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We have evaluated the extent to which classical polarizable force fields, based either on the chemical potential
equalization principle or on distributed polarizabilities in the framework of the Sum of Interactions Between
Fragments Ab initio computed (SIBFA), can reproduce the ab initio polarization energy and the dipole moment
of three distinct water oligomers: bifurcated chains, transverse hydrogen-bonded chains, and longitudinal
hydrogen-bonded chains of helical shape. To analyze the many-body polarization effect, chains of different
size, i.e., from 2 to 12 water monomers, have been considered. Although the dipole moment is a well-defined
quantity in both classical polarizable models and quantum mechanical methods, polarization energy can be
defined unequivocally only in the former type of approaches. In this study we have used the-Kitanokuma

(KM) procedure. Although the KM approach is on the one hand known to overestimate the polarization
energy for strongly interacting molecules, on the other hand it can account for the many-body polarization
effectively, whereas some other procedures do not. Our data show that, if off-centered lone pair polarizabilities
are explicitly represented, classical polarizable force fields can afford a close agreement with the ab initio
results, both in terms of polarization energy and in terms of dipole moment.

1. Introduction tion depends on the system configuration and is described by a
set of basis functions of spherical and dipolar symmetry
tgenerally centered on the atoms. This method allows for either
a local molecular polarization (dipole-like basis functions) or
for a global polarization originated from the intramolecular
charge transfer (spherical basis functions). The above-mentioned
polarizable force fields have in common the fact that (i) they

clearer as the algorithr#&?%-25 and computer power allow the are based on classical electrostatics and (i) the electric response,

determination of increasingly accurate free energy surfaces. Forl(ﬂeteerggrr?;'g?:éﬁg fciileﬁ)gle moment, is linear with respect to
instance, the binding affinities between an active and inactive ) T ’ ) ) )
ligand for a specific biological target can differ by less than 1 Merits and limitations have been extensively discussed in
kcal mol? (see ref 26), whereas the polarization energy at a "ecent paper&=’ Indeed, the ability of classical polarizable
binding distance may often exceed some kilocalories per mole. Models to reproduce the polarization response of condensed-
Several polarizable force fields have been developed. Most of Phase systems starting from gas-phase or small clusters has been
them are based on the linear response and may be classified ifluéstioned. Thus, Kaminski et #@l.have argued that the
three groups: (i) improved Applequist-like schemes (using ‘Molecular polarizability” in condensed phases is lowered with

In view of reliable computer simulations of large molecular
assemblies, derivation of molecular mechanics potentials tha
explicitly encompass induction effects is the object of long-
standing effortd 16 Such effects are not included, or only so
in a mean field spirit, in conventional force fieltfs° The need
for explicit inclusion of polarization phenomena is becoming

isotropic atomic polarizabilities) that use a Thole correctighe? ~ respect to that of the gas-phase due to exchange-polarization
(i) approaches using distributed polarizabilities such as those coupling. This would limit the transferability of gas-phase
published by Le Sueur and Stoffeor Garmer and Stevers, derived classical polarizable models to condensed phases. In

and (jiiy models based on the chemical potential equalization this respect, by designing a specific example consisting of a
(CPE) principle®®3! The second type of procedure is used in bifurcated chain of water molecules of increasing length, Giese
the SIBFA (Sum of Interactions Between Fragments Ab initio and Yorke discussed the effect of such a coupling by comparing
computed),5 EFP (effective fragment potentif), or the ab initio calculations to results obtained by the AMOEBA
density-fitting-based GEM (Gaussian electrostatic mipifarce polarizable modéf that uses a Thole/Applequist-like approach.

fields. In the CPE-based methods, the molecular charge distribu-They concluded that, owing to the absence of the polarization
exchange-coupling, classical polarizable models could be over-

* Corresponding authors. E-mail: (N.G.) nohad.gresh@univ-pariss.fr; Polarized. By contrast, subsequent t&tn hydrogen-bond

(J--TF’-P;) jpp@Ict jussieu.fr. _ _ forming chains of water molecules have suggested that classical
. 8mgEztggi'egirriﬁzte'\"a”e Curie (Paris VI). polarizable models with polarization centers on the atoms could
. ' ; ; ; 0
s European Laboratory for Non-linear Spectroscopy (LENS). be underpolarized. This was interpreted® to be due to lack
DINSERM. of intermolecular charge transfer via hydrogen bonding. Indeed,
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in quantum chemistry, the total induction energy embodies TABLE 12
several terms: linear response polarization, nonclassical charge- ab initio CPE1 CPE2 SIBFA
transfer, and exchange-induction energies, each with different

physical origin®=4> Obviously, a simple polarizable force field /&(D()A3) 1'81 1'82 (1.02) 11'%71 (1.01) 1i9f1
approach using only an electric field/distributed polarizability a;;(,&s) 128 128(1.02)  1.28(L.01) 134
approach can only deal with the linear response part of the oy, (A3) 1.13 1.11 (1.02) 1.13(1.01) 1.20
induction, namely, polarization. o
In the present work we compare the CP&hd SIBFA-S Coi,‘;ﬁ?,'gtes X (A) Y(A) Z(A)

polarizable models to ab initio methods, concerning two specific 5 0 0 0.1172
quantities calculated for water oligomers: the polarization H 0 0.757 —0.4687
energy,Epq, and the dipole moment. The ab initio values of H 0 —0.757 —0.4687

Epo were O.b.tained using th(.:" Kitauraorokuma (KM) energy 2 Dipole moment and polarizability tensor of the isolated water
decomposn'lon.schen.fé,whlch fully accounts for the maljy- molecule (whose geometry is reported on the bottom) obtained from
body polarization. Since the SIBFA and CPE force fields he cPE1, CPE2, and SIBFA polarizable models and from an ab initio
parameters are calibrated using different strategies, our goal iSmethod. For the CPE1 and CPE2 models, we report in parenthesis the
to show that polarizable models that take into account the contribution of the dipolar charge distributions to the polarizability.
inhomogeneity of polarization response on the isolated water
molecule could correctly reproduce both,, and dipole
moment. To do so, we compare the SIBFA- and CPE-based
models bearing dipolar polarizabilities on the water lone pairs
to a CPE parametrization where the out-of-plane polarizability
is modeled by a dipolar basis function located on the oxygen
nucleus.

2.2. Polarizable Force Fields.We have considered three
different polarizable force fields denoted as CPE1, CPE2, and
SIBFA.

2.2.1. CPE ModelsBoth CPE1 and CPE2 models are based
on the CPE principl&€®3! In the CPE1 model the charge
distribution of the water molecule is treated by means of a
) ) ) ) Gaussian basis function on each atom plus a dipole-like basis

The outline of the article follows. In Section 2 we provide f,nction on the oxygen. In the CPE2 model, the charge
some details on the ab initio energy decomposition and on the gisiripution is instead represented by a Gaussian basis function
polarizable models. In the same section we also describe thegy each atom plus two dipole-like basis functions on the sites
studied model systems (water oligomers). The results are s the oxygen lone pairs. Details of the underlying theory
presented in Section 3. The conclusions are given in Section 4-regarding these models are given in ref 9. In the CPE2 model,
the dipolar charge distributions are placed 0.65 A away from

2. Computational Details the oxygen nucleus, forming a dipetexygen-dipole angle
. . ) of 109.47. This angle corresponds to that obtained from density
2.1. Ab initio Polarization Energy Calculations. All ab functional theory calculations of an isolated water moletule

initio calculations have been performed at the HF/CEP 4-31G- using Wannier function decompositiéh°The oxygenr-dipole

(2d) level of theor§® using the GAMESS prograff.The most  gistance is consistent with a recent seven-site nibttelwater
widely used decomposition methods of the ab initio energy of \yhere the charges corresponding to the lone pairs have been
a many-molecules system are the restricted variational spacep|aced at a distance of 0.74 A away from the oxygen. Moreover,
(RVS) approactf and the KM intermolecular interaction energy  this choice is consistent with findings on the spatial extension
schemé! At variance with the KM approach, the RVS analysis  of the induction electron density of water in presence of small
uses antisymmetrized wave functions and embodies exchangehomogeneous electric fiekkS® and of strong nonuniform
polarization effects. For instance, in the case of a dimer, the glectric field4 as well. The empirical parameters of the CPE1
polarization energy of a constituent monomer is computed by and CPE2 models at¢he atomic electronegativity, and the
relaxing its molecular orbitals through a constrained variational atomic hardness;, for the spherical (Gaussian) charge density
energy minimization. The constraint of minimization is the distributions, the hardness, for the dipole-like charge density
orthonormality condition between the molecular orbitals of the distributions, and the sum of the isotropic polarizabilities of the
target monomer and the frozen molecular orbitals of the partner atoms, ao. Both CPE models have been parametrizéal
monomer. In the KM analysis, the polarization energies of both reproduce the ab initio dipole moment and the polarizability
monomers are instead computed at the same time, the procedurgensor of the isolated water molecule. The reference quantum
allowing the mixing of the occupied molecular orbitals of a mechanical calculations have been performed at the HF/CEP
molecule with its virtual orbitals, the virtual orbitals of the 4-31G(2d) level. For the CPE1 model we obtained the following
partner molecule being excluded from the variational space. Thisfitting parameters;y = 27.5 eV el andy = 0.0 eV e for O
computational strategy brings to an overestimate of the polariza-and H, respectivelyy = 53.3 eV €2 andy = 21.4 eV e2for

tion energy, the exchange-polarization component being missing.O and H, respectivelyé = 14.2 eV D2 for the dipole-like

On the opposite, the RVS approach underestimates the polarizacharge density distribution of the oxygen atom; finatly, =

tion response, the full wave function being incompletely relaxed 0.323 2. For the CPE2 model we obtained the following fitting
as only frozen molecular orbitals are used in the variational parametersy = 28.3 eV elandy =0.0eV e!for O and H,
optimization (the cross-contributions of induced multipole respectively;y = 30.1 eV €2 andn = 71.3 eV €2 for the
moments are not taken into account). For this reason, the RVSspherical charge density distributions of the O and H, respec-
polarization can be seen as a lower bound to the polarizationtively; £ = 28.5 eV D2 for each of the two dipole-like charge
energy. Because of the great cooperative many-body effectsdensity distributions assigned to the lone pairs; finatly,=
expected in our rich hydrogen-bond systems, we shall consider1000 A3, The very large value af, for the CPE2 parametriza-
the polarization energy obtained from the KM analysis. How- tion means that the energy term depending on the square of the
ever, for completeness, a comparison between the polarizationinduced dipole moment (see eq 27 of ref 9) has been neglected.
energies calculated using the SIBFA parametrization and the As can be seen in Table 1, the fitted electronic properties of
RVS method is reported in the Supporting Information. the isolated molecule are well reproduced by both CPE models.
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Figure 1. Graphic representation of the three types of water oligomers: bifurcated chain (BC), transverse hydrogen-bonded chain (t-HBC), and

longitudinal hydrogen-bonded chain (I-HBC). In each type of chain, all interoxygen distances between neighboring (hydrogen-bonded) molecules
are equal. To make clear the connection topology between the molecules in the I-HBC, we have drawn the line connecting the hydrogen and the
oxygen of all hydrogen bonds.

We note that the largest contribution to the polarizability is given within a molecule are not interacting with each otheyg)is
by the dipole-like charge distributions. This feature is necessarily derived by successive iterations in the electric fields of all the
obtained for correctly fitting the polarizability tensor component, moments (permanent and induced) applied at stenvergence
Oxx perpendicular to the molecular plane, which happens to be being generally obtained in five to nine iteratics® A
of the same order as the planar components. For the CPE1 and5aussian screening of the polarizing electric field is 6%&d
CPE2 modelsEy is calculated by subtracting the energy of order to reproduce the results of RVS and thus embodies part
the water cluster determined without intermolecular electric of the short-range effects including exchange-polarization
induction from the energy of the water cluster evaluated in energy. The polarization energy obtained in this way can be
presence of electric induction. compared to its fully relaxed ab initio counterpart derived from
2.2.2. SIBFA Modelin the SIBFA model® the charge the KM analysis. The SIBFA polarization energy, if calculated
distribution is represented by permanent multipole moments (up without iterations, can be directly compared to the RVS
to quadrupole) distributed on the atoms and on the bond procedure, since the polarizing electric field exerted on a
barycenters following Vigh#/laeder and Claverie’s approath. polarizability site is only from the permanent multipole moments
In addition to the permanent charge distribution there is a set of the system (values of the first iteration are given in the
of anisotropic polarizability sites that give rise to the configu- Supporting Information).

ration-dependent polarization. These polarizabilities are distrib-  The parametrization oEyo in SIBFA bears essentially on
uted on the centroids of the Boys localized orbitals (lone pairs the parameters of the screening function of the polarizing electric
and barycenter of the covalent bonds) using the procedure byfie|d generated by the permanent multipole moments, namely,
Garmer and Stever8. The electric field applied on each its multiplicative factor and the exponent of the Gaussian. This
polarizability site of the molecule is determined by both the \yas done for water so thdf,q reproduces the polarization
permanent multipole moments and the induced dipole momentsenergy computed by RVS analysis at the HF/CEP 4-31G(2d)
of all the other molecules in an iterative fashion (see refs 55  |eye| of theory for the monoligated complex of Zn(ll) with one
58 for details). In addition to the electric field, such self- \yater moleculé? The multipoles (up to quadrupoles) are
consistent procedure provides also the induced dipole momentsyonparametrit¢ and directly derived from the ab initio HF wave
on the polarizability sitesEpo is the polarization energy  fynction of water computed with this basis set. The ab initio
contribution, calculated with distributed, anisotropic polariz- nolarizability tensor and the dipole moment of the isolated water

abilities on the individual molecules. Once the electric field and gjecule obtained with the SIBFA parametrization are given
the induced dipole moment on the polarizability sites (denoted iy Taple 1.

asi) are determinedz, is obtained as follows: In the SIBFA model,Ey is coupled with a short-range

1N charge-transfer contributioi in order to embody all the
—_ - E(i 1 features of the “induction” term from ab initio energy decom-
pol Hi 0(') ( ) e . .
2£& position. E is the counterpart of the charge-transfer energy in
the RVS procedure.

E

where 2.3. Investigated Water Oligomers.The calculations have
been performed for three types of water oligomers: (i) bifurcated
#i = oi[Eq(i) + E, ()] ) chains (BCs), (i) transverse hydrogen-bonded chains (t-HBCs),
where the molecular dipole moments are perpendicular to the
whereEo(i) andE,(i) are the electric fields on the sitelue to main axis of the chain, and (iii) longitudinal hydrogen-bonded

the permanent multipole moments and to the induced dipole chains (I-HBCs) with helical configuration, where the molecular
moments, respectivelw,; is the polarizability tensor of the site  dipole moments are parallel to the main axis of the chain. A
i, ui is the induced dipole moment at the sifand the sum is picture of these water chains is reported in Figure 1. The BCs
extended to all th&l polarizability sites of the system (as pointed and t-HBCs were previously investigatéd® to evaluate the

out by Garmer and SteveA$the induced dipole moments polarization response. The I-HBCs have been selected in order
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Figure 2. Dipole moments per water monomer obtained for the BCs, t-HBCs, and I-HBCs as a function of the number of water molecules in the
chain. The calculations were carried out for various interoxygen distah(see inside each panel) using the CPE1, CPE2, and SIBFA polarizable
models and quantum mechanical methods (HF/CEP 4-31G(2d) level of theory).

to enhance cooperativity effects. For the three chain arrange-interoxygen distance of 2.48 A, the CPE models behave less
ments we have considered six oligomers differing by the number satisfactorily, consistently overestimating the ab initio dipole

n of water molecules) = 2, 4, 6, 8, 10, and 12. Three distances moment by about 5%. The SIBFA model is instead able to
between the oxygen atoms of neighboring water molecules in follow the ab initio dipole moment with good accuracy. Such
the chains have been considered, namely, 2.48, 2.97, and 3.%n overestimate at short distances is to be expected since in the
A. Short oxyger-oxygen distances, like 2.48 A, are rarely found ab initio calculation the actual electron densities of two

in aqueous phases at normal conditihs\Nonetheless in neighboring molecules strongly overlap, giving rise to exchange-
simulations of condensed phases, polarizable force fields mustpolarization effects directly linked to the Pauli exclusion
be devised to prevent unrealistic short-range increas&ppf principle and to short-range penetration effects. Such effects,

(the so-called polarization catastrophe). well-known in quantum chemistry, have been extensively
_ _ discussed in recent papefsi®38However, in the BC config-
3. Results and Discussion uration (see Figure 2), the overestimate of the dipole moment

3.1. Dipole Moments.The dipole moments per monomer of ~Obtained with the SIBFA model is remarkably small. This
the three water chaifSobtained with the CPE1, CPE2, and Suggests that such subtle effect can be actually accounted for
SIBFA polarizable models are reported in Figure 2 along with by classical polarizable force fields, embodying them in the
those calculated ab initio at the HF/CEP 4-31G(2d) level of Screening function used for the multipolar electric field correc-
theory. The general performance of the models in reproducing ton-
the ab initio data follows the order CPEL CPE2 < SIBFA. For the t-HBCs, the dipole moments computed with the
In particular, we note that all models reproduce quite well the SIBFA model are closer to the ab initio data than the CPE1
dipole moments of the BCs at interoxygen distances of 2.97 and CPE2 ones, except for the water chains at interoxygen
and 3.5 A. In such cases the maximum error, occurring for the distance of 2.48 A. In these configurations CPE1 underestimates
CPE1 model at the interoxygen distance of 3.5 A, is about 1%. the dipole moment. Recently, some of us interpreted such
Clearly, the error increases (up to 11%) if we assume the inducedbehavior as a nonclassical effect stemming from intermolecular
dipole moment as reference. For the BC configurations at charge-transfei an effect that would not be accounted for by
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Figure 3. Polarization energies obtained for the BCs, t-HBC, and I-HBCs as a function of the number of water molecules in the chain. The
calculations were carried out for various interoxygen distaddsge inside each panel) using the CPE1, CPE2, and SIBFA polarizable models and
guantum mechanical methods (HF/CEP 4-31G(2d) level of theory). The ab initio polarization energy has been estimated by the KM decomposition.

CPEL1-like models. Thus, the difference between the ab initio between the SIBFA and the CPE approaches. The reproduction
and the CPE dipole moment was takeras an indirect by SIBFA may be ascribed to the more accurate representation
“measurement” of intermolecular charge-transfer contribution of the molecular polarization response that also includes bond
to the total dipole moment. The present results indicate that polarizabilities.

such an underestimate can actually be removed by resorting to Concerning the I-HBC configurations at the interoxygen
aclassicalpolarizable model having a more realistic representa- distance of 2.97 A, which corresponds to the most energetically
tion of the molecular polarization response that in the case of stable -HBC complex, the SIBFA and CEP2 models over- and
the water molecule consists of introducing off-atom polarizable underestimate, respectively, the ab initio dipole moment by
centers in correspondence of the lone pair locations. On theapproximately 0.05 D. The CPE1 model gives an underestimate
other hand, the importance of the lone pairs in the electron of about 0.15 D. For the shortest interoxygen distance (2.48 A)
density reorganization of a water molecule under the application and forn = 12, the models give errors of 0.2 D (CPE1) or
of strong electric fields was pointed out in a recent ppém. larger (SIBFA and CPEZ2). For the largest interoxygen distance
particular, it has been shown that the difference between the (3.5 A), CPE1 and CPE2 models give deviations of abeliD5
electron density of water after and before electric field applica- D, whereas the corresponding SIBFA deviations are very small
tion extends upd 1 A far from the oxygen nucleus. (less than 0.01 D).

The effect of an adequate representation of the anisotropy of 3.2. Polarization Energies.In Figure 3, we compare the
the water polarizability is partially observed with the CPE2 polarization energy obtained from the polarizable models to their
model, which bears polarizable lone pairs, and is fully exploited quantum mechanical counterpart obtained with the KM proce-
in the case of the SIBFA model, which also includes polariz- dure. The polarization energy of the BCs is satisfactorily
ability centers on the covalent bonds and resorts to nonisotropicreproduced by all models, indicating that for such a chain
polarizability tensors. We remark that in the SIBFA model, topology the molecutlemolecule interaction can be basically
although the energy correlated to intermolecular charge transferdescribed even by a polarizable dipolar charge distribution
is directly available 8 the electric charge reorganization is due localized on the oxygen atom (e.g., the CPE1 model). A different
to polarization. In this respect, no significant differences exist behavior of the polarizable models is observed for the t-HBCs,
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TABLE 22 electric field sources, we can compare the corresponding
E. (ab initio) E« (SIBFA) polariz_ation energy to 'that'obtain_ed from the ab initio RVS

BC Y 36 analy5|s.. Such comparison is provided for the SIBFA model in
tHBC 77 75 Supporting Information. The good performance of SIBFA for

|-HBC 98 —95 this case is expected, since the model was originally param-
etrized to specifically reproduce the RVS polarization energy
of water in its monoligated complex with a Zn(ll) cation used
as a probé&?®

@ Charge-transfer contribution to the induction energy calculated
using the SIBFA model and the ab initio RVS analysis. The data refer
to the longest chains (12 water monomers) at interoxygen distance of
2.97 A. The energies are in kcal mal

4. Conclusions
where water molecules act as double hydrogen donor and double

hydrogen acceptor as well (except for the terminus water : . . -
molecules; see Figure 1). In this case the most significant featureP0larizable force fields (CPE and SIBFA models) in reproducing

is the strong underestimation B, from the three-site CPE1  Polarization properties of water oligomers. In order to amplify
model at all interoxygen distances. The better performance of the nonadditive induction effects, we have used water oligomers
the CPE2 and SIBFA models with respect to the CPE1 one is With strong intermolecular interactions as model systems.
to be ascribed to the more realistic description of the polarization SPecifically, two properties closely related to the electronic
charge distribution in the former two models, concerning in Pelarization, i.e., dipole moment and polarization energy, have
particular the inclusion of polarizable lone pairs. In fact, if the P&en calculated and compared to their ab initio counterparts.

CPE2 model is modified by setting the distance of the centroids 10 recover the reference ab initio polarization energy, we have
of the lone pair dipole moments at 0.3 A from the oxygen resorted to the KM energy decomposition. Our analysis has

nucleus (instead of 0.65 A), the polarization energy decreasesfocused on to the understanding of the role played by the
by about 70% (data not shown). anisotropic polarizability of the water molecule stemming from

The importance of the lone pairs in water, and hence the need',[he oxygen lone pairs in 'shap.ing the electric behavior of water
of reproducing their polarization behavior, can be qualitatively N condensed phases. With this regard, we have shown that only
understood by considering the polarization energy responsePolarizable models, that embody explicit polarizable lone pair
obtained from the CPE1 and CPE2 models, when two equal sites, are able to satisfactorily reproduce the ab initio reference
point charges approach the oxygen atom of water along the linedata. The implications of these results go well beyond the
perpendicular to the molecular plane, both charges at the sameSPecific case of water, due to the ubiquitous presence of lone
distance from the oxygen. For symmetry reasons, the CPE1Pairs m_complex systems. In addition, the better reproduction
model gives negligible polarization energy due to the small Of the dipole moment values by the SIBFA model suggests that
dipole moment induced along the direction of the permanent the dipole moment of water in the condensed phase could be
dipole moment of water (such induction is due to the intramo- More sensitive to short-range interactions (|.e.,_penetrat|on and
lecular charge reorganization of the spherical atomic charges).&xchange-polarization) than polarization energies and be more
Polarization energy largely different from zero would be instead difficult to reproduce by a classical polarizable force field limited
obtained from the CPE2 model due to the occurrence of a t0 Simple dipolar polarizabilities. An extension of the iterative
quadrupole moment induced on the lone pair charge distribu- Models to higher order polarizabilities could be uséhFully
tions. This charge redistribution mechanism is essentially the 'élaxed ab initio polarization calculation computed using
one responsible for the small polarization energy observed for antisymmetrized wavefunctioffawill be needed to continue to
the CPE1 model in the t-HBCs (Figure 3). This example shows explqre such difficult issues, especially in the case of charged
that a proper representation of the anisotropy of the water SPECIES.
molecule in terms of polarization sites distribution can be an ) )
essential asset for the development of polarizable force fields. Acknowledgment. This work was supported by the Italian
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interoxygen distances. However, at an interoxygen distance of SPace (RVS) approaches; these energies are compared to those
2.48 A, even if a strong nonclassical electrostatic penetration obtained from SIBFA. This material is available free of charge

energy contribution occurs in the polarization energy due to Vi@ the Internet at http://pubs.acs.org.
the overlap of charge densities, it is important to point out that

the total interaction energies are highly repulsive. Therefore,
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temperature. In the case of the SIBFA model, it is also worth Skiff, W. M. J. Am. Chem. Sod992 114, 10024-10035.

noticing that an excellent agreement is found for the charge-  (2) York, D. M.; Yang, W.J. Chem. Phys1996 104, 159-172.
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In this work we have studied the capability of two classical
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