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Abstract

Using acoustic resonant spectroscopy, we have studied the low frequency elastic properties of silica aerogels with
densities between 0.045g/cm3 and 0.267g/cm3 over a temperature range of 400mK to 400K. We observe a large
change in the elastic moduli between 20K and 100K, accompanied by a damping peak, and attribute this to a
thermally activated relaxation process. Above 100K, the elastic moduli increase linearly with temperature, a phe-
nomenon normally associated with elastomers such as rubber, and indicative of a significant entropic contribution
to the stiffness of the aerogels.
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1. Introduction

Aerogels are best thought of as a network of strands
of nanometer size particles connected by sparse weak
links.[1] As a result the elastic moduli of aerogels are
orders of magnitude smaller that those of the corre-
sponding bulk solids. There is some similarity in the
structure of aerogels and elastomers such as rubber,
in the sense that both consist of randomly linked mo-
bile segments. In contrast to most solids, elastic defor-
mation of a rubber leads to significant changes in the
available configuration phase space, and thus the en-
tropy.[2] Among other things, this leads to a shear mod-
ulus that is linearly proportional to the temperature.
To investigate the extent of the entropic contributions
to the elastic properties of aerogels, we determined the
temperature dependence of the sound speeds in aero-
gel using acoustic resonant spectroscopy.

We prepared three samples, with properties summa-
rized in table 1. The two denser samples were made
in a single step process, with TMOS as the silica pre-
cursor and ammonia as catalyst. The lowest density
sample was made using the two step method described

1 Corresponding author. Present address: Department of

Physics and Astronomy, University of Delaware, Newark, DE

19716, USA. E-mail: daughton@physics.udel.edu

Table 1

Sample densities and dimensions, and the low-temperature val-

ues of the transverse sound speed, ct,0 and the shear modulus,

µ0 .

ρ(g/cm3) d(cm) l(cm) ct,0(m/s) µ0(MPa)

0.267 0.795 1.81 156 6.50

0.124 1.32 4.02 86 0.92

0.045 0.787 1.87 91.3 0.375

by Tillotson and Hrubesh.[3] The acoustic resonators
consist of a copper block with a cylindrical cavity.
The aerogel samples fit the cavity but are approxi-
mately 0.5mm longer. The cavity is capped off with two
acoustic transducers that slightly compress the sam-
ples. This ensures that the samples are firmly held in
place in the cavity over the full temperature range of
the experiments. The transducers are brass caps, at
the center machined down to membranes with a thick-
ness of approx. 0.25mm over a diameter of 6mm, sup-
porting small piezoelectric (PZT) disks. The caps are
attached to the copper body using an epoxy adhesive.
The resonators are evacuated through a hole in the side
of the cavity.

Figure 1 shows the resonance frequency of the fun-
damental mode, f1, and the corresponding damping,
Q−1, as a function of temperature for the lowest density
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Fig. 1. The resonance frequency of the lowest mode (solid

symbols) and the corresponding damping (open symbols) for

an aerogel sample with a density of 0.045g/cm3. The up turn

in the damping around 400K is due to softening of the epoxy

that seals the caps to the body.

sample. The higher density samples show very similar
behavior. To analyze the data we have written a pro-
gram to calculate the resonance frequencies of an elas-
tic cylinder. The calculation is based on a variational
method commonly used in resonant ultrasonic spec-
troscopy, but with a choice of basis functions adapted
to meet fixed boundary conditions.[4] The numerical
model shows that the resonance frequencies of a cylin-
der with fixed boundary conditions are mainly deter-
mined by the transverse sound speed, ct. Using the ge-
ometry and density of the samples as input to our pro-
gram, and assuming a Poisson ration of 0.22 we obtain
ct from f1.

Similar to the ultrasonic results of Xie and Beamish
[5] , we observe a drop in the sound speed and an accom-
panying damping peak between 20K and 100K. The
magnitude of the damping peak is consistent with an
otherwise unspecified thermally activated relaxation
process. In addition, we find that on further increas-
ing the temperature the sound speed increases again.
Both the strength of the relaxation process and the in-
crease in sound speed at higher temperature are more
pronounced in the denser, one-step samples.

From the transverse sound speed we can obtain the
shear modulus, µ = ρc2t . To be able to compare the
temperature dependence of µ between samples, we
show in figure 2 the change in the modulus scaled by
its low-temperature value, µ0. The behavior of the two
denser samples is quite similar, with a drop in shear
modulus of nearly 50% between 20K and 100K, fol-

Fig. 2. The relative change in shear modulus. The numbers in

the figure indicate the density of the samples in kg/m3.

lowed by a linear increase at higher temperature, and
a damping peak centered at 60K. The lower density
sample shows qualitatively similar behavior, but both
the damping peak and the corresponding decrease in
the modulus are significantly smaller and take place
at lower temperature, with the damping peak at 40K.
We take the linear temperature dependence of µ as in-
dicative of the importance of the entropic contribution
to the aerogel stiffness.
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