Journal of Molecular Liquids, 40 (1989) 89-99 S 89
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands ,

ON THE ABSENCE OF SAMPLE SIZE EFFECTS IN THE COMPUTATION OF CROSS-CORRELATION
FUNCTIONS IN LIQUID WATER

M.M. Evans,,G C. Lie and E. Clementi
International Business Machines Corporatwn, Data Systems Divismn
Department 488 / 428, Neighborhood Road, Kingston, NY 12401 (U.S.A. )

{(Received 7 January 1988)
Abstract

A molecular dynamics simulation of liquid water using 864 molecules has confirmed the existence of a
range of stasistical cross correlation functions obscrved in carlicr simulations with a much smaller sample size
of 108 molecules. The amplitude and time dependence of the corrclation functions arc essentially ideatical
from both simulations, indicating that there are no sample size effects and that the corrclation functions
themselves are real and characteristic of the molecular liquid state of matter.

Introduction.

In recent work'S the molecular dynamics of the liquid state have been chrracterised in terms of a
number of new cross-corrclation functions {c.c.f.’s). Their existence snd time dependence have been cstab-
lished for many molecular sym:netries, including water, with a relatively small tample of 108 molecules. In
order to climinate the possibility of artifact duc to sample size a computation has been carried out in a
sample of liquid water consisting of 864 molccules and the results are reported in this paper for the complete
range of c.c.f.’s characterised previously witk 108 molecules only. The c.c.i’s from both samples are identical
within the uncertainty, both in time dependence and normalised amplitude, gnd this result is illustrated with

reference to fundamental time cross correlation functions in the lsboratory frame (x, ¥y, z) and the frame of
the principal molecular moments of inertia (1, 2, 3).
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Computer Simulation Methods.

The Dolenllnl of interaction between two water molecules was a l' ve by five site-site modification® of the
ST2 of Rahman and Sullmgcr" made up of Lennard Jones terms for atom-atom Interactions logethcr with the
onginal ST2 charge configuration. Some more details and results obtained with this potcnhal are in the
litcrature®?. Thesc were all obtained with only 108 molecules due to lack of computer time. Using the 1ICAP]
supcrcomputer at LB.M. Kingston allows this restriction to be removed and the sample size 10 be increased
to 864, a factor of cight times more molecules in the sample. This is one of the largest simulations of water
carried out to date with the relatively complicated Evans potential described already®9.

One thousand configurations were generated and recorded cvery two time steps. Each consisted of
dynamical data for cach of the 864 molecules which were translated with two subsidiary algorithms into a
form suitable for running time averaging in both frames of reference (1, 2, 3) and (x, y, z). Date from the
main run and two subsidiary runs took approximately sixty hours of ICAPI time to genernte, and storage
requirements exceeded 800 cylinders of disk space. After transiation the comi)lcle range of time correlation

functions was computed using a fast running time averaging technique devised by Refion and Evans at
. L.B.M. Kingston

The simﬁlntion was carried out at a donsity for water of 1.0 gm cm3, a molar volume of 18.0 cm? / mole
" at 296 K.

Simple periedic boundary conditions were retained for direct comparison with the earlier simulations of

water with 108 molecules only. The time step was 0.5 fs, identical with that uscd in the small sample simu-
lation on a CDC 7600.

‘Results and Discussion.

A detailed comparison of time cormrelation functions was made with results from the 864 and 108 mole-
cule sample obtained from CDC 7600 and 1.B.M. / 'F.P.S. computer systems. ‘This covered the time depend-
ence of autocorrclation functions, such as those of the molecular orientation, lincar centre of mass velocity,

angular velocity, rotational velocity, force, and torque, and cross correlgtion functions recently n:portcd in
the literature for 108 molecule samples.

The cross corrclnuon functions cxht directly in the laborsatory frame, and more indirectly in the moving
,l‘rnmc of the pnnClpnl molecular moments of inertia. Their cxistence implics 8 new class of Kubo and
Onsagcr rcc:procnl rclations in both frames of reference. We focus particular altcnuon in this paper on the

cross correlation in the laboratory frame between the molecular rotational velocity, g and its own centre of
mass lincar velocity, v:
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and t.ln: equivalent between the molecular orientation vector, (the net dipole moment), and the malecular
centre of mass linear velocity:
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Both of these were recently quantified for the first time using 108 molecule samples. )
Other cross cotrelation functions of interest exist in the moving frame of reference, and are typified by

that between the molecular Cordolis acceleration and its own centre of mass lincar velocity:
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which are symmetry allowed in frame (1,2,3) for water.
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Fig. 1. The c.c.f. C; with (a) 864 molecules and

{b) 108 molecules
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“The results for thesc cross correlation functions from the 108 and 864 molecule simulations arc illustrated
in Figs. (1) to (5), where a direct comparison is made for each case. In Fig. (6) a similar comparison is made
for the direct cross correlation between the molecular centre of mass velocity, v, and the samc moleculc’s
angular velocity in frame (1,2,3):

<v (t)uj(o)>
<vi>i <m§>5
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In general the cross correlation functions that exist for a sample of 108 water molecules also cxist for 864
water molecules, with similar time dependence. Time auto corrclation functions are much less “noisy” in a
computer simulation, and there are no significant sample size effects for autocorrelation in this work.

Conclusions.

It is concluded that the new cross correlation [unctions recently characterised with 108 molecule samples
in water also exist when the sample size is increased by a factor of cight. There is little cffect of increasing
sample size on time auto- corrclation functions.

It is probably safe to infer that the cross correlation functions arc not artifacts introduced, for exumple,

by periodic boundary conditions in small samples, and arc real and interesting statistical propertics of the
molecular liquid and rclated states of matter.
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