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a b s t r a c t

In particular, in organic chemistry, the electronegativity of functional groups are taken into consideration
significantly to predict reaction mechanism and to explain inductive effects of functional groups. In the
present study, considering the relationship with charge of the electronic energy for atoms, Sanderson’s
electronegativity equalization principle and Density Functional Theory (DFT), we have obtained a new
equation by which group electronegativity can be calculated from ionization energies (I) and electron
affinities (A) of atoms that constitute the group, where the results obtained were compared with equation
of Sanderson who proposed that group electronegativity is the geometric mean of atomic electronegativ-
ities. For a large number of groups, it was found to be a very close agreement with a standard deviation of
0.12. The advantage of the present equation is that it can be used for ionic groups. In addition, the derived
equation can be used to calculate Mulliken and Pauling electronegativities of molecules.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

The principal aim of theoretical chemistry is to develop rules to
explain chemical reactions and molecules in a quantitative and
predictable way. The electronegativity is a useful theoretical
descriptor in correlating chemico-physical properties of atoms
and molecules. The idea of group electronegativity is historically
important because the electronegativity concept evolved largely
from the desire of organic chemists to understand reaction mech-
anisms in terms of the inductive effects of various functional
groups. In recent years, there has been a considerable amount of
work done that deals with the evaluation and use of group electro-
negativity [1–6].

A significant development in the electronegativity concept has
been provided by Sanderson’s electronegativity equalization prin-
ciple [7,8]. According to this principle, when two or more atoms
initially different in electronegativity combine chemically, their
electronegativities have become equalized. The equalized value
gives the electronegativity of the formed molecule and is equiva-
lent to the geometric mean of the electronegativity values of the
constituent atoms, as in Eq. (1). Electronegativity was originally
introduced by Pauling as a measure of an atom in a molecule to
attract electronic charge. Considering the Sanderson’s electronega-
tivity equalization principle it can be said that when two or more

different atoms combine to form a molecule, their electronegativ-
ities change to a common intermediate value and become equal-
ized. If so, group electronegativity that is a measure of inductive
effects of functional groups can be defined as final electronegativ-
ity values of atoms in a molecule.

v ¼
YN

i¼1

vi

 !1=N

ð1Þ

where v is the electronegativity of molecule or combined atom, vi is
the electronegativity of pre-bonded i-th atom, N is the total number
of atoms in the molecule. For the calculation of group electronega-
tivity, apart from geometric mean method of Sanderson, the
arithmetic mean method [9–11] is also used for this purpose.
According to arithmetic mean method, the electronegativity of
any group is equivalent to the arithmetic mean of the electronega-
tivity values of the constituent atoms in the group and can be
calculated via following equation.

vG ¼
PN

i¼1vi

N
ð2Þ

XG represents the electronegativity of molecule or combined atom,
vi is the electronegativity of pre-bonded i-th atom, N is the total
number of atoms in the molecule.

In a study related to metal oxides, F. Di. Quarto and his col-
leagues [11] proposed that the results of arithmetic mean method
for calculation of group electronegativity are compatible with
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experimental data. Therefore, arithmetic mean method is also a
valid useful method in the calculation of group electronegativity.

Another important study for the electronegativity concept has
been made by Iczkowski and Margrave [12]. They proposed that
the electronegativity of an atom may be expressed as linear func-
tion of the charge on the atom:

v ¼ aþ 2bd ð3Þ

where a = (I + A)/2 and b = (I � A)/2, I and A are the valence-state
ionization energy and electron affinity of the atom, respectively, d
is partial charge. Many workers have been used Eq. (3) for calculat-
ing the partial charges of atoms in functional groups and molecules
[13–16].

In estimating group electronegativity and partial charges,
Huheey [13] suggested a simple scheme based on the Iczkowski–
Margrave equation and Sanderson’s principle. In his study, the fol-
lowing expressions were used for the substituent ABn:

vABn
¼ vA ¼ aA þ 2bAdA ð4Þ

vABn
¼ vB ¼ aB þ 2bBdB ð5Þ

dA þ ndB ¼ q ð6Þ

where q is the charge of the substituent.
Another group electronegativity equation was derived by

Bratsch [17],

vG ¼
N þ qP t

v

� � ð7Þ

here, vG is the electronegativity as equalized through Sanderson’s
principle, N = R(t) is the total number of atoms in the species for-
mula, q is the charge of the species and v is the Pauling electroneg-
ativity of pre-bonded or isolated atoms in the species.

A similar equation was proposed by Mullay [18],

vG ¼
N þ 1:5qP t

v

� � ð8Þ

In the present report, it was derived a new equation which
enables us to calculate group electronegativity directly from ioni-
zation energies and electron affinities of pre-bonded atoms. In
order to the applicability of the derived equation, our results were
compared with those obtained from the other methods given in the
literature.

2. Methodology

One of the most important works related to electronegativity
has been demonstrated by Iczkowski and Margrave. They defined
electronegativity as the derivative of ionization energy with
respect to charge. Later on, Jaffe and co-workers introduced the
idea of orbital electronegativity considering the study of Iczkowki
and Margrave. Assuming that the energy of neutral atom is zero,
the following curve that gives the relationship between atomic
energy and charge is obtained [19,20]. Such a curve for oxygen
atom is given in Fig. 1. For all atoms, same curve is not the case
but it should be expressed that the correlation between atomic
energy and charge is parabolic as indicated in Eq. (9) [21]. In
Fig. 1, it is seen that the energy of atom is zero at d(charge) = 0
point.

The function of the curve may be described rather accurately by
the quadratic formula for small d values [12],

E ¼ adþ bd2 ð9Þ

where E is the total energy of the atom, that is found from RI or RA,
I and A are ionization energy and electron affinity of the atom. In

Eq. (9), if d is taken (+1), E will be the energy of the (+1) cation
energy or first ionization energy. Likewise, for d = �1, the energy
will be negative of the first electron affinity (Note that the definition
of electron affinity does not follow the usual thermodynamic con-
vention in that a positive electron affinity is exothermic). This argu-
ment leads to the following relations:

I ¼ aþ b ð10Þ
� A ¼ �aþ b ð11Þ

From these equations, the following relations are obtained:

a ¼ ðI þ AÞ=2 ð12Þ
b ¼ ðI � AÞ=2 ð13Þ

As suggested by Iczkowski–Margrave, the first derivative of the
energy with respect to the charge may be defined as the electro-
negativity of the atom:

v ¼ aþ 2bd ð14Þ

As can be seen from this equation, a is equal to electronegativity
of neutral atom. Eq. (12) is similar to that of Mulliken, but he used
valence-state ionization energy and electron affinity whereas we
employed here those of ground-state. Therefore, the electronega-
tivity concept in this paper may be defined as absolute electroneg-
ativity, as proposed by Parr and co-workers [22,23].

Considering equation (14), for each atom in a chemical species
(molecule or group) that contains N atoms, we can write

v1 ¼ a1 þ 2b1d1

v2 ¼ a2 þ 2b2d2

v3 ¼ a3 þ 2b3d3

..

. ..
. ..

.

vN ¼ aN þ 2bNdN

On the basis of Sanderson’s principle, one can write the following
relation:

v1 ¼ v2 ¼ v3 ¼ . . . ¼ vN ¼ vG ð15Þ

where vG is the electronegativity of the species. Using the condition
for the species to be q charge, namely

d1 þ d2 þ d3 þ � � � þ dN ¼ q ð16Þ

The partial charge of any atom in the species can be given as
follows;

di ¼
vG � ai

2bi
¼ vG

2bi
� ai

2bi
ð17Þ

From Eqs. (16) and (17) one can obtained the following equation:

vG ¼
PN

i¼1
ai
bi

� �
þ 2qPN

i¼1
1
bi

� � ð18Þ

Fig. 1. Atomic energy (E) change with charge (d) for oxygen atom. (The energy of
neutral atom is assumed to be zero.)
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