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Abstract

Geometry, global energetic and dipole moment of the studied structures 1-4 in the ground state are
calculated using the DFT/B3LYB/6-311++G (d,p) level of theory. It has been uncovered that compounds
containing 1, 2, 3-thiazaphosphinine and 1, 2-azaphospholes bearing a Chromone ring structure displays
noteworthy biological properties. The studied compounds 1-4 are non-planar, as indicated from the dihedral
angles. Using frontier molecular orbital (FMO) analysis, various spectroscopic and quantum chemical
parameters are evaluated. Besides, absorption energies, oscillator strength, and electronic transitions of 1, 2,
3-thiazaphosphinine and 1, 2-azaphospholes 1-4 molecules have been derived at TD-DFT/CAM-B3LYP/6-
311++G (d, p) computations utilizing a PCM and measured in different solvents polar and non-polar
experimentally in Uv-Vis spectra. The second-order perturbation interactions between donor and acceptor
MOs of the ground state and the natural bond orbital (NBO) analysis show a localization and delocalization
of electron density, intermolecular Charge Transfer CT character of n-rt*, t-t* transitions. The calculated at
the same level of theory which NLO, a, Aa and first order  were showed promising optical properties. For
the understanding of reactivity points, the molecular electrostatic potential surfaces (MEPS) plots have been
computed. All the calculations have been performed in the gas phase.

Keywords: DFT/TD-DFT/ B3LYB/6-311++G (d, p), MEPS, NLO and NBO Analysis, Optoelectronic
Application, Uv-Vis Spectra, 1, 2, 3-Thiazaphosphinine, 1, 2-Azaphospholes.
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biological activities including antiplatelet [8],

1, 2, 3-thiazaphosphinine and 1, 2-azapho-
spholes are important class of Phosphonates
and organ phosphorus family in recent years
due to their biological properties [1,2]. They
are considered as antiproliferative [3], enzyme
inhibitory [4], antibiotic [5], analgesic [6], and as
promising anticancer therapeutic drugs [7]. On the
other hand, chromone compounds are well known
natural and synthetic products showed significant
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antiallergic [9], antiangiogenic [10], antirheumatic
[11], antitumor [12], neuroprotective [13],
HIV-inhibitory [14,15], antimicrobial [16,17],
antioxidant [18], and anti-inflammatory [19].
Appropriately, it seems, by all accounts, to be
exceedingly appealing to study the previously
synthesized 1, 2, 3-thiazaphosphinine and 1,
2-azaphospholes bearing a chromone ring 2-4
[20] of biological intrigue from computational
investigation point of view. Density functional
theory-based computational study plays a vital
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role in calculating the electronic structure of
molecular systems and identifying the new
drug candidates. The DFT method favorite
the accuracy and checking the experimental
values of molecular geometry, vibrational
frequencies, atomic charges, dipole moment,
thermodynamically properties, etc [21-24].

There is no reported systematic study on the
UV-Vis spectra of 1, 2, 3-thiazaphosphinine and 1,
2-azaphospholes bearing achromonering. Thus, the
present work attempts to provide a comprehensive
study of experimental UV-Vis spectra for these
compounds using Time-dependent density
functional theory (TD-DFT) calculations at CAM-
B3LYP/6-311++G (d, p). Also, the contributing
configurations and MOs are characterized by the
origin of each absorption band. The charge transfer
of the electron density in the studied compounds
is characterized by natural bond orbital analysis
(NBO). Due to theoretical chemistry, it has become
possible to anticipate many physical and chemical
properties of molecules. In the current examination,
using DFT calculations, structural entities, chemical
reactivity parameters, spectroscopic data, some
global reactivity descriptors have been explored.
The spectrophotometric  measurements  of
elucidating the optical constants of the prepared
compounds 1-4 are investigated in a wide range of
spectra.

EXPERIMENTAL
The studied compounds

The studied compounds were prepared in our
laboratory and reported in the literature [20]. The
proposed compounds 1-4 are shown in Figure
1. They are 2-cyano-3-(4-oxo-4H-chromone-3-
yl)prop-2-enamide (1),  2-hydroxy-2-oxido-3-
(4-oxo-4H-chromen-3-yl)-1,2-dihydro-5H-1,2-
azaphosphol-5-one (2), 2-ethoxy-6-(4-oxo-4H-
chromen-3-yl)-2-sulfido-2,  3-dihydro-4H-1, 3,
2-thiazaphosphinin-4-one (3) and 2-hydroxy-3-
imino-4-[(4-oxo-4H-chromen-3-yl)methylidene]-
2-oxido-1, 2-azaphospholidin-5-one (4).

Solvents

Polar (methanol and butanol) and non-polar
(dioxane and toluene) solvents were obtained
from Merck, AR- grade, and were used without
further purification.

Apparatus
A Perkin EImer lambda 4B spectrophotometer
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using 1.0 cm fused quartz cells were used to
measure the electronic absorption spectra over
the range 200-900 nm. Spectral analysis of
transmittance and reflectance are performed in
the wavelength range of 200-750 nm.

Computational details

Khon-Sham’s  (DFT)  calculations  were
performed on an Intel (R) Core (TM) i7 computer
using the Gaussian-09 program package without
any constraint on the geometry [25]. The geometry
of the molecules studied in this is optimized by
DFT/B3LYP method using the 6-311++G (d, p)
basis set [26-28]. The FMO analysis and quantum
chemical study has been performed using Gauss
View 5.0.9 [29] or chem craft 1.6 [30] software
packages. Also, the following equations [31-33],
were calculated the total static dipole moment (u),
(Aar), and (B), values.

=(M2x+#zy+ﬂzz) 2,

()=1/3(a, +a, +a)

ba=((a, —a )2 a, —azz)2+(azz—axx)z/2)“2,
B)= (/32+/32+b’2 )

Where
szﬁxxx+ﬁxyy+ﬁxzz’
By:'gyyy+'BXXy+ﬁyZZ’

Bzzﬁzzz+ﬁxxz+ Byyz' (2)

Using the predicted energies of HOMO and
LUMO, global reactivity descriptors were calculated
as follows: y= (I+ A)/2 (electronegativity), n=
(I-A)/2 (chemical hardness), S= 1/2n (global
softness), w =u?/2n (electrophilicity) where I and
A were ionization potential and electron affinity,
andI=-E_ and A=-E  , respectively [34, 35].
Absorption energies (A in nm), Oscillator strength
(f), and Transitions of all compounds 1-4 have
been calculated at TD- CAM -B3LYP/6-311++G (d,
p) level of theory [36, 37].

The natural bond orbital method (NBO)
[38] used to investigate the reactive sites of the
compounds 1-4, the molecular electrostatic
potential (MEP) was computed, the donor-
acceptor interactions were used to evaluate the
second order Fock matrix [39]. For each donor
(/) and acceptor (j), the stabilization energy E
@ associated with the delocalization i - j was
estimated as:

E®=0E = q,(F (i) /¢, ), 3)
Where g, is the donor orbital occupancy,
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Fig. 1. The proposed compounds 1-4.

g, and € are diagonal elements and F(ij) is the
off-diagonal NBO Fock matrix element. For the
conversion factors of @, 5, and HOMO and LUMO
energies in atomic and cgs units: 1 atomic unit
(a.u.) = 0.1482 x 1072 electrostatic unit (esu) for
polarizability (@), 1 a.u. = 8.6393x1073 esu for first
hyperpolarizability (S).

RESULT AND DISCUSSION
Electronic structures
Geometry, Ground state properties and Global
reactivity descriptors

In the present study all compounds 1-4 Fig. 2
have been studied to determine various structural
and chemical parameters using density functional
theory DFT/B3LYB at 6-311++G (d, p) basis set.
The optimized geometrical parameters (bond
lengths and bond angles) were shown in Figs. 3
and 4. All compounds 1-4 is having C1 point group
symmetry as predicted by DFT investigation. The
frontier molecular orbital’s (FMO) of previously
synthesized compounds 1-4 is presented in Figs.
5 & 6; the electronic parameters and the global
reactivity descriptors’ statistics are given in Table
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3. Also, the dihedral angles and natural charge of
the studied compounds 1-4 were listed in Tables
1and 2.

The studied compounds 1-4 all calculated
bond lengths were in the range from 1.387 to
1.509 A in the chromone moiety (c.f. Fig. 3). These
were overestimated than the experimental values
in literature by 1%, (c.f. Refs 40 & 41), whereas
the computed C-P and C-S bond lengths are
overestimated than the experimental values by
4%. At the same time, the C-C bond lengths for
compounds 1-4 (1.449-1.479A) were found to be
like the central bond in butadiene (1.463A) [40],
while the C=C bond lengths (1.387-1.3904) did
not differ very much from the C=C bond length in
ethylene [41]. These conclusions were suggested
by the considerably large O-C bond lengths and
shorten C=0 bond length. The small difference
between calculated and observed bond lengths
indicated the power of the method used in the
calculation which was carried out in the gas phase
and observed in solid-state. No significant change
in the calculated bond angles of the compounds on
comparing with the experimental values (c.f. Fig.
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Compound 3 Compound 4

Fig. 2. The optimized structure, perspective view of dipole moment of the compounds 1-4 at B3LYP/6-311++G (d, p).
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Fig. 3. The bond lengths of the compounds 1-4 at B3LYP/6-311++G (d,p).
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Fig. 4. The bond angles of the compounds 1-4 at B3LYP/6-311++G (d,p).
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Fig. 5. Energy of HOMO, LUMO and energy gap of the studied compounds 1-4 at B3LYP/6-311++G (d, p) level of theory.
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HOMO

LUMO

Fig. 6. HOMO, LUMO and Molecular surfaces of compounds 1-4 at B3LYP/6-311++G (d,p).

4). All the compounds are non-planner as reflected
from their dihedral angles. In the parent compound
1, the planarity changed by the presence of the
phosphorus and sulfur atoms in diazaphosphinanes
rings, by the range from 11" to 125’. So, there is no
planarity for all compounds 2—-4 as indicated from
the dihedral angles (c.f. Table 1).

E.omo Of compound 1 which measures the
donating property (oxidation power) is 6.90 eV
(c.f. Table 3) and hence in the donating properties
follows the order: 3 >1 >4 > 2 as shown in Table
3 and Fig. 5. However, E of 1 which measures

the accepting property (reducing power) is 2.70

Int. J. Nano Dimens., 12 (3): 222-238, Summer 2021
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eV. The order of accepting properties follows 3, 2,
1, 4 as shown in Table 3 and Fig. 5. The bandgap,
E o IS the energy gap between €, andE ., it

signifies the facile electron transition fromE,, to

E uo I-€. the reactivity of molecules in the studied
compounds 1-4 are governed by their chemical
structures. The results in Table 3 and Fig. 5. shows
that the computed reactivity in the gas phase of
the studied compounds increases in the order:
4 >1 > 3 > 2. This indicates that the smaller the
B the higher the reactivity of these compounds.
Finally, the theoretically computed dipole

moment, y, for compound 1 which measures the
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charge separation over the molecule is 5.07 D. The
general trend of the dipole moment changes for
the studied compounds follows the order 2 > 3
>4 > 1 (c.f. Table 3) and the vector of the dipole
moment is presented in Fig. 2.

The global descriptor study suggests all these
are good electrophiles as the value of global
electrophilicity is less. As far as global softness is
concerned the compound 4 is the softest among
all compounds 1-3 with a global softness value
of 0.24851 eV. The absolute hardness is higher
for compound 2 and it is 2.31812 eV. The ease of
removal of an electron is governed by its chemical
potential V (eV) and it is likewise identified with its
electronegativity. A good electrophile is described
by a higher value of global electrophilicity (w) and
thelowervalue of windicatesgood nucleophile.Our
results suggest that compound 2 (w = 1.71354 eV)
has a higher value of w, so it is most likely to accept
electrons readily and would undergo nucleophilic
attack easily. On the other hand, compound 1 (w
= 1.20616) has a lower electrophilicity indicating
that it is a potent nucleophile or can lose easily. As
the V value increases, the ability of a molecule to
lose an electron increases.

Natural Charge

The natural population analysis [42] performed
on the electronic structures of compounds 1-4
clearly describes the distribution of electrons
in various sub-shells of their atomic orbits. The
accumulation of charges on the individual atom
has been presented in Table 2. In the case of
our studied compounds 1-4, the most negative
centers are 015, 016, 022, N21, and N24-atoms.
According to an electrostatic point of view of the
molecule, these negative atoms tend to donate
an electron. Whereas, the most electropositive
atoms such as P27, S24, and S28 atoms, have been
tend to accept an electron.

The natural population analysis [42] was
performed on the electronic structures of
compounds 1-4 are calculated by DFT/B3LYP method
with 6-311++G (d, p) basis set in the gaseous phase
are given in Table 2 and indicated by colors in Fig. 7,
it is clearly described the distribution of electrons
in various sub-shells of their atomic orbits. Natural
atomic charges reveal that all the phosphor (P27)
atoms have a net positive charge but compound
4 has a more positive charge (1.63626) than other
compounds 1-3. The high positive character is
due to the attachment with a nitrogen atom and

228

Sulphur atom. Amongst the nitrogen atom, the N24
atom has a more negative charge, and the value is
-0.95589. The oxygen atom (022) -0.65316 charge.

Polarizability and hyperpolarizability

The relationship between the molecular
structure and NLO phenomena for the compounds
1-4 were calculated using DFT/B3LYP/6-311++G (d,
p) has been also theoretically obtained [43]. Table 4
shows that the mean first-order hyperpolarizability
{B) (Octa pole moment), total static dipole moment
(u), the mean polarizability (a) (Quadrupole
moment), and the anisotropy of the polarizability
(Aa), of the compounds 1-4. The calculated high
value of dipole moment was found to be 7.9444
D for compound 2 than the other compounds 1, 3
and 4 at B3LYP/6-311++G (d,p). Also, the calculated
mean polarizability (a) for compound 3 is 41.47x10°
24 esu i.e., two times higher than PNA molecule,
the order of increasing o with respect to PNA was
showed in Table 4 that values of &, B: compounds
2 and 4 are ~ 1.7 and 2 times higher than (PNA),
whereas compounds 1 are ~ 1.5 times higher than
the standard (PNA), respectively. In addition, the
calculated mean first-order hyperpolarizability
(B), of the compound 4 is 66.89x10*° esu and
compound 3 is 57.23x10% esu i.e., higher than
PNA molecule (Table 4), while compounds 1, 2
are ~ 2, and 2.5 times higher than the reference,
respectively. The obtained value indicates that the
studied compounds 1-4 might be a promising NLO
material. Due to the lack of any experimental NLO
data about the examined compound, p-nitroaniline
(PNA) that is one of the typical NLO structure [44-
46] was chosen as reference material.

Molecular electrostatic potential (MEP)

The MEP and NAO plots for the studied
compounds 1-4 are presented in Figs. 6-7. The
MEP plots suggest that the chromone ring
attached to the 1, 3, 2-thiazaphosphinin and
1,2-azaphospholidin the ring is highly susceptible
to electrophilic aromatic substitution. In all the
studied compounds 1-4, the red part is situated at
the NH group suggesting high reactivity towards
basic reagents and caused by while the positive
(blue) potential sites were around the hydrogen,
and carbon atoms. Blue for electron deficient,
(partially positive charge), red part (partially
negative charge), light blue for (slightly electron-
deficient region), yellow for (slightly electron
rich region), green for neutral (zero potential)

Int. J. Nano Dimens., 12 (3): 222-238, Summer 2021
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Atomic charge distribution

= Negative Charge value

= Positive Charge value
Fig. 7. Atomic charge distribution (au) for compound 1 at B3LYP/6-311++G (d,p) basis set.
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respectively, [47-49].

Electronic UV-Spectra

Absorption energies (A in nm), oscillator
strength (f), and transitions of all studied
compounds 1-4 have been computed at TD-DFT-
CAM-B3LYP/6-311++G (d,p) level of theory for
optimized geometries.

To understand the electronic transitions of
the compounds 1-4, the results of the TD-DFT
were carried out in both the gas phase and in
a polar solvent (methanol and butanol) and in
non-polar solvent (dioxane, and toluene) for the
low-intensity bands (Q-region) and high-intensity
bands of the compounds 1-4. The electronic
spectra of compounds 1-4, in methanol and
butanol solvents, assighment of spectra is given
in Figs. 8-15 and Tables 6-9. The charge density
maps of the occupied and vacant MO' s considered

100000 —
80000 —
60000 —
40000 —

20000 —

Molar ansorpativity(mol .cm .L)

in the transitions are presented in Fig. 16. The
spectrum in (dioxane, and toluene) is composed
of seven bands centered at 500 nm, 470 nm, 445
nm 375 nm, 325 280, and 255. Increasing solvent
polarity ongoing from (dioxane, and toluene) to
(methanol and butanol) cause’s small changes
in band positions indicating that the polarity of
the excited and the ground state is of the same
values, that is, solvent independent. The intensity
is lowered in (methanol and butanol) and all bands
are assigned to (m-m*) and (n-m*) transitions as
reflected from their intensities (0-60000). The
excited configurations considered in compounds
1-4, are those which results from an electron
excitation of the highest occupied molecular
orbitals and the lowest vacant molecular orbitals.
The correspondence between the theoretically
computed and the experimentally observed
transitions are satisfactory.
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Fig. 8. Electronic absorption spectra of compound 1, (a) theoretical in gas phase, (b) theoretical in dioxane, (c) theoretical in metha-
nol (d) experimental in dioxane, (e) experimental in methanol.
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Fig. 9. Electronic absorption spectra of compound 1, (a) theoretical in gas phase, (b) theoretical in toluene, (c) theoretical in butanol
(d) experimental in toluene, (e) experimental in butanol.
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Fig. 10. Electronic absorption spectra of compound 2, (a) theoretical in gas phase, (b) theoretical in dioxane, (c) theoretical in meth-
anol (d) experimental in dioxane, (e) experimental in methanol.
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Fig. 11. Electronic absorption spectra of compound 2, (a) theoretical in gas phase, (b) theoretical in toluene, (c) theoretical in butanol
(d) experimental in toluene, (e) experimental in butanol.

Electronic absorption spectra of compound 1

Figs. 8-9 and Table 6 present the experimental
and theoretical electronic absorption spectra of
1 in (methanol and butanol) and (dioxane, and
toluene). Increasing solvent polarity on going from
(dioxane, and toluene) to (methanol and butanol)
results in a blue shift, all bands are assigned
to (m-m*) and (n-m*) transitions as reflected

Int. J. Nano Dimens., 12 (3): 222-238, Summer 2021
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from their intensities (0-60000). To account for
the experimentally observed UV Spectra of 1
in (dioxane, and toluene) and (methanol and
butanol), it is essential to consider the theoretically
calculated vertical transitions using TD-DFT-CAM-
B3LYP/6-311++G (d, p) level. The experimental
band at 430 nm (in dioxane, and toluene) is
reproduced theoretically by using PCM (dioxane,

231
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Fig. 12. Electronic absorption spectra of compound 3, (a) theoretical in gas phase, (b) theoretical in dioxane, (c) theoretical in meth-
anol (d) experimental in dioxane, (e) experimental in methanol.
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Fig.13. Electronic absorption spectra of compound 3, (a) theoretical in gas phase, (b) theoretical in toluene, (c) theoretical in butanol
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Fig.14. Electronic absorption spectra of compound 4, (a) theoretical in gas phase, (b) theoretical in dioxane, (c) theoretical in meth-
anol (d) experimental in dioxane, (e) experimental in methanol.
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Fig.15. Electronic absorption spectra of compound 4, (a) theoretical in gas phase, (b) theoretical in toluene, (c) theoretical in butanol
(d) experimental in toluene, (e) experimental in butanol.
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Fig. 16. Electron density contours of the studied compounds 1-4.

and toluene), at 450 (state 9) nm, and in the gas
phase, at 420 nm as shown in Table 6. Moreover,
in polar solvents (methanol and butanol), this
same band appeared at (411 nm) respectively,
where theoretical calculations in (methanol and
butanol), reproduced this band at (425 nm) (state
11), as shown in Table 6. The electron density
contours of molecular orbital’s nature indicted by
the electronic transition. The ten orbital’s ¢, "

involved in the theoretical transitions of compound
1, is shown in Fig. 16, showed a delocalization of
electron density, and charge transfer CT character.

Int. J. Nano Dimens., 12 (3): 222-238, Summer 2021
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From the second state to eight states, the same
desiccation as well as the first state (c.f. Figs. 8, 9,
and Table 6). For comparison, Table 6 contains the
theoretical and the experimental vertical excitation
energies and the corresponding oscillator strengths
for compound 1.

The NBO analysis of the studied compounds
1-4 provides an efficient method for studying
intra-and intermolecular bonding and provides a
convenient basis for investigating charge transfer
or conjugative interactions in molecular systems.
Table 5 presents the second-order perturbation
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energies of most interacting NBOs of 1-4 and the
most important interaction between filled (donor)
Lewis’s type NBOs and empty (acceptor) non-
Lewis NBOs. The charge density maps of HOMO
and LUMO for 1-4 are presented in Fig.16. The
results of NBO analysis of compound 1 tabulated
in Table 5 indicate that there is a strong hyper
conjugative interactions n*C,-C, > mn*C-C,
n*C,-0,, > n*C-C, LP (1) N,, »> n*C,-0,,, and
LP (2) O,, &> o*C-C_, for 1 is 176.33, 106.80,
64.83, and 36.17 kcal/mol, respectively. The C-0
1t orbital and quinoline ring interact equally well
with the chromone ring. In fact, its interaction
with the chromone ring is greater. Furthermore,
the lone pair orbital of the oxygen and nitrogen
atoms enjoys hyperconjugation with the C20-022,
and C1-C2 mt* orbital. It is surprising to notice a
decrease in the population of the NBO C1-C2, and
C3-C4 reflecting a charge transfer away from the
chromone ring. In conclusion, 1 enjoys the linear
conjugation that is responsible for the observed
spectrum. No specific part of the molecule
manifests itself in the observed spectrum.

Electronic absorption spectra of compound 2-4
The gas-phase calculation gave a wavelength
at 460 nm. Moreover, in polar solvents (methanol
and butanol), this same band appeared at (450
nm) respectively, where theoretical calculations
in (methanol and butanol), reproduced this band
at (480 nm) (state 11), while in non-polar solvents
(dioxane, and toluene) centered at (450 nm), in
compounds 2-4, this band is predicted theoretically
at (500 nm) (state 9), respectively, it is very good
agreement with the experiment. As shown in
Tables 7-9. The electron density contours of
molecular orbital’s nature indicted by the electronic
transition. The ten orbital's ¢__ 7%, ¢, 7*, and

65-76 7 85-97 7

b, ... " respectively involved in the theoretical
transitions of compounds 2-4, is shown in Fig. 15,
showed a delocalization of electron density, and
charge transfer CT character. From the second state
to eight states, the same desiccation as well as the
first state (c.f. Figs. 10-15 and Tables 7-9). These
absorption bands in the visible region are typical
n-m*, m—mt* transitions. The absorption band that
corresponds to the maximum absorption of the
compounds 2-4, is blue and red-shifted by 3 -4 nm
under the effect of solvent. For comparison, Tables
7-9 contains the theoretical and the experimental
vertical excitation energies and the corresponding
oscillator strengths for compounds 2-4.
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Table 5 presented the second-order
perturbation energies of most interacting NBOs of
1-4 and the most important interaction between
filled (donor) Lewis’s type NBOs and empty
(acceptor) non-Lewis NBOs. Fig. 6 presented the
charge density maps of HOMO and LUMO for 1-4.
NBO analysis of compound 2 in Table 5 indicated
that it retained the extended conjugation of 1
as revealed by the interaction of C—=O NBOs with
those of chromone ring. Furthermore, the oxygen
lone pair orbital and nitrogen atoms enjoyed
hyperconjugation with the C—-C, C —0O,, and
C,~N,. m* orbital. It was surprising to notice a
decrease in the population of the NBO O,— P,
and C,—C, reflecting a charge transfer away from
the chromone ring. There was a strong hyper
conjugative interaction in Compound 3, n*C-C,
; n*C-C, LP (1) N,, > n*C-O,. and LP (2) O,,

- n*ClZ-CB, for 3 is 153.39, 42.82, and 33.08
kcal/mol, respectively. Furthermore, the lone pair
orbital of the oxygen and nitrogen atoms enjoyed
hyperconjugation with the C ,-C , and C -0, t*-
orbital. The population of the NBO P,-N, , P_—
0,,, and C—C, decrease surprising and reflecting
a charge transfer away from the chromone ring.
This was also evident in the case of the population
of the oxygen lone orbital LP (1) N,,. The results
of compound 4 of NBO analysis tabulated in
Table 5 indicated that there was a strong hyper
conjugative interaction n*C,-C, - mn*C-C,
n*C,-C, > n*C,-0,, and LP (1) N, &> n*C-0,,
for 4 was 152.68, 110.96, and 50.24 kcal/mol,
respectively. There is the extended conjugation of
1 with compound 4 as revealed by the interaction
of C—O NBOs with those of chromone ring. It a
decrease in the population of the NBO C,—C,, C—
0., C,—C, and C,—P,, reflecting a charge transfer
away from the chromone ring can be surprised.
This was also evident in the case of the population
of the oxygen lone orbital LP (1) N,..

Optical band gap of the presented structures

The main experimental optical parameter
of the presented structures is the energy gap,
Eg which can be obtained for the direct type of
transition by using the following Eq. [4] [50]:

(E)*= A (E-E))

Where, E is the incident photon energy
and A is a constant of incident photon energy. As
observed from Figs. 17-20 that the best fit of the
most feasible transition supports the direct band
transition. The values of E, for every structure that
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Fig. 20. Energy gap of Compound 4.
resulting from [(a E)? vs (E)] plots can be extracted the molecules.
from extrapolation of linear parts of the curve 5. The neutral atomic charges for all

for each case to (a hv)? = 0 as shown in the Figs.
17-20. The obtained Eg values of the compounds
1-4 follow that, 2.84, 2.55, 2.60 and to 2.82eV,
respectively.

CONCLUSION

In summary, we have explored various facets of
theelectronicstructureofl, 2, 3-thiazaphosphinine
and 1, 2-azaphospholes bearing a chromone ring
for all studied compounds 1-4, were investigated
theoretically by using the DFT method at B3LYP/6-
311++G (d, p) and TD-DFT at CAM/
B3LYP/6-311++G (d, p) level theory. The results of
our investigation are summarized below:

1. The geometry of all compounds 1-4 is
optimized B3LYP/6-311++G (d, p) basis set. All
these molecules possess C1 point group symmetry.

2. For a detailed structural analysis, the
optimized geometrical parameters like bond
lengths and bond angles have been discussed,
also, all compounds were found to be non-planar
structure indicated by dihedral angle.

3. Frontier molecular orbital analysis of all
compounds 1-4 has been computed and the
results indicate that compound 4 had the lowest
Evomor Eumer 2@nd Egap indicating the highest
reactivity amongst all compounds. This means
that the inevitable charge transfer is easier in
compound 4 than other compounds.

4. Various quantum chemical parameters have
been computed to analyze the chemical nature of
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compounds 1-4 which indicated the electronic
charge distribution has been discussed.

6. The calculated dipole moment and first
order hyperpolarizability results indicated that the
molecule had a reasonably good non-linear optical
behavior.

7. The molecular electrostatic potential (MEP)
surfaces are plotted to point out the electrophilic
and nucleophilic reactivity sites.

8. Absorption energies (A in nm) spectra of
the compounds 1-4 have been computed at
TD-DFT-CAM/B3LYP/6-311++G (d, p) level of
theory. All the observed bands can be assigned
to (n-rt*, m—m*) transitions as reflected from their
intensities. The correspondence between the
theoretically computed and the experimentally
observed transitions are satisfactory. The solvent
dependence of the observed bands can be
attributed to the charge in the dipole moments of
the ground and excited states.

9. The NBO analysis of compounds 1-4
indicated the intermolecular charge transfer
between the bonding and anti-bonding orbitals.

10. Band gaps optical were extracted from
the photon energy dependence on absorption
coefficient at the band edges and found to be
2.84, 2.55, 2.60 and 2.82¢eV, respectively.

In this way, we can conclude that the
information furnished in this research could
provide a ladder for the development of further
research in the respective fields.
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