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Cummins and collaborators [Phys. Rev. A 46, 3343 (1992)] have interpreted their recent dynamic
light-scattering data on supercooled liquid Salol in terms of mode-coupling theory. They asserted that
critical slowing down occurs at a temperature T, which is much above T, where extrapolated relaxation
times in the liquid diverge and above T, where the liquid falls out of equilibrium and forms a glass. We
argue that this interpretation is incompatible with dielectric susceptibility data on the same material.

PACS number(s): 64.70.Pf, 66.20.+d, 78.35.+c

In a recent series of papers, Cummins and collabora-
tors have investigated relaxations that occur in super-
cooled liquids using dynamic light scattering. They have
interpreted their spectra for both the molecular glass
Salol [1,2] and the ionic glass Cag K ¢((NO;3), 4 [3,2] in
terms of mode-coupling theory. After extensive analysis
they have concluded that, in agreement with the predic-
tions of that theory [4], there is a temperature, T, at
which critical slowing down occurs. It is surprising and
significant that this temperature occurs much above T,
where the extrapolated relaxation times in the liquid
diverge, and above T, the temperature where the liquid
falls out of equilibrium on experimental time scales and
therefore forms a glass.

We have measured the dielectric susceptibility of
Salol [5] over a wide range of frequency: 1073
Hz <v<2X10'° Hz. There is no feature in these data at
256 K, the temperature identified as 7, in the light-
scattering measurements. Figure 1(a) shows the evolu-
tion of the imaginary part of the dielectric response
e''(v, T) for several temperatures as a function of frequen-
cy. The curves shift smoothly to lower frequency as the
temperature is lowered. No break appears near 256 K in
either the peak position, shown in Fig. 1(b), or in the
shape of the entire relaxation curve. This can be seen in
the inset which shows that the Salol data for all the mea-
sured temperatures (both above and below 256 K) can be
fit onto a single master curve with scaling variables which
vary smoothly and monotonically with temperature. The
data for v, do not revert to Arrhenius behavior as T is
lowered but can be fit with a Vogel-Fulcher form at low T
with a divergence temperature close to the Kauzmann
temperature. This argues against the possibility that a
simple, uncorrelated, hopping mechanism becomes re-
sponsible for the relaxation at low enough T and is incon-
sistent with the variation proposed for 8¢ used for the fit
described in Ref. [2]. In Fig. 1(c) we plot £"'(v, T) versus
temperature for different frequencies. Again, each curve
is smooth throughout this temperature range with no
sign of critical slowing down. It is important to realize
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that the highest frequencies shown here actually overlap
the lowest frequencies used in the light-scattering experi-
ments. Hence it cannot be argued that the critical slow-
ing down is absent from the dielectric data due to a fre-
quency cutoff that lies between the regions covered by the
two techniques.

In Ref. [1], the authors show (Fig. 13) the behavior of
the width of the a peak versus temperature. Within their
error they indicate that for their light-scattering data the
width is temperature independent above T, which is con-
sistent with the mode-coupling predictions. They also
claimed that this result was consistent with our data from
dielectric response which has much smaller error bars.
However, these data, which are shown in Fig. 1(d), actu-
ally show that the width continues to decrease up to the
highest temperature we measured, which is over 80 K
above T,. This is not what is expected from mode-
coupling theory.

One explanation, that we consider unlikely, for this
discrepancy between our dielectric data and the interpre-
tation of the light-scattering results, is that the dielectric
susceptibility and dynamic light scattering do not couple
to any of the same relaxations. &€(v) does show the a re-
laxations very clearly and in addition, the high-frequency
part of this response shows a second power-law behavior.
This high-frequency relaxation has been interpreted [6] as
the onset of B relaxation (known as the von Schweidler
relaxation). This corresponds to the low-frequency re-
gime of the light-scattering data which was fit by a power
law @ % Consistent with this interpretation, mode-
coupling theory has attempted to fit the dielectric data
[7]. (We note here that if this is not the onset of the B re-
laxation but instead is an intrinsic part of the a peak,
then the light-scattering analysis needs to include this
second power-law regime in the a peak before obtaining
the parameters for B relaxation.) Thus the dielectric
response does couple to both the a and the low-frequency
part of the B relaxation. It finds no evidence for T, in ei-
ther case. In this interpretation of the dielectric data it is
also clear that the von Schweidler relaxation persists
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FIG. 1. (a) The frequency dependence of €”(v, T) of Salol for different temperatures. (b) logov, vs inverse temperature. Inset: A
master curve for the Salol data at all temperatures showing that data from above as well as below 256 K fit onto the same curve.
Ae=¢gy—e, and w is the full width at half maximum of €”'(v) normalized to a Debye width. (c) The temperature dependence of
€"(v,T) of Salol for various frequencies. Note that no feature or change of shape appears in any of the data at, or near, the purported
critical-slowing-down temperature, T, =256 K (marked by arrows), identified in the light-scattering data. (d) The normalized width
of the a peak determined by dielectric susceptibility. The width w is the full width at half maximum divided by the value for a Debye
model (1.14 decades). Note that the width continues to decrease up to the highest temperature measured which is over 80 K above

T.=256 K (marked by an arrow).

through the temperature 7.

For a number of reasons, some of which have already
been addressed in a paper by Zeng, Kivelson, and Tarjus
[8], we are unconvinced by the interpretation of the
light-scattering data in terms of a temperature T, where
critical slowing down occurs.

(1) The light-scattering data [1] show a dominant peak
at high frequencies near 1 THz which was interpreted as
the ‘“microscopic excitation band.” (It exists over a
broad frequency range in which there are several pro-
nounced Raman modes in the pure crystal.) The
minimum occurs between this microscopic peak and the
a peak occurring at lower frequencies. Since we know
that the a peak moves to lower frequency as the tempera-
ture is lowered and that the measured microscopic peak
does not shift, the minimum between them must shift to
lower frequency. This conclusion does not rely on any
appeal to mode-coupling theory and it too will give rise
an g, which decreases with decreasing temperature but
will not show any characteristic temperature T, at which
the behavior changes. To show convincingly that T,
marks a true change of behavior that is apparent in the
temperature dependence of w.;,, the behavior of w.;,
below T, must be experimentally determined. Unfor-
tunately, such data were not presented in either the
analysis using the ideal mode-coupling theory [1] or the
one using the extended theory [2].

(2) Figure 10(b) of Ref. [1] shows the crucial point of
how the “knee” can be rescaled onto a universal curve.
However, none of the curves lies convincingly upon any

other and they do not fall on the thick curve which
represents the theoretical prediction over any significant
range of frequency. It is the shift parameters obtained in
this figure which are used in their Fig. 18(b) to show the
temperature dependence of TE . Since it is not clear that
the curves can be scaled at all, it becomes unclear wheth-
er the temperature dependence ascribed to T,}L can really
be taken to advocate the existence of a critical tempera-
ture.

In contrast with the light-scattering data, no minimum
is seen in €''(v,T). We presume that this is due to the
fact that the dielectric response does not couple to the
microscopic (phonon) modes. However, as we have al-
ready argued, €''(v,T) does couple both to the a and to
the lower-frequency (i.e., the von Schweidler) part of the
P relaxation. From that analysis we have seen that the
dielectric response shows no sign of a critical tempera-
ture in either quantity. Whether or not it couples to the
highest-frequency relaxations is not essential for our ar-
gument. It is not clear in the light-scattering data where
the microscopic peak ends and a new relaxation
phenomenon begins. The phonon density of states, as
well as the Raman spectra, in a glass can often be
significantly broader than in a crystal [9]. It remains to
be determined what part of the light-scattering data is
simply this peak and what part can be specified as a dis-
tinct relaxation phenomenon.

From these considerations we conclude that there is no
convincing evidence that the temperature T, near 256 K
exists in this liquid where critical slowing down occurs.
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No evidence is seen for its existence in the dielectric
response which has been used extensively in the past as
corroboration of different aspects of mode-coupling
theory. The light-scattering data do not in our mind give
compelling evidence for the existence of such a tempera-
ture.

We thank J. P. Carini, B. Williams, and L. Wu for
their collaboration on the original data of Ref. [4] and G.
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showing us his work prior to publication. This work was
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