous
results presented in the literature.’®1* Strong depen-
dence of the Eu®* luminescence properties on the nature
of the polymeric counterpart and on preparation experi-
mental conditions are suggested.

2. Experimental Section

2.1. Samples and Techniques. Class | hybrids were
prepared by an ultrasonic-assisted sol—gel method to promote
the miscibility of reactants. Tetraethoxysilane (TEOS) and
hydrochloric acid aqueous solution (0.1 mol L) were stirred
together under ultrasound for 5 min ([H.O)/[TEOS] = 4). Poly-
(ethylene glycol), PEGeoo (600 being the molecular weight of
PEG), was added to the silica sol under ultrasound. To compare
the results with previous ones obtained for class Il hybrids,?
the polymer relative concentration was kept at 86% in weight.
An ethanolic solution of Eu* perchlorate was added to the
hybrid to obtain several doping contents. The Eus* content is
expressed here, as usual in polymer science, as the ratio
between the number of ether-type oxygen atoms and Eus*
atoms (n = [O]J/[Eu] = 8, 15, 30, 80, 300). Gels were obtained
by pH increasing with the addition of NH,OH solution (pH =
8). Xerogels were obtained by heat treatment at 50 °C for 24
h

The glass transition temperatures (Ty) of the hybrids were
determined as a function of Eu®" content using thermome-
chanical analysis (TMA) performed with a 2940 TA Instru-
ments apparatus from —100 to 100 °C (heating rate of 10 °C/
min) under a N, atmosphere and a 0.05 N charge.

The small-angle X-ray scattering study was performed using
the SAS synchrotron beamline of the Brazilian National
Synchrotron Laboratory-LNLS (www.Inls.br). The beamline is
equipped with an asymmetrically cut and bent silicon (111)
monochromator that yields a monochromatic (A = 1.68 A) and
horizontally focused beam. A vertical position-sensitive X-ray
detector and a multichannel analyzer were used to record the
scattering intensity, 1(g), as a function of the modulus of the
scattering vector q = 4x sin(e/A), with ¢ being the scattering
angle. Each SAXS spectrum corresponds to a data collection
time interval of 300 s.

Luminescence data (excitation and emission spectra and
excited-state decay times) were obtained under both continu-
ous (450 W) and pulsed (5 J/pulse, 3-us bandwidth) Xe lamps
excitation with a SPEX Fluorolog F2121 spectrofluorimeter.
All measurements were obtained in the front face acquisition
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mode at room temperature. Decay curves were processed with
the SPEX 1934 phosphorimeter.

The X-ray absorption experiments (EXAFS) were conducted
using the XAFS beamline of LNLS. A Si(111) two-crystal
monochromator was used. Spectra were recorded close to the
Eu L, edge (6983 eV) in the fluorescence mode. An air-filled
ionization chamber was used to monitor the X-ray beam
intensity on the sample and a Nal detector was used to detect
the fluorescence signal. An Eu®™ aqueous solution (pH = 4)
was used as a reference for the simulations of the first
coordination sphere around the Eus* atom (8.6 oxygen atoms
and the distance of 2.43 A).15

2.2. Scattering Function of Fractal Aggregates
(Theory). The scattering function I(q) of an isotropic system
composed of spatially correlated primary particles is given by?6

1(@) = ¢P(a)S(q) @

where ¢ is the number of primary particles per unit volume,
P(qg) is the form factor of the primary particles, and S(q) is
the effective structure function that accounts for the spatial
correlation between them.

The structure function for a set of correlated primary
particles forming a fractal object!’ is given by!81°

1 [D-I'(D — 1)]
S(a) =1+ [(qa)D] x 1 \]o-12
[+ ()

sin [(D — 1)tan " @&)l| | @

where a is the radius of the (assumed spherical) primary
particles, & is the correlation length of the fractal structure,
D is the fractal dimension, and T" is the gamma function.

For very small primary particles (a < &), the form factor
P(q) can be approximated by Guinier law,®

P(A) = (p, — p) Ve 3

where p, is the electronic density of the (assumed homoge-
neous) primary particles, v their volume, and pm the electronic
density of the medium where the particles are embedded.

Assuming that (i) the composite material is composed of
isolated fractal aggregates, without spatial correlation between
them, and (ii) the aggregates consist of very small primary
particles (a < &) with volume v and electronic density contrast
Ap = (pp — pm), the scattering function can be written as

I(a) = ¢(Ap) e TP5s(q), that is,
I(q) = Ae"*s(q) (4)

where S(q) is given by eq 2 and A is a constant. Equation 4
becomes I(q) O q~P for 1/£ < q < 1/a and exhibits “crossover”
points at q; =1/& and g.=1/a.

At small g (q = 1/€), 1(q) exhibits Guinier-type behavior.'6
The radius of gyration of the isolated fractal aggregates, Ry,
is related to the correlation length & by

9
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Figure 1. Glass transition temperatures of siloxane—PEG
class I hybrids as a function of Eu3* content.

Equation 4 represents the experimental scattering intensity
produced by fractal aggregates up to q values equal to and
even larger than g, = 1/a. Because of the approximation used
for the form factor (eq 3), eq 4 does not reproduce the
assymptotic Porod behavior expected at high g (q > 1/a).

More complex scattering functions are associated to struc-
tures with different types of spatial correlation at different
scale levels. However, in the particular case of structures with
well-defined spatial correlation within a small number of
clearly different scales, the corresponding effects are concen-
trated in different g ranges and can eventually be identified.?®
In the following these basic concepts will be used to understand
data obtained for high Eu®* contents.

3. Results

3.1. Glass Transition. The temperature values
obtained for glass transition (Ty) from TMA measure-
ments are plotted in Figure 1. From low to moderate
Eudt contents, that is, from n = 300 to n = 30, a small
increase in Ty (—60 to —50 °C) is observed for increasing
doping. For higher Eu3* content (n = 15 and 8), Ty
exhibits a strong increasing trend (T = —25 °C for n =
8).

These results suggest that the increasing addition of
Eud" to the studied hybrids increases the rigidity of the
structural network, this effect being particularly im-
portant for high Eus* concentrations (n < 30).

3.2. SAXS. Double logarithmic plots of the experi-
mental scattering function I(q) as a function of the
scattering angle are displayed in Figure 2. For samples
with n = 300 and 80 three different regions can be
distinguished in the log—log plots of the scattering
functions: (i) a nearly constant value at very small g,
(ii) essentially linear behavior over the intermediate g
range, and (iii) a crossover at high g. These features
correspond to the scattering function of a set of isolated
(non-inter-connected) fractal aggregates (eq 4).

The size parameter a of the primary particles, the
correlation length &, and fractal dimension D of the
aggregates were determined by fitting procedures of eq
4 to the experimental scattering curves. Satisfactory fits
are obtained for the samples with lower Eus* content
(n =300 and n = 80). Deviations from the q dependence
predicted by eq 4 are apparent for the n = 15 sample

(20) Beaucage, G.; Ulibarri, T. A.; Black, E. P.; Schaeffer, D. W.
Hybrid Organic—Inorganic Composites; American Chemical Society:
Washington, D.C., 1995; Chapter 9.
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Figure 2. Experimental SAXS function 1(q) for siloxane—PEG
class | hybrids class | xerogels with different Eu®" contents
(n). Continuous lines are the results of the fittings of eq 4 to
the experimental curves corresponding to n = 300, 80, and
30. The dashed line illustrates the discrepancy between the
theoretical prediction of eq 4 and the experimental results for
high Eust content (n = 8).

Table 1. Structural Parameters Derived from SAXS

Results?
n ([OV[Eu]) a(A) gA) Ry (A) D
300 2.9 16 29 2.1
80 2.3 16 26 1.7
15 4.8 >100 >200 1.4

2 a, radius of the primary particles; &, correlation length; Rg,
radius of gyration; D, fractal dimension.

and a clear discrepancy occurs for the sample with
n = 8. The values of a, &, Ry, and D determined by the
best fitting of eq 4 for samples with n = 300, 80, and 15
are reported in Table 1.

The good agreement of the experimental SAXS in-
tensity curves with the theoretical prediction of eq 4
indicates that the structure of the low Eu®* content class
I hybrids (n = 300 and 80) consists of small and isolated
fractal aggregates (Ry = 29—26 A) composed of primary
particles having an average radius of 2.9—2.3 A. The
fractal dimensions obtained for these two hybrids are
clearly different (2.1 for n = 300 and 1.7 for n = 80).

As stated before, the log—log plots of the experimental
scattering functions corresponding to samples with n
= 15 and 8 are clearly different from those presenting
relatively low Eu®* concentration. The linear behavior
below q < 0.05 A~ does not show any tendency to a
constant value at very small g as predicted by eq 4
(Guinier range). This indicates that the scattering
objects are very large so that the crossover q; lies at q
<< Qmin-

In the case of the sample with n = 15 the utilization
of eq 4 leads to a relatively poor fit. However, it can
still be applied as a first approximation. The values so
obtained for the radius of the primary particles (a = 4.8
A) and the size of the aggregates (Rq > 200 A) are larger
than those obtained for samples with lower Eu3*
content.

The important deviation of experimental and theo-
retical SAXS curves for the hybrid with n = 8 (Figure
2) suggests that the model of isolated fractal aggregates
does not apply to this sample with high Eu3* content.



Eu3t-Doped Siloxane—Poly(ethylene glycol) Hybrids

T T T

Intensity(a.u.)

0.0 05 1.0 15
Time(ms)

Intensity (arb.units)

1 2 3 4

T T T T
600 650 700
Wavelength (nm)

Figure 3. Room-temperature Eust emission spectra obtained
under 394-nm excitation for siloxane—PEG class | hybrids. (a)
n = 300; (b) n = 80; (c) n = 30; (d) n = 8. Numbers under the
curves denote J levels for the transitions 5Dy — “F;. Inset:
typical Eust 5Dy emission decay curve observed for the sample
n = 30. The line shows the fit obtained considering a single-
exponential decay function (zr = 0.15 ms).

A qualitative analysis of the experimental SAXS inten-
sity suggests two clearly different q dependencies at low
g (g9 < 0.07 A1) and high q (q > 0.07 A-1). These
different behaviors were assigned to a two-level spatial
correlation model.2° In this particular case this model
consists of aggregates of primary particles building up
large secondary aggregates. The experimental scattering
function for g > 0.07 A1 contains information on the
structure of the primary aggregates. The scattering
function over the small g range, q < 0.07 A~1, provides
structural information on the second level aggregates.

3.3. Luminescence and EXAFS. Figure 3 shows
Eu®t emission spectra obtained for the samples with
different Eu®t content. Eus* characteristic f—f transi-
tions are observed superimposed on a broad emission
band not studied in detail here. Emission arising mainly
from the Eust 5Dy excited state to the "Fg 12,34 manifolds
is observed. Assignments were done by comparison with
the literature and are also noted in Figure 3.

As a general observation, relatively broad and non-
structured bands are observed, suggesting the existence
of a broad distribution of sites available for the Eu3"
ion in the composite medium. In addition, the magnetic
dipolar 5Dy — 7F; transition displays the highest
intensity in each spectrum. In contrast to what we have
previously observed for class Il hybrids,® no significant
differences could be detected from spectra obtained for
samples with different Eud™ concentrations. Spectral
lines display the same mean energy positions and
relative intensities for the entire range of Eu3* concen-
trations considered here. Some initial splitting seems
to appear in the Dy — 7F; transition profile for the
sample with n = 8 but the relative transition intensities
are essentially the same. In class Il hybrids significant
variations were observed as a function of Eu®*™ concen-
tration.®8—10 Eu3* 5Dy decay times were also determined
and the inset of Figure 3 shows a typical emission decay
profile. Single exponential decay functions could be used
to fit experimental data and decay times values so
obtained are listed in Table 2. It is observed that decay
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Table 2. Eu3* 5Dg Level Decay Time for Dried Gels
Class | for Different Eu3™ Contents

decay time decay time
n ([OJ/[Eu]) (£0.02 ms) n ([OJ/[Eu]) (£0.02 ms)
8 0.15 80 0.17
15 0.14 300 0.14
30 0.14

times hardly change with Eu3™ concentration with
values between 0.14 and 0.17 ms.

The first coordination sphere of Eust was further
characterized with X-ray absorption measurements.
EXAFS data analysis was performed on a Macintosh
microcomputer with the “A. Michalowicz's EXAFS pour
le Mac” software.?! The EXAFS signal ky(k), where k is
the wave vector for the photoelectron, was extracted
from the raw absorption data using the Lengeler-
Eisenberger method.?? The ky(k) spectra were Fourier
transformed using k? ponderation and a Kaiser window
(r = 2.5) leading to spectra scaled in distance (A). The
peaks in the Fourier transforms, |F(r)|, corresponding
to each coordination shell were then filtered and back-
transformed to k space. The resulting EXAFS-filtered
signals have been treated as a sum of sinusoidal wave
functions using plane wave and single scattering ap-
proximation,23

N.

ky(k) = 302ZR—;e_ZO‘Ze_ZRMk)fU(n,k)sin[ZkRi + (K]
1 .

1

(6)

where N; is the number of atoms in the coordination
shell i at average interatomic distance R; from the
absorbing atom, oj is the Debye—Waller factor, which
takes into account the static and thermal structural
disorder, A(k) is the photoelectron mean free path, and
Sp? is an amplitude reduction factor reflecting multi-
electron effects. fjj(r,K) and @;j(k) are the amplitude and
the phase functions for this coordination shell. In this
case they were obtained experimentally from the stan-
dard Eu®* perchlorate aqueous solution. The Fourier-
filtered signal obtained were then simulated by a least-
squares fitting procedure, leading to the determination
of the structural parameters R, N, and Ao for the first
coordination shell around the absorbing Eus* atom.
Experimental results are not shown here due to
limiting space but just the Eu3" first coordination shell
could be characterized. No long range order could be
observed. Mean values of 9.8 + 0.5 for N, 2.41 4+ 0.05 A
for d, and 0.12 + 0.01 A2 for Ao? were obtained with no
appreciable differences in the range of samples studied.

4. Discussion

The results of the SAXS experiments indicate that the
structure of the studied hybrids consists of aggregates
embedded in a nearly homogeneous matrix. Since the
polymer weight fraction was kept constant at the high
86 wt % value, we have assumed that the major phase

(21) Michalowicz, A. EXAFS pour le Mac; Societé Francaise de
Chimie: Paris, 1991; p 102.
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(23) Teo, B. K. EXAFS: Basic Principles and Data Analysis;
Inorganic Chemistry Concepts Series; Springer: Berlin, 1986; Vol. 9.
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is a polymeric matrix and that the minor one is
composed of inorganic siloxane aggregates.

A number of studies of aggregation processes of
colloidal particles in liquid solvents have demonstrated
that, in many cases, fractal clusters are formed. On the
other hand, computer simulations demonstrated that
the fractal dimension of the cluster depends on the
mechanism of aggregation.”

The experimental value of the fractal dimension D =
2.1 (Table 1) of siloxane aggregates in hybrids with low
Eus* content (n = 300) suggests that the predominant
mechanism of cluster formation during the gelation
process is reaction-limited cluster—cluster aggregation
(RLCCA).2425 This is the mechanism expected for our
synthesis procedure in which the first step involves acid-
catalyzed hydrolysis and the second one the addition of
a base.?* For medium Eu3* content (n = 80) the fractal
dimension is smaller (D = 1.7). This value is close to
that determined by computer simulation for diffusion-
limited cluster—cluster aggregation (DLCCA).

The difference in the aggregation mechanism for
hybrids with Eus* content n = 300 and n = 80 suggests
that Eu®" ions enhance the sticking probability of
primary siloxane particles during the aggregation—
gelation process. This effect associated with the elec-
trolyte has already been observed in other sol—gel-
derived materials containing different salts.?6 In our
case Eud" ions decrease the electrostatic repulsion
between primary siloxane particles. Higher sticking
probability for the primary particles with the increase
in Eudt concentration would favor diffusion as the
controlling mechanism for aggregation.

Clear structural differences are observed when samples
with high Eu®* content (n = 15 and 8) are compared to
those with lower Eu®* content (n = 300 and 80). In the
case of the sample n = 15, the expected stronger effect
of Eud ions still decreasing the electrostatic repulsion
between primary particles induces an aggregation pro-
cess, leading to much larger aggregates (Rq > 100 A).
For the sample n = 8, this phenomenon leads to the
formation of large secondary clusters themselves con-
stituted by aggregates of primary siloxane particles.
Figure 4 gives a general picture of the different situa-
tions for low and high Eu3* content, showing in the last
case the formation of larger aggregates.

This conclusion is consistent with the observed in-
crease in the glass transition temperature for increasing
Eud* content. As a matter of fact, the expected effect of
the larger size of inorganic siloxane aggregates is to
increase the overall structural strength of the composite.

Luminescence data can be compared with previous
results obtained for similar materials in the litera-
ture'®14 and also for related class Il materials studied
before.®

Bekiari et al.3 studied Eu3*-containing SiO,—PEG2q
hybrids prepared by acid-catalyzed hydrolysis of silicon
alcoxides. The authors observed marked changes in
emission spectra as a function of the relative polymer
concentration. An enhancement of Eu3* electric dipolar

(24) Brown, W. D.; Ball, C. D. J. Phys. A 1985, 18, L17—-521.

(25) Jullien, R.; Botet, R. Aggregation and Fractal Aggregates;
World Scientific: Singapore, 1987.

(26) Brinker, C. J.; Scherer, G. W. Sol—Gel Science; Academic
Press: San Diego, 1990; p 203.

Molina et al.

(a)

Figure 4. Schematic views of the proposed structure models
of scattering siloxane particles in a polymer medium for (a)
low and (b) high Eu®* content.

transitions was first assigned to a cage-like environment
provided by the polymer molecules which could protect
Eus* from interactions with water molecules. The same
authors!# presented a systematic work with PEG,q0 and
PEG400 and observed that emission enhancement was
observed to occur in water for a polymer relative
concentration above a critical polymer concentration of
80% in weight. The emission enhancement was observed
to occur together with a °Dg lifetime increase. In
siloxane—PEG mixtures the authors did not observe a
critical polymer concentration. They reported a continu-
ous increase in intensity and decay times values par-
ticularly for PEGygo. The effect was less pronounced for
PEG400.

It is interesting to note that different behavior is
observed for our samples. Considering the spectra
shown in Figure 3, the magnetic dipolar 5Dy — "F; is
the one presenting the highest intensity for all the
samples. Additionally, the low values for the 5D, decay
time in our samples reflect the interaction of Eu®* ions
with relatively high energy vibrational modes of the host
(OH"). In fact, despite the broad distribution of available
sites for the Eu®*, as suggested by the inhomogeneously
broadened bands, decay curves could be fitted by single-
exponential functions, showing that the decay rate is
governed by nonradiative processes. These features
indicate that for all samples the Eu* first coordination
shell shows water-like behavior. The same behavior is
known to occur for pure silica sols.®

The purely radiative contribution for the decay times
can be evaluated using the magnetic dipolar Do — 7F;
transition as a reference, for which the Einstein’s
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coefficient (A) of spontaneous emission is well-known
(50 s~1) and does not depend on the crystal field. The
other observed transitions arising from the 5Dg level
have electric dipolar character and therefore the total
spontaneous emission coefficient (AtoraL) could be evalu-
ated from band intensities. Transitions to the "Fsg
manifolds were not considered since they must present
extremely weak intensity and could not be observed. The
value of ~180 s~! was obtained for all samples and
therefore the pure radiative lifetime, tragiative, IS @around
5.5 ms. Experimental decay time values shown in Table
1 range from 0.14 to 0.17 ms. The differences between
these values and those calculated can be assigned to
significant contributions from nonradiative decay rates.
In fact, emission quantum yields, expressed as the ratio
of the experimental and radiative lifetimes, are very low
(=3%). This picture together with the SAXS and EXAFS
results can be considered by the interaction of Eu3* with
the siloxane particles surface which is a completely
different situation from that found for class Il hybrids.8
In that case we could, from the experimental results,
suggest the interaction of Eu™ mainly with the ether-
type oxygen atoms of the organic subphase.

The marked differences observed considering our
results and those presented in the literature for related
systems?314 are very instructive, showing that in fact
spectroscopic properties should be largely dependent on
the preparation procedures as well as on the nature of
the precursors. Bekiari et al.*31* have been using acid-
catalyzed hydrolysis throughout the whole preparation
procedure; their Eus* precursor is a nitrate salt and
PEG molecular weights were 200 and 400. Considering
the hydrolysis process, it is well-known that completely
different materials could be obtained by changing the
catalysis mechanism.2% Base catalysis used here in the
gelation step could promote the interactions between
Eu®™ and the negatively charged silanol groups present
on siloxane particle surfaces. If that would be the case,
this interaction could well account for the effect of the
addition of Eudt proposed in the explanation of SAXS
and TMA results. Moreover, it must be considered that
the ability of nitrate ions, used by Bekiari et al.,’314 in
coordinating to rare earth ions, is certainly higher than
the one displayed by perchlorate ions used here in our
work. In aqueous solution nitrate ions are known to be
present in the Eu3™ first coordination shell which is not
the case for perchlorate. The different nature of the
Eus*-containing cationic species in water certainly has
a significant effect on the spectroscopic properties of
the final product. Finally, a significant effect was
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observed!3!* for PEG,q0, being less pronounced for
PEGu40. Since we have been working with PEGgg, a
dependence on the molecular weight could not be
excluded, suggesting systematic work to be done.

5. Conclusion

As observed for undoped similar hybrids,!? siloxane—
PEG (MW = 600) class | nanocomposites with relatively
low Eu®* content (n = 300 and 80) are composed of a
minor phase consisting of inorganic siloxane aggregates
with a fractal structure and a major phase which is a
homogeneous polymeric matrix. Fractal aggregates are
built up by primary siloxane nanoparticles or groups.
The addition of higher quantities of Eu3* (n = 15) leads
to a decrease in the interparticle repulsion interactions
and the subsequent formation of larger aggregates.
When the Eud* content (n = 8) is increased further, the
reduction in electrostatic repulsion between siloxane
aggregates due to the presence of Eu®* ions at the
particle surfaces induces an additional aggregation
process, leading to the formation of very large secondary
aggregates.

The different structural features deduced from SAXS
results explain the observed increase in mechanical
strength of the hybrids and consequent increase in the
glass transition temperature for increasing Eus* con-
tent.

Luminescence spectra and structural features ob-
tained from EXAFS suggest that under the experimen-
tal conditions used here Eu3" ions experiment a water-
like environment for the entire range of concentrations
studied. The negatively charged surface of the siloxane
nanoparticles could well account for those conditions
and therefore establish relative insensitivity of Eu3"
ions to the organic subphase.
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