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Abstract: According to the precepts of the 3attractor (3-A) water model, effective 2body
water potentias should feature as locd minima the bifurcated and inverted water dimers in
addition to the wel-known linear water dimer globd minimum. In order to test the 3-A
model, a new par wise effective intermolecular rigid water potential has been designed. The
new potentid is pat of new class of potentids cdled BMW (Bushuev-M uguet-Water)
which is built by modifying exising empiricd potentils. This verson (BMW v. 0.1) has
been desgned by modifying the SPC/E empirical water potentid. It is a prdiminary verson
well suited for exploratory Monte-Carlo smulations. The shgpe of the potentid energy
surface (PES) around each locd minima has been approximated with the help of Gaussan
functions. Clasicd Monte Calo smulations have been caried out for liquid water in the
NPT ensemble for a very wide range of date parameters up to the supercritica water
regime. Thermodynamic properties are reported. The radid digtributions functions (RDFs)
have been computed and are compared with the RDFs obtained from Neutron Scattering
experimentd data Our prdiminay Monte-Calo smulations show that the seemingly
unconventiona hypotheses of the 3-A modd are most plausble The smulaion has dso
uncovered atotaly new role for 2-fold H-bonds.

Keywords: water, supercritical water, Monte-Calo dmulation, water sructure,
intermolecular interactions, water potentid, radid distribution function, neutron diffraction
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Introduction

Liquid water is not only the most abundant liquid of our lithosphere, but it plays a dgnificant role in
biologicd processes. Liquid water unusua propeties are dill unexplained [Robinson 96]. Recent
explorations of the supercooled [Beissent-Fund 98], [Star 99] and supercriticd regions [Tassaing 99],
[Belissent-Funel 97], [Tassaing 00] have only increased the awareness of the current lack of theoretica
understanding. Strangdy enough, the fact that water dill conditutes a fascinating and  unsolved
problem isdl but ignored by the generd public.

Within the 3attractor water moddl (Muguet 92], [Muguet 95], [Muguet 97], [Muguet 98], [Muguet
99], [Muguet 00]) we postulate that, in the condensed phase, the water-water dimer interaction features
two other loca minima corresponding to other types of phydcd interactions, in addition to well known
liner H-bond water interaction. The two extra locd minima are the inverted water dimer and the
bifurcated water dimer.

Since this podulate relates to the dynamics of the water molecules, we prefer to rely on the
concepts of attractors. This dlows aso to diginguish our model from 2-state state models [Robinson
99], which bring with them a notion of thermodynamicd phases, and mixtures, which could be
mideading. Stricto sensu, this podulate is the only one required to build our modd for the liquid
dynamics. A dronger podtulate, a nortequivaent hypothesis, is that the isolated water dimer does aso
feature two extraloca minima

Design of the Potential

One ided theoretica approach would be to be able perform truly ab initio molecular dynamics or
even Monte-Carlo dmulaions, while solving the dectronic Schrodinger equetion for the whole
gmulaion box. This would take care of dl n-body effects. Then, assuming the Born-Oppenheinmer
goproximation is vaid, a quantum dynamics motion of the nucle would be performed. This gpproach
would teke into account the ZPE, that we have shown [Muguet 00] cannot be neglected, and all
quantum vibrationd and even rotationa levels. Of course, the method chosen in order to solve the
eectronic Schrodinger equation would have be accurate enough to reproduce the potentia energy
surface of a single dimer. Consdering the dtate of the art (that we are aware of), we set forward the
chdlenging view tha there is no current ab initio method, which is good enough to reproduce the
water dimer PES. One proof & that current ab initio methods have consstently faled to reproduce the
ammonia dimer PES. We have shown that one reason for this failure is the basis set superposition error
(BSSE) [Muguet 95]. We proposed a new method to correct the BSSE and it appears that with our new
correction method the ammonia dimer PES is improved and in agreement with experimenta
observations. Yet we believe a convenient and correct method to correct the BSSE has yet © be found.
For the ammonia dimer, it is a question of finding the correct globd minimum, for the water dimer, it
IS a question of finding extra locd minima, which is much harder and chdlenging. It must be stressed
that performing nuclear cdlassca dynamics, even on a correct n-body ab initio PES would not be
aufficient as we have shown the crucia importance of ZPE effects. Some remedies have been proposed
to be introduced in a cdasscad MD scheme [Alimi 92]. Another possible gpproach is to implement path
integral representations of the hydrogen atoms, which amounts, in practice, to representing the proton
by a necklace. One problem that proves difficult to handle is the quantum correlation between protons
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and related decorrdation effects [Chatzidimitriou-Dreismann 97]. It is dso interesing to notice that
the methodicd and well-known effort by Clementi and coworkers [Clementi 83] to develop effective
water potentids (MCY) with the help of ab initio cdculations have not been successful. While waiting
to find the correct dectronic ab initio PES and then to develop sophigticated MC or MD methods with
nuclear quantum dynamics that do not yet exist, a completdy different approach is to develop semi-
empirical effective 2body potentiadls. We are proposing a new class of effective potentid cdled BMW
potentids (an acronym for Bushuev-M uguet-Water potentias) that is built by modifying exiding
empirical potentids. This verson 0.1 (BMW v. 0.1) has been desgned by modifying the SPC/E
empirica water potentid. It isapreiminary verson suited only for Monte-Carlo smulaions.

This dternative empirical approach is less rigorous but it is computationdly fessble We may fit
sdected parameters of the potentia functiond while trying to minimize differences between caculated
and experimenta data. Non-additive interactions may be accounted “effectively”, which means in the
sene of a datidical average. This “effective’ approach is not necessxily very sendtive to sructurd
details dnce it implies angular averaging. According to datisicd physcs principles macroscopic
properties are integral quantities of the Hamiltonian, and a rather weak dependence of liquid properties
on the detalls of the effective dimer PES (Potentid Energy Surface) is observed. There are many
avalable potentiads for liquid water [Robinson 96] and most of them predict a sdected set of
experimenta properties correctly, but none of them appears to be able to predict correct properties for
a wide range of dae paameters. Some caculated propeties are dgnificantly different from
experimental data. It must be stressed dso that even the functional form of the potentia is unknown..

By condruction the BMW potentids includes a least two extra locd minima in addition to linear
dimer (LD) (cf. Fig 1). A fird locd minima, favored a short intermolecular distances [Muguet 00] is
the Inverted Dimer (ID) whose symmetry group is C; with an inverson center a the mid-point
between oxygen aoms. At intermediate intermolecular distances, we find the well-known global
minimum liner H-bond dimer (LD) whose symmelry group is Cs with a mirror plane. At larger
intermolecular distances become favored the bifurcated dimer (BD). Sometime the term “bifurcated
bond” is used for describing a proton engaged in two hydrogen bonds. We prefer to cdl this Stuation a
twofold bond, in order to avoid any confusion.

@
Figure 1.Schematics of atomic positions.
a— linear, b - bifurcated, ¢ - inverted, d — twofold.
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The ID and BD generates nonttetrahedra symmetry clusers. Experimental results are pointing out
that there is a nonperfect random tetrahedra H-bonded network in liquid water. At a first glance, it
could appear that the existence of a large number of ID and BD sructures might be contradicted by X-
ray and neutron scatering data At near ambient condition radid digtribution functions (RDFs) of
oxygen atoms has second pick near 45 A that corresponds to the second neighbors from given atom in
tetrahedra network. We must, however, remember thet by definition

g(r) = diee(r)/d, (1)
where dioc(r) is loca number dengty of aoms in thin spherica layer on the distance r from fixed atom,
and d is mean number dendty of atoms averaged on whole molecular ensemble. When dioc is
computed, we average the dendty both for angles and disgances. Different atomic spatia distributions
may give the same radia loca dendty profile. The second pesk of RDF go, has much less height than
the firg one, and therefore we should expect many defects within the tetrahedrad network. The non
tetrahedrd bonds (ID, BD, twofold bonds) might play a ggnificant role and influence dl water
properties on micro- and macroscopic levels. One of the goals of this work is to check the
consequences of the hypotheses of the 3-A modd both in terms of thermodynamicd and dructurd
quantities.

Potential and ssmulation details

So far, to our knowledge, current existing empirica water potentials treat BD and ID as dationary
points which are trangtion states but not locd minima. However, we expect [Muguet 00] that MC or
MD smulations, even with those potentials, should predict populations of BD and ID smply because
the intermolecular Oxygen-Oxygen distance is a temperature and pressure dependent distribution.
They should be present, but to our knowledge, nobody has carried out a systematic Satisticd anayss
concerning the presence of ID and BD over a wide range of state parameters. We suspect that the best
semi empirical  potentids are in fact those who predict, dbeit ill inaccurady, rdaively large
populations of ID and BD unknowingly. Consequently we took one of the most popular pair additive
potentid: the SPC/E potentid [Berendsen 87] as the reference potentid for further quditeative
improvements. The SPC/E potentia is able to correctly reproduce vapor pressure, but underestimates
the critical temperature of water. On the other hand, the SPC/E modd accuratdy predicts the critica
temperature, but underestimate the vapor pressure by more than a factor of two. Our firg idea is to
goproximate the PES near dationary points with the hep of additiond Gaussan functions. We
suppose that the shape of PES in these regions should like a Gaussan-shaped well in a Sx dimensond
gpace and can be gpproximated by smooth functions. At this exploratory stage of our investigation, we
are not making any further explicit hypotheses concerning the heghts of the energy barriers between
LD, BD, and ID. A barier smply results from the intersection of the Gaussan wdl with the
unmodified SPC/E region. We do not use any specid functions for barrier approximation.

We underline that this smple procedure might creste some discontinuities of the firs derivative of
the PES. Therefore this prdiminary verson (v. 0.1) of the BMW potentid is suited for MC
smulaions but not for MD smulaions

We usad rigid molecules with geometrical parameters taken from SPC/E modd. The lengths of the
O-H bonds were 1 A and the HOH angle was 109.47°. Universd interactions were described by the
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Lennard-Jones (12-6) potentidd where e= 0.6277 k¥mol, s = 3.18 A. These vaues are only dightly
different from origind SPC/E ones (e= 0.649 kJmol, s = 3.166 A). Point charges are located on H
atoms with a -0.405 e charge, and O atoms with a +0.81 e charge (to compare with -0.4238 e and
0.8476 e respectively for SPC/E).

We used the fallowing Gaussian function for the interaction between two moleculesm and n

3
U®O(r,)=4e[(s /r)?- (s /r,)°]+1387.8 9.9, /rij - clexp[- (r,, - €2)2/c3] ()
ij=1
where the adjustable parameters ¢,=0.29092 k¥mol, c,=4.4 A , and ¢;=0.15 A?, r;;.- are the distances
between atoms of two molecules (i=1,2 for atoms H, i=3 for atoms O).

H
3 X2 !
""--...._f(l)OH A
»Z1 y > Z2
oo .~ 0O H
.._..-f"""f(z)OH
a b

Figure 2. Schematic illugtration of axis postion for BD (a) and ID (b)

For aBD, the scdar product of dipole moments should be postive. We determined the function
s=exp[ - (rs3 - 2.97)2 - (7 zj - 1)4/0.1- (X xj)8 /0.003], (3)

where z, zare unit vectors directed aong dipole moments, x;, X are unit vectors that perpendicular to
dipole moments (see Fig. 2). We used geometricd parameters of BD and ID taken from ab initio
caculations [Muguet 98], [Muguet 99] r33=2.97 A , r;=2.47 A (i=3, j=1,2, or i=1,2, j=3). We proposed
that aBD isformed if the product of s and sl functionsis greater than 0.01, where

sl=exp[ - (r; - 2.47)*/0.01- (r,5 - 2.47)*/0.01] (4)
Energy of BD was cdculated using formula
U_ =UY- caxslxs 5)

where the other empirica parameter isc, =7.1128 kJmoal.
For ID, optimal geometrical parameters are ra3 = 2.8 A, ry3 and r3; = 2.28 A. Respectively. Then we
compute functions s2 and s3

s2 =exp[ - (ra3 - 2.8)2- (zizj +1)4/0.1 (6)
s3=exp| - (ry3 - 2.28)#70.01- (rg; - 2.28)%/0.01] (7)
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If the product of this functions was greater than 0.01 we regard that 1D exist with the energy
U_=UY - c5x2xs3 (8)
where ¢5=8.368 kIymoal.

The energy dependence on O-O digtance for optima geometry for linear, bifurcated and inverted
dimersfor BM W and SPC/E potentias are shown in Figure 3.

Monte Calo smulations for bulk liquid water include 512 molecules in a cubic dementary cdll.
Periodic boundary conditions are applied in dl three directions. The smulaions are caried out in an
isobaric-isotherma (N,p,T) ensamble in a wide range parameters of date. Standard Metropolis
sampling was performed. A potentiad cutoff of 10 A is chosen to reduce computationd effort. Long-
range correction term for the Lennard — Jones interaction was less than 0.3 kJmol and was not
included in the total energy. We suppose that second order corrections should give a systematic shift
on thermodynamic functions and are weekly dependent on state points.

New configurations were generated by randomly trandating sdected monomers in dl three
Cartesian directions and by random rotations. At 298 K the ranges were 0.15 A for the trandation and
0.15 radians for the rotation. These choices yiedlded acceptance rates of 45%. Volume moves were
made every 1024 accepted configurations and involved scding dl the intermolecular distances. The
maximum length of cel change was 012 A that gave acceptance rates of 20%. The lengths of
Markov’ s chain were exceeded 200 millions of configurations.

E, k¥mol E, kJ/mol
[ )
. BMW 1 SPC/E
20
0 ]
_20 |
T I T I T I T ] T I T I T I T ]
2 3 4 5 6 2 3 4 5 6

r,A r,A
Figure 3. Energy dependences on distance for inverted, bifurcated, and linear dimers

Results and Discussion

We have chosen the same series of thermodynamica points as those studied in the Neutron
Scattering experiments by Soper and coworkers [Soper 97], [Botti 98], [Soper 00]. These papers
present different sets of radiad digtribution functions (RDF). For the most part, however, RDFs are
obtained from the same experimental data but andyzed with two different methods. Par corrdation
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curves from the 1997-1998 and 2000 papers have been established from dmogt the same set of §(Q)
experimental data which correspond to the spectra in the momentum space. There is a little more data
in the 2000 paper. The trandformation from the momentum space to the coordinate space is not as
smple, as one would imagine a a fird glance, because of truncation. A smple Fourier Trandformation
does not suffice. We are not going to delve here with this highly technical topic. What matters is that
the pair corrdation functions were not recongructed in the same way. For the 1997 set of data, the pair
function curves were condructed by a "maximum entropy” fitting method. While for the 2000 set of
data, a new EPSR (Empirica Potentid Structure Refinement) method was used. In this new method,
an "empiricd potentid” is added to the "reference potentid” in order to reproduce the () momentum
spectra. The SPC/E empiricd potentid was chosen as a reference potentid. The respective Fourier
transform RDFs recongructions are differing in many respect.

The 1997 curves are more structured than the 2000 ones. One must stress that the SPC/E potentia
features only the liner water dimer as a mininum and that a dgnificant empiricd potentid had to be
added to the reference SPC/E potentia in the EPSR procedure which shows that the reference potentia
is far from being adequate. We hypothesize that the inadequacy and the bias brought by the reference
potentiad is going to atificadly smear out interesting curves festures. Extreme caution must be
exercised when comparing “experimenta” radia distribution functions.

Tablel

Run Labe Temperature (°K) _-
268a 268 _-
268b 268 _-
268c 268 _-
298a 298 _-
298b 298 _-
423a 423 _-
423b 23 | 1900 Yes
573 53 | 100 Yes
573b 573 _-
573c 573 _-
573d 573 _-
573e 573 _-
5731 573 | 2800 | Yes
673a 673 _-
673b 673 _-
673c 673 _-
673d 673 _-
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For one supercritica condition Run 673b), it is aso possble to compare with the results from the
experiments of Bedlissent-Funel and coworkers [Tassaing 98], which were obtaned in very smilar
experimental conditions (380°C ingead of 400°C). The temperature dependence of the molecular
number density and potentid energy is compared with the corresponding experimenta curves in
Figures 4 and 5 a P=0.1 MPa The standard deviations are 310“% A3 for number densities and 0.3
k¥mol for potential energies. Computed water properties agree very wel with experimentd data. Only
gndl little sysematic shifts are observed. The reative error does not exceed 3% for the dendty and
45% for the energy. The ability of the BMW potentid in reproducing correctly experimenta
dendties for some dtate points can be checked in Table 2. It means that cdculated therma expansion
coefficient, heat capacity, isotherma compressibility coefficient are quite close to experimentad values
in awide temperature range.

Table 2. Number dengity of liquid water a different parameters of Sate.

Density (molecules per A)
Run Temp. (K) Pressure -
|abel (MPe) caculated corrected® Experimenta
[Soper 97]

268a 268 27 0.0347 0.0337 0.0338
268b 268 210 0.0372 0.0362 0.0362
268c 268 400 0.0391 0.0381 0.0381
298a 298 0.1 0.0341 0.0331 0.0334
298b 298 210 0.0369 0.0359 0.0357

2 obtained by subtraction of 0.001 A~ from calculated densities.

X experiment
polynomid fit

X simulation
x O shifted smulation

d*10* molecules per A®

Figure 4. Temperature dependence of water number. The shifted
smulation curve is shifted down by 0.0007 A3
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-37 5 experiment

polynomial fit
¥ simulation
O shifted simulation

-38 4
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404

414

U, k¥mol

42
-43 ¥

-44 4 X

'45 T T T T T T T T T T T 1

260 280 300 320 340 360 380
T,K

Figure5. Temperaiure dependence of the dendgty configurationa
potentid energy of waer The dhifted dmulaion curve is
shifted up by 1.8 k¥moal.

We have compared BMW thermodynamic predictions with data obtained from a comparative study
[Jedlovsky 99] that used a set of polarizable and nontpolarizeble potentids. The data are summarized
in Table 3. Polarizable potentials are not predicting accurate densties (d) for dl date points, epecidly
for 573b and 673b. Flexible potentials based on rigid SPC and TIPS models give errors ~10 - 30 % for
date points close to liquid-vapor coexiging curve. At ambient conditions, configurationad potentid
energies are close to experimentd data for dl modes. Polarizable potentids predict energies that are
too high a other state points. Among the nonpolarizable potentids, BMW is the mogt effective in
reproducing dendties. The BMW potentid predicts the best thermodynamica quantities for amog dll
points.

We hypothesize that polarizable models are exaggerating the strength of the linear H-bond through
cooperativity and therefore they severely quenches the populations of ID and BD in  an even more
radical fashion than conventiona non-polarizable models.

Table3. Thermodynamic propeties of the BMW waer modd.
Experimentd data and properties of five tested water models as
obtained from (N,p,T) Monte Carlo smulaions [Jedlovsky 99]

are shown for comparisons
Model BSv® ccP DC* TIPAP SPC/E | BMW | Experiment
2983, T=298 K, p=0.1 MPa
U, kdmol™ | -4272| -39.38 | -41.27 -42.52 -47.48 | -43.68 -41.53
d*10* , A3 | 3622 2956 | 354.2 364.4 352 341 334
573e, T=573 K, p=197 MPa
U,kdmol™ | -2657 | -2254 | -24.97 | -29.96 -33.98 | -30.88 -30.05
d*10* , A3 | 2776 230.4 260.8 288.7 296 296 296
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573b, T=573 K, p=10 MPa
U kJmolT | -2.96 -2.23 -2.76 -8.21 -29.82 | -27.11 -26.72
dx10*, A3 | 152 14 16.4 242 222 230 240
673b, T=673 K, p=80 MPa
U kdmolt | -16.22] -12.17 | -15.07 | -20.55 -26.53 | -24.04 -23.09
d*10* A2 164.7| 120.7 153.9 185.7 213.8 219 221

Polaizable modds  ®Brodholt-Sampoli-Valauri, PChidvo-Cummings,  °Dang-Chang
(DC). Nonpolarizable modds: SPC/E, TIP4P, BMW

In the supercriticd regime and its vicinity, computed and experimenta dendgties of waer with
corresponding run labels are reported in Table 4. Significant differences with experimentd data are
only noticed for the firg three points. The maximum devidion is observed for state point 573b, which
Is very close to the experimentd liquid — vapor coexistence curve. It is only on 11 K lower then boiling
temperature at 10 MPa. For other states, deviations are minimal

Table 4 Density BMW potentid
Number density’
Run P, (moleculesper A3 *10%)
|abel hK MPa | Expeiment
BMW error, %

[Soper 97]
423a | 423 | 10 308 317 (5) 3.0
423b 423 190 334 342 (4) 2.5
573b | 573 | 10 240 230 (9) 4.2
573c 573 50 260 264 (6) 15
573d | 573 | 110 278 276 (5) -0.7
573e 573 197 296 296 (4) 0.0
573f 573 280 308 308 (4) 0.0
673a 673 50 194 193 (8) -0.5
673b 673 80 221 219 (7) -0.9
673c | 673 | 130 245 244 (6) .04
673d 673 340 292 291 (4) -0.3

& Standard deviations are given in parentheses.

We have used the RDFs reported in the neutron scattering studies NDIS by Soper and coworkers
[Soper 97], [Botti 98], [Soper 00]. NDIS1997 and NDIS-2000 were used for comparison with
computed RDFs. The atom-atom RDFs (gj(r)) for five points are shown in Figures 6, 7 and 8
concerning the low temperature regime (graphics are shifted dong the y-axis for darity).
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Figure 6. Radid didtribution functions gon Figure 7. Radid didtribution functions goo
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Figure 8. Radid didribution functions gyu
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RDFs within the high temperature/ high pressure regions are illustrated in figures 9 to 11.
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— BMW
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¢ - NDIS1997
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— — - NDIS-2000
NDIS-1997
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Figure 9. Radid digribution functions goo.
Graphics are shifted along the y-axis for darity.
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Figure 10. Radid digtribution functions gon

573f

J §
g" — BMW
0.5 ¢ — — - NDIS-2000
— BMW \
— o  NDIS2000 NDIS-1997
NDIS-1997
O T T T T T T T T T T 1 0.0 T T T T T 1
2 3 4 5 6 7 2 3 4 5 6 7
r,A r,A

Figure 11. Radid digribution functions gy .
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Our smulated results are in much better agreement with the latess RDFs (NDIS-2000) than with
older 1997 RDFs. They seems quite satisfactory, but honestly, one should not give too much credit to
this good agreement, snce often differences between the two “experimenta” curves exceed their
repective differences with our BMW computed curves. As stressed before, the “experimental” RDFs
are not rawv experimenta data. Neutron Scettering experiments are unusudly complex and cogtlly “big
sience’ experiments.  The raw experimenta are obtained in the momentum space. A first series of
possble uncertainties affect the collection of the datar  the reactor initid beam coherence qudity, the
temperature distribution of the moderator, subtraction of the scattering due to the container vessel and
many other technicd issues. A second source of erors lies within the extraction of the partid structure
factors. It relies on the implicit assumption that the structure of light and heavy water are absolutely
identical. A third source of errors lies within the mathematicd procedure itsdf when trandforming data
from momentum space to spatial coordinates. Fourier transformations are not accurate enough due to
the truncation of the momentum space and they are quite sendtive to the data noise. A more detailed
andydss of those ddicate problems as wedl as a more trustful direct comparison between BMW
computed partid and totd dructure factors with momentum experimenta data will be presented
elsewhere.

Within the framework of the 3A-mode, some unconventiona metastable clusters or chains of ID
and BD are expected. Not surprisngly, our BMW potentid MC smulations are producing unusua
molecular configurations that may be metagtable in water and agueous solutions. These configurations
may play a dgnificant role in triggering chemicd and physca processes. Needless to say, those
cusers might account for native microstructurd defects or micro heterogeneties of liquid water
[Bushuev 97], [Bushuev 99].

A rather griking example of one of those trangent clugters is shown in Figure 12. It condgts of Sx
molecules and has the form of chain. The sequence of intermolecular interactions is:

(1-BD-2-1D-3 ID-4-BD-5-1D-6).

2 3

Figure 12. A sdected water cluster formed by BD and ID interactions.

It is interesting to notice that H atoms belonging to water molecules 3 and 4 (labeled respectivdy A
and B) may dso be viewed as forming twofold H-bonds. Proton A is located between the oxygen
atoms of water molecules 2 and 4. Smilarly proton B lies between the O atoms of water molecules 3
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and 5. It is therefore quite possble that twofold H-bonds are providing yet another dabilization
interaction to this clugter. In fact, in congtrained crystaline structures, occurrence of the 2fold H-bond
IS quite common. In the present casg, it is the ID/BD sructure that provides the condraint. This cluster
is likdy going to be the future topic of our ab initio invedtigations, but only when we are feding
confident enough that proper theoreticd methods are available for correcting the BSSE and taking into
account the ZPE. Within the context of the 3A modd, two-fold bonds may play a complementary and
totdly new role by further sabilizing BD/ID cusers The BMW MC smulaion has brought this
hindsight. One should aso expect that these types of weekly bonded clusters are going to be entropy
favored. The non-tetrahedral BD /ID clusters may lead to the formation of a sgnificant population of

two-fold 3-body H-bonds.

In connection with high temperature / high pressure liquid water dructure, where a sgnificant
number of ID are expected, it has been proposed [Bassez 99| that it is the specific structure of
supercritical liquid water or high pressure water that triggered prebiotic synthesis reactions. The 3-A
model brings therefore some support to the idea that the chemisiry in ocean hydrothermd vent systems
might condtitute the cradle of life.

A dealed (ID, LD, BD) population andyss of the configuraions produced in our BMW MC
smulaions, in comparison to sandard SPC/E MC smulations will be presented €l sewhere.

Our future studies should concern two fronts: A first issue is to a get a detaled undersanding of the
water dimer and n-mer PES with ab initio methods This line of sudy might require a sgnificant
amount of time since new theoretica developments are needed. Without waiting, yet an another assaullt
will be atempted by dedgning BMW potentids and peforming Monte-Carlo and Molecular
Dynamics amulations.

Conclusions

According to the precepts of the 3attractors water model, a new class BMW of effective 2body
potentids for classicd dmulation has been proposed. A firg verson BMW v. 0.1 has been designed
dating from the SPC/E potentid to be used in Monte-Carlo smulations. Our (N,p,T) Monte-Carlo
smulations show that thermodynamica predictions by the BMW potential seem to be the best in our
comparisons. Concerning dructurd  predictions in reationship with Neutron Scattering experiments,
the BMW potentidl RDFs predictions appear very satisfactory, but until a comparison can be made
between computed and measured structure factors, extreme caution is warranted.

There is no podtive proofs in naurd sciences, contrary to mathematics A modd may be
considered as vdid until fasfied. Our Monte-Calo smulaions have not highlighted any dement
dlowing one to fddfy the 3-attractor water modd. On the contrary, consdering the comparative
performance of the BMW potentid in regards to the SPC/E potentid, the 3-attractor water model
gppears as a most plausble modd. Furthermore, Monte-Carlo smulaions have uncovered a totaly
new role for 2-fold H-bonds.

Despite the prdiminary nature of our smulaions results are obvioudy very encouraging. At the
same time, because of the prdiminary nature of our smulations, there is much room for improvement,
while carrying out a cautious assessment of both theoretical and experimental data
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