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Menon, Nagel, and Venerus Reply:Our Letter [1]
presented a unified measurement of all the quanti
required to assess deviations from the Stokes-Eins
law in a highly viscous liquid, di-n-butylphthalate (DBP).
We showed these deviations are small and continu
and therefore do not define a critical temperature or
onset of collective dynamics. Behrenset al. [2] do not
contest these results; they disagree with our explana
of the source of these deviations in terms of a relaxat
spectrum with a smooth temperature dependence.

In contrast to Ref. [2] our measurements were ma
on a conventional rheometer in a simple, well-controlle
parallel-plate geometry with which we covered a ran
of 102 to 2 3 1011 P in viscosityh and 1.6 3 1024 to
1.6 3 101 Hz in frequency. We found the shape ofGsnd
to be temperature dependent and thus different from
data of Ref. [2]. This is evident in Fig. 1, where w
plot G00sndyG` againstnynp for three temperatures [np

is the frequency of the peak inG00snd]. For n , np the
data collapse, showing thatGsn ! 0d ­ i2pnh at all T
(as analyticity requires). However, the frequency dep
dence forn . np changes withT , thereby invalidating
the assumption of a time-temperature superposition “p
ciple.” The departure from superposition is not due to t
b relaxation which our dielectric measurements of DB
show to be far away from our temperature-frequency w
dow. We characterized the shape ofGsnd using a Cole-
Davidson fit which Fig. 1 shows to be adequate over
range of our data.

The failure of time-temperature superposition is co
mon in supercooled viscous organic liquids. In expe
ments that allow a wide- frequency range it is typical rath
than exceptional to observe aT -dependent spectrum. Ex
amples are seen in measurements of shear relaxation
longitudinal modulus [4], light scattering [5], dielectri
susceptibility [6,7], and specific heat [6]. In polymers ne

FIG. 1. G00sndyG00snpd vs nynp for DBP at three tempera-
tures. The data do not overlap fornynp . 1. The lines are
fits to the functionGsnd ­ G`f1 2 1ys1 1 i2pntdbg.
1554 0031-9007y96y76(9)y1554(1)$06.00
es
in

us
n

on
n

e
,
e

he

n-

n-
e
P
-

e

-
i-
r

[3]

r

their glass transition, mechanical measurements [8] si
lar to ours have shownT-dependent relaxation time distri
butions. For the particular case of DBP the width of t
dielectric relaxation isT dependent [6]. In Ref. [3] and in
other cases where the modulus has been measured be
the susceptibility has a pole atn ­ 0, e.g., the electrical
modulus of ionic glass formers [9], many examples m
be found of the modulus growing wider with increasingT ,
as we reported.

As regards theT dependence ofG`, we plotted the quan-
tity G`yT to show that it does not contribute substantia
to the ratio2phnpyT that quantifies deviations from th
Debye-Einstein equation. Westated explicitly that this
did notestablish thatG` has a linearT dependence.

In summary, our data demonstrate that relaxation p
cesses do not decouple in DBP. Deviations from the E
stein relations are small and are explained by a smo
change of the relaxation spectrum with temperature.
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