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ABSTRACT

The term electronegativity was introduced by Lmus Pauling, who characterized on the basis of
thermodynamic data from the energies of the single bonds. In present study, the Density Functional Theory
{DFT) was used to calculate etectronegativity of atoms. The base of calculation is similar to Pauling and
Muliiken methods. The results indicate that the largest vatue of electronegalivity for Fluorine atom and then
piotted the electronegativity values versus to atomic numbers. We have selected scale of electronegativity
base on Pauiing’s method. Also we presented an empiricai formula for electronegativity calculation that the
value of the electronegativity 1s a function of number of valence electron, in addition to jonization potential
and clectron affinity. Our novel strategy designed by Natural Population Analysis (NPA) method. All
calculations were performed using B3LYP method and aug-ce-pVTZ, 6-311++G(2df), SDDALL and
LANL2DZ basis set in Gaussian (3W.
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INTRODUCTION

The Electronegativity (EN) is a basic concept in
chemistry. No concept more thoroughly pervades the
fabric of modern chemistry than that of EN and no
name is more persistently associated with its origins
in the mind of the modern student of chemistry than
that of Linus Pauling. In recent years were studied on
EN, clectron affmity (EA) and ionization potential
(IP) for atoms and moiecules [1-10]. EN plays an
important role in Nature of chemical Bond, corrosion
study and surface chemistry: hardness, softness and
fraction of clectrons transferred and etc. [11-14].

The history of the study of EN has been explained
in theoretical and experimental works [15-17]. In
Pauling's studies, the EN of atoms was determined on
the basis of thermodynamic data from the energies of
the single bonds in which they are involved:

AE(AB)=E(AB)exy- "2 [E(AA) + E(BB)]
Xa - xal = 0.208 AE" (eV)
Where AE (4 B) is the additional energy of the
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interaction of the atoms A and B above the
additive covalent contribution. Having adopted
EN for hydrogen as yu = 2.1, Pauling caiculated
the values of y for a large number of atoms. The
data which he obtained served as the basis for the
first EN scaie.

Pauiing’'s EN scale came to be generally
employed and became a kind of reference
standard for new methods of calculation of y,
many of the newly created scales being adjusted
to Pauling's scale [18]. Furthermore, some of the
modern investigators believe that Pauling's
original EN scale is not only the most successful
but is aiso adequate [19] and that his method is
still onec of the fundamental ones for the
determination of EN.

Another no less familiar approach to the
determination of EN was developed in 1934 by
Mulliken [20] who determined absolute EN, having
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¢xpressed them in terms of half the sum of the
ionization energies of a neutral atom:
A—~——A4% +e”
First IP and a negative ion:
A7 ——4 +te”
EA in the absence of the overap of the electron
shells of the interacting atoms:

({P +EA)

A Mulliken = 5

Pauling's and Mulliken's scales proved to be
linearly related (different workers give different
parameters of the corresponding linear regression)
[18, 21, 22] although the dimensions of the EN are
m fact not the same.

However, in a series of succeeding studies, only
one of the parameters of the Mulliken equation was
employed. For example, Vereshchagin [23]
assumed that the EN of an atom is expressed
directly by its EA, because EN reflects the
tendency of the atom in the molecule to attract
electtons. On the other hand, In practice,
procedures for the calculation of EN involving the

use of the IP of the atom came to be most widely

used [25] thus the employment of average IP for
the calculation of EN by the equation:

1P,

n
“Where IP, is the IP of an n - valent atom and

‘EA 1ts EA, made it possible to find the values of y

satlsfactonly correlated with the EN found by
Pauling [26].
In recent years, the Density Functional Theory

(DFT) has become a widely used formalism for

I
|

fundamental work of Hohenberg and Kohn [12]
and Kohn and Sham ([27]. The Kohn - Sham
equations are structurally similar to' the Hartree -
Fock cquations, but include, i pnnc1ple, exactly
the many - body effects through a 1bcal exchange -
correlation (XC) potential. Il

In this paper we calculated 10nlzat10n potentials,
EA and EN for atoms (Li - F and Na Cl) by DFT.

COMPUTATIONAL DETAILS
Among quantum chemical methhds DFT has
some asset. DFT [28, 29] has betn found to be
successful in providing ln51ghts into the chemical
reactivity and selectivity, il tefms of global
parameters such as EN, hardnesé and softness.
We performed at the DFT Ievel with B3LYP
method and and aug-cc- pVTZ, 6- -311++G(2df),
SDDALL and LANL2DZ |basis sets. It is
important that for first and secondfow atoms, the
basis sets are cc-pVNZ where|N=D, T, Q, 56..
(D=double, T=triples, efc.). The” cc-pl, a stand
for "correlation - consistent polanzed" and the
'V' indicates they are valence + 1 only basis sets.

This level that makes use ofjBecke - Style
density functional theory [30]‘ with various
correlation functional (LYP P86 and PW9l)
[31]: All DFT computatlous were - performed
with the Gaussian 03W suité ofjlprograms [32].
Also Natural Population Analy51s (NPA) was
performed in Gaussian 03W. | | IJ

RESULTS AND DISCUSSION S

The results of the calculated fot atomic EN of
second and third rows are glven'l in Table 1 and

Table 2.
¢lectron structure calculations of atoms, molecules, ,
and solids. The DFT is based on the earlier ( !
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Our strategy for calculating of EN is based on
electron energy and electron population at each
atomic level by NPA tools. We have based our
study such as the graph in Figure 1. The highest
occupied level energy is equivalent IP and lowest
unoccupied level energy is equivalent EA of
atom. The important parameter in design of this
strategy is determining of muitiplicity, which for
all atoms are considered based on Hund's rules
except Beryllium and Magnesjum,

According to classical studies of the average
of IP and EA is equal to atomic EN, but is
acceptable that we need to report EN in the

Pauling scale, and then the following empirical
equation 1s presented:

Z=0.77xi/N2xQ}-)%EA—)

Where y refers to the atomic Electronegativity,
N is number of valence electron, IP is ionization
potential and EA is equal to Electron affinity.
The unit of the all parameters is electron Volts.

For both rows of the periodic table are
obtained a unique EN equation, while only
difference between them is constant numbers in
equation of EN and atomic number:

Table 1. The Values of Atomic Electronegativity of second row / (e.V.)

Values of Atomic Electronegativity /(e.V)

Atom Z N B3LYP/A B3LYPB
Li 3 1 0972 0.9722
Be 4 2 14905 1.4872
B 5 3 18730 1.8740
C 6 4 2387 23876
N 7 s 2774 27242
O 8 6 3073 30752
F 9 7 3609 3.6110

R 0.9963 - 0.9964

B3LYP/C B3LYP/D Mulliken - Jaffe

0.8816 0.9744 0.97
1.3954 1.4911 1.54
1.8361 1.8709 2.04
2.3454 23813 2.48
2.6467 2.7018 29
3.0408 3.0342 341
3.5845 3.5696 391
0.9958 0.9954 0.9985

A:aug-cc-pVTZ, B: 6-311++G(2df), C: SDDAII, D: LANL2DZ,
Table 2. The Values of Atomic Electronegativity of third row / (e.V.)

Values of Atomic Electronegativity /(e.V.)

Atom  Z N BILYP/A BILYP/B B3LYP/C BILYPD Mulliken - Jaffe
Na 11 0.9775 0.9765 0.8707 0.8464 0.91
Mg 122 1.3338 1.3424 1.3452 1.3505 1.37
Al 133 1.7361 1.7333 1.7321 1.7324 1.83
Si 14 4 2.2314 2.2303 2.2246 2.2396 2.28
P 15 5 2.5912 2.5901 2.5745 2.5668 23
S 16 6 2.9556 2.9521 2.9442 2.9249 2.69
Cl 177 3.4282 34319 3.4488 3.4065 3.0
R? 0.9984 0.9984 0.9981 0.9968 0.9741
A: aug-cc-pVTZ. B: 6-311++G(2df), C: SDDAIL, D: LANL2DZ
Second Row . y =0.77 x 4\/]\/'2 x Q;—EA) =(0.4259x Z)+0.2513
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Third Row:;{=0.77><#N2 X

|

The data presented in Table | and Table 2 show
that value uttermost of EN 1s referring to Fluorine.
The atomic EN calculated by the DFT methods
for B3LYP/A, B, C, D. The B3LYP/C values
have the bigger deviation from Mulliken - Jaffe.

We plotted the atomic EN versus atomic
number Z Figure 2 and Figure 3. The correlation
coefficient for third row at B3LYP/A is better
than second row at B3LYP/A (Table 1 and Table
2). With increasing atomic number, Mulliken -
Jaffe EN values in the third row of the periodic
table shows an obvious deviation at the
‘phosphorus atom to after, while the calculated
values is continued its trend line, the cause of
this phenomenon 1s EN dependence to the
number of valence electrons.

CONCLUSION

In this study, atomic EN for second and third row

of periodic table in Pauling scale was calculated

and compared with Mulliken - Jaffe values. We
obtained these results:

(1) The wvalues calculated n terms of

- quantitative are good agreement with Mulliken -

Jaffe wvalues. In terms of Quatlitative all
- computational ways are introduced fluorine as the

most electronegative clement in the periodic table.

. (2) In the second row of periodic table, aug-
cc-pVTZ, 6-311++G(2df) and LANL2DZ basis
~ sets results the similar values, while in the third
row of the periodic table, all of the basis sets are
harmonious together.

" (3) In the third row of periodic table,
Mulliken - Jaffe values are diverted after the
- phosphorus atom, while the calculated values
have a direct trend, because our formuia 1s
dependence on the number of valance electrons.
In this historical study is presented an empirical
- formula to imitation the work of Pauling,
according to this formula, the value of the EN 15
a function of number of valence electron in
addition to IP and EA.
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