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Resume 

La structure des aerogels de silice a ete etudiee par diffusion centrale de neutrons. Ces materiaux 

peuvent etre fractals sur plusieurs ordres de grandeur. De plus, des series de materiaux ont ete 

preparees pour lesquelles les aerogels ne diffgrent que par leur longueur de correlation, mais pas 

par leur structure fractale. De tels materiaux sont mutuellement auto-similaires. Une telle serie, 

obtenue sans catalyseur, a ete utilisee pour etudier la dynamique vibrationnelle par spectroscopies 

Brillouin et Raman, ainsi que par diffusion inelastique de neutrons. Ces experiences ont clairement 

demontre I'existence de nouvelles vibrations collectives localisees, les fractons. Les dimensions 

fractale D, spectrale z, et de longueur interne d, , ainsi que la densite d'etats vibrationels, ont Bte 

obtenues. Nous trouvons jusqu'ici un accord remarquable avec la theorie des fractons. 

Abstract 
Small angle neutron scattering has been used to investigate the structure of silica aerogels. 

Materials can be prepared which are fractal over several orders of magnitude in length. 

Furthermore, series of aerogels of different densities can be obtained in which the gels only differ by 

their correlation lengths, but not in their fractal structure. Such mutually self-similar .series of 

neutrally reacted aerogels were used to investigate the vibrational dynamics by Brillouin, Raman, 

and inelastic neutron scattering spectroscopies. These experiments clearly reveal the existence of 

new localized collective vibrational excitations, the fractons. Values are obtained for the fractal 

dimension D, the spectral dimension $, an "internal length" dimension d,, as well as for the density 

of vibrational states N(w). The picture that emerges is in remarkable agreement with fracton theory. 

1 - INTRODUCTION 

The content of this paper is the fruit of a collaboration between scientists at the Laboratoire de Science des 

Materiaux Vitreux in Montpellier (I), the Laboratoire Leon Brillouin in Saclay (2), and the IBM Zurich Research 

Laboratory in Ruschlikon. The ~esul ts  have been or are about to be documented extensively elsewhere. The 

present account is an extended abstract to serve as guide to these publications. More extensive accounts, 

including references to the literature, will soon become available /1,2/. 

2 - FRACTAL STRUCTURE OF THE AEROGELS 

Small angle neutron-scattering experiments have been performed to determine the fractal structure of 

various series of aerogels 13-51. It is generally possible to extract three parameters from a measurement: 1) 

the mean particle size a; 2) the correlation length 5 beyond which the material becomes homogeneous; 3) 

the fractal dimension D. One important result 131 is that series of materials can be prepared for which : 1) 5 
is progressively changed; 2) D is constant; and 3) 5 is related to the macroscopic density p by 5 z p1!(D-3) ,  

with the same value of D and a constant proportionality factor across the series. Such materials can be 

called mutually self-similar. They allow to investigate scaling in function of length in the fractal regime 

(a<L<(), without actually performing microscopic experiments at these lengths 121. It is such a series of 

neutrally reacted aerogels with D -- 2.4 that was used to obtain the dynamical results 16-101. 

(I) Laboratoire de Science des Materiaux Vitreux is affiliated to the CNRS No 1119. 
( 2 )  Laboratoire Leon Brillouin is a joint laboratory Centre National de la Recherche Scientifique - Commissariat a 
I'Energie Atornique. 
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3 - THE PHONON-FRACTON CROSSOVER 

The phonon-fracton crossover frequency, wco, , and wavevector, qco , are accessible to Brillouin scattering 
experiments /6,7/. Spectra can be measured for various sample densities p, and for each p for various 
momentum exchanges q. Each spectrum is determined by three fitting parameters, namely wco, , qco , and 
the absolute intensity. Using the former two, and assuming that mutual=self-similarity also extends to 
dynamical properties, one obtains the fracton "dispersion curve", w oc c lD ld  17,ll. Here, 2 is the fracton 

spectral dimension. From qco alone, one derives an acoustical correlation length, 5 oc l /qc0 . This gives a 

value for D in agreement with the direct structural information 17,2/. From D/; and D, one derives 3 = 

1.3k0.1 171. Such a value can either be caused by scalar elasticity, or by tensorial elasticity in structures that 
are more connected than percolation clusters. The latter appears more likely 121. 

4 - RAMAN SCATTERING THROUGHOUT THE FRACTON REGIME 

In addition to coherent contributions, there are incoherent contributions to light scattering in which fractons 
of characteristic size smaller than the optical wavelength scatter independently from each other. In that case, 
the scattered intensity is the sum of individual scattering intensities, while for coherent contributions it is the 
scattered amplitude which is the sum of amplitudes. The incoherent (Raman) spectrum of fractons falls 
typically in the range of 1 to 300 GHz 181. Beyond that frequency, particle modes are observed, In the fracton 
range, the dependence of the Raman susceptibility x on frequency w is given by x oc w-2f2d~d/D 181. Here, d, 
is an internal length dimension / I l l ,  whose possible relation to the superlocalization exponent d, remains to 
be clarified. The measurements give d, -- 1.5. 

5 - THE DENSITY OF VIBRATIONAL STATES 
Of much interest is to obtain a measurement of N(w) for one single sample. This should allgw a 
determination of 2 independently of scaling and mutual self-similarity, since for fractons N(w) cc od-l . 
Among the various inelastic neutron scattering approaches for determining N(w) 1101, we used a difference 
technique that allows to extract a contribution mostly due to incoherent scattering from protons 191. The 
results so far cover the region of particle modes, and probably the upper frequency fractons. The particle 

density of states can also be calculated and compared to experiment, affording an approximate absolute 

calibration of N(w). Combined with the Brillouin results, the overall behavior of N(w) is obtained 191. The 
thermal properties which are calculated from it agree remarkably with literature data, in particular with 
results of Calemczuk and collaborators presented at this meeting. 
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