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FIG. l. Scaling plot for the imaginary part (s") of the

dielectric susceptibility of salol (dots) and fitting functions
(solid curves). The fitting functions for the five temperatures
219-255 K show excellent agreement with the master curve re-
ported in Ref. 1. Deviation of the 290-K fitting function
(which has been extrapolated to 100 GHz) is indicative of the
approach to Debye behavior.

(solid curves) scaled as prescribed in Ref. 1. For
219-255 K the fitting functions qualitatively and quanti-
tatively reproduce the master curve, demonstrating that
the scaling procedure accurately compensates for
changes in width and shape as C varies from 4.7 to 3.3.
For 290 K, the fitting function (which has been extrapo-
lated to 100 6Hz) shows deviations indicative of the ap-
proach to Debye behavior.

Our model for relaxation of finite-size quantized dis-
persive excitations is not a microscopic theory. Never-
theless, it does provide a general mechanism linking fun-
damental excitations to observed behavior. Using our
model, the universal dynamic response reported in Ref. 1

may be explained by scaling of finite cluster sizes in su-

percooled liquids.
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Comment on "Scaling in the Relaxation of
Supercooled Liquids" Q-~

In a recent Letter Dixon, Wu, Nagel, Williams, and
Carini' report dielectric-susceptibility measurements of
several glass-forming liquids over 13 orders of magnitude WP

in frequency. They introduce a scaling procedure by
which all data, from all samples at all temperatures, col-
lapse onto a single master curve. This curve unequivo-
cally differs from all previously published relaxation
functions. We have recently developed a model for the
relaxation of dispersive excitations (magnons, phonons,
polaritons, etc. ) on a random distribution of finite clus-
ters. We have shown that this model provides excellent
agreement with the observed magnetic relaxation of ran-
dom magnetic systems and stress relaxation of ionic
glasses. Here we show that this model may also explain
the universal scaling reported in Ref. 1.

For our model we assume that a given particle belongs
to a finite cluster containing s particles with probability
sn„and that each cluster relaxes independently with a
size-dependent rate w, . For uniform initial polarization
Pp, the net relaxation is the sum over all possible cluster
sizes P(t) =Pop, s(sn, )e " (note the second moment
of n, is used assuming a variable number of participating
particles). The Fourier transform of —dP(t)/dt gives
the complex susceptibility:

s(ru) =Pop s(sn, ) (1+iro/vv, )/[1+ (co/vv, ) 'f . (1)

The principal result of Ref. 2 is that excellent agreement
with observed behavior is obtained for relaxation rates
which vary exponentially with inverse cluster size (w,
=woe '), characteristic of finite-size quantized dis-

persive excitations. Here wo is the relaxation rate of an

infinite cluster, and C is a function of the average cluster

size times the average interaction between particles di-

vided by k8T. In Ref. 2 we use the distribution of clus-

ter sizes from percolation theory: n, —s exp( —s ),
where the scaling exponents for concentrated three-

1

dimensional systems on a fixed lattice are 0= —
9 and

6 3 ~ Assuming a similar distribution, the extraordi-

nary quality and range of data from Ref. 1 allow experi-
mental determination of these exponents for cluster sizes

in supercooled liquids. We find 0 = —1.6 ~ 0.5 and
6'=3.0 ~ 0.5 for salol at the six temperatures reported in

Ref. l. Once these exponents have been determined (9
and 6 must be similar for systems which scale as report-
ed in Ref. 1), all data can be fitted using Eq. (1) with

three adjustable parameters: Pp, wp, and C. The single

parameter C controls the width and shape of the entire
dynamic response. For C=O (weakly interacting parti-
cles or high temperatures) Eq. (1) yields single-relax-
ation-rate Debye-like behavior, whereas for C)&1 the
spectrum is extremely broad.

Using Eq. (1), least-squares fits to the dielectric sus-

ceptibility of salol at 219, 225, 233, 243, 255, and 290 K
yield C=4.7, 4.5, 4.3, 4.0, 3.3, and 1.5, respectively.
Figure 1 shows the data (dots) and fitting functions
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