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Abstract —An approach alowing more adequate evaluation of the dissociation energies of strongly polar
heteroatomic bonds without knowledge of additional geometrical parameters was developed within the Pauling

concept taking into account the “saturation effect.”

It was shown [1] that the dissociation energy of a
heteropolar covalent bond (E,g) can be described by
a sum of two components, one of which is independent
of the difference of electronegativities (Ay = xg — %a)
and the other is proportional to Ax2 Within this ap-
proach, electronegativity is a decisive parameter
determining the capability of a certain atom in a given
valence state to hold bonding electrons, whereas Ay
describes the difference in the electron affinity of the
interacting atoms. Similar ¢ values of elements can
be easily evaluated not only within the primary
thermochemical method from experimental bond
energies, but also using ionization, geometrical, and
several other approaches (see, e.g., [2]). According to
[1], for asingle bond, the following ratio is valid:

Eas = <Eag> + AE;, D

where <Epg> = (ExnEgg)”? and the ionic correction
factor A, = 1.308% (eV).

The ionic correction factor AE; in expression (1)
appears owing to the fact that the contributions of the
Coulomb attraction and charge transfer energy (due to
the bond polarization) are always greater than the
corresponding weakening of the pure covalent bond
[3]. The correctness of the multiplicative approxima-
tion <E,g> is confirmed by quantum-chemical
estimations of the heteropolar component [3, 4].

In the strict sense, expression (1) can be only used
for bonds formed by exchange mechanism in diatomic
molecules of low or intermediate polarity (<35-40%).
With further increase in Ay, especidly in the case of
ionic compounds, this expression becomes inadequate
due to overestimation of the calculated AE; values [5].
In some cases, eg., in Cs-F and Rb-F systems, the
deviation between the theoretica and experimental

data can exceed experimental E,g itself [6]. This
deviation is probably due to the fact that the “satura-
tion” effect, i.e., certain destabilization of the bond as
the increase in AE decelerates with increasing Ay, was
not taken into account [6, 7]. This effect can be ex-
plained by the dependence of the ionic increment not
only on the difference in the electronegativities, but
also on the degree of overlapping of the valence or-
bitals [2, 8]. As known, the latter decreases with
accumulation of opposite effective charges on the
dipole edges, which depletes the bonding electron
density in the internuclear spacing and increases
heteronuclear repulsive interaction.

Various procedure were proposed to correct the
Pauling method, using both a new initial function
E g(Ayx) and more complex calculation procedures
with additional parameters (atom size, bond length,
polarizability, valence, etc.) [2-4, 6-9]. Among these
or other similar modified calculation schemes, there
are no universal expressions valid for any range of the
bond polarity. Therefore, in this work we attempted
to improve the canonical concept [1] within the
thermochemical approach taking into account the
“saturation” effect. Moreover, in connection with
noticeable refinement of the electronegativities of
some main group elements [2, 8, 10, 11], it was ad-
visable to check the adequacy of the known analytical
expressions of E,g. Since the experimental values at
high Ay correspond to slow increase in AE;(Ay),
rather than to steeper parabolic dependence, we used
as the reference equations those of Matcha (2) [6] and
Bratsch (3) [7] to evaluate the “‘saturation” effect:

Epp = <Epg> + 447[1 — exp(-0.29A%2)] (eV), (2)

Eag = [(ra + rg)/ragl{<Eap>
+ 4[1 - exp(-0.25A%3)]}, (eV), ©)
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Table 1. Initia parameters

Element | ya@) VY2 | ra@x10,nm| Exg), €V
H 219 0.37 4.52
Li 1.03 1.34 114
K 0.83 1.98 0.53
Rb 0.8 214 0.51
Cs 0.7 2.33 0.455
B 1.90 0.84 3.08
C 247 0.77 3.145
N 293 0.74 1.64
O] 3.30 0.73 2.58
S 2.65 1.04 2.74
F 3.70 0.71 1.65
Cl 3.13 0.99 251
Br 2.96 114 2.00
I 2.74 133 1.565

where r, and rg are the standard covalent radii and
rag 1S the bond length.

The approaches developed by the above authors
were recommended for the most correct description
of the bond energy (see, e.g., [2, 12]). In both equa-
tions, the approximation (AE; ~ i) substantiated in [6]
was used in which the bond |on|C|ty is presented by
the known Pauling expression i = 1 — exp(-aAy ) [1].
As seen, Eq. (2) involves a set of the initial arguments,
though the dependence AE; = f(Ax) was modified. The
distinctive feature of Eq. (3) is that it takes into
account the Sanderson geometrical factor [13, 14] in
both homeopolar and heteropolar contributions to E,g

[7].

When approximating AE;, let us present the ionic
valence state as a superposition of singlet and triplet
electronic pairs described by asymmetric and sym-
metric wave functions. In this case, the energy of the
heteroatomic bond can be expressed_as a matrix
element of the perturbation operator L = L, + Lg,
whereL, = Uy, + Upof2; Lg = Ugy + Upo/2, Up, and
Ug, are the interaction energies of the first and second
valence electrons with the core of the “foreign” atom,
and U,, isthe energy of interelectron interaction. Now,
using the known calculation procedure (see, e.g., [6])
the polar contribution to the energy E,g can be pre-
sented as follows:

AE = 2Ppg(LE? - LY?? @)

where P,g is the nondiagonal element of the spin-free

density matrix plotted on the basis of atomic orbitals.
Putting Pag = (C/2)"? [15] (C = 1 - i), Lag) =

Xa@ in expression (4), we obtain Eqg. (5):
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Eag = <Eag> + (20)V2A%2 2

In Eqg. (5), the “saturation” effect is taken into
account through the degree of the bond covalence C =
exp(-3p?) [11], which is a single-valued function of
the polarlty parameter p = Axlyg (@ xa < %)
[17, 18].

To check the adequacy of the approaches in ques-
tion, we analyzed the typical cases of chemical inter-
actions in diatomic molecules of main group e ements
(both metals and nonmetals). In our calculations, we
used tabulated standard energies of single homoatomic
bonds E, g, [2, 9] and also the data for y g [2, 8, 11]
and rag iz 7] (Table 1). The eqU|I|E)r|um bond
lengths [% 7] and the results obtained using the above
equations for 45 compounds of various polarities are
listed in Table 2.

It was found that the E,g values calculated from
Eq. (2) are overestimated at moderately high Ay, and
underestimated at Ay > 2.3-2.4. In contrast, the re-
sults obtained for ionic compounds using Eg. (3) are
greater as compared to experimental data; the results
obtained for low-polar bonds better agree with the
experimental data. The average relative errors for
Egs. (2) and (3) are similar, 3.9%, which is much less
than with any empirical Pauling procedure proposed
and tested in [9]. At the same time, Eq. (5) decreases
the above error by a factor of 3.5 as compared to the
corresponding calculations using Egs. (2) and (3).
Thus, introduction of additional geometrical param-
eters is unnecessary.

As seen, the dissociation energies calculated using
the above approach and Eq. (5), similar to the initial
definition [1], are in better agreement with the ex-
perimental data for diatomic molecules of both low
and high polarity, including covalent bonds of the
ionic type. This equation, corresponding to the
modern interpretation of the “saturation” effect,
expands both the applicability of the electronegativity
approach and the range of polarities taken into
account, which is of particular importance in the
simulation of the intensity of chemical interaction.
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1 This expression noticeably improves the agreement between
the theoretical estimation of the covalence of heteropolar
bonds and published data [11].
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Table 2. Results obtained using Egs. (2), (3), and (5) as
compared to experimental data

AB | A®~ Faey Y

10.0M 1 eq )| Eq. (3)|Eq. (5)| experiment
H-C 111 | 387 | 397 | 388 (3.90)2P
H-N 1.03 | 338 | 349 | 343 3.422
H-O 096 | 476 | 509 | 4.88 4.80P
H-S 134 | 378 | 394 | 381 3.81°¢
H-Cl 127 | 438 | 445 | 4.46 (4.46)2b
H-Br 141 | 371 | 381 | 376 (3.77)24
H-I 161 | 3.03 | 313 | 3.06 3.092d
Li-F 156 | 527 | 6.14 | 599 5.982d
Li—Cl 202 | 492 | 503 | 4.87 (4.89)24d
Li-Br 217 | 446 | 4.49 | 4.29 4.342
Li-l 239 | 389 | 381 | 364 (3.63)2P
K—Cl 267 | 466 | 456 | 4.48 4.492
K-Br 282 | 430 | 414 | 3.98 3.962
K- 305 | 383 | 359 | 3.40 3.372
Rb-Cl 214 | 467 | 461 | 447 (4.47)24
Rb-Br 294 | 432 | 420 | 398 (3.98)ad
Rb- 318 | 386 | 365 | 3.40 (3.41)2b
Cs-F 234 | 501 | 576 | 561 5.382
Cs-Cl 291 | 473 | 475 | 445 4.54P
Cs-Br 307 | 441 | 434 | 397 4.032
Cs-I 332 | 398 | 379 | 341 3.47P
B-H 119 | 384 | 387 | 385 3.85P
B-Cl 173 | 437 | 427 | 448 4.58°
B-Br 187 | 372 | 366 | 3.79 3.81b:c
C-N 157 | 254 | 237 | 256 2.602
c-0 - 3.66 - 3.73 3.732d
c-S - 2.98 - 2.98 2.82¢
c-cl 165 | 334 | 345 | 3.39 3.38°
C-Br 194 | 281 | 270 | 2.83 (2.85)2b
c - 2.31 - 2.32 2.272
N-O - 2.23 - 2.25 2.182d
N-Cl 1.68 | 208 | 213 | 2.09 2.09°
O-F 139 | 226 | 229 | 229 (2.29)24d
SF 160 | 335 | 238 | 351 3.55%
s-Cl 200 | 291 | 289 | 294 2.872
S-Br 220 | 246 | 242 | 248 2.49°
Cl-0 1.70 | 258 | 260 | 259 (2.47)2b
Cl-F 163 | 244 | 245 | 248 2.602
Br-O - 2.42 - 2.43 (2.42)24
Br-F 176 | 247 | 245 | 255 2.552
Br—Cl 214 | 228 | 227 | 2.28 2.27°
I-N 196 | 165 | 1.72 | 165 1.652d
I-F 191 | 265 | 260 | 279 2.822
|-Cl 232 | 217 | 214 | 219 (2.18)P.d
|-Br 247 | 183 | 182 | 1.84 (1.85)d

Note: Data rom 2[2, P [7], ©[9], and 9 [19]; mean values from
these sources are given in parentheses.
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