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Rabani, Gezelter, and Berne Reply: In our recent Letter
[1], we used the cage correlation function [2,3] to observe
relaxation behavior in defective crystals. We observed a
decay that was consistent with stretched-exponential func-
tion,
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with 8 = 1/2 for the three temperatures we studied.
Zircher and Keyes (ZK) [4] describe the relaxation of
the cage correlation function using a choice of p(k)
equivalent to a sum of two delta functions in k (a bi-
exponential model). It is evident from Fig. 1 that limiting
p (k) to their bi-exponential model provides unsatisfactory
results at both short and long times. Figure 1 represents a
doubling of the observation time compared to the original
work, and therefore alows us to assess the accuracy of
the two models when the correlation has decayed over
nearly two full decades.

There is a simple physical explanation why the ZK hy-
pothesis of homogeneous broadening due to phonon mo-
tion cannot be correct. Low frequency phonon motion
contributes to the short-time decay of the cage correlation
function, but in the system sizes that we have studied, the
lowest frequency phonon mode is around 13 cm™! which
corresponds to a vibrational period of 2.6 ps. In our origi-
na paper, we had already corrected the cage correlation
functions for the short-time decay (=5 ps) due to the vi-
brations, and the function that was plotted is the renormal-
ized Ceqgc (1) for the period following theinitial decay. ZK
have chosen adecay constant of 400 psfor the decay of the
cage correlation function due to a vibrational mechanism
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FIG. 1. A log-log plot of the decay of the cage correlation
function for a near-crystalline Lennard-Jones system at 7" =
0.5. We show the best fits using our stretched exponential model
as well as the best-fitting ZK bi-exponential model. Using the
temperature-dependent 7, from the ZK Comment [4] results in
even worse agreement with the observed data.
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which is more than an order of magnitude slower than the
decay due to vibrations that we observed in these systems.

As an additional check on their homogeneous broaden-
ing hypothesis, we have looked at the vibrationa lifetime
of the low frequency modes in a nearly identical system
(the a-fcc crystal), where the cage correlation function
does not show any decay due to diffusive hopping. If the
argument about condensed phase homogeneous broaden-
ing were valid, one would expect to see decay on the same
time scale in the fcc crystal as they postulate in the de-
fective crystals. However, what we observe directly con-
tradicts the explanation given in the ZK Comment [4]:
(1) The cage correlation function shows absolutely no de-
cay in the fcc crystal after the initial 5 ps, even when ob-
served to times greater than 100 ns. (2) The lifetime of
the lowest frequency vibrational modes in the fcc crystal
is found to be only 10 ps. The short lifetimes are to be
expected due to the highly anharmonic potentia energy
surface of the Lennard-Jones system being studied and the
temperature range considered. In the defective fcc crystal,
one would expect the lifetime of these modes to be even
shorter than in the perfect fcc crystal.

ZK’s second point centers on a misinterpretation of the
stretched exponential function at very short times (1 <
5 ps). In the origina paper, we explicitly warned against
taking this function literally at short times, but this is ex-
actly what ZK have done in their Comment [4]. It is clear
that there is a sensitivity of the diffusion constant to the
value of ku.x, but this sensitivity is more adequately ex-
plained by an incomplete knowledge of the behavior of
pq(w) a very low frequencies [3]. One does not need
to postulate vibrational contributions to the decay to ex-
plain this sensitivity. The density of states problem iswell
known from a previous study on molecular liquids [3].

Eran Rabani,! J. Daniel Gezelter,” and B. J. Berne®
!School of Chemistry
Tel Aviv University, Tel Aviv 69978, Israel
2Department of Chemistry and Biochemistry
University of Notre Dame
Notre Dame, Indiana 46556
3Department of Chemistry, Columbia University
New York, New York 10027

Received 6 March 2000
PACS numbers. 66.30.—h, 02.70.Ns, 31.15.Qqg, 61.43.Er

[1] E. Rabani, J.D. Gezelter, and B. J. Berne, Phys. Rev. Lett.
82, 3649 (1999).

[2] E. Rabani, J.D. Gezelter, and B.J. Berne, J. Chem. Phys.
107, 6867 (1997).

[3] J.D. Gezdlter, E. Rabani, and B.J. Berne, J. Chem. Phys.
110, 3444 (1999).

[4] U. Zurcher and T. Keyes, preceding Comment, Phys. Rev.
Lett. 85, 466 (2000).

© 2000 The American Physical Society 467



