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Are Leached Porous Glasses Fractal?

The concept of fractal geometry has proven useful for
the description of ramified objects such as branched pol-
ymers and colloidal aggregates. The concept has also
been used to interpret a variety of experimental observa-
tions on solid materials such as epoxy resins! and porous
glasses,? as well as globular structures, such as protein
molecules.? It is our opinion that these later applications
are suspect. In this Comment, we study the structure of
a porous Vycor glass and demonstrate that the fractal in-
terpretation of energy transfer by Even et al.? is incon-
sistent with the observed structure of this material.

Even et al. performed their picosecond spectroscopy
experiment on a leached borosilicate glass (Vycor 7930).
They concluded that, on the dimensional scale of approx-
imately 90 A, this structure consists of a percolationlike
network of channels with a fractal dimension D =1.74.

We studied the structure of Vycor 7930 using small-
angle neutron scattering, and small-angle x-ray scatter-
ing. If a fractal network exists in this material, this
feature would be reflected in the dependence of the scat-
tered intensity, /, on momentum transfer, K. In particu-
lar, we expect* power-law decay (I—~K ~P) where
D =1.74. By contrast, the data in Fig. 1 show a peak
near K=0.03 A~ (corresponding to length scales of
about 27/0.03 =200 A), and the slope of —4 at large K
is the signature of scattering from a smooth surface.*
We conclude that the structure is nonfractal over dimen-
sional scales from 5 to 500 A.

A reasonable interpretation for the observed peak in
the structure factor is that it is the remnant of a spinodal
decomposition process. Vycor glass is prepared by leach-
ing of a phase-separated borosilicate glass.®> The early
stages of spinodal decomposition lead to phase separation
via the growth of an unstable Fourier component in the
density-fluctuation spectrum. For glass, it is reasonable
that this early-stage structure is trapped because of the
divergence of the viscosity at the glass transition temper-
ature. The leaching process removes the more soluble
phase so that the leach pattern follows the concentration
distribution left by the spinodal process.

Transmission electron micrographs of Vycor 7930 con-
firm the nonfractal structure (inset). The smooth parti-
clelike structures range in size from 150 to 250 A. The
presence of fractal porosity on large length scales is not
apparent in transmission electron micrographs obtained
to date.

Although our work concentrated on a particular ma-
terial, we believe that fractal concepts should be used
with caution when applied to any solid object. Even for
an exceedingly porous material such as a silica aerogel,
fractal structures exist® only over a limited length scale
between 10 and 100 A. Dense structures, such as epoxy
resins and globular proteins, are not geometric fractals.

284

T lf‘r T T TT_]"T T T T

- f 4 SANS ]

E 4 ) ® SAXS j

r AL B

o .|
v F E
wn B -4 .
Zz |
EF E
=z [ i
u i

i L | I 111—
0.001 01 1

K(1/A)

FIG. 1. Scattering curves for Vycor 7930. The deviation of
the small-angle neutron-scattering data from Porod’s law near
K=0.2A7"! is due to the existence of an uncorrected, in-
coherent background. The scattering curves were corrected
only for the empty-beam background intensity. The inset is a
transmission electron micrograph of the sample.

Anomalous dynamic exponents for these materials are
not related to fractal mass distributions. If fractal dy-
namics exist in these systems, one must either identify a
subset of atoms whose spatial arrangement is self-
similar? or seek an alternative explanation for the unusu-
al dynamics.

This work was performed at Sandia National Labora-
tories, Albuquerque, New Mexico and supported by the
U. S. Department of Energy under Contract No. DE-
AC-04-76DP00789.

D. W. Schaefer, B. C. Bunker, and J. P. Wilcoxon
Sandia National Laboratories
Albuquerque, New Mexico 87185

Received 4 June 1986
PACS numbers: 61.40.+b

IS. Alexander, C. Laermans, R. Orbach, and H. M. Rosen-
berg, Phys. Rev. B 28, 4615 (1983).

2U. Even, K. Rademann, J. Jortner, N. Manor, and R. Reis-
feld, Phys. Rev. Lett. 52, 2164 (1984).

3H. J. Stapleton, J. P. Allen, C. P. Flynn, D. G. Stinson, and
S. R. Kurtz, Phys. Rev. Lett. 45, 1456 (1980).

4D. W. Schaefer, J. E. Martin, A. J. Hurd, and K. D.
Keefer, in Physics of Finely Divided Matter, edited by N. Boc-
cara and M. Daoud (Springer, Berlin, 1985), p. 31.

SM. B. Volf, Technical Glasses (Pitman, London, 1961).

6D. W. Schaefer and K. D. Keefer, Phys. Rev. Lett. 56, 2199
(1986).



.

TTIT T
»>
® »
w
>
=
w
el 4o

. SAXS
““
> | -
= F ]
w B -4 =
= F 4
w —
- r ]
Z | -
[ ] T | ] [ | L L1 |-.
0.001 0.01 01 1

K(1/A)

FIG. 1. Scattering curves for Vycor 7930. The deviation of
the small-angle neutron-scattering data from Porod’s law near
K=0.2A"" is due to the existence of an uncorrected, in-
coherent background. The scattering curves were corrected
only for the empty-beam background intensity. The inset is a
transmission electron micrograph of the sample.



