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A comparative study between a relative experimental scale of electrophilicity and a theoretical absolute scale
based on electronic reactivity indexes is presented. The theoretical scale correctly predicts the experimental
electrophilicity within the dihalogen and inter-halogen subseries (XY) includin@k, Br,, BrCl, and CIF

and the HX (X=F, ClI, Br) series. It is shown that the best correlation is obtained for the local electrophilic
index that encompasses the global electrophilicity power weighted by a local factor described by the electrophilic
Fukui function. This result is in agreement with the electrostatic model of Ledaggw. Chem., Int. Ed.

Engl. 1999 38, 2686), as the electrophilic power of molecules is mainly determined by the local properties
of the electrophilic ends of HX and XY species. We also evaluated the electrophilicity,dfiHi, LiF, and

LiCl species for which experimental data are not available. Whereas LiH is predicted to have an electrophilic
potential comparable to that shown by the dihalogen and inter-halogen series but higher than that of the HX
species, LiF and LiCl are predicted to display an electrophilic pattern even higher that those of the XY and
HX molecules. On the other hand,.ldisplays an electrophilic pattern even lower than that of F

Introduction = 9.0 for the X% and XY subseriedandE = 10.0 for HF was
. also arbitrarily assigned for the HX subseries.
It has been recently proposed that the electrophilic power of  G|ohal and local electrophilicity, on the other hand, may be
XY and HX (XY = halogen atom) species may be conveniently conyeniently represented by reactivity indexes. For instance,

accommodated within a relative sca®The electrophilic scale  the global electrophilic power of atoms and molecules have been
of XY species has been established with reference to BrCl dgiven the following definitior?

and the electrophilic scale of HX species has been establishe
with reference to HF using #D as the reference nucleophtle. #2

The experimental model of electrophilicity is based on the & =2—’7 1)
remarkable parallelism found between the angular geometry of

the B--HX and B--XY hydrogen-bonded complexes, where , ~ —(| 4 A)/2 andy ~ (I — A) are the electronic chemical

B is a Lewis base; these complexes are expected to shargytential and the chemical hardness of the ground state of atoms
bonding properties including the force constagt—> This and molecules, respectively, approximated in terms of the
quantity determines the strength of the intermolecular interac- yertical ionization potential and the electron affinityA. The

tion. It has been further proposed ttkgmay be partitioned to  glectrophilicity index simultaneously encompasses both the
define the nucleophilicity of the Lewis base B and the propensity of the electrophile to acquire an additional electronic
eIec’FrophiIicity of the HX and XY species Withinarelgtive scale. charge, driven byu2, and the resistance of the system to
For instance, the 8:HX hydrogen bond has been interpreted ~ exchange electronic charge with the environment, described by
as the electrophilic site of HX (the hydrogen atom) seeking the ;, A good electrophile is therefore characterized by a high value
most nucleophilic site of B, whereas the nucleophilic end of of ;, and a low value ofy. It is also possible to define a semilocal
HX (the halogen atom) will avoid the nucleophilic site ot.B (regional) electrophilic powérassociated with a sitk in a

This framework is within a model similar to the classical rules molecule with the aid of the electrophilic Fukui functitﬁ]m

used to predict geometries in molecules proposed by Nyholm namely$

and Gillespie* The local electrophilicity of H in HX is therefore '

determined by its ability to seek the most electron-rich region o =wf )

in the Lewis base B. The same model seems to apply to the K K
electrophilicity of inter-halogen (XY) and dihalogen X
species2 It is important to mention that the experimental
electrophilicity of BrCl was arbitrarily assigned the valbdgc

Equation 2 predicts that the most electrophilic site in a
molecule is the one displaying the maximum valud;o(i.e.,
the active site of the electrophile). This site also coincides with
the softest region in a molecule.
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TABLE 1: Electronic Chemical Potential (#), Chemical HF molecules. According to their global electronegativities, F
Hlardnesrs]_léi), Global EliCt_rOPh"lC_lty ]gw), :—006“ il ‘ (xy = —u = 6.67 eV) is predicted to be more electrophilic than
Electrophilicity (@), Fukui Function for Electrophilic Attac HF (; = —u = 4.23 eV) at the HartreeFock level. Note that

(f)), and Experimental Relative Electrophilicity (Exy) for a

Sles of Diatomic Molecules at the B3LYP level of theory a similar result is obtained.

Because the electrophilicity index is second degree in electronic

species  u (eV) 75 (eV) o (eV) fi ok (eV)  Exy® chemical potential and first degree in global softness, we expect
F, —-6.67 18.15 1.23  0.5000 0.62 1.9 the electrophilic power defined in eq 1 to be mogtigependent.
—-7.07 1691 1.48  0.5000 0.74 The global electrophilic order predicted on the basis ofdhe
Clz _g-gg 1(1J-38 1-;‘1 8-5888 8-;; 5.1 index for this pair of molecules is;F HF, in contrast with
s 10.71 1.84 S : the experimental result (see Table 1). Note that according to
Br, —5.40 9.86 1.48 0.5000 0.74 7.4 - .
580 946 178 05000 0.89 the hardness values the difference in global softness for these
BrCl -5.62 10.60 1.49  0.5887 0.88 9.0 molecules is about 0.005 (e whereas the difference j#?
—6.04 9.98 1.83  0.5707 1.04 is 2.44 eV at the HartreeFock level. B3LYP calculations
CIF —544 1311 113 08234 093 9.8  predict AS ~ 0.01 (eV)! and a difference in? of 1.74 eV
—6.22 12.80 1.51 0.7243 1.09 ;
(see Table 1). Despite the fact that the molecular electronega-
HBr —3.55 1434 0.44 0.6534 0.29 4.2 ivitv has b defined if .
—441 1461 0.66 06254 041 tivity has been defined as a uniform property (i.e., a property
HCl -3.73 15.75 0.44  0.8127 0.36 50 displaying the same value at each point of the molecular region),
-4.71  16.04 0.69  0.7679 0.53 we may still use Politzer's model of electronegativity for atoms
HF —4.23 1988 045 09989 046  10.0 intheir valence staté%to check whether the electrophilic pattern
—5.33 20.76 0.69 0.9865 0.68 i i
. of molecules may be traced to a regional property associated
Li, —1.62 5.28 0.25 0.5000 0.13 . -
275 515 073 0.5000 0.37 Wllth the mc.)st. electrophlllc ends, as suggested by Legon and
LiH —342 713 082 09834 081 Millen.12 Within Politzer's model, the ability of the system to
—4.17 8.23 1.06  0.9537 1.01 acquire additional electronic charge from the environment is
LiF —g-gg 1?-% i-ég g-gggg i-ég driven by its charge capacity, a quantity proportional to the first
o : : : : derivative of the electronegativity with respect to the net charge
LiCl —4.52 8.47 1.21 0.9982 1.21 g Y P g

of the atom in the molecule. Within this approach, the F atom
in F> would be expected to have a higher charge capacity than

“For each species, the first entry corresponds to HF/6-31G(d,p) would the F atom in HF; therefore, would again be incorrectly
calculations and the second entry corresponds to B3LYP/6-31G(d,p) predicted as being more electrophilic than HF

calculations? Values ofExy are from refs 3. -
These results suggest that the electrophilic power of molecules

ab initio calculations were performed on a series of dihalogen, May be mostly related to a genuine local (regional) property
inter-halogen, and HX species for which experimental electro- "ather than to a global property of the molecules, in agreement
philicity Exy values are available:? We also include the global  With the proposal of Legon and Millehthe electrophilicity of
and local electrophilic propensities ofJl.iLiH, LiF, and LiCl HX is mainly determined by the most electrophilic site of HX
to test the predictive power of the theoretical scale. The results (i- € the H atom). A genuine local index to describe the regional
are summarized in Table 1. electrophilicity of molecules is the Fukui functiofj for a

The global electrophilicity index» was evaluated at the nucleophilic attack at site k¢ The values of, are also listed
ground state of molecules using Hartréeock HF/6-31G(d,p) in Ta_bl_e 1. Note that with the exception of dlhalog_gns _thls _Iocal
and B3LYP/6-31G(d,p) levels of theory, as implemented in the reactivity index correctly assesses the electrophilic sites in the
Gaussian 98 packadeThe electronic chemical potential and Whole series: the Br atom in BrCl, the Cl atom in CIF, and the
chemical hardness were evaluated with the adiabatic approact atom in the HX species. For the short series LiH, LiF, and
by using| andA Va|ues Obtained from the energy difference L|C|, the eleCtrOphiliC Site iS Corl’eCtly predicted at the Li atom.
between the System witkl electrons and the Systems with— A Compal’ison between the theoretical electl’ophilic pattern
1 andN + 1 electrons, respectively, at a constant external described by thef{ index with the experimental scale is,
potential. Electrophilic Fukui functiongj’ needed to project however, limited because as a result of symmetry considerations
the regional electrophilic potential condensed at the atomic thef,” index cannot discriminate the experimental electrophilic
centers of the moleculesy, were obtained from single-point ~ patterns for the Xspecies (they are all predicted to display the
calculations on the optimized structures by a method describedsame electrophilicity).
elsewherg?®12 To raise the ambiguity in the prediction of the electrophilic

A first glance, Table 1 reveals the absence of significant pattern in the X species described by the Fukui functions, we
correlation between the experimental scale of electrophilicity also evaluated the local (regional) electrophilicity defined in
Exy and the theoretical scale defined on the basis of the global eq 2. According to this model, the global counterparhelps
w index. This is true for the whole series and also within the to discriminate the electrophilic power within this series. The
HX and XY subseries at both the Hartreleock and density results are listed in Table 1. According to the local electrophi-
functional levels of theory. To discuss the electrophilicity licity index evaluated at the HF/6-31G(d,p) level of theory, the
concept within a general framework, we may start by assuming expected order of electrophilicity is,Kwx = 0.62 eV) < Cl,
a very crude model that is based on the global electronegativity (wx = 0.71 eV) < Bra (wx = 0.74 eV) < BrCl (wx = 0.88 eV)
of molecules: the higher the electronegativity, the higher the < CIF (wx = 0.93 eV), in complete agreement with the relative
electrophilicity of the molecule. This is, of course, a very candid experimentaExy scale? Note that B3LYP/6-31G(d,p) calcula-
definition of electrophilicity, as this property should be expected tions predict, in general, the same trends, the only exception
to depend also on the chemical softness, which is correctly takenbeing the Gl and Bg pairs that appear to be inverted with
into account in Parr’'s model that is condensed in eq 1. Chemical respect to the experimental scale. Within the subseries of HX
softness 9) is defined as the reciprocal of molecular hardness species, the same result is obtaifggst the model based on
(S= 1/y).7 To illustrate this argument, let us compargdnd the local electrophilicity cannot accommodate the XY and HX

—5.22 9.56 1.43 0.9945 1.42
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that of the HX species, whereas LiF and LiCl are predicted t0 . A} Cheeseman, J. R.; Zakrzewski, V. G.. Montgomery, J. A., Jr.;
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