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The achievement of extensive and meaningful molecular dynamics simulations requires both the detailed
knowledge of the basic features of the intermolecular interaction and the representation of the involved potential
energy surface in a simple, natural and analytical form. This double request stimulated us to extend to ion-
molecule systems a semiempirical method previously introduced for the description of weakly interacting
atom-molecule aggregates and formulated in terms of atomic species-molecular bond interaction additivity.
The method is here applied to the investigation of the prototypical M+-C6H6 systems (M) Li, Na, K, Rb
and Cs) and some of its predictions are tested against accurate ab initio calculations. Such calculations have
been performed by employing the MP2 method and large basis sets, privileging the description of the metal
atoms. The agreement between potential energy scans semiempirically obtained and ab initio results is good
for all the investigated geometries, thus showing that the adopted representation is in general able to reproduce
all the main features of the potential energy surface for these systems. The role of the various noncovalent
interaction components, as a function of the geometry and of the intermolecular distance in the M+-C6H6

complexes, is also investigated for a more detailed assessment of the results of the semiempirical method.

1. Introduction

Intermolecular interactions affect a large number of matter
properties.1 In particular, noncovalent intermolecular interactions
control several physical, chemical and biochemical processes,
such as the energetics and geometry of weakly interacting
aggregates,2 competitive solvation of ions by different partners3-5

and molecular recognition and selection.6-8

Noncovalent intermolecular interactions typically arise from
the balancing of several components, like the electrostatic (of
either attractive or repulsive nature), the exchange or size (of
repulsive nature) and the induction and dispersion (of attractive
nature). Unfortunately, it is quite difficult to accurately assess
the relative role played by the various components of the
interaction, some of them providing opposite contributions, to
determine the main features of the full potential energy surface
(PES). Therefore, it is often convenient, for investigating the
dynamics at molecular level, to represent the global inter-
molecular reactions in terms of a few leading components.
Moreover, a further challenging task is to provide a proper
formulation of the dependence of such components on the
intermolecular distance and on the geometry of the molecular

aggregate, because most of its configurations are often very
weakly bound and thus quite difficult to characterize. For these
reasons, it is worth spending significant theoretical and experi-
mental efforts to determine in detail the intermolecular inter-
action features, so to build their modeling on sound molecular
science foundations.

Research activity on molecular aggregates involving aromatic
and cyclic molecules has significantly grown in recent times,6-38

because they are considered prototypical systems to investigate
important processes, some of them indicated above.

In this paper we extensively investigate the alkali ion-
benzene systems. A particularly noteworthy aspect of cation-π
interaction is that their strength is several times greater than
other interactions commonly involved in biological systems,
such as hydrogen bonding and dispersion attractions, and this
has recently attracted a great deal of interest due to the important
role they may play in molecular recognition and in the structure
and function of peptides and proteins.

The alkali ion-π interaction is characterized by a strong
electrostatic component.6-9,31,33However, a description of the
interaction solely in terms of a pure electrostatic component
provides only a qualitative picture of the real situation.31,32 In
fact, as already mentioned, a complete and quantitative descrip-* To whom correspondence should be addressed. E-mail: nre@unich.it.
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tion of the noncovalent interaction can only be worked out by
incorporating further ingredients such as the exchange, disper-
sion and induction components.7-10 Unfortunately, in this
respect, the available information concerns only the most stable
configuration (see, for example, refs 9-11). In addition,
experimental data are limited to formation enthalpies6,7 and to
dissociation energies11 and, in the case of Na+-benzene, the
experimental results show some discrepancies.11,39

For all these reasons, we spent a significant amount of work
to more quantitatively characterize the cation-π aromatic
interactions, by considering the complete M+-benzene aggre-
gates series (M) Li, Na, K, Rb, Cs), to find the most appro-
priate formulation of the leading interaction components and
to obtain the PESs in a simple analytical form, useful for
molecular dynamics simulation.

A semiempirical method has recently been introduced40 to
describe atom-molecule systems and it is here extended to
complexes involving closed shell ions and benzene (bz).
Extensive ab initio calculations have also been performed to
test the interaction potential energy at defined relative orienta-
tions of the M+-bz complexes as a function of the inter-
molecular distance. Such a comparison is very useful to test
the accuracy of the proposed semiempirical method and to define
its potentialities and limitations. The paper is structured as
follows: in section 2 we discuss the formulation of the PES, in
section 3 the details of ab initio calculations are described,
whereas results are presented and discussed in section 4.
Concluding remarks are given in section 5.

2. Potential Energy Surface for M+-Benzene Systems

A complete investigation of the static and dynamical proper-
ties of molecular aggregates requires an accurate description of
the whole PES. This makes it important to adopt a functional
representation of the intermolecular potential energy as a
combination of a limited number of terms. These terms should
represent the leading components of the interaction and, at the
same time, they should be considered as “effective” components,
because they include opposite contributions and effects due to
the incomplete separability of the interaction energy. An
important target of this study is thus to provide a functional
representation of the PES that directly applies to the alkali ion
series and that could be easily generalized to systems of
increasing complexity.

Following the basic ideas of our semiempirical method,40,41

the intermolecular interaction is formulated as arising from the
combination of a (size)repulsioncomponent and an (induction
or dispersion)attractioncomponent. The combination of such
components is here defined as “nonelectrostatic” potential (Vnel),
as opposite to the “electrostatic” one (Vel), describing the
interaction between the ion and the quadrupole moment of
benzene. Accordingly, the overall M+-bz interaction,Vtotal, is
formulated as

whereVnel is given (see below) as a sum over twelve ion-
bond terms, six of them describing the interactions between the
ion and the C-C bonds and the remaining ones the interactions
between the ion and the C-H bonds.Vel (see below) is described
by means of a combination of Coulombic interactions between
pairs of charges. The molecule is considered as a rigid body,
but work is in progress to improve the description by including
the dependence of the intermolecular interaction on internal

coordinates. Results for K+-bz have been already published
and exploited in preliminary molecular dynamics simulations.42

In this paper the analysis focuses on the whole M+-bz series.
The validity of the method, together with an analysis of the
different energy components, is tested by comparing its predic-
tions with the outcome of ab initio calculations, as described in
detail in the next section. A comparison with the available
experimental information is also reported.

2.1. Nonelectrostatic Component.The nonelectrostatic
component of the potential,Vnel, is given as a sum of twelve
ion-bond interaction terms of the type40

Such a simple formulation provides a realistic picture of both
an effectiverepulsion (first term) and an effectiveattraction
(second term). It also incorporates indirectly three body effects,40

leads to a proper description of nonequilibrium geometries of
the system41 and can conveniently be used in molecular
dynamics calculations. In eq 2,r is the distance of the ion from
the bond center andR is the angle formed byrb with the
considered bond. To describe induction, which asymptotically
represents the leading term of the attraction, the parameterm is
set equal to 4 for all M+-bond interactions. The parametern,
which defines the effective falloff of the ion-bond repulsion,
is expressed as a function of bothr andR using the equation

where, at the beginning of the present investigation,â has been
taken equal to 10 for all M+-bond interactions.40 However,
some anomalies in the Li+-bz system suggest that for such a
system a smallerâ value could be more appropriate (see section
4). The other important parametersε and rm, representing,
respectively, the well depth and the equilibrium distance of the
ion-bond pair, are assumed to depend onR according to the
relationships

Reported values for parallel (|) and perpendicular (⊥)
components ofε andrm were derived using the charge and the
polarizability of the involved atomic species as well as the
polarizability and effective polarizability tensor components of
aromatic C-C and C-H bonds, assumed to have an ellipsoidal
shape whose center approximately coincides with that of the
bond.40,43 The whole procedure has been described in detail in
ref 43 and applied for the first time to study the K+-bz system.42

This formulation of the potential also accounts for nonadditive
effects via a controlled scaling of the polarizability values with
respect to those shown by the isolated molecule (see, for
example, ref 35). In particular, the employed polarizability
values used for the calculations are 0.029 Å3 for Li+, 0.180 Å3

for Na+, 0.85 Å3 for K+, 1.410 Å3 for Rb+, 2.42 Å3 for Cs+,44

2.25 and 0.48 Å3 for the parallel and perpendicular components
of C-C bond, 0.79 and 0.58 Å3 for the same components of
C-H bond.45 The values for C-H and C-C have been reduced
by 15% and approximately 20%, respectively, to account for

Vtotal) Vnel + Vel (1)

V(r,R) ) ε(R)[ m
n(r,R) - m (rm(R)

r )n(r,R)

-

n(r,R)

n(r,R) - m (rm(R)

r )m] (2)

n(r,R) ) â + 4.0( r
rm(R))2

(3)

ε(R) ) ε⊥ sin2(R) + ε| cos2(R) (4)

rm(R) ) rm⊥ sin2(R) + rm| cos2(R) (5)
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nonadditive effects in the ion-benzene interaction.35,42All the
parameters forVnel are given in Table 1. It must be remarked
that these parameters are internally consistent, because they were
obtained for all the systems by applying the same procedure,
and that they are used to describe the intermolecular potential
both for in-plane and for out-of-plane configurations.

2.2. Electrostatic Component.The electrostatic component
Vel, which in the present case asymptotically corresponds to the
ion-quadrupole interaction, is formulated, as suggested in refs
1 and 46 as a sum of Coulombic pair potentials. These potentials
are associated with the interaction between the M+ ion and both
negative charges (placed on benzene C atoms on both sides of
the aromatic ring) and positive charges (placed on benzene H
atoms). The charges’ sizes and their positions are chosen so as
to reproduce the correct components of the benzene quadrupole
moment.47,48 This procedure leads to a charge of+0.09245 on
each H atom and to two negative charges of-0.04623 (above
and below the symmetry plane) separated by 1.905 Å on each
carbon atom.

It is important to note that the present formulation ofVtotal

involves the use of very few parameters, each one with a specific
physical meaning. Furthermore, the usefulness of the adopted
analytical form forVtotal has been proved by recent molecular
dynamics simulations.42 Such formulation of the potential energy
surface allows its analytical expression as a function of polar
coordinates,R, representing the distance from the ion to the
center of mass of the benzene molecule, and the polar anglesθ
andφ, defining the M+ orientation with respect to benzene (see
Figure 1).41

3. Ab Initio Calculations

High-level ab initio calculations have been performed to test
the accuracy of the semiempirical PESs. Potential energy scans
have been obtained by initially optimizing the geometry of
benzene at the MP2/6-311+G* level of theory by assuming a

D6h symmetry. The center of mass of the optimized structure
was then taken as the center of a polar coordinate system placing
the metal cation at given radiusR and polar anglesθ andφ.
Corrections to the basis set superposition error (BSSE), obtained
following Boys-Bernardi counterpoise correction method,49

have been included in all the calculations, which were carried
out through theGaussian03package.50

For each system preliminary calculations have been carried
out to evaluate the performance of different levels of theory in
terms of accuracy and computational time. An example of such
a comparison is depicted in Figure 2 for the Li+-benzene
complex along theC6V symmetry axis as a function ofR. The
various levels of theory differ for the employed method and
the basis set type, ranging from MP2(Frozen Core)/6-311+G*,
MP2(Full)/6-311+G*, MP4(Full)/6-311+G*, MP2(Full)/6-
311+G(2d,2p), MP2(Full)/6-311+G(3df,2p) to MP2(Full)/aug-
cc-pVTZ, where here aug-cc-pVTZ indicates a mixed basis set,
consisting of the augmented correlation-consistent triple-ú basis
set for the metal and carbon atoms and a 6-311+G* basis set
for the hydrogen atom. As described in the following, the latter
set was found to give the best performance and was employed
for the description of Li+ and Na+ complexes and, with some
modifications due to the unavailability of the aug-cc-pVTZ set
for heavier metals, for the other alkali metal ion complexes.

Because a detailed discussion on the performance of the
investigated methods and basis sets goes beyond the object of
the present work, the interested reader is referred to ref 51. Here,
as mentioned above, we report the results obtained with the
level of theory which in each case gave the best agreement with
the few available experimental data within a reasonable com-
putational time. As emerged from recent ab initio studies on
such systems,11,36,37,54 a reliable description of alkali metal
cation-benzene complexes requires both a high level electron
correlation treatment and the use of large basis sets with the
inclusion of, at least,n - 1 core electrons for the metal atom.
In a recent paper51 we have shown that the size of the basis set
has a major impact on the accuracy of alkali metal ion-benzene
binding energies, allowing for a significant improvement of the
agreement between calculated and experimental bond dissocia-
tion energies11 for heavier metal cations (Rb+ and Cs+).

For this reason all the calculations were performed with the
second-order Møller-Plesset perturbation theory method (MP2)
with large basis sets, emphasizing in particular the description
of metal atoms. For Li+- and Na+-benzene complexes the
aug-cc-pVTZ basis set described above has been used and all

TABLE 1: Cation -Bond Interaction Parameters

atom‚‚‚bond ε⊥/meV ε|/meV rm⊥/Å r m|/Å

Li+‚‚‚C-C 50.83 147.46 2.509 2.826
Li +‚‚‚C-H 102.74 98.01 2.245 2.457
Na+‚‚‚C-C 33.01 102.20 2.848 3.149
Na+‚‚‚C-H 62.15 62.73 2.601 2.808
K+‚‚‚C-C(a) 22.95 75.77 3.266 3.547
K+‚‚‚C-H(a) 39.97 42.70 3.044 3.240
Rb+‚‚‚C-C 20.52 69.77 3.435 3.705
Rb+‚‚‚C-H 34.58 37.58 3.225 3.417
Cs+‚‚‚C-C 18.20 64.11 3.638 3.894
Cs+‚‚‚C-H 29.42 32.57 3.445 3.632

a Same values as in ref 42.

Figure 1. Polar coordinatesR, θ, φ, defining the metal ion orientation
with respect to the center of the benzene ring.

Figure 2. Potential energy curves for Li+-benzene atθ ) 0°, as a
function of R, calculated at different levels of theory and with the
present semiempirical method.
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core electrons (1s for C and Li, 1s, 2s and 2p for Na) have
been included in the computations. Bond dissociation energies
calculated with the present set, after correction for zero point
vibrational energy (ZPE) contribution,51 gaveD0 ) 1.54 eV
(experimental value from ref 11 1.67(0.14) eV) for Li+-benzene
andD0 ) 0.94 eV (experimental value from ref 11 0.96(0.06)
eV and 0.99(0.06) eV from ref 56) for Na+-benzene.

For potassium the aug-cc-pVTZ set was not available, we
have thus used a 6-311+G(3df,2p) basis set for all atoms in
K+-benzene complex. Such a set was found51 to often give
results in good agreement with those obtained with the aug-
cc-pVTZ set. The calculated bond dissociation energyD0 in
this case is 0.76 eV (experimental valueD0 ) 0.76(0.04) eV11).

Concerning the heavier metal cations (Rb+ and Cs+) we have
used the Stuttgart relativistic, small core 1997 ECP basis set55

consisting of a (7s6p)/[5s4p] contraction, to which we have
added two polarization functions, d and f, so as to have a basis
set comparable to those employed for the other heavy atoms.
The exponents of the functions have been energy-optimized51

and their values are 0.39 and 0.55 for Rb, and 0.29 and 0.44
for Cs. As in the calculations on Li+- and Na+-benzene
complexes, we have used a aug-cc-pVTZ and a 6-311+G* basis
set for the description of carbon and hydrogen, respectively.
The bond dissociation energies obtained with this set,51 D0 )
0.70 eV for Rb+-benzene andD0 ) 0.68 eV for Cs+-benzene,
are in very good agreement with the corresponding experimental
data,11 0.71(0.04) and 0.67(0.05) eV, respectively.

To compare the semiempirical values for electrostatic and
nonelectrostatic contributions with ab initio results, an energy
decomposition analysis according to Kitaura-Nakamura53(KM)
scheme has been carried out at the HF/6-311+G* level and
reported for the Na+-benzene complex. This level of theory,
when BSSE corrections are not included, was found to give
results in fairly good agreement with higher level ones. In any
case, due to the qualitative nature of such a scheme, this
comparison is not intended to be quantitative. Further analysis
on the different contributions to the nonelectrostatic component

of the energy,Vnel, have also been performed to investigate more
in detail similarities and differences between the present model
and ab initio results in the description of bonding in these
systems. All energy decomposition calculations have been
carried out using GAMESS-US software.52

4. Results and Discussion

Comparison between results of our semiempirical method and
ab initio calculations are shown in Figures 3-7 for the whole
M+-bz family. The intermolecular potential is reported as a
function of R or of the angleθ under four significant condi-
tions: when the metal cation approaches along the benzene
symmetry axis (panela, θ ) 0°), at a fixedRvalue as a function
of θ at φ ) 0° (panelb) and in the benzene plane toward the
center of the C-C bond (panelc, θ ) 90° andφ ) 0°) or along
the C-H bond direction (paneld, θ ) 90° andφ ) 30°). The
estimated uncertainties of the semiempirical results are(0.08
eV for panel a and lower to(0.04 eV for the other panels;
uncertainties in the ab initio results are about(0.04 eV.

In agreement with previous studies7-11,56 the present inves-
tigation shows that all most stable equilibrium geometries are
found when the M+ ion is placed along theC6V symmetry axis
of the aromatic molecule. Moreover, as can be seen from Table
2, semiempirical and ab initio calculations give a dissociation
energy,De, corresponding to the depth of the interaction poten-
tial well, which decreases with the mass of the M+ ion, whereas
the equilibrium distance,Re, increases. Both semiempirical and
ab initio values, when corrected for ZPE contributions, give
results which are in good agreement, i.e., within respective
uncertainties, with the bond dissociation energy,D0, obtained
by recent molecular beam experiments.11,56

The agreement between our semiempirical model and ab initio
results is extremely good for heavier metal cations (K+, Rb+

and Cs+), for which differences between the two approaches
are minimal for all the considered geometries. Comparison of
the equilibrium distances of the complexes in their more stable

Figure 3. Potential energy curves at selected geometries for Li+-benzene.â values refer to the use of eq 3.
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configuration (Table 2) shows differences around 0.15 Å, with
semiempirical values consistently smaller than the ab initio ones,
with the only exception of Li+-benzene, for which the
semiempirical result is 0.1 Å larger. For the same configurations,
bond dissociation energies are all within 0.1 eV (i.e., within
the combined maximum uncertainties of the two methods),
except for Na+-benzene where a discrepancy of 0.25 eV is
present (Table 2 and Figure 4a). However, for all the other

considered geometries for this system (Figure 4, panels b-d)
the semiempirical and ab initio curves lie very close.

For Li+-benzene an analysis of the four panels of Figure 3
shows that ab initio calculations predict a less repulsive potential
wall than the present model, which can also explain the
correspondingly larger equilibrium distance (see above). Such
an effect could be due to the penetration of the small Li+ ion
into the electron cloud of benzene, which cannot directly be

Figure 4. Potential energy curves at selected geometries for Na+-benzene.

Figure 5. Potential energy curves at selected geometries for K+-benzene.
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considered in our semiempirical approach. It is possible, partially
and only indirectly, to take this effect into account by reducing
the value of theâ parameter from 10 to 7 (Figure 3), as
described in section 2. In any case the general topology of the
PES is well reproduced also for this system.

A more detailed analysis of analogies and differences in the
two approaches, which could also better explain the above-
described anomaly in Li+-bz system, can be carried out by
comparing the single contributions to the total interaction energy.

Indeed another advantage of the proposed semiempirical method
lies in the fact that the electrostatic and nonelectrostatic
components ofVtotal can be extracted in a straightforward way
as a function of polar coordinates.

We have performed such analysis on Na+-benzene, for the
reasons outlined in the previous section, and Figure 8 reports
Vnel andVel values obtained semiempirically and calculated at
HF/6-311+G* level of theory according to KM analysis. For
all the reported configurations the qualitative behaviors of the

Figure 6. Potential energy curves at selected geometries for Rb+-benzene.

Figure 7. Potential energy curves at selected geometries for Cs+-benzene.
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semiempirical and ab initio curves are very similar, especially
at large R distances. The electrostatic component,Vel, in
particular, shows very small discrepancies both qualitatively and
quantitatively at allR values. The only significant difference
(but still rather small) is to be found in the position and depth
of the well for the nonelectrostatic curve atθ ) 0° (panel a).

It can be noticed that when the metal ion lies in the benzene
plane (θ ) 90 °, panels c and d of Figure 8) the electrostatic
curves have only been reported atR > 3.3 andR > 3.8 Å,
respectively, for the two panels, because their representation at
distances smaller than those corresponding to the repulsion wall
between electronic shells has little meaning. In any case, the
ab initio Vel component shows a decrease at small distances
due to the increasing electrostatic attraction between the metal
cation and the electron cloud of the C-C bond (panel c) and
between the metal cation and the electron cloud of the hydrogen
atom (panel d). In the simple point charge electrostatic
representation of the present model the first of these effects
comes into play at smaller distances, whereas the second one
is absent.

The above-described difference inVnel at θ ) 0° (panel a, in
Figure 8) can be assessed by further decomposing the nonelec-
trostatic contribution into its components. As described in
section 2.1, in our semiempirical modelVnel is represented as a
combination of an effective repulsion (whose leading contribu-
tion is ascribed to size effects) with an effective attraction
(mainly determined by the induction). Both components ofVnel

have been reported in Figure 9 for Na+-benzene as a function
of R at θ ) 0°. On the other hand, according to KM analysis,
Vnel can be obtained as a sum of repulsive exchange and high
order coupling terms (reported collectively in the figure for
simplicity), of attractive polarization and charge transfer, here
basically due to the penetration of the M+ ion into the benzene
electron cloud and depending on the ion-molecule orbital
overlap, which exponentially decreases withR. To compare
these interaction contributions, as provided by the two ap-
proaches (see Figure 9), one has to keep in mind that in the
semiempirical method the attraction inVnel is assumed to be
nearly exclusively determined by induction effects, whereas all
the remaining contributions are included in the repulsion
component. We have therefore grouped the KM repulsion
together with the charge transfer contribution, and the resulting
interaction component is reported in Figure 9, so to be compared
with the semiempirical repulsion. As shown in the figure, the
KM induction contribution is larger than the corresponding
semiempirical one, but this is counterbalanced by the larger
repulsion. The presence of a charge transfer contribution, which
is not explicitly included in the semiempirical approach, is
probably responsible for most of the small discrepancies
observed in the results for Na+-benzene at shortR (Figure 4).
Indeed, as shown in Figure 9, charge transfer plays a significant
role atR < 4 Å.

A similar analysis extended to the other metal cations reveals
that charge transfer (i.e., the penetration effect) becomes less
important as their mass increases. As a consequence, such a
contribution can play some role for Li+-benzene and, to a much

TABLE 2: Bold Dissociation Energy and Equilibrium
Distances

system
De/eV

(model)
De/Å

(model)
De/eV

(model)f
De/Å

(ab initio)
D0/eV

(ab initio)
De/eV

(model)
D0/eV
(exp)

Li+-bz 1.648 1.97 1.558 1.63 1.87 1.54 1.67(0.14)a

1.57(0.08)b

Na+-bz 1.249 2.29 1.196 0.990 2.44 0.937 0.99(0.06)c

0.96(0.06)a
1.2(0.06)d

K+-bz 0.926 2.69 0.870 0.820 2.83 0.764 0.76(0.04)a

0.79(0.06)e

Rb+-bz 0.828 2.86 0.801 0.728 3.02 0.701 0.71(0.04)a

Cs+-bz 0.725 3.06 0.703 0.707 3.20 0.685 0.67(0.05)a

a Reference 11.b Reference 57.c Reference 56.d Reference 39.
e Reference 46.f ZPE corrections for semiempirical results have been
taken from the corresponding ab initio values, because they are expected
to be close to (or, at most, a little larger than) the ab initio calculated
ones.

Figure 8. Electrostatic,Vel, and nonelectrostatic,Vnel, components of the potential energy for Na+-benzene.
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lesser extent, for Na+-benzene, whereas it can be safely
neglected for heavier metals. The penetration effect of the small
Li+ ion into the electronic cloud of the benzene molecule,
expected to be maximum forθ ) 0°, can therefore partially
account for the difference in the repulsive wall predicted by
the two methods (panel a, Figure 3). This explains why a simple
decrease of theâ value in eq 3 leads to a better agreement
between the two approaches. Indeed, a reduction ofâ determines
a fall off of the global repulsion inVnel.

Finally, the small or negligible role of chemical contributions
in M+-benzene systems can be justified by considering the
benzene ionization potential, which appears to be significantly
larger respect to that of M alkali metals. On the other hand, in
the alkaline-earth dication-benzene systems, charge transfer is
expected to play a more relevant role, leading to the opening
of reactive channels at conical intersection between different
potential energy surfaces.

5. Concluding Remarks

The present investigation focuses on the formulation of a
semiempirical method, to predict and represent the inter-
molecular interaction in M+-benzene systems, and on a critical
analysis of its results, carried out by performing extensive ab
initio calculations at defined geometries of the systems. Such a
study shows that M+-benzene systems mainly bind through
noncovalent interactions.

The semiempirical method involves only few and effective
interaction terms which are (i) representative of the leading
interaction components, (ii) indirectly including the effect of
other and less important interaction contributions, and (iii)
expressed by simple functions but founded on solid physical
grounds.

The role of the various components is compared with the
results of extensive ab initio calculations, to test the validity of
the adopted interaction decomposition procedure, and to define
all the limitations of the global methodology. This is a basic
information to devise possible extensions of this approach to
more complex systems.

The possibility to represent the potential energy surface in a
simple, natural and analytical form is crucial to carry out

meaningful molecular dynamics simulation to clarify, for
instance, the role of isomerization phenomena and the opening
of dissociation channels when the total energy of the molecular
aggregates is increased.
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