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Abstract. Monolithic pieces and films of ormosils were obtained from ultrasound-assisted polycondensation o
tetraethoxysilane (TEOS) and polydimethylsiloxane (PDMS). These sono-ormosils were studied by means of hi
resolution Brillouin spectroscopy and their textures analyzed from adsorption isotherms. Evidence is given for tt
occurrence of organic and inorganic micro-phase separation in samples with high polymer concentrations. Nitrog
isotherms show that the texture of the samples is highly dependent on the composition.
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1. Introduction use of Brillouin scattering which has been widely
proven to be an essential technique in determining the
In recent years, sol-gel scientists have dedicated arelationship between structure and elastic properties
huge effort to study the unique properties of organ- [5].
ically modified silicates (ormosils) [1, 2]. A full ex- Ormosils studied in this paper were prepared by the
ploitation of the mechanical properties of these ma- solventless sonogel route [6, 7] in order to extend the
terials requires a deep understanding of the inter- compositional range in which no microphase separa-
play between structural and dynamical correlations. tion occurs [4, 8-10]. Elasticity results are correlated
However, investigations have been mainly focused with the textural analyses performed on samples with
on the macroscopic elastic features [3, 4] with little different organic-inorganic ratios and the overall in-
attention paid to their correlation with the dynami- formation is explained using a simple microstructural
cal elastic behavior. In this context, we have made picture of the sono-ormosils network.
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2. Experimental The elasticity of materials was evaluated by Brillouin

spectroscopy [14], performed with two different ge-
Ormosils have been prepared by a solventless sol-gelometries: the backscattering (X8@nd the special 90
route using tetraethoxysilane (TEOS) from Merck as scattering geometry [15]. The corresponding phonon
inorganic precursor and polydimethylsiloxane (PDMS) wavelengths areA%" = 1o/+/2 and A= rq/2n,
from Huls America Inc., with an average molecular where Ao is the wavelength of the light source
weight of 550, as organic source. Hydrolysis and con- (514.5 nm), and is the relevant refractive index of
densation reactions were carried out in an acid environ- the sample. The elastic constant is derived from the
ment and promoted by a high power ultrasound probe spectra using:c = p - v?, wherep is the density of
(20 kHz, 15 W) [6]. the material and the sound velocity= f - A, f be-

In order to promote the copolycondensation reac- ingthe corresponding Brillouin shiftin frequency units.
tion against self-polymerization of PDMS [7], sam- For our acoustic isotropic system there are only two in-
ples were prepared as follow. First, TEOS-acidic water dependent elastic constantg, andc,s, corresponding
mixtures (2 mol HO/mol TEOS) were subjected to ul-  to the longitudinal and shear polarized modes, respec-
trasound radiatiofEs = 60 J-cm™3). Then, amounts tively [16].
of PDMS, ranging from 0 to 40 wt%, referred to TEOS
were added, and, finally, the mixtures were subjected
to an additional ultrasonic dose to complete a total en- 3. Results and Discussion
ergy dose of 0.12 km~3. The resulting transparent
sols were poured into a plastic container and left to Textural features of the samples were inferred from
gel. After one week ageing and two weeks drying at the nitrogen physical adsorption on the free surface
room temperature, monolithic pieces of dried ormosils of the samples, at the liquid nitrogen temperature. On
resulted. These were transparent for lower doses of or-the basis of initial experiments, all the samples were
ganic component, but became milky for the highest previously evacuated at 60. The choice of this rel-
dose. atively low temperature, has been made in order to

Thick film samples of the same compositions were remove the residues from the pore walls, without no-
also prepared by deposition of the sols in a silicon rub- ticeable changes in the textural features of the hybrid

ber cell, obtaining free standing films of about At material. Adsorption-desorption isotherms for sono-
of thickness with plane parallel faces and transparency ormosils with different DMS concentrations are shown
suitable for Brillouin spectroscopy [11]. in Fig. 1. Isotherms corresponding to the 0.24 and

For the sake of clarity, the organic fraction in the 0.41 DMS samples can be considered as IUPAC type |
hybrid material will be expressed in the following as [17], characteristic of microporous solids. Both curves
monomer molar fraction, thati¥ = DMS mol/(TEOS show that pore filling takes place at low relative pres-
mol+ DMS mol), X being 0.24, 0. 0.41, 0.55and 0.65 sure, above which a plateau occurs, indicating little
in the samples studied. additional adsorption. Nevertheless, for the isotherm

Pore size distribution, specific surface area [12] and corresponding to 0.55 of PDMS ormosil, the shape is
porous volume, have been evaluated from nitrogen ad- much closer to those produced by adsorption on meso-
sorption isotherms, performed in a Sorptomatic 1990 porous materials, a type IV isotherm, with a hysteresis
FISON equipment. Samples were previously evacu- loop due to capillary condensation in the mesopores.
ated, using a rotary pump, in order to remove the lig- Finally, the curve shape for the 0.65 DMS sample can
uid from the pores. Complete adsorption-desorption be attributed to a macroporous network, where the ab-
isotherms were analyzed and pore size distributions sence of small pores in the sample causes no adsorption
were evaluated using the Horvath/Kawazoe method at low pressures.

[13]. Similar trends are found from the textural parameters
The density of the samples was estimated by pyc- derived from these experiments (Table 1). The main
nometry using two different probes. Thus, bulk den- feature is that the surface area drastically decreases
sity was measured by the Archimedes method using once the organic phase becomes the major component

cyclohexane 4 =0.78 g- cm~3), with negligible pen- in the sample. Additional information about the influ-

etration into the pores. The density of the solid organic- ence of organic phase on the solid network can be in-
inorganic network (skeletal density) was estimated ferred from the volume/surface ratio. The increase of
from helium pycnometry. this parameter with DMS concentration points to an
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Figure 1 Adsorption-desorption isotherms for ormosils with different DMS molar concentrations, performed after samples were evacuate

at60C.

enlargement of the pores. As noted previously, the high-

est DMS concentration studigX = 0.65) leads to a

ple, measured by He and;B;, pycnometries, is not

Pore size distributions corresponding to these four

samples are shown in Fig. 2. The contribution of small

hybrid network without noticeable porosity at the reso- pores to the total pore volume becomes lower as the
lution level of the experiment. The BET method is not PDMS concentration is increased, especially for the
valid to estimate a specific surface value in this case
where there is not adsorption at low relative pressure.
Itisimportant to notice that the density of the 0.65 sam-

significantly different (Table 1), supporting the absence
of mesopores in this sample.

Table 1 Sono-ormosil textural
from nitrogen adsorption isotherms, and He argHG
pycnometry, for samples with different DMS concentration
(SgeT, surface areay,, pore volume).

parameters, obtained

Bulk Skeletal
X density density 8T Vp
DMS (g-en®) (g-en®)  (m?-gh)  (emP.g7h)
0.24 1.39 1.45 350 0.20
0.40 1.14 1.32 372 0.27
0.55 1.07 1.18 220 0.24
0.65 ~1.17 1.17 — 0.018

dV/dr (crg -AY
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Figure 2 Pore size distributions obtained from the adsorption
branch of the isotherms presented in Fig. 1. Notice that increasing
the DMS concentration modifies the ormosil pore size distribution.
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X = 0.55 andX = 0.65 DMS samples. In the latter, (HWHM) of the Brillouin peaks, corrected for the
there are no pores with radius smaller thani25 Rayleigh value (Fig. 3(b)). The change of the DMS
From the analysis of the Brillouin spectra, valuable concentration dependence of the hypersonic attenua-
information about the influence of DMS content on tion should be noted, initially decreasing until a min-
the static and dynamic elastic properties is obtained imum is reached at aboxt = 0.4, and increasing for
(Fig. 3) [16]. The elastic constants were evaluated, higherconcentrations. Considering the inverse relation
from Brillouin shifts and bulk densities, for monolithic  between the hypersonic attenuation and the phonon
or thick film samples. As no transverse modes were lifetime, it is possible to explain the attenuation be-
noticeable from the spectra, probably because they arehavior in terms of a changing number of interfaces in
severely damped in these porous materials, @y the medium (i.e., pores and segregated microphases).
values are presented in Fig. 3(a). The figure reveals aThus, for low PDMS concentration, the organic phase
smooth decrease of the elastic constant with increasinglinks uniformly to the inorganic phase, leading to a ho-
DMS concentration, without any significant influence mogeneous hybrid organic-inorganic network. The en-
from the sample morphology. Calculated values tend richmentin DMS content of the solid network together
asymptotically to the value for the pure PDMS (liquid), with the increase in the average pore size, as demon-
reaching this at a concentration close to 0.40. This in- strated from the adsorption experiments, would lead to
dicates the influence of the polymeric phase concentra- a reduction in the number of interfaces, which explains

tion on the elastic properties of sono-ormosils.
A reliable estimation of the hypersonic attenuation
(I') was obtained from the half width at half maximum
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Figure 3 DMS concentration dependence of the longitudinal elas-
tic constant (a) and the hypersonic attenuation (b). In both cases, a

the hypersonic attenuation decay. However, it seems to
be alimiting DMS concentratiofX ~ 0.4—0.5) above
which some polymer tends to adopt a globular form,
leading to microphase separation and, consequently,
increasing the attenuation.

This interpretation of the elastic data in terms of
two coexisting morphologies of PDMS (segment-like
and globular) are clearly supported by previous NMR
results. Evaluation of the optical properties points out
thatthe refractive index is also sensitive to the existence
of a characteristic DMS concentration [16].

The observed elastic behavior can be qualitatively
explained in terms of a simple model based on those
used by Mackenzie [3]. In agreement with our results,
the model is based on the assumption of two different
microstructures for PDMS, a segment-like configura-
tion within the backbone of the sonogel network and a
quasiglobular (liquid-like) configuration. Both forms
are parallel branched while being branched in series to
the silica structure. Normalizing their relative contri-
butions to the sample elastic behavior according to the
compositionx, we obtain;

1

Ci1= 79— 1)

C1

+

(

wherec, andcz are the elastic constants of PDMS in
a segment-like and globular-like configuration, respec-
tively, andc; is the elastic constant of the sonogel.
Using the elastic constant of liquid PDMS fog, an
estimation ofc; andc; is obtained by fitting Eq. (1) to

GT=07ox)
C2(1—X) +c3x

change in these parameters can be observed, for DMS concentrationdn€ €xperimental results. The continuous line in Fig. 3,

higher than 0.40-0.50.

corresponding tothe bestfd; =17 GPag, = 3GPa),
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indicates thatthe model provides a semiquantitative de- References

scription of the elastic behavior of the sonogels.

N -

4. Conclusions

High resolution Brillouin spectroscopy and nitrogen
adsorption have been used to investigate the elastic
and textural properties of ormosils obtained by the
sonogel method. These techniques allowed the eval-
uation of the DMS concentration effect on the elastic
constantc,; 1, the hypersonic attenuatiofi, and pore
size distribution. No appreciable difference in behavior
between monolithic and film samples was observed.
The concentration dependence of both the static and
dynamic elastic parameters markedly changed around
0.4-0.5 DMS.

The inclusion of the polymeric phase in the sono-
gel network modifies the textural characteristics of
these samples,
and giving rise to microphase segregation when it
reaches 50%.

A model, assuming two different configurations for

the polymer, shows good agreement with the experi- 13

mental results and supplies, as fitting parameters, the

elastic constants of the sonogel backbone and that of14.

the polymer embedded in it.
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