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Electrostatic interactions derived from floating basis HF/D95** ab initio calculations are presented for a
tetrahedral water pentamer. Since floating basis ab initio calculations approximately satisfy the Hellmann
Feynman theorem, indicating that the forces on the nuclei can be calculated classically; and, since the wave
function of the pentamer includes all polarization and mutual polarization effects, the intermolecular interactions
can be calculated classically by using molecular properties extracted from the wave function of the aggregate.
We compare classical interactions based upon floating basis functions, as well as analogous interactions based
upon normal (nonfloating) Hartred-ock calculations with supermolecular interaction energies and pairwise
interactions. We also compare classical electrostatic calculations based upon interacting point charges with
those based upon interactions of charges one molecule with the electric field of the others. We show that the
latter method (which is free of penetration effects) coupled with the floating basis wave functions gives the
supermolecular energy to 0.2 kcal/mol. The electrostatic interactions derived from the “normal” wave functions
are significantly too strong. Point charge interactions for the “normal” wave functions are closer to the
supermolecular interaction due to fortuitous approximate cancelation of the effects of penetration and the
overestimation of the electrostatic interaction. We also show that the dipole moments of the possible dimers
cannot be derived additively from the monomers, nor those of the pentamer from those of either the monomers
or the dimers.

The Hellmanr-Feynman theorem states that the forces on satisfy the HellmanrFeynman theorem to calculate a pentamer
the nuclei can be calculated classically from the exact wave of water molecules. We accomplish this by using floating bases
function! Extension of this principle indicates that intermo- at the HartreeFock levelP In addition, we investigate the
lecular interactions can be obtained classically from the exact relaxation due to polarization in the aggregate and the various
wave functions of the monomeric units of an aggregate. The possible pairs. From the many water cluster calculations in the
classical interactions will be entirely electrostaticthe wave literature, we have chosen the tetrahedral pentamer considered
functions of the monomeric units reflect their electronic and by Hermanssdhfor ready comparison with the-body interac-
nuclear distortions upon transformation from free monomers tions previously reported.
to the aggregate. Thus, electrostatic calculations based upon
the exact wave function for treggregateshould correctly define Methods
the aggregation energy. Such calculations should be entirely
pairwise additive. Most classical treatments are based upon
properties derived from the monomeric unit. These are not
properly pairwise additive as they do not account for polarization
and mutual polarizations which are three-body and many-body
effects, respectively. However, molecular properties derived
from the wave function of the aggregate will already include
the effects of both kinds of polarization.

Unfortunately, most available approximate wave functions
are not accurate enough for the Hellmarifeynman theorem . ; .
to be practically useful. However, several gratipave shown without floating bases, deS|gnat§d no-floblF). )
that floating bases provide calculations that satisfy this theorem (B) The water pentamer nuclei were frozen in the geometry
reasonably well. Floating basis calculations allow the foci of Previously reported. However, the bases could freely move.
the various shells of atomic basis functions to be different from " this type of calculation, each monomeric water is polarized
the nucleus with which they are usually associated. differently, except for W and W, which are the same by

In thi | functi that |y Symmetry. Threg different levels of freed'om were considered:
n this paper, we employ wave functions that reasonably (1) all basis functions move together, designated 1-ceh@); (

T Fundacio Banco Bilbao Vizcaya Visiting Professor at the Universitat (2) all basis functlon_s corresponding to thelsame valence O.rbltal
Autonoma de Barcelona, 1996. move together_, designated valence-shéﬁ)( 3) eachlspherl-
€ Abstract published ilAdvance ACS Abstractdanuary 1, 1997. cally symmetrical shell moves independently, designated all

Using the Gaussian 92 progranwe performed ab initio
calculations at the Hartred-ock level using the D95** basis
set. The “massage” and “bq” options allow one to obtain bare
nuclei and shells of basis functions focused on a “nucleus” of
zero charge. In some cases we constrained the entire atomic
basis of an atom to float together, in others we allowed each
spherically symmetrical shélto individually float.

We performed three classes of calculations:

(A) Normal single-point Hartree-Fock (HF) calculations,

S1089-5639(96)02434-6 CCC: $14.00 © 1997 American Chemical Society
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H TABLE 1: Interaction Energies (kcal/mol) for Water
/ Pentamer Calculated Using Different Methods
Oé 9% two-body qVv PC supermolecule
RHH z NE
v ! w1 —13.77 —21.07 —15.56
Vo w2 —-3.55 —5.69 —4.82
N W3 —5.39 —7.36 —6.61
N\ W4 —3.64 —4.25 -3.39
0 X W5 —3.64 —-4.25  —3.39
H” I\H total/2 —14.99 -21.31 —16.88 —16.00
Y 1C
,,/’ SN w1 —13.80 —21.55 —16.34
O.r’ O W2 —3.56 —5.90 —4.34
Y N w3 —5.40 -757  —6.14
1 H w4 —3.64 —4.31 —3.58
H H H W5 ~365  -430 358
Figure 1. Geometry and Cartesian axes for the water pentamer. The total/2 —15.03 —21.82 —16.99 —16.04
numbers on the oxygens identify the specific monomers. VS
w1 —13.76 —20.98 —15.29
floating (AF). For 1C, one point per atom must be optimized = W2 —3.00 —5.70 —4.06
(the nuclei are fixed); fol'S two centers per hydrogen (s, p) W3 —4.85 —7.26 —5.69
and three per oxygen (s, p, d) must be optimized; while for wg :3'13 :i'ig :ggi
AF, three centers per hydrogen (s-.lnner, s-outer, 2p) gnd seven (o2 —14.99 —2110 -15.86 —15.99
per oxygen (1s-inner, 1s-outer, 2s-inner, 2s-outer, 2p-inner, 2p- AF
outer, 3d). Thus the three different approaches require consid- ;¢ —12.36 _15.72 —6.06
eration qf 30_, 50, and 80 c_en_ters,_respectively (including the 311 —231 —0.95
15 nuclei which are not optimized in this work). W3 —4.50 -3.70 —2.42
(C) All possible pairs of monomers are calculated (i.e-21 wg —g-ig —gzg —i-ig
1-3, 1-4, and 15 interactions) using floating bases fixed in total/2 _1339 1459 516 _14.42

the positions of the pentamer. In these calculations the
polarizations will be different for the monomers in each pair.
In all three sets of calculations (A, B, and C, above), we

aThe value for each water (Wi5)
interactions with the others. The supermolecular value represents the
supermolecule less the sum of the 5 waters corrected for BSSE. See

corrected for basis set superposition error (BSSE) using the . 7., description of methods used.

counterpoise correctidd® (CP). In order not to bias the
correction, all CPs were calculated with ghosts for the full
pentamer.

represents the sum of its

are all 2.90 A, while the angle between the-bbnds of waters
2 and 3is 109.5 All the H-bonds were constrained to be linear.

Electrostatic calculations were performed in two different apje 1 provides the data for the interaction energy calculated

ways. In the firstPC), we approximated the electronic density

in several different ways.

The supermolecular energy is

of each shell as a point charge at its focus and the nuclei as.icyated by taking the energy of the pentamer and subtracting
point charges at their positions. The electronic charges were e anergy of each of the five monomers with its orbital positions
conS|der<_ed to have the values of the Mulliken populations for f,,an as in the pentamer. Each monomeric energy is slightly
each orbital shell. different due to the differing positions of the floating functions
In the second methodjV), we calculate the energy of each  anq the different orientations of the ghost orbitals with each
molecule in the electric field generated by the others. To do (except for waters 4 and 5, which are equivalent by symmetry).
this, we used the pentamer with appropriately optimized foci These energies do not include the geometric or electronic
(NF, 1C, VS, or AF), with the nuclei removed for the molecule  gjsiortion energies from the completely optimized isolated
in question (the bases for this molecule remain as “ghost” monomer. As each water is geometrically fixed in this study,
orbitals as in a counterpoise calculation). The electric field was there is no geometric distortion energy. However, the basis
calculated at each point that represented a nuclear position ofynctions are in different positions for the optimized monomers
the focus of a basis shell for the missing molecule. The missing from those for the optimized pentamer. The difference between
molecule is calculated using the same level of floating bases. the sum of the energies of the monomeric waters frozen as in
The sum of interactions of the field at each defined point with the pentamer and five times the monomer with optimized orbital
the nuclear charge or Mulliken populations at the corresponding positions is 0.50 kcal/mol for th&F calculations.
gom;gﬂée the interaction enebrgy beftwgen the field ger_uleqratr?d Pairwise (2-body) interactions are calculated for each possible
molecule that has beon romoved. Summing over he nteractiond2® Wih ghost orbitals on the ofher three molecules. The
f h molecule with the fi Id. f the other f : Wi Ioatlng fu_nctlons_ were fixed at their positions in the pentamer.
ot each molecule wi € neld ot the oIner four gives tWICE  ojssical interactions were performed in the two ways previously
the supermolecular interaction energy. The Mulliken popula- indicated: interaction of the point chargé¥Qd) and interaction

tions of the |nd|\{|dual missing” molecules are calculate_d of the charges of each molecule with the electric field generated
without ghost orbitals to ensure that the full electron density by the other four ¢V)

on the molecule is taken into account. . . .
For the supermolecular calculations, the t&&l interaction

energies as well as the sum of the 2-bddyinteractions agree
very well with those reported by Hermansson, despite the
differences in basis sets. The total interaction energies decrease
when the orbitals are allowed to float. The greatest difference
is for theAF calculation. This observation reflects the fact that

Results and Discussion

We took the pentamer geometry ref 6 (Figure 1). All five
waters have equivalent internal geometries withHDdistances
0f 0.957 A and H-O—H angles of 1044 The O--O distances
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allowing the orbitals to float lowers the energies of the individual One approach is to use the electronic integrals that are calculated
water molecules more than that of the pentamer. Interestingly, during the HF calculation. This approach does not eliminate
the sum of the two-body interactions remains about 1 kcal/mol the penetration problem. Nevertheless, it showed some promise
less than the supermolecular interaction energy for each levelduring test calculations. However, due to the necessity to either
of float. Thus, the effects of polarization (including mutual store or recalculate large tables of integrals, it is much too
polarization) are similar for the floating and nonfloating bases impractical to use extensively for large systems. Multipolar
when they are in fixed positions. expansions were also considered. However, interactions be-
The PC calculations are instructive. For both thé#= and tween multipoles at short separations will not relieve the
1C cases, they predict an interaction that is stronger than the penetration problems.
supermolecular interaction. As the freedom to float is increased, e eventually chose thgV method. We calculate the
the PC method predicts progressively weaker interactions. At electric field directly from the molecular wave function. Clearly,
the VS level, thePC interaction energy matches the supermo- ne gbtains a much more accurate determination of the electric
lecular energy very well. However, at theF level, the  fig|g than with point charges, multipoles, etc., which are
interaction is predicted to be about 8 kcal/mol too weak by this ayiracted from the same wave function. Since all classical
method. electrostatic approximations essentially estimate the interactions
The gV method gives results that are somewhat different. of the electric fields generated by various molecules with the
For theNF, 1C, and VS methods, the interactions are much charge densities of the others, th¢ method provides most
(about 6 kcall/mol) stronger than the supgrmolecule predigtion. direct approach of those methods considered. Since the
However, usingqV with the AF method gives a value within  mgjecules of the aggregate are defined as the nuclei and electron
0.2 keal/mol of the supermolecular interaction energy. densities assigned to the atomic basis functions belonging to
The reasons for these discrepancies have roots in threethese nuclei, the molecular definition becomes unambiguous,
approximations that are necessary to calculate the classicalf still arbitrary.? Since the molecule that interacts with the
interactions between the molecules: (a) the definition of each fie|d is removed in theqV calculation, one is not faced with
individual molecule within the pentamer; (b) the manner in  the problems related to the overlap populations between basis
which the electron densities of the molecules/aggregate arefynctions on different molecules. This approximation will,
defined; (c) the manner in which the interaction of the electron jikewise, be free of the penetration problems, as the elecron
densities of the molecules/aggregates interact with the nuclei gensity of the molecule interacting with the field is entirely
and each other is calculated. Let us consider each in tum.  removed when the field is calculated. The remaining discussion
Just as the definition of an atom in a molecule poses certain wjl| refer to qV interactions unless specified otherwise.
problems, so does the definition of a molecule in a supermo-
lecular aggregate. In particular, one must decide which electron
density belongs to which atom. While there have been

numerous definitions suggested in the literature, there is clearly h it el 8 als for d .
no “correct” manner to do this, as the Setliger equation for Feynman theory to fit electrostatic potentials for dynamics

a molecule (or supermolecule) does not distinguish which calculations can lead to large errors. TNE wave functions
electrons belong to which atoms. We have used the Mulliken Yi€lded interactions that were 33% higher than the supermo-
populations to define the point charges. This is, perhaps thelecular interaction and 42% stronger than the two-body interac-
simplest approach, but probably not the best. Nevertheless, ittion energy calculated_ with the same method. The observation
illustrates the point. Since the charge density of one molecule that the PC calculations are only 6% stronger than the
will necessarily overlap that of the others, the interaction Supermolecular interaction energy is misleading. TH@
energies calculated using tR€ method should underestimate ~ calculations are more properly compared with the sum of the
the strength of real electrostatic interactions. The fact that thesetwo-body interactions. In this case they are 12% stronger. We
interaction are sometimes stronger than those calculated by theshall see (below) that the two-body interactions already include
supermolecular method (fodF and1C) only underscores the ~ Some polarization. Thus they overestimate the electrostatic two-
fact that the wave functions used in these cases do not satisfyoody interactions, so the error in t&C calculation is even
the Hellmana-Feynman theorem. greater. ThePC calculations match the interaction energy
The definition of which electron density belongs to which almost exactly for the/S calculations, but theV interaction
molecule suffers from the same problems outlined above. If €nergies are still substantially in error. At tiad level, the
one uses the Mulliken populations summed over all the atoms AV calculation is accurate, but tHeC calculation is flawed
of a particular molecule to define its density, one invites the due to the substantial increase in the penetration, as discussed

same errors in th@€C calculations since the densities of each above. These results strongly suggest thatR@@emodel can
molecule penetrate the others. appear to give good results due to accidental cancellation of
The way the electrostatic interactions are calculated can rrors (this point has been made previoud#) The NF wave
magnify or diminish the effects of the first two problems. We function does not satisfy the Hellmanfreynman theorem
have seen that theC method is quite adversely affected by ~Causing overestimation of the electrostatic interactions. At the
these problems. This is particularly evident for tie same time, the penetration errors lead to underestimation of the
calculations, where the interaction is underestimated by aboutSame interactions. In certain situations, the two errors almost
8 kcal/mol. The reason for this becomes apparent when onecancel, leading to the inaccurate conclusion that the electrostatic
considers that certain basis functions (particularly the 1s-outer interaction are reasonably approximated.
functions on the H’s) move quite far (up to about 0.5 A) from Clearly, the HellmanfFeynman theorem must be satisfied
their respective nuclei in the directions of the H-bonds. for the electrostatic interactions to be accurately approximated
Furthermore, these functions are more diffuse than the 1s-innerfrom MO wave functions. However, wave functions which
bases, causing even greater penetration. could not be expected to satisfy this theorem have often been
We considered several other approaches to calculating theused to parameterize electrostatic models based upon point
electrostatic interactions that circumvent the problems noted. charges or multipole expansions with moderate sucéesse

The fact that theAF calculations clearly better approximate
the interaction energies provokes several observations:

(1) Use of wave functions that do not satisfy the Hellmann
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TABLE 2: Dipole Moments (debye) for Water Monomers, Dimers, and Pentamer Calculated by the Different Methods

X Y VA total X Y Z total differ
NF
monomers
w1 0.00 0.00 2.23 2.23
w2 0.00 0.09 2.22 2.22
W3 0.00 —-2.12 —0.65 2.22
w4 -0.01 0.00 2.24 2.24
W5 0.01 0.00 2.24 2.24
dimers from monomers
D12 0.00 0.55 4.69 473 0.00 0.09 4.45 445 -0.27
D13 0.00 —2.50 1.93 3.16 0.00 —-2.12 1.57 2.64 -0.51
D14 —0.44 0.00 4.75 4.77 -0.01 0.00 4.46 4.46 -0.31
D15 0.44 0.00 4.75 4.77 0.01 0.00 4.46 446 —0.31
D23 0.00 —2.06 1.53 2.56 0.00 —-2.03 1.57 2.57 0.00
D24 —0.04 0.14 4.49 4.49 -0.01 0.09 4.46 4.46 —-0.03
D25 0.04 0.14 4.49 4.49 0.01 0.09 4.46 446 —-0.03
D24 —0.03 —-2.14 1.62 2.69 -0.01 —-2.12 1.58 2.65 —-0.04
D35 0.03 -2.14 1.62 2.69 0.01 —-2.12 1.58 2.65 —-0.04
D45 0.00 0.00 4.43 4.43 0.00 0.00 4.47 4.47 0.05
pentamer
monomers 0.00 —-2.03 8.27 8.51 -1.17
dimers 0.00 —2.00 8.57 8.80 —0.88
supermol. 0.00 -1.91 —9.50 9.68
1C
monomers
w1 0.00 0.00 2.23 2.23
w2 0.00 0.09 2.22 2.22
W3 0.00 —-2.12 —0.65 2.22
w4 0.01 0.00 2.24 2.24
W5 -0.01 0.00 2.24 2.24
dimers from monomers
D12 0.00 0.55 4.69 4.73 0.00 0.09 4.45 445 —-0.27
D13 0.00 —2.50 1.93 3.15 0.00 —-2.12 1.57 2.64 -0.51
D14 —-0.44 0.00 4.75 4.77 0.01 0.00 4.47 4.47 -0.31
D15 0.44 0.00 4.75 4.77 —-0.01 0.00 4.47 4.47 -0.31
D23 0.00 —2.06 1.53 2.56 0.00 —2.03 1.57 2.57 0.00
D24 —-0.04 0.14 4.49 4.49 0.01 0.09 4.46 4.46 —0.03
D25 0.04 0.14 4.49 4.49 —-0.01 0.09 4.46 4.46 —0.03
D24 —-0.04 —-2.14 1.62 2.69 0.01 —-2.12 1.58 2.65 —0.04
D35 0.04 —-2.14 1.62 2.69 —-0.01 —-2.12 1.58 2.65 —-0.04
D45 0.00 0.00 4.43 4.43 0.00 0.00 4.47 4.47 0.05
pentamer
monomers 0.00 —2.03 8.27 8.52 -1.17
dimers 0.00 —2.00 8.57 8.80 —-0.88
supermol. 0.00 -1.91 9.50 9.69
VS
monomers
w1 0.00 0.00 2.23 2.23
w2 0.00 0.09 2.21 2.21
W3 0.00 -2.11 —-0.65 2.21
w4 —0.02 0.00 2.23 2.23
W5 0.02 0.00 2.23 2.23
dimers from monomers
D12 0.00 0.54 4.68 4.71 0.00 0.09 4.43 444  -0.27
D13 0.00 —2.48 1.92 3.14 0.00 -2.11 1.57 2.63 -0.51
D14 —0.45 0.00 4.74 4.76 —0.02 0.00 4.45 4.45 -0.30
D15 0.45 0.00 474 4,76 0.02 0.00 4.45 445 —-0.30
D23 0.00 —2.05 1.52 2.55 0.00 —-2.02 1.56 2.55 0.00
D24 —0.05 0.14 4.47 4.47 —-0.02 0.09 4.44 4.44 -0.03
D25 0.05 0.14 4.47 4.47 0.02 0.09 4.44 444  —-0.03
D24 —-0.05 —-2.13 1.62 2.68 —0.02 —-2.11 1.58 2.64 —-0.04
D35 0.05 —-2.13 1.62 2.68 0.02 -2.11 1.58 2.64 —-0.04
D45 0.00 0.00 441 441 0.00 0.00 4.46 4.46 0.05
pentamer
monomers 0.00 —2.02 8.24 8.49 -1.35
dimers 0.00 —-1.99 8.55 8.77 —1.06
supermol. 0.00 —-1.90 9.65 9.83



Electrostatic Interactions: The Water Pentamer J. Phys. Chem. A, Vol. 101, No. 8, 1997553

TABLE 2: (Continued)

X Y Z total X Y Z total differ
AF
monomers
w1 0.00 0.00 2.05 2.05
w2 0.00 0.10 1.96 1.96
W3 0.00 —-1.90 —0.58 1.99
W4 -0.10 0.00 1.99 2.00
W5 0.10 0.00 1.99 2.00
dimers from monomers
D12 0.00 0.54 4.25 4.29 0.00 0.10 4.01 4.01 -0.27
D13 0.00 —2.26 1.82 2.90 0.00 —-1.90 1.48 2.41 —-0.50
D14 —-0.51 0.00 4.34 4.37 -0.10 0.00 4.05 4.05 -0.32
D15 0.51 0.00 4.34 4.37 0.10 0.00 4.05 4.05 -0.32
D23 0.00 —1.82 1.34 2.26 0.00 —-1.80 1.38 2.27 0.00
D24 -0.13 0.14 3.98 3.98 -0.10 0.10 3.95 3.95 —0.03
D25 0.13 0.14 3.98 3.98 0.10 0.10 3.95 3.95 —-0.03
D24 -0.12 —-1.92 1.45 2.41 -0.10 —-1.90 1.42 2.37 —-0.04
D35 0.12 —-1.92 1.45 2.41 0.10 —-1.90 1.42 2.37 —-0.04
D45 0.00 0.00 3.94 3.94 0.00 0.00 3.99 3.99 0.04
pentamer

monomers 0.00 —1.80 7.42 7.63 —-1.18
dimers 0.00 —-1.77 7.72 7.92 —-0.89
supermol. 0.00 —1.68 8.65 8.81

aThe dimer dipoles are compared with the vector sums of the monomers. The pentamer dipole is compared with the vector sums of the monomers
and one-fourth the vector sums of the dimers.

now see that the results of these models are sometimes usableteraction energy of the aggregate gives rise to the nonadditive

due to fortuitous cancellation of errors. cooperativity. However, the failure of the monomer dipoles to
Table 2 presents the dipole moments of the individual water accurately predict the dimer dipoles indicate that the two-body
molecules in the various different MO treatments. TMIE, interactions, themselves, are not properly described by simple

1C, andVS calculations all predict larger dipoles than do the electrostatic interactions but are stronger than expected (see
AF calculations. Furthermore, the directions of the dipoles above)?
change when the Gaussians are allowed to float. For example, We have already seen from tlgy interactions (Table 1)
waters 4 and 5 have a dipa¥ecomponent of 0.01 for thdlF that theNF calculations overestimate the electrostatic interac-
calculation with the pentamer basis set. These values changéions. Yet, the dipole moments increase upon formation of
to 0.10 for theAF calculation. Atthe same time, the total dipole dimers and of the pentamer. This can be due to increased
moments for these same waters decrease from 2.24 to 2.00. lfpolarization, as noted above. It can also be due to the inadequate
there be no change in electron densities of the monomers upordefinition of dipole-dipole interactions at short separations. If
aggregation, the dipole moment of the pentamer should bethere be significant penetration between the entities, the dipole
determinable from vector addition of the dipoles of the moment of the dimer (or aggregate) will not be properly
individual waters. Similarly, the dipoles of each of the pairs described by the vector sum. Nevertheless, the facts that the
that were calculated should be determinable from the vector dipoles of the monomeric units are insufficient to describe the
addition of the dipoles of its two components. One should also dimers or the pentamer suggest that the electrostactic interactions
be able to obtain the dipole moment of the pentamer by taking are probably still understated.
one-fourth of the vector sum of the dimer dlpole moments. The AF dip0|es also increase by rough|y the same amounts
From Table 2, we see that one cannot accurately obtain theas do theNF dipoles upon formation of dimers and pentamer.
dipole moment of the pentamer from those of the monomers or The AF calculations freeze the electron densities of the
the dimers. Nor can one accurately obtain the dipole momentindividual waters by immobilizing the floating bases in the
of the various dimers from those of the monomers. The dipole positions they take in the pentamer. Some electronic reorga-
of each pair is larger than the vector sum of its components. njzation is inevitable; however, as after HF convergence, the
That of the pentamer is larger than the vector sum of both the density matrix for the water will be different from that in the
monomeric dipoles and one-fourth the vector sum of the dimer pentamer. The nonadditivity of th&F dipoles is not incon-
dipoles. If one examines the dipole components alongthe  sistent with the good agreement of ¢ and supermolecular
andZ axes (thex component in the pentamer is 0 by symmetry), interaction energies. For thg/ calculations, the charges are

one sees that thé component decreases and theomponent  taken from the Mulliken populations based on thentamer
increases as one calculates the pentamer dipole from those ofjensity matrix

the monomers or dimers or from the supermolecule directly.

These data provide evidence that the waters are polarizedcgnclusions

differently in the monomers, dimers, and pentamer. Thus, the

electrostatic interactions of two monomeric waters might be  Intermolecular interactions for the tetrahedral water pentamer
expected to underestimate the collective interaction energies ofcan be calculated by classical electrostatic interactions from
the dimers, while the electrostatic interaction energies of waters charge densities based upon molecular wave functions if (1)
taken either from the monomers or dimers might be expected the wave functions are obtained from floating basis set calcula-
to underestimate the interaction in the pentamer. The discrep-tions and (2) the wave function is calculated for the aggregate
ancy between the two-body interactions and the supermolecular(not the monomeric units). The HellmanReynman theorem
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should be satisfied for classical electrostatic interactions to be (dl) ll\l?katSUji,hH-J. ALner. Chem. Sorl9(¥)8 199, 1528. (e) Helgaker, T.;
; ; ; ; iofi ; itari Almlof, J. J. Chem. Physl988 89, 4889. (f) Hirao, K.; Mogi, K.J. Comput.
$(r:]curate. stm_g floatlr:jg baS|s_ fulnztlor;]s se;;lsfles :ch|s|cr|_ter|9n. Chem.1992 13, 457. (g) Simon, S.: Duran, M.. to be published.
e wave unCt'on_ US(_E must include the effects 0 polarization (5) We avoid the abbreviation “HF” for obvious reasons.
and mutual polarization of the monomers. Using the wave (6) Hermansson, KJ. Chem. Phys1987 89, 2149.
function for the aggregate satisfies this criterion, as the individual ~ (7) Gaussian 92, Gaussian, Inc.: Pittsburgh, PA.
monomeric components are already appropriately polarized. 8) tlr_l thistp?pt))er, we ?ﬁﬁn?‘ “shell” to m??r? agg 5equlivalzlentth spﬂherica"yOI
H P : H s ~Symmetric set or bases. us Tor oxygen al e ** level, the inner an
_ Classical electros_tat|c interactions c_alculated usmg_the ele<_:tr|cOuter parts of the 1s and 2s orbitals, the inner and outer sums of the 2p
fields calculated without a monomeric component interacting orbitals, and the sum of the 3d orbitals would each be a “shell”.
with the charges on that component, tg¥ method, are (9) (a) Boys, S. F.; Bernardi, Rol. Phys.197Q 19, 553. (b) Meunier,
preferable to interactions between point charges. The reasonablg-f Levy, B.; Berthier, GTheor. Chim. Acta973 29, 49. (c) Jansen, H.

! : , ; : : Ross, PChem. Phys. L 40.
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