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Summary. Electronegativities, inductive parameters, and mesomeric dipole moments have been

computed for different substituents X in CH3X, XCH2COOH, n-C5H11X, C6H5X, 4-X-C6H4NH2,

4-X-C6H4NO2, 2,6-di-X-C5H3N, and 2,6-di-X-C5H3N�CH3. The applicability of several semi-

empirical quantum chemical method to such calculations is demonstrated, and the dependence of the

heuristic quantities on the nature of the substituents X is reported.

Keywords. Electronegativity; Inductive parameter; Mesomeric dipole moment; Semiempirical

quantum chemical estimation.

GruppenelektronegativitaÈten, induktive und mesomere Parameter aus semiempirischen

quantenchemischen Berechnungen

Zusammenfassung. ElektronegativitaÈten, induktive Parameter und mesomere und mesomere

Dipolmomente wurden fuÈr verschiedene Substituenten X in CH3X, XCH2COOH, n-C5H11X,

C6H5X, 4-X-C6H4NH2, 4-X-C6H4NO2, 2,6-di-X-C5H3N und 2,6-di-X-C5H3N�CH3 berechnet. Die

Anwendbarkeit einiger semiempirischer quantenchemischer Methoden auf solche Problemstellungen

wird gezeigt, und die AbhaÈngigkeit der berechneten GroÈûen von den Eigenschaften der

Substituenten X wird diskutiert.

Introduction

The electronegativities (EN) of atomic groups as well as their inductive and
mesomeric effects expressed in terms of parameters following the linear free
energy relationships principle [1±6] are extremely important for the description of
the physicochemical properties of substances and molecules (spectra, ionization
potentials, dipole moments, polarographic, and other characteristics), the investi-
gation of reactivity, catalysis, extraction, solvation, and protolytic equilibria, and
for establishing chemical, electrochemical, spectroscopic, and other properties.
The substituents absolute EN offers a unique opportunity for a uniform approach to
the two fundamental chemical problems, namely reaction barriers and molecular

� Corresponding author



design [7, 8]. In the context of EN analysis, regioselectivity and ambivalency (i.e.
nucleophilic-electrophilic dichotomy [7±12]) can be explained as well as chemical
bonding, attracting forces, and the properties of molecules and crystals [13]. Owing
to the EN concept, chemistry ®ts readily into the general theory of systems [13].

The aim of the present work is to elucidate the possibility of semiempirical
quantum chemical estimation of electronegativities, inductive, and mesomeric
characteristics of the atomic groups X in CH3X, XCH2COOH, n-C5H11X, C6H5X,
4-X-C6H4NH2, 4-X-C6H4NO2, pyridines 2,6-di-X-C5H3N, and N-methylpyridi-
nium cations 2,6-di-X-C5H3N�CH3.

Methods

The calculations of the electronic structure of the compounds using the SCF MO LCAO CNDO/2

[14], INDO [15], and MINDO [16] methods were carried out using the programs of the VIKING [17]

and GEOMO [18] packages for ®xed spatial parameters selected on the basis of data from structural

investigations [19, 20]. The MNDO [21] and AM1 [22] calculations were performed using the

MOPAC software package [23, 24] with complete geometry optimization (Broyden-Fletcher-

Goldfarb-Shanno function minimizer [25, 26]) involving Thiel's fast minimization algorithm [26].

The preliminary optimization was realized by the MMX method [27] with the software of the

PCMODEL package [27]. The maximal gradient condition was set to 0.02 kcal/mol/AÊ .

The regression analysis was performed with a con®dence coef®cient of 0.95.

Results and Discussion

As an objective criterion for the overall electron acceptor ability and EN of the
substituents X in CH3X, XCH2COOH, n-C5H11X, C6H5X, 4-X-C6H4NH2, 4-X-
C6H4NO2, C5H3NX2, and C5H3N�CH3X2 we refer to the sum of charges on atoms
in the fragments CH3, CH2COOH, C5H11, C6H5, C6H4NH2, C6H4NO2, C5H3N,
and C5H3N�CH3. For the saturated systems CH3X, XCH2COOH, and n-C5H11X,
the value outlined is a characteristic of the EN effect of X. Upon examination of
molecules of the HX type, Marriott, Reynolds et al. have used the analogous index
within the framework of the 6±31 G�//4±31 G [28] and 6±31 G�//6±31 G� [28, 29]
approaches. Comparative analysis of the electron acceptor properties of different
groups using such an integral index is suf®ciently correct, since the substituents
action range changes negligibly and irregularly within a series of compounds [30].

The EN effect of atomic groups is known to proceed over not more than 3
chemical bonds [5, 30]. The mesomeric effect decays more slowly: it is transferred
through 3 alternating double bonds, even if vacant orbitals or negatively charged
atoms do not take part in conjugation [4]. Obviously, for this reason the authors of
Ref. [31] state that the charge on the para-carbon atom of the ring (qpara) may serve
as a measure of p�-conjugation in aromatic molecules. In principle, this value may
also re¯ect ��-conjugation, i.e. describe the mesomeric properties of both n- and
�-donor groups.

We have found 90 linear correlations of the EN values (obtained by different
methods and scored on different scales) and the inductive parameter � of atomic
groups calculated by Eq. (1) [32] where Z� is the effective charge of the valent
shell and n� is the effective principal quantum number, with the sum of charges on
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atoms of the corresponding molecular fragments as well as of mesomeric dipole
moment (mm) of substituents X (presenting a vector difference of group moments
for benzene and methane derivatives, and for irregular groups the difference
component assigned to the C±X bond direction [1]) with the qpara values (Tables
1±3).

� � �Z� � 1�=n� �1�
Given the mentioned dependences, the drawbacks of the CNDO/2 approach do

not restrict its applicability for the EN values estimation. Besides, the CNDO/2
method enables one to obtain correct data on the electron density distribution in C,
H, N, O, F, and Cl containing molecules [14, 17, 30, 65, 66]. The above scheme is
parameterized favourably for the study of the inductive effect [66, 67]. Criticism of
the method in the context of the analysis of the electrostatic component of the
conformational enthalpy change calculated from the point charge interaction model
[69] is not conclusive because of the inadequate simulation. Numerous data of 13C
NMR, NQR, photoelectron spectroscopy, ab initio calculations, etc. justify the
results of calculations by the CNDO/2 method [65, 66]. The results of CNDO/2
and ab initio calculations of electronic effects are in accordance with each other
[70].

Table 2. Inductive parameter (�, [64]) as a function of the sums of the atomic charges of fragments R

in RX (� ) according to ��B ���A

X R Method B A Correlation

coef®cient

H, CH3, CH=CH2, CH3 CNDO/2 5.16�0.84 2.23�0.07 0.9682

CCH, CHO, COOH, CH2COOH CNDO/2 4.78�0.78 2.37�0.05 0.9679

CN, NH2, NHCH3, C6H5 CNDO/2 4.96�1.14 2.20�0.09 0.9398

N(CH3)2, OH, OCH3,

OC6H5, F

H, CH3, COOH, OH, F C5H11 CNDO/2 5.14�1.48 2.05�0.17 0.9880

H, CH3, CH=CH2, C6H4NH2 CNDO/2 5.07�1.33 2.13�0.12 0.9519

CCH, CHO, COOH, CH3 INDO 4.08�1.12 2.21�0.11 0.9477

CN, NH2, OH, F C6H5 INDO 4.13�1.19 2.20�0.11 0.9431

Table 3. Mesomeric dipole moments (mm, [1]) as a function of the charges in para positions of

the aromatic rings of 4-YC6H4X (qpara) as obtained from CNDO/2 calculations according to

mm�B � qpara�A

X Y B A Correlation

coef®cient

NH2 ÿ36.30�8.38 4.97�1.15 ÿ0.9865

CH3, COCH3, CN,

NH2, NO2, F

NO2 ÿ33.95�7.02 1.01�0.24 ÿ0.9891
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Conclusion

The linear dependences obtained provide an evidence for the correctness of the
series of electron acceptor and electron donor properties of various substituents in
organic molecules [30]. The possibility of a simple estimation of electronegativity,
inductive and mesomeric parameters of atomic groups by means of the semi-
empirical methods of quantum chemistry (including that on the CNDO/2 level)
using the correlations of the values mentioned with the indices of the electronic
structure of the molecules has been demonstrated. Commonly used constants
following from the free energies linearity principle possess a number of limitations
(multiplicity of sets, ambiguous interpretation, etc.). The quantities evaluated in the
present work (EN, � mm) overcome the aforesaid drawbacks to a signi®cant extent,
because they are expressed via values of clear physical meaning: �, qpara Z*, n*,
group moments.

Addendum

During the manuscript consideration, some new correlations of the X�B ���A type appeared, the

effective X values of bonded atoms being determined on the basis of the principle of

electronegativity equalization with absolute X of free atoms according to Mulliken, taking into

account both charge and hybridization effects and using screening constants [71]. The MINDO/3

[72] calculations were performed with the GEOMO package at ®xed molecular geometries.

X R Method B A Correlation

coef®cient

CH3, CH=CH2, CH3 CNDO/2 3.95�1.15 2.41�0.11 0.9877

NH2, OH, F

CH3, CH=CH2, CH2COOH CNDO/2 3.60�0.98 2.52�0.09 0.9892

NH2, OH, F

CH3, CH=CH2, C6H5 CNDO/2 3.72�1.31 2.42�0.14 0.9821

NH2, OH, F

CH3, CH=CH2, C6H4NH2 CNDO/2 3.84�1.25 2.38�0.14 0.9847

NH2, OH, F

CH3, CH=CH2, C6H5 INDO 3.18�0.95 2.41�0.12 0.9871

NH2, OH, F

CH3, CH=CH2, C6H5 MINDO/3 2.23�0.80 2.43�0.14 0.9815

NH2, OH, F

A correlation of the same kind applies for the EN values obtained from a relative hydrogen scale

(recalculated Gordy's scale) [73].

X R Method B A Correlation

coef®cient

CH3, CH=CH2, CH3 CNDO/2 12.69�2.61 1.16�0.07 0.9938

CCH, CHO, COOH
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