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Contribution of Many-Body Terms to the Energy for Small Water Clusters: A Comparison
of ab Initio Calculations and Accurate Model Potentials
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We have tested the ability of two new model potentials constructed using intermolecular perturbation theory
methods to reproduce ab initio results at a comparable level of theory. Several configurations of water trimer,
tetramer, and pentamer are studied, and in addition to the contributions to the interaction energy, the potential
energy surfaces are compared by optimizing the model potential geometries to local stationary points within
a rigid-body framework. In general the agreement between the two methods is good, validating the model
potentials as suitable candidates for providing starting geometries for further ab initio calculations and for the

simulation of larger systems.

1. Introduction elsewhere??23 see also Millot and Storé for details of its
application to the original ASP water potentials.

Both the first-order electrostatic and higher order induction
terms are considered. In fact the only term in the energy that
is not pairwise additive for this model is the induction. Of
course some of the other terms should not be strictly pairwise
additive: the repulsion between a pair of molecules is modified
in the presence of a third, for example, and the Axitrdeller
triple-dipole dispersiott is perhaps the most well-known of the
many-body contributions. However, previous investigaibns
suggest that the induction energy is by far the biggest contribu-
tion to the many-body terms, so it is the only one included here.
Optimized water cluster geometries from the dimer to the
hexamer have previously been repotfeand the many-body
interactions studieé’2® In a similar study, Pedulla et &.
commented that correlated calculations are crucial for the two-
body contributions to the energy, but that the many-body

The ability of a model interaction potential to reproduce
experimental results ranging from the dimer to the bulk should
be considered an important goal. Available interaction potentials
for water range from simplistic ones such as TIP4® more
complicated ones that account for the intramolecular relaxation
(RWK-2)2 the induced polarization due to the environment
(POL-1)34 or even the dissociation of water into iohs.

The dimer structure has been determined experimerftdly,
and more recently, larger clusters from the trimer to the hexamer
have been probed by far-infrared vibratiemotation tunnelling
spectroscopy-1* Such experiments have stimulated theoretical
investigation of both the structi#” and dynamic¥-21 of
these clusters. Model potentials provide an efficient and
increasingly accurate method for approaching dynamical tech-
niques for which large numbers of energy (and gradient)

calculations may be required. , , contributions are not significantly affected by correlation. This
Many existing potentials are designed for a particular s e if, for example, HartreeFock (HF) and Meller-PlesseP
application and cannot be applied elsewhere. For example the\p2) calculations are carried out at the same geometry, but if

TIP4P model comprises a spherically symmetric dispersion e contributions are calculated at the HF optimized geometry,
repulsion term and point charges, and the evaluation of the \han all contributions will be underestimated.

interaction energy between many monomers is therefore rela-  £o; the trimer to pentamer, all our energy calculations are

tively cheap, so it is useful for simulation of water in the bulk. -6 at fully optimized MP2/aug-cc-pVBZ2geometries, with
However TIP4P is not appropriate for the dimer because the e same basis and level of theory. Although this is a reasonably
dipole is enhanced to recover the bulk binding energy, account-|arge set and, for the larger clusters, the calculations represent
ing in an average way for the cooperative polarization. a considerable computational effort, it is conceivable that the
Our two anisotropic sitesite potentials, ASP-W2 and ASP- egyits might change with the use of an even larger basis set,
W4, on the other hand, are intended to be universal. They areggpecially the ones that are corrected for BSSE. Available
constructed from ab initio data using intermolecular perturbation oqits for the water dimer indicate that changes due to larger
theory (IMPT) methods, with separate terms to describe the pasis sets are likely to be larger than the corresponding ones
dispersion, repulsion, charge-transfer, induction, and electrostaticy,e to inclusion of higher orders of electron correlation. This
contributions. This approach means that for any configuration ;g perhaps more significant for the hexamer, for which several

the total energy is calculated as a sum of distinct, physically |o\y-lying isomers have been found within a small energy
meaningful terms, allowing considerable insight into the bond- gnge2133

ing. This has clear advantages over obtaining the total interac-
tion energy from, for example, a supermolecule calculation. A 2. Method
less obvious advantage is that basis set superposition error

(BSSE) is avoided. Details of the IMPT methods can be found 2.1. The Model Potentials. The two model potentials

considered here, ASP-W2 and ASP-W4, represent refinements
o i 4 . -
* Author to whom correspondence should be addressed (email: to the original Ml!lm Stoné potential. .The mumpOIeS. have_
ajsl@cam.ac.uk). been updated using results from a multireference configuration
® Abstract published ifAdvance ACS Abstract$yovember 1, 1997. interaction calculation, instead of the MP2 values used in the
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TABLE 1: Properties of the Water Dimer Global Minimum ;&
(See also Figure 1). The ab Initio Structure Is the Result of
a Full Optimization at the MP2/aug-cc-pVTZ Level Followed S0 o%v/?%@g gka 1 A}
by Reoptimization of the O—O Separation at 0233\& 5 3 Ry
MP2/aug-cc-pV5Z
a b c
source energy/kJ mol RIA o/deg pldeg «@ @ @
ASP-W2 —21.08 2.957 64.2 6.2 4 2
ASP-W4 —20.88 2970 570 -21 f& e ,vi]fi
MP2%0.40a —20.65 2.913 56.8 5.6 ;% %ﬁ‘ o1 Jes o;om<}2
a Additional parameters are necessary to describe this structure fully; C{’ }f ‘?;
see text. 1
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Figure 1. Water dimer minimum energy geometig; symmetry. Figure 2. Optimized ab initio water cluster structures:—@ (Hz0)s

. . . . . . ies +3; (d—g) (H ies +4; (h
previous version. The induction energy is converged via an %e(cggwjit:)?s(i) fgzg)sggegnﬁggﬁyggcz?;ggi s +4: (1) (HO)s geometry

iterative process, instead of a single (first-order) calculation.

Dispersion surfaces due to Rijks and Wor#iéf are still small 0.4 kJ motl). As our model potentials treat the

employed, and a charge-transfer term has been added usingnolecules as rigid bodies, we have no obvious way of estimating

results from IMPT2® The major difference between these ASP  this contribution. We therefore make comparison with ab initio

potentials is the rank to which the multipoles are calculated, results for which it is not included. The structures we considered

with ASP-W2 including moments up to quadrupole and ASP- were optimized at the MP2 level of theory with the aug-cc-

W4 up to hexadecapole. Further details, including values of pvDz basis set3!32 The decomposition of the energy was

all the parameters, will be published elsewh&relhe calcula-  performed by taking into account the correction for BSSE

tions using these potentials were carried out using the Orient gccording to the scheme outlined in ref 27. The trimer, tetramer,

program3.8 Both the program and the data files describing the gnd pentamer geometries are shown in Figure 2.

potentials are available on request from the authors. Using the same notation as ref 27, we write the total energy
Details of theCs minimum of the water dimer are given in  of the complex as a sum of one-, two-n-hody terms:

Table 1; the coordinate system employed is shown in Figure 1.

The ab initio geometry optimization was performed at the MP2/ £ — ZE(i) + ZAZE(”) + Z A3E(ijk) +

aug-cc-pVT2L3level with reoptimization of the ©0 separa- , & Wi

tion, keeping all other internal coordinates fixed, at MP2/aug- A4E(ijkl) o)

cc-pV5Z. The model potentials reproduce the ab initio binding |>Zj>i

energy accurately, but the-D separation is too large by about

0.05 A. The potential energy surface is extremely flat with it for example,

respect to the angular coordinates, and ASP-W2 appears to

perform better in this case. Note that for the ab initio 2 — _ —

geometry®4°hoth of the intramolecular bond angles and three AB(12)=E12) - ED) - E@) )

bond lengths will differ from their monomer values. For this 3

dimer geometry using the notation of ref 16, these parametersASE(123)= E(123)— § E(i) — A’E(12) — A’E(13) —

are Waonor = 104.5, Wacceptor= 104.5, Racceptor= 0.962 A, =

(r)donor = 0.969 A, and 1z)gonor = 0.960 A. The ASP A%E(23) (3)

monomers have the gas-phase geontétiyg. both values of

W equal to 104.5and all values oR andr equal to 0.9571 A. and so on. Now, for the supermolecule calculations, the two-

The ab initio structures can be represented within the rigid- body energies are calculated as the difference between the

body framework to a good approximation because the relaxationenergy of the complex and the energies of the monomers at

of the monomers in terms of bond lengths and bond angles istheir complexed geometries. Because our model potentials give

in fact quite small. The approach we have taken is to define us the interaction energy directly, we can formalize this by

the monome(C, axis parallel to the sum of the two-€H vectors taking E(i) = 0, sothat A%E(ij) = E(ij).

for each molecule. This is not the only possible choice, but  Clearly this summation is truncated according to the number

because of the small distortion, other constraints would lead to of molecules we are considering, so for the trimer we must

very similar results. We can quantify this by calculating the consider three two-body and one three-body contributions. For

rms deviation of the Cartesian coordinates from the rigid-body the tetramer we must consider six two-body, four three-body,

structures for each geometry. The maximum value of this and one four-body contributions. As stated before this does

quantity is 0.015, 0.020, and 0.021 A for the trimer, tetramer, not account for the energy associated with fragment relaxation,

and pentamer structures, respectively. so we must compare with ab initio results for which this has
2.2. Decomposition of the EnergyRecently, for a number  not been included.

of water clusters, the contribution to the binding energy from  For comparison with previous work, this means simply

fragment relaxation, i.e. the energy required to distort each subtracting the relaxation term from the total interaction energy

monomer from its equilibrium geometry to its complexed expression (denoteBE;). The relaxation energy is defined as

geometry, has been examin&d.For the water dimer this is  Er = YE(i) — nEy, whereE, is the energy of an optimized
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TABLE 2: Decomposition of the Energies for the Water
Trimer. The Model Potentials Approximate the MP2/
aug-cc-pVDZ Geometries within a Rigid-Body Framework
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TABLE 4: Decomposition of the Energies for the Water
Tetramer. The Model Potentials Approximate the MP2/
aug-cc-pVDZ Geometries within a Rigid-Body Framework

terms interaction energy (kJ md) terms interaction energy (kJ nmd)
i j k MP2 ASP-W2 ASP-W4 i i k MP2 ASP-W2 ASP-W4
Geometry 1 Geometry 1
1 2 —17.02 —19.08 —18.01 1 2 —16.07 —17.20 —16.35
1 3 —15.46 —17.46 —16.70 1 3 —16.07 —17.20 —-16.35
2 3 —16.90 —19.12 —18.18 1 4 —6.68 —7.03 —6.92
1 2 3 —-10.24 —10.69 —8.78 2 3 —6.68 —7.03 —6.92
total 2-body —49.38 —55.66 —52.70 2 4 —16.07 —17.20 —16.35
total 3-body —-10.24 —10.69 —-8.97 3 4 —16.07 —17.20 —-16.35
total energy —59.63 —66.35 —61.67 1 2 3 —6.52 —-7.11 —6.04
A S
1 2 —18.60 —20.99 —20.15 : : :
_ _ _ 2 3 4 —6.52 —-7.11 —6.04
1 3 18.60 20.99 20.15
> 3 220 238 236 1 2 3 —2.27 —-4.17 —-3.29
1 2 3 1.93 1.95 1.63 total 2-body —77.64 —82.85 —79.25
Car _ag s a7 total 3-body —26.07 —28.42 —24.17
total 2-body 35.00 39.60 37.94
total 4-body —2.27 -4.17 —3.29
total 3-body 1.93 1.95 1.63 total 10508 11544 10671
total energy —33.08 —37.66 —36.31 otal energy : : -
Geometry 2
Geometry3 _ 12 ~1833  -20.03  —20.18
1 2 18.70 21.03 20.27 1 3 364 394 399
1 3 —18.70 —21.03 —20.27 ) : :
1 4 —18.33 —20.03 —20.18
2 3 2.98 3.01 3.07
2 3 —18.33 —20.03 —20.18
1 2 3 1.28 0.86 0.77 5 2 6.61 6.05 6.32
total 2-body —34.43 —39.06 —37.48 ’ : :
3 4 —18.33 —20.03 —20.18
total 3-body 1.28 0.86 0.77 1 N 3 176 185 163
total energy —33.15 —38.19 —36.71 1 5 1 101 0.33 0.34
TABLE 3: Percentage Contribution of the n-Body Terms 1 3 4 1.76 1.85 1.63
for MP2/aug-cc-pVDZ and Model Potential Results for the 2 3 4 1.01 0.33 0.34
Water Trimer 1 2 3 -0.41 —0.40 -0.34
total 2-body —63.04 —70.12 —70.41
MP2 geometry model geometry total 3-body 5.54 4.35 3.92
2-bod 3-bod 2-bod 3-bod total 4-body —0.41 —0.40 —0.34
y y y y total energy ~57.90  -66.16  —66.83
Geometry 1 G 3
MP2 82.8 17.2 eometry
ASP-W2 83.9 16.1 85.0 15.0 12 —-1398  -1394  -1212
ASP-W4 85.5 145 88.2 11.8 13 -1610  -1759  -16.98
1 4 —16.10 —17.59 —16.98
Geometry 2 2 3 —14.93 —17.50 —-17.23
MP2 105.8 —5.8 2 4 —14.93 —17.50 —17.23
ASP-W2 105.2 -5.2 104.4 —4.4 3 4 4.76 4.78 4.69
ASP-W4 104.5 -4.5 103.7 -3.7 1 2 3 -8.51 —8.66 -7.27
Geometry 3 1 2 4 -8.51 —8.66 -7.27
MP2 103.8 -38 1 3 4 1.66 1.78 1.53
ASP-W2 102.3 -2.3 101.6 -1.6 2 3 4 1.91 191 1.75
ASP-W4 102.1 2.1 102.5 -2.5 1 2 3 0.48 0.69 0.58
total 2-body —71.28 —79.35 —75.86
aGeometry approximated by the rigid monomér€ptimized to the total 3-body —13.45 —13.64 —11.27
closest stationary point. total 4-body 0.48 0.69 0.58
o total energy —84.25 —92.30 —86.55
water monomer at the same level of theory, &(d is the Geometry 4
energy of moleculé in its distorted geometry in the complex. 1 2 —13.60 —14.15 —14.44
_ ) 1 3 —13.60 —14.15 —14.44
3. Results and Discussion 1 4 —4.67 —4.90 —4.95
. - - ) 2 3 5.59 5.59 5.47
Figure 2 shows the optimized ab initio geometries, all of 5 4 —16.01 —16.65 —16.66
which represent stationary points on the MP2/aug-cc-pVDZ 3 4 —16.01 —16.65 —16.66
potential energy surfaces. For the model potentials, we consider 1 2 3 2.75 2.66 2.48
both the rigid-body approximations of these structures and the 1 2 4 —1.50 —1.80 —-1.57
clusters relaxed to the nearest local stationary points. Most of % g j _12'56% _12'838 _1'2510
the structures converged within abou.t s.ix steps, preservilng the 4 2 3 0.65 0.75 0.66
symmetry, although some of the optimized structures did not total 2-body -58.31 —60.93 —61.68
have the same Hessian index. For both the ab initio and model total 3-body 2.44 1.33 1.44
potential geometries, we present the complete breakdown of total 4-body 0.65 0.75 0.66
the total energy into its-body components. In addition we total energy —55.22 —58.85 —59.58

tabulate, for comparison, the total percentage contributions of whereas for geometries 2 and 3, this term is repulsive but small.
eachn-body term for these two cases and for the optimized Therefore geometries 2 and 3 not only have an unfavorable two-
model potential geometries. body interaction between the end fragments but lack any three-
3.1. Trimer. From Tables 2 and 3 we observe that geometry body stabilization. The two-body components are always larger
1 is significantly stabilized by the three-body contribution, for the model potentials than for ab initio values, which is not
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TABLE 5: Percentage Contribution of the n-Body Terms
for MP2/aug-cc-pVDZ and Model Potential Results for the
Water Tetramer

Hodges et al.

TABLE 6: Decomposition of the Energies for the Water
Pentamer. The Model Potentials Approximate the MP2/
aug-cc-pVDZ Geometries within a Rigid-Body Framework

MP2 geometr§y model geometry terms interaction energy (kJ nmd)
2-body 3-body 4-body 2-body 3-body 4-body i j k | m MP2 ASP-W2 ASP-W4
Geometry 1 Geometry 1
MP2 73.3 24.6 21 1 2 —15.15 —15.26 —14.71
ASP-W2 71.8 24.6 3.6 75.1 21.9 3.1 1 3 —4.20 —4.35 —4.29
ASP-W4 743 226 3.1 80.3 175 2.2 1 4 —4.38 —4.53 —4.49
Geometry 2 1 5 —15.04 —-15.19 —14.78
MP2 1089 -96 0.7 2 3 —15.29 —15.55 —15.00
2 4 —4.73 —4.93 —4.88
ASP-W2 106.0 —6.6 0.6 105.7 -6.4 0.7 5 5 432 450 _ 446
ASP-W4 1054 —5.9 05 1051 -5.7 0.6 3 2 _13.09 1239 1203
Geometry 3 3 5 ~4.54 —-4.75 —-4.69
MP2 84.6 16.0 -0.6 4 5 —-15.21 —15.59 —15.05
ASP-W2 860 14.8 —0.8 86.6 139 -0.5 1 2 3 —6.24 —6.88 —5.85
ASP-W4 877 13.0 -0.7 90.0 105 -05 1 2 4 —-1.51 —1.55 -1.41
Geometry 4 1 2 5 -6.30 -6.91 -5.90
MP2 1056 —44 —12 1 3 4 —1.45 —1.48 —1.34
ASP-W2 1035 -23 —1.3 1029 -19 -1.0 1 3 5 —-1.39 —141 —-1.28
ASP-W4 1035 -2.4 —11 1028 -19 -09 1 4 5 —6.34 —6.93 —5.93
2 3 4 —5.87 —6.38 —5.44
aGeometry approximated by the rigid monomér€ptimized to the 2 3 5 —1.49 -1.51 -1.37
closest stationary point. 2 4 5 —1.46 —1.50 —1.36
- . . . - 3 4 5 —6.12 —6.72 —5.70
surprising since this level of theory obtains a smaller binding 1 2 3 4 —0.95 —1.46 ~1.19
energy for the dimer than ASP-W2 and ASP-W4 (see Table 1 2 3 5 -0.97 —-1.52 -1.24
1). The three-body term, mediated by the induction contributon 1 2 4 5 —1.00 —1.56 —1.28
to the energy, compares reasonably well with the ab inito 1 3 4 5 —-1.03 —-1.53 —1.25
calculation, but it is underestimated for geometry 3. Note that i g g 2 5 :é'gé :é'gg :3'32
ASP-W?2 is in closer agreement with the ab initio result than total 2-body —9596  —96.97 —94.38
ASP-W4 for the three-body term, but the opposite is true of total 3-body —38.19 —41.26 —35.59
the two-body contributions; ASP-W4 dimer has a binding energy total 4-body —4.96 —7.58 —6.20
closer to the ab initio value. total 5-body —0.35 —0.96 —0.74
When optimized to the nearest local stationary points, the total energy —139.46 —14676 —136.91
model potentials find th€,, geometries (2 and 3) to be first- Geometry 2
order saddle points. Relaxing these to the closest minima yields 1 2 —9.04 987 975
: . . g 1 3 —12.93 -13.71 —12.08
slightly distorted C,) arrangements with ASP-W2, and with 1 2 _1366 1757 1722
ASP-W4 for geometry 3 only. There seems to be @p 1 5 ~13.92 ~16.63 —16.48
minimum for ASP-W4 close to geometry 2, which collapsesto 2 3 —13.23 —12.45 -11.32
the global minimum on optimization. Table 3 shows thatthe 2 4 —15.25 —16.30 —16.05
two-body and three-body contributions to the energy do not 2 5 —-1571 -1588  —15.69
change much on optimization of the structures. g g :g'gg :g'gg ZZ'??
3.2. Tetramer.Tables 4 and 5 show that the model potentials 5 g 6.07 6.06 503
agree well with the ab initio calculations on the degreetowhich 1 2 3 —8.39 —8.92 —7.45
the three- and four-body terms contribute to the total energy. 1 2 4 -3.20 —3.43 -2.92
Generally, the two-body contributions are too large (as forthe 1 2 5 —3.32 —3.74 -3.21
trimer). For geometry 2, the ab initio values of E(124) and i g g :g'gg :g'gg :2'32
E(234) (which are equal by symmetry) are considerably larger ; , 5 337 319 275
than those obtained by the model potentials, but we emphasize » 3 4 —454 —4.78 —3.99
that larger basis calculations may have a significant effecton 2 3 5 —5.47 —5.84 —4.98
the many-body contributions. Table 5 shows how the contribu- 2 4 5 3.25 2.82 2.53
tions to the energy vary on optimization, and we note that in 3 ‘21 = 0.23 20-22 0-32
general the two-body energy increases. 1 5 g g :igg :z:g% :%:il
We find that the potential energy surface is less well 1 > 4 g 0.79 1.03 0.86
reproduced than for the trimer. Both ASP potentials find,in 1 3 4 5 0.08 0.28 0.22
agreement with ab initio calculation, that ti& symmetry 2 3 4 5 0.26 0.17 0.15
geometry 1 is a minimum and th&, geometry 4isanindex 1 2 3 4 5 0.14 0.18 0.14
3 stationary point. Both ab initio calculation and the ASP-W4 Iotal 2-body -10148  —111.33  —107.40
S - otal 3-body 29.14 32.28 27.20
potential find geometry 20, symmetry) to be a minimum, total 4-body —159 —350 —2.70
but according to ASP-W2 itis an index 2 stationary point (with total 5-body 0.14 0.18 0.14
imaginary normal mode frequencies of 59.7i and 62.77Hm total energy —132.07 —146.93 —137.15

On optimization, this collapses to the global minimum. Ge-
ometry 3 Cs symmetry) is a true saddle point according to the
ab initio calculation but an index 2 stationary point according
to both ASP-W2 and ASP-W4. Optimizing to the nearest
transition state yields @ structure, similar to geometry 3, with

the major difference being the position of just one of the protons.

3.3. Pentamer.A previous study of the water pentanter
has found that contrary to some HF, DFT, and MP2 calculations,
the two ASP potentials do not support the cyclic structure as
the global minimum. Here we study both the cyclic structure
and a cage minimum. The latter is found to lie about 7 kJ /ol
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TABLE 7: Percentage Contribution of the n-Body Terms for MP2/aug-cc-pVDZ and Model Potential Results for the Water
Pentamer

MP2 geometr§ model geometry
2-body 3-body 4-body 5-body 2-body 3-body 4-body 5-body

Geometry 1

MP2 68.81 27.38 3.56 0.25

ASP-W2 66.07 28.11 5.16 0.65 71.68 23.64 4.17 0.50

ASP-W4 68.93 26.00 453 0.53 77.03 19.50 3.13 0.34
Geometry 2

MP2 76.84 22.07 1.20 -0.11

ASP-W2 75.77 21.97 2.38 —-0.12 78.50 19.76 1.85 —0.12

ASP-W4 78.31 19.83 1.97 —0.10 83.56 15.32 1.19 —0.08

aGeometry approximated by the rigid monomeér@ptimized to the closest stationary point.

TABLE 8: Rms Deviation of the ASP Energies from MP2 potentials to obtain the correct global minimum for the water
(kJ mol~?), Using the Model Potentials at MP2 Geometries pentamer potential energy surface. However, both model
ASP-W2 ASP-W4 potentials accurately reproduce, for the first time, the results of

2-body 137 117 high-level ab initio calculations regarding the binding energy

3-body 0.39 0.55 of the water dime?®42 Considering that these model potentials

4-body 0.74 0.39 were formulated for the water dimer including only one many-
5-body 0.43 0.28 body term in the energy, the results are very encouraging. The

. . . ) performance of these potentials for bulk water simulations will
higher in energy by the ab initio calculations. For each model be tested in future studies.

potential, the energies predicted for the two structures are very Advances have been made that will allow the improvement

iimilarﬁ?ﬁer optimization,hfor AhSP'WZ the gr}g is about 0.0h7 of model potentials using symmetry-adapted perturbation theory
J mot" lower Igleréerg)ét an tke cgjge, an odr AbSP'WA;]t € (SAPT): see the recent review of Jeziorski effaFor example,
ring is more stable by about 4 kJ mél As noted above, the o roision within the framework of our model potentials does

rng st_rulctured|s| not the global minimum for ﬁ'therbOf th?se CQot account for electron correlation, which could contribute
potentials, and lower energy cage structures have been foun ignificantly?44>and it would be more satisfactory to include

with slightly different orientations of the protons. From Table the dispersion energy calculated at an equivalent level of

6 we see th?)t for geon;]etry 1 (Eyfjl'c) there '? ger;]eragxcfgood theory: we have not used the IMPT dispersion surface because
agreement between the two-body terms for the different y,o ojeciron repulsion is not treated in a self-consistent manner.

methods. However, for geometry 2 (the cage) the agreementy g, re aim is the development of the next generation of ASP
is less good (especiallfg(14) andE(15)), and the total two-  hqtentials within the SAPT framework, and this work is in
body energy is more negative than found from ab initio progress.

calculation by about 10 kJ mol for ASP-W2 and 6 kJ moft
for ASP-W4. Therefore, it appears that the erroneous ordering Acknowledgment. Part of this work was performed under
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