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Abstract 

A mokcalar dymtmlcs simulation of liquid water using 864 molceulu has coafirmcd the cxi~tunca of a 

range of ~tirtlcal crc~~ correlation fhnctlons ohserved in earlier nlmulatioar with a much smalkr sampk rin 

of IO8 mokcukr The amplitude and time dependence of the correlation Lirnctiom ara edwndally idcnticml 

from both dmulations. indicating that there arc no sample size elTccCs and lhat t& correlation functions 

themrtlves are real and cbnractuis&~oC the molamlar liquid state of matter. 

Introduction. 

In recent work’-5 the mokcnZar dynamiea of the llquld state have been clutrnctuixed in terms of a 

nulnber of ruw cro;rcomlation fmlctionr (Cc.C’S). Their a%lStCWo and umt ckpenCkLla3 havu tlcea alah- 

Ii&Cd for many mokcalar symxctrlce. including water. with a n%tiVely small sample of IOB mokcuka In 

order to eliminate the poralbility of artlfti due to sample size a computation hug been carried OUL in a 

rample of liquid water consisting of 864 molcculcs and the results am repOrted in this paper for the complete 

range ofc.cf.‘s characteris pruvionsly with 108 mokculcl only. The rxJ.‘r frorti hod tiples are identical 

within the mxcrtainty, both ln time dcpendena and aormaliscd amplitude, and this rault is illustrated with 

refcrcncc to fundnmcatal time cm camlatiqrn finction8 in the loboratory fmme (x, y. z) and the frame of 

the principal molecular moments of inertia (1.2.3)- 
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Computer Simulation Methods. 

Tha pdanthl of interaction between two water mokculcE wan a iiva by five sitc-dte nodifiutio~+ 0C tbc 

ST2 of Rah&an and StilI&cr~ made up of Lennard Jona terms for atom-atom intaractionu together with the 

originul sI2 charge configuration. Soma more detaila und raulb obtained wfth thir potential arc in the 

Iitcratur&~. Tksc were all obtained with only 108 mokculu due to lack of computer time Ua !he lCAP1 

sup&computer at X.B.M. Kingston allows this rc~Gction to be removed and tbc sample size to ~MI incrcas4 

to 864. a factor of eight times mom mokcula iu the sampIt_ This is ow of the largeat simtiliont of water 

carried out to date with tha rclativaly complicated Evans potential du&bcd ah-cmdJPP. 

One thousand configurations were gen~~ted and recorded w two time steps. Each con&ted of 

dynamical data for each of the 864 mokcuks which were -ted with two subsidiary algorithms into a 

rorm suitable Tar running time averaging lo both frru0c-s or rcrercnm (I. 2. 3) and (x. y. z). Datu from rht 

main run and two subsidiary runs took appmxima tdy dxty hours of 1CAPX tima to gcncmtc. and storage 

requirements cxaeckd 800 cylinckrn of disk space After translation the combkte t-an= or time con-elation 

functions was computed using a fhst running time averaging tazbniquo devised by R&on and Evans at 

I.8.M. Kingston 

~hc sin&ion WPI carried out at a donsSty for water of 1.0 gm cx19, a molar volurua of 18.0 cm’ / mole 

atZ96K. 

Simpk periodic boundary condition8 were rctnincd ror direct comparison with tbc earlier simulations of 

water with 108 rrokcula only. The time step wzu 0.5 lb, idcndcdl with that used in the small sample simu- 

Iation on a CDC 7600_ 

Results and Discussion. 

A detailed comparison of time correlation unctions was ma& with ruultr from the 864 and 108 molc- 

cult ~~~rnplc obtnined rrom CDC 7600 and 1.B.U / F.P.S. computer systems. This covered UK time depend- 

cnoc 0C autocorrelation rimi0~ such aa thou or the molccuh~ orkntation_ linmr cum-c of mass velocity. 

angular velocity. rotational velocity. force, and torque, and cross correlation Functions recently reported in 

the literature ror 108 molecuhz sunpIca 

The cross correlation ramio~ exist dhcctiy in the laboratory r-c, and more indirectly in the moving 

frame of the princi&l mokcular moments of inertia. Their existence implks a new clnss of Kubo and 

&sager reciprocal rcl&ons in both framu 0r dbOtm Wa focus particular attention in tL paper on the 

cross correlation id thhi laboratory ho between the molecular rotational v&xily,,& , and its own antrc of 

mass linear vcltity. y. 
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vector, (tha net dipole mommt), and the m-kcuhr 

Borh Of these were ruxntly qvnntiticd for the firat the udng 108 mokctda samplcl. 
Otker cross corrdntion fbctions of interest dat In the moving framei of rcf8renct. and am typirsd by 

that bdwcan the mohxular Codolie aadcratlon and itr own amtrc of mam litum d&W 

G’(t) - ._ 3 L - <Iv x +’ <v2>4 
J 

<1,2.33 

and related correhdons such as 

and 

1 - <<w x (w x r)):B4 <(w x E):>4 - - 

which am symmeby nllowtd h frnmc (123) for water. 

I (ls2.3) 

.,. 
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Fig. 1. The c.c.f. 5, with (a) 864 molecules and (b) 108 molecules 
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Fig. 2- The c.c.f. C2 with (a) 864 molecules and (b) 108 molecules- 
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FSCJ. 3. The c.c.f. g3 with (-1) 864 molecules and (b) 108 molecules 
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Fig. 4. The c_c.f. C14 with (a) 864 molecules and (b) 108 molecules. 
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Fig. 5. The c,c.f. C5 with (a) 864 molecules and (b) 708 molecules 
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Fig, 6. The c-c-f. C6 with (a) 864 molecules and (b) 108 molecules. 
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The results for these cross correlation fbnctiom from the 108 and 864 mold simulations arc iuustrakd 

in Figs_ (I) lo (5). whcrr a direct comparison is made for each case. In Fig. (6) a rimilnr comparison is made 

for the direct croo correlation ktwecn tk mokcular ccntrc of mass tiodty. v, and the samk mokcuk’o 

angular vdocity in frame (IJJ): 

In general the cross correlation fbnctions that exlrt for a sample of 108 water mokculu also exist for 864 

water mokculcs, with similar time dependence. Time auto corrctaUon CuncUons are much Ian ‘noisy’ in P 

computer simulation, and them are no significant sumpb riza effits for autocorrelation in this work. 

Conclusions. 

It is coltcluded thnt the new cross correlation functkns recently charactcrkd with 108 molecule sampk 

in water also exist when the sampIe size is incrcazd by a factor Or eijJht_ Thcr~ is littIe effect Or id0g 

sample size on time auto- correlation finctions- 

It is probably safe to infer that the cross correlation functiona am not artifadr Introduce4 for cwmplc. 

by periodic boundary conditions in small samples, and are real and interesting statistical proma of tha 

mokular liquid and ralnkd stnta of mrtter. 
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