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Preliminary researches provided essential information about the
optimized configuration of triatomic XO2 (X = O, S, Se, Te)
systems, which were bent in the ground state and linear in their
first excited state. The Jahn-Teller effects including the JahnTeller (JTE), the Renner-Teller effect (RTE), and the pseudo
Jahn–Teller effect (PJTE) are parts of the most important reasons
for structural distortion in the high symmetry configurations for
each molecular system. This study purpose was to investigate
the dependence between PJT parameters including the vibronic
coupling constant values (F), energy gap between reference
states (Δ), and initial force constant (K0). In all above mentioned
molecules, stability were increased with the reduction in the
symmetry level. This increment was attributed to the PJTE. The
vibronic coupling interaction between the ground (Σg), and the
first excited states (Πu) through the PJTE problem (PJT (Σg+ Πu)
× Πu) was because of the asymmetry and molecules bending
phenomenon. The hardness difference parameter Δ[η (C2V) -η
(D∞h)] decreases from O to Te (30.42, 22.66, 22.65, 22.58
Kcal/mol). These changes could explain the trend, which were
observed for the D∞h → C2V conversion process.
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Introduction
Despite of the triatomic systems’ apparent
simplicity, the origin of their equilibrium
geometry is not still entirely known.
Preliminary researches provided essential
information on these specific molecular
systems’ optimized configuration, but this
information cannot explain the geometric
origin and the difference in configurations
directly; specifically, the electron structure
calculations by its own cannot explain why
many of the triatomic systems (such as

SiH+2 ,H2O+ ,CH2+ ,HNO+ ,HNF,HBF ,…)

are

bent in the ground state, and also are linear in
the first excited state [1]. So many models
have been used in many studies like Walsh
diagrams and molecular orbital theory, the
Eurasian Chem. Commun. 2 (2020) 739-749

valence shell electron pair repulsion model
(VSEPR), polarized ion models as well as the
softness hardness–based models, but they
cannot totally explain about this issue, [2].
The triatomic molecules and free radicals
extensive application has been of interest in
combustion, photochemical, atmospheric
chemistry, interstellar chemistry processes,
and frequently considered as intermediate in
chemical reactions [3-7].
The vibronic coupling theory gives us
information about the molecules shape. It is
popular that the Jahn-Teller effect (JTE)
(including the Jahn-Teller, which is suitable
for the systems in the electronically
degenerate states, the Renner-Teller effect
(RTE) which is designed for the linear
molecules, and the pseudo Jahn–Teller effect
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(PJTE), which is applied to each system in
degenerate and nondegenerate states) is the
only structural distortion source from the high
symmetry configurations for each molecular
system [8-9]. Consequently, it seems normal
to attribute the bending distortion of the
triatomic and the linear molecular systems in
the electronically degenerate states for
effecting (RTE). Nevertheless, despite of the
JTE, RTE, and PJTE efficacy as the only high
symmetry configurations instability sources
for each multi-atom system, there is no
rigorous proof introducing the RTE as the only
linear configurations instability source.
Asymmetry would occur in the high
symmetry configuration because of the
ground and excited electron states mixing in a
molecule [8-15]. In a two-level problem, the
ground and excited electron states of good
behavior are due to an orthogonal nuclear
configuration; therefore, the ground and
excited electron states integration does not
take place. The ground and excited electron
states are mixed and can no longer be
orthogonal according to the nuclear
displacement (Q). This mixing depends on the
electron wave functions from the ground (Ѱ1)
and excited states (Ѱ2).
The initial force constant (constant force
without K0, PJTE) is defined from the ground
state in the Q direction for each of the multiatom system in a high symmetry
configuration.
∂2 H

K 0 =< ψ1 |(∂Q2 )0 | ψ2 >

(1)

Where H is Hamiltony. It is noteworthy to
say that, for each multi-electron system, the
PJTE free force constant is positive [8-9] and it
can be shown that nuclear displacement (Q)
leads to the mixing of the ground and the
excited states, and the force constant
decreases in the configuration with the
highest symmetry.
𝐹2
𝐾 = 𝐾0 − ( ) (2)
∆

Where F is the vibronic coupling constant
and Δ is the energy gap between the two
reference states.
∂H

F =< ψ1 |(∂Q)0 | ψ2 >
If it is

F2
Δ

(3)

> K, K<0, and the system is unstable

in the Q direction, and many of the excited
states help K, their effects are summarized,
and a multi-level problem is going to be
created [6,8-9].
Garcia Fernandez et al. (2007) studied on
the linear and nonlinear nature of ML2
molecules and outlined the PJTE results.
Various models like covalence, metal core
polarization, hybridization, and VSEPR were
used in this research, and the PJTE referred to
as the instability sole source of the high
symmetry
system
in
non-degenerate
conditions [16]. Yang Liu and Bersuker
indicated that RTE cannot be the only source,
since PJTE is more effective on these
molecules curvature for linear molecules with
electronically degenerate states [12]. PJTE for
the curvature is more important than some of
the triatomic molecules, which were
expressed by Hakan, Bersuker, and Boggs
(2012). They showed that the PJTE is the only
triatomic molecule instability source in a
linear state. These results may state that PJTE
plays a special role in all linear molecular
systems instability [17]. Yang Liu (2014)
carried out a research on some triatomic
molecules curvature. They found that PJTE
causes the curvature in the linear highest
symmetric configuration of the triatomic
systems between the ground and the excited
states
[18].
Many
computational
investigations on the structure and properties
of molecules in their electronically excited
states have been reported [19-30].
The purpose of this study was to
investigate PJTE in the vibronic coupling
between the ground state and several excited
states of XO2 (X = O, S, Se, Te) compounds. Ab
initio explains the instability, the distortions of
linear highest-symmetric configuration, and
the curved configuration production origin.

Quantum chemical study of the Jahn – Teller effect …

Any structural distortion of a polyatomic
system is a consequence of the JT, PJT or RT
effects. Several theoretical investigations have
been published about pseudo Jahn–Teller
(PJT) distortions in organic and inorganic
compounds [31-35].
Computational methods
This study investigated the dependence
between the PJTE parameters (the vibronic
coupling constant values (F), energy gap
between reference states (Δ), and initial force
constant (K0). The configuration properties,
global hardness, global electronegativity, and
natural loads of XO2 compounds (X = O, S, Se,
Te) were attained by means of timedependent density functional theory (TDDFT) (LC-WPBE / Def2-TZVPP, B3LYP / Def2TZVPP) [15, 36-37].
Gaussian program 09 [38], and the
theoretical levels of B3LYP / Def2-TZVPP and
LC-wPBE / Def2-TZVPP were used in order to
optimize the ozone structure (1), sulfur
dioxide (2), selenium dioxide (3), and
tellurium dioxide (4) in the linear (D∞h
symmetry) and in curved states (C2v
symmetry) [39]. The compounds stability in
the linear configuration is calculated and
compared, the optimizing and calculating the
frequency of XO2 compounds in negative
frequency
linear
configurations
(D∞h
symmetry) along with the distortion
coordinate (Πu). The ground and excited
states of the compounds’ normal stabilization
points were determined using the negative
frequencies, and also the compounds electron
structures were studied in the linear (D∞h
symmetry), and curved states (C2v symmetry)
by TD-DFT. Stabilization energy, non-diagonal
elements, bonding and antibonding the orbital
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energy,
electron delocalization LP →σ*,
natural bond orders(NBO) , and normal
atomic charges in the XO2 compounds curved
structure were analyzed by using the NBO.6
program [40].
There is a significant relationship between
the donor-acceptor stabilization energy with
the electron delocalization and the orbital S
overlap, and also an inverse insignificant
relationship
between
the
electron
delocalization’s stabilization energy and the
energy difference between the donor orbital
(i) and the acceptor orbital (j) (

1
, Δ𝐸
Δ𝐸

= 𝜀𝑗 −

𝜀𝑖 ) [41]. Consequently, the donor(i)-acceptor
(j) stabilization energy(E2) are estimated
according to the Equation (4).
E2 = q i

F2 (i,j)
εj −εi

(4)

Where qi is the donor occupied orbital, εi
and ɛj are the diagonal elements (orbital
energy), Fi,j is the nondiagonal element, Fi,j is
the nondiagonal element, which is dependent
on the orbital S overlapping integral directly.
The large values of E2 indicate an interaction
between the donor and acceptor electrons.
Results and discussion
Energy aspects
Tables 1 and 2 displayed differences in
electron energy (E0 = Eele + ZPE) between D∞h
and C2v configurations from the compounds 1
to 4, optimized with the B3LYP / Def2-TZVPP
and LC-wPBE / Def2-TZVPP theory levels.
Also, the zero point energy (ZPE) and energy
parameters Δ [ZPE (D∞h) - ZPE (C2V)] of D∞h
and C2v configurations for compounds 1 to 4
are summarized in the Tables 1 and 2 as
followings:
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TABLE 1 G, H, E0 (hartree) and S (cal mol-1k-1) in 298k and 1 atm, ΔH, ΔG, ΔE0 parameters (kcal
mol-1) and ΔS (cal mol-1K-1) for the (C2v) and linear (D∞h) structures and also for the bond
dissociation processes of compounds 1 to 4
LC-wPBE/Def2-TZVPP
Geometries
1, C2v; (𝑋̃1A1)
1, D∞h; (𝑋̃1𝛴𝑔+ )
O3→O2+O; (3A")
2, C2v; (𝑋̃1A1)
2, D∞h; (𝑋̃1𝛴𝑔+ )
SO2→SO+O; (3A")
3, C2v; (𝑋̃1A1)
3, D∞h; (𝑋̃1𝛴𝑔+ )
SeO2→SeO+O; (3A")
4, C2v; (𝑋̃1A1)
4, D∞h; (𝑋̃1𝛴𝑔+ )
TeO2→TeO+O;
(3A")

ZPE

EO

H

S

G

ZPE

EO

H

S

G

0.008125
0.005980
0.004226
0.007477
0.005676
0.002932
0.005868
0.004285
0.002381
0.005107
0.003882

-225.364627
-225.228830
-225.332634
-548.491159
-548.382175
-548.283726
-2551.566179
-2551.448650
-2551.270734
-418.389865
-418.283161

-225.360756
-225.225042
-225.327170
-548.487170
-548.378834
-548.279054
-2551.562039
-2551.445252
-2551.266019
-418.385596
-418.279727

56.652
52.549
72.904
59.172
52.395
71.692
62.477
54.716
72.868
64.869
56.344

-225.387673
-225.250010
-225.361809
-548.515285
-548.403728
-548.313117
-2551.591723
-2551.471250
-2551.300641
-418.416418
-418.306498

0.00
-1.35
-2.45
0.00
-1.13
-2.85
0.00
-0.99
-2.19
0.00
-0.77

0.00
85.21
20.08
0.00
68.39
130.17
0.00
73.75
185.39
0.00
66.96

0.00
85.16
21.08
0.00
67.98
130.59
0.00
73.29
185.76
0.00
66.43

0.000
-4.103
16.252
0.000
-6.777
12.52
0.000
-7.761
10.391
0.000
-8.525

0.00
86.38
16.23
0.00
70.00
126.86
0.00
75.60
182.6
0.00
68.98

0.002242

-418.249024

-418.244395

74.234

-418.279666

-1.80

88.38

88.61

9.365

85.81

TABLE 2 G, H, E0 (hartree) and S (cal mol-1k-1) in 298k and 1 atom, ΔH, ΔG, ΔE0 parameters (kcal
mol-1) and ΔS (cal mol-1K-1) for the (C2v) and linear (D∞h) structures and also for the bond
dissociation processes of compounds 1 to 4
B3LYP/Def2-TZVPP
Geometries
̃1A1)
1, C2v; (X
1, D∞h; (𝑋̃1𝛴𝑔+ )
O3→O2+O;
(3A")
2, C2v; (𝑋̃1A1)
2, D∞h; (𝑋̃1𝛴𝑔+ )
SO2→SO+O;
(3A")
3, C2v; (𝑋̃1A1)
3, D∞h; (𝑋̃1𝛴𝑔+ )
SeO2→SeO+O;
(3A")
4, C2v; (𝑋̃1A1)
4, D∞h; (𝑋̃1𝛴𝑔+ )

ZPE

EO

H

S

G

ZPE

EO

H

S

G

0.007308
0.005330

-225.504945
-225.376685

-225.501044
-225.372813

56.839
52.992

-225.528050
-225.397991

0.00
-1.24

0.00
80.48

0.00
80.47

0.000
-3.847

0.00
81.61

0.003853

-225.466836

-225.462245

67.299

-225.494221

-2.17

23.91

24.35

10.46

21.23

0.007002
0.005113

-548.715427
-548.616472

-548.711415
-548.613110

59.305
52.511

-548.739593
-548.638059

0.00
-1.19

0.00
62.10

0.00
61.69

0.000
-6.794

0.00
63.71

0.002718

-548.512921

-548.508256

71.363

-548.542162

-2.69

127.07

127.48

12.058

123.89

0.005352
0.003762

-2552.030569
-2551.932176

-2552.026377
-2551.928729

62.741
54.946

-2552.056187
-2551.954835

0.00
-1.00

0.00
61.74

0.00
61.28

0.000
-7.795

0.00
63.60

0.002254

-2551.757272

-2551.752572

71.965

-2551.786764

-1.94

171.50

171.82

9.224

169.07

0.004672
0.003344

-418.550286
-418.463511

-418.545960
-418.460006

65.180
56.639

-418.576929
-418.486917

0.00
-0.83

0.00
54.45

0.00
53.94

0.000
-8.541

0.00
56.48

The vibronic analysis is displayed in the
D∞h symmetry with 4 negative frequencies.
These frequencies and their force constant
values were summarized in Table 3. The
vibronic modes symmetry of the negative
frequencies are presented in Figure 1. The
vibronic modes would change the molecular
symmetry from the linear (D∞h) to the curved
state (C2v). The configurations distortion with
the highest symmetry (D∞h) of compounds
from 1 to 4 are because of the PJTE [42-44].
These distortions’ main shares from
configurations with the highest symmetry
(D∞h) to (C2v) the corresponding compounds
symmetry are mainly because of the PJTE
mixing the ground (Σg) with the excited states
(Πu). The mixing of ѰHOMO (Σg) and ѰLUMO (Πu)

orbitals in these compounds is because of the
PJTE two-level problem (Σg + Πu) × Πu.
The ground and excited states energy, and
their variations during the distortion
coordinate (QΠu) is displayed in Figure 1. The
lower curve curvature (belonging to the
electron configuration in the ground state) is
negative from the adiabatic potential energy
surface (APES), but the second curve has a
positive curvature from compounds 1-4
(belonging to the excited state of the electron
configuration that interacts with the ground
state curve with respect to the displacement
QΠu). Investigating the above mentioned
excited electron states shows that they cannot
contribute in the PJTE interaction in
compounds 1-4 (Figure 1).
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FIGURE 1 TD-DFT (LC-wPBE / Def2-TZVPP) energy curves (in eV) of the ground and excited
states in the bending directions of compounds 1-4. For the liner structures, the symmetries of the
electron-induced states involved in the vibronic coupling
The energy gap between the desired states
(Δ) decreases during the distortion coordinate
from compounds 1-4 (2.83, 2.34, 1.40, and
0.62, respectively). By the reduction of Δ
values in the linear configuration (D∞h) of
these compounds, the PJTE stabilization

energy also decreases for the distortion of
D∞h→C2v. After that, the Fij vibronic coupling
constant is also reduced by the reduction of
the energy gap between the ground and
excited states (Δ) from compounds 1-4 (Table
3).

TABLE 3 Calculating vibrational frequencies (cm-1) of compounds 1-4
Compound
O3
SO2
SeO2
Force Const.
12.694
8.788
4.981
∆
2.83
2.34
1.40
ν1
-1160.64
-836.35
-638.51
Fij
0.222
0.194
0.181

TeO2
3.535
0.62
-556.88
0.148

Structural parameters

FIGURE 2 Calculated energy profiles of the
linear configuration interconversions of
compounds 1-4 via their corresponding
curved forms (∆E0a in Hartree)

The O-X bonding spacing and the O-X-O
bonding angle are listed in Table 4. The
bonding spacing in the C2V symmetry is shorter
in comparison with the D∞h symmetry. Also,
the O-X-O bonding angle decreases by the
reduction of the symmetry (Table 4). All the
methods’ results were used in order to show
that the difference in bonding length was
calculated between the O-X bonding in the
bent and the linear configurations Δ [rO-X (D∞h) rO-X (C2V)] decreases from the compounds 1 to 2
and, after that, from compounds 2 to 4 have
increase
(0.033,0.011,0.045,0.053
for
compounds 1-4, respectively).
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TABLE 4 B3LYP / Def2-TZVPP (a), B3LYP / TZP (b), LC-ωPBE / Def2-TZVPP (c) and LC-ωPBE /
TZP (d) calculated structural parameters of the bent (C2v) ground state and linear (D∞h)
structures of compounds 1-4.
1
State

2

3

4

C2v

D∞h

C2v

D∞h

C2v

D∞h

C2v

D∞h

(1.254)a
(1.254)b
(1.230)c
(1.230)d
(1.278±0.002)g
(1.278)h
(1.27276)i

(1.294)a
(1.293)b
(1.263)c
(1.262)d

(1.439)a
(1.452)b
(1.423)c
(1.436)d
(1.4343±0.0003)e
(1.431±0.002)f

(1.457)a
(1.484)b
(1.434)c
(1.457)d

(1.612)a
(1.609)b
(1.585)c
(1.578)d

(1.669)a
(1.664)b
(1.630)c
(1.619)d

(1.795)a
(1.811)b
(1.762)c
(1.774)d



Bond lengths (Å )
r M-M

Δ[r M-M(D∞h)-r MM(C2v)]d

0.032

0.021

0.041

0.073

Bond angles (°)

O-X-O

(118.3)a

(180.0)a

(119.0)a

(180.0)a

(113.8)a

(180.0)a

(110.2)a

(180.0)a

(118.2)b

(180.0)b

(117.7)b

(180.0)b

(114.1)b

(180.0)b

(107.8)b

(180.0)b

(117.8)c

(180.0)c

(118.9)c

(180.0)c

(113.7)c

(180.0)c

(110.2)c

(180.0)c

(117.7)d

(180.0)d

(117.7)d

(180.0)d

(113.8)d

(180.0)d

(107.3)d

(180.0)d

(116.45±0.30)g

(119.5±0.3)e

(116.82)h
(116.75)i
eFrom

electron diffraction, C.H. Holder, Jr. and M. Fink, J. Chem. Phys., 75 (11), 5323-5325 (1981). fFrom Electrondiffraction, A. H. Clark, B. Beagley, Transactions of the Faraday Society, 67, 2216-2224 (1971). gFrom microwave
spectroscopy, R. H. Hoghes, J. Chem. Phys. 24 (1), 131-138 (1956). hFrom microwave spectroscopy, R. Trambarulo, S.
N. Ghosh, C. A. Burrus, Jr. and W. Gordy, J. Chem. Phys., 21, 851 (1953). iFrom high resolution infrared spectroscopy, VG
Tyuterev, S. Tashkun, P.Jensen, A. Barbe and T. Cours, J. Mol. Spectrosc., 198, 57- (1999)

Global hardness and electronegativity
The highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular
orbital (LUMO) energies are calculated by the
C2V and D∞h configurations in compounds 1 to
4 with the LC-wPBE/Def2-TZVPP theory
surface (Table 5). The values of εHOMO increase
in the C2V configuration from compounds 1 to
4, but the values of ɛLUMO show reduction in the
C2V configuration from compounds 1 to 2,
followed by increases from compounds 2 to 4.
Moreover, the energy gap between HOMO and
LUMO orbitals (ɛLUMO- ɛHOMO) in the C2V and D∞h
configurations increases from compounds 1 to
2, followed by decreases from compound 2 to
4. The harder configuration is more stable in a
molecule, and consequently the soft
configuration is less stable, which is consistent
with the maximum hardness principles. Here,
we describe the molecular hardness by two
relationships. According to the Koopman's
theorem, hardness is defined as the energy
gap between the HOMO and LUMO.

η = 0.5 (ɛLUMO- ɛHOMO) (5)
Also, the following relationship is established
between the molecule global hardness (η), as
well as its corresponding ionization potential
(I) and electron affinity (A).
η = 0.5 (I-A)
(6)
According to the information of Table 5, the
global hardness values of the curved
geometric
(C2V),
and
linear
(D∞h)
configurations increases in compounds 1 to 2,
and after that decreases from compounds 2 to
4. This results indicated that the bent
configuration of (C2V) in compounds 1 to 4 is
harder than the linear configuration (D∞h).
Accordingly, the curved form (C2V) is more
stable than the linear form (D∞h) from
compounds 1 to 4 [45-48].
We calculate the parameterΔ[η (C2V) -η
(D∞h)] using the attained hardness values. The
parameter Δ [η (C2V) -η (D∞h)] decreases from
the compounds 1 to 4. These changes can
explain the trend observed for the
D∞h→C2V conversion process. Therefore, ZEP
values decrease from compounds 1 to 4 in the
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curved (C2V) and linear (D∞h) configurations.
However, the variations in the ZEP difference
show an increasing trend between the
Δ [ZEP (C2V) -ZEP (D∞h)] structures from
compounds 1 to 4. The results of this research
presented that the global electronegativity
values in the curved configuration (C2V) are
greater than the linear configuration (D∞h)
during compounds of 1 to 4 (Table 5).
According to these values, it can be said that
the Lewis acid and Lewis base characteristic
determine the global electronegativity. A
molecule with a larger value is identified as a
strong Lewis acid and a molecule with a

smaller value is known as a strong Lewis base.
As a result, compound 1 is considered as a
stronger Lewis acid, and compound 4 as a
stronger Lewis base amongst the compounds
of 1 to 4. The Δ parameter is determined as Δ[χ
(C2V) -χ (D∞h)] using the global electronegative
values for the C2V and D∞h configurations. It is
remarkable that when the parameter Δ [χ (C2V)
-χ (D∞h)] is calculated, we found that this
parameter decreases from compounds 1 to 4,
and this reduction process corresponds with
the decrease in the PJTE stabilization energy
during the D∞h → C2V conversion process

TABLE 5 LC-ωPBE / TZP calculated energy (in au) of HOMO, LUMO, LUMO-HOMO (in au), global
hardness (η, in au), global softness (S, in au) , Δη (in kcal mol-1) and ΔS (in au) parameters for the
bent (C2v) ground state and linear (D∞h) structures of compounds 1-4
Geometry
1, C2v
1, D∞h
2, C2v
2, D∞h
3, C2v
3, D∞h
4, C2v
4, D∞h

 HOMO

 LUMO

LUMO- HOMO

I

A

η

χ

Δη

Δχ

-0.46008
-0.36443
-0.45115
-0.37338
-0.43622
-0.37411
-0.41909
-0.36146

-0.08132
-0.08262
-0.03602
-0.03046
-0.06565
-0.07571
-0.08823
-0.10258

0.37876
0.28181
0.41513
0.34292
0.37057
0.29840
0.33086
0.25888

0.46008
0.36443
0.45115
0.37338
0.43622
0.37411
0.41909
0.36146

0.08132
0.08262
0.03602
0.03046
0.06565
0.07571
0.08823
0.10258

0.18938
0.14091
0.20757
0.17146
0.18529
0.14920
0.16543
0.12944

0.27070
0.22353
0.24359
0.20192
0.25094
0.22491
0.25366
0.23202

0.04847(30.42)a
0.00000
0.03611(22.66)a
0.00000
0.03609(22.65)a
0.00000
0.03599(22.58)a
0.00000

0.04717(29.60)a
0.00000
0.04167(26.15)a
0.00000
0.02603(16.33)a
0.00000
0.02164(13.58)a
0.00000

Stabilization energies associated with the
electron delocalizations
Despite the fact that studying the stabilization
energies associated with the electron
delocalizations 𝐿𝑃(3)𝑂3 →𝜎𝑋∗2−𝑂 , a NBO
3

analysis was used in the D∞h components 1 to
4 configuration, Figure 1 indicated that the
PJTE stabilization energy decreases from
compound 1 to 4. The molecular orbital
analysis displays that PJTE is associated to the
ground electron (Σg) and excited states (Πu)
mixing and also connected to the mixing of
HOMO (+1) (Πu) and LUMO (Σg). It should be
noted that the PJT distortion in the
compounds 1-4 linear configuration (D∞h
→C2V) along with the Πu displacement is
because of the reduction in the symmetry
mixing the orbital Σg and Πu with Πu. The
results of the NBO analysis indicate a

reduction in the electron delocalizations of the
curved structure (C2V) from compounds 1 to 2,
and after that increasing from compounds 2 to
4 (Table 6).
Natural charges
After calculating the difference in natural
atomic charges (NAC, the nuclear charge
minus the natural population sum of the
natural atomic orbitals) observing the atoms
X2 and O1 in the configuration of C2V Δ[NAC (X2)
-NAC (O1)], we found that this difference
increases from compounds 1 to 4. This trend
can justify the hardness variation reduction
(Δη) from compounds 1 to 4. Also, the
parameter Δ [NAC (X2) -NAC (O1)] can be
considered as another criterion for estimating
the PJT distortion in compounds 1 to 4.
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Table 6 LC-Wpbe /TZP-calculated stabilization energies (E2, in kcal mol-1) associated with
electron delocalizations, natural bond orders (NBO), natural atomic charges (NAC) and dipole
moments (, in Debye) for the bent (C2V) geometries of compounds 1-4
1
Geometry

C2v

LP2O1→σ*X2-O3
LP3O1→π*X2-O3
O1-X2→p(O3)
σO1-X2→*X2-O3

22.85
352.19
14.39
-

σO1-X2 (total)
σO1-X2 (ionic)
σO1-O3 (covalent)

1.3957
0.3148
0.2086

O1
X2
NAC(X2)-NAC(O1)]


-0.17008
0.34017
0.51025
0.6706
(0.58±0.05)a

2
D∞h
15.04
301.07
11.70
5.37

0.0000

C2v
36.28
134.23
1.31

E2

3
C2v

D∞h

C2v

D∞h

15.92
120.31
61.88

32.10
151.08
0.00
1.88

13.29
133.52
59.33

22.77
108.67
0.00
1.50

10.98
96.61
41.66

NBO
1.5000
0.6706
0.0000
NAC
-0.79888
1.59775
2.39663
1.7517
0.0000
(1.634)b,c

4

D∞h

1.5000
0.6753
0.0000

1.5000
0.7308
0.0000

-0.86557
1.73113
2.5967
2.8723
(2.62±0.05)

-0.95164
1.90328
2.85492
4.1416

d

0.0000

0.0000

-0.95164

(0.5324±0.0024)
e

FIGURE 3 The natural resonance theory (NRT) module provides an analysis of the molecular
electron density (correlated or uncorrelated) in terms of resonance structures and weight One of
the possible reasons for justifying the absence of O3 in the other molecules processes includes the
presence of an additional resonance form (Figure 3), which was not observed for other molecules
Conclusion
The purpose of this study was to investigate
the stability of the curved form (C2V) of XO2
molecules (X = O, S, Se, Te) with theory levels
of (LC-WPBE / Def2-TZVPP, B3LYP / Def2TZVPP) and indicated that in all the molecules
studied, stability level increases with
reduction in the symmetry level. The elevated
stability is attributed to the PJTE. The vibronic
coupling interaction between the ground (Σg),
and the first excited states (Πu) throughout

the PJTE problem (PJT (Σg+ Πu) × Πu) is
because of the asymmetry and molecules
bending phenomenon. An increase in the
stability of curved configurations (C2V) in
comparison with the linear configurations
(D∞h) is compatible with the minimum energy
principles (MEP) and maximum hardness
principles (MHP).
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