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Abstract

The present study accounts for the quantum chemical and nonlinear optical properties of the
combination of para-aminobenzoic acid and 7-diethylamino 4-methyl coumarin. Three different
complexes were designed, surface interaction (adsorption) and two by connecting both molecules with -
bridge benzene and biphenyl. The amino and carboxyl groups were observed to behave as strong donor
and acceptor sites in all the complexes. The band gap of the adsorbed complex was found more suitable.
The absorption wavelength and intensity both were seen to increase with the increase in the number of
benzene rings in the Ti-bridge. The chemical reactivity was established by the global reactivity descriptors.
The values of first and second-order hyperpolarizability suggest the improved nonlinear optical responses
of the introduced complexes. Additionally, the negative value of second-order hyperpolarizability suggests
the possibility of the occurrence of reverse saturable absorption in these combinations. The reported work
gives theoretical insights into the nonlinear optical properties of the combination of para-aminobenzoic
acid and 7-diethylamino 4-methyl coumarin.

1. Introduction

Over the last few decades, considerable efforts have been made in designing and synthesizing new
organic systems with large nonlinear optical (NLO) susceptibilities [1]. The laser-induced organic
substances have significant nonlinear responses that possess the high responsive time, damage
threshold, and hyperpolarizabilities, and have strong applications in the fields of optical limiting,
telecommunications, optical computing, microfabrication, data storage, etc [2—4]. A number of
researchers have introduced a new way to modify the charge transport properties and increase the
nonlinear behavior of the compounds. Organic compounds bonded with the ri-bridges (sometimes called
chromophores, push-pull chromophores, or donor-rt-acceptor chromophores) were seen to significantly
enhance the nonlinear responses [5, 6]. Generally, the involvement of the benzene rings in the
chromophores was found to be the main reason behind the increased nonlinear interactions with light [7].
The resonating structure of benzene causes an increment in the nonlinear abilities [8]. The conjugated
single-double bond of the aromatic rings causes the interaction of two m-bonds or between a n-bond and
a lone pair of electrons [9]. The delocalization of m-electrons mainly results in the increased dipole
strength and polarizing ability of the compounds [10]. The high static dielectric constant of the benzene
(2.274) can also be considered one more reason for the increased nonlinear responses [11]. A higher
dielectric constant leads to an increased number of interfaces in the target compound which leads to
increased anisotropic behavior of the compound [12]. The anisotropy is also relatable to the non-
centrosymmetry as well as the hyperpolarizability of the compounds [13]. In simple words, we can say
that a higher dielectric constant will lead to higher anisotropy, and an increase in the anisotropic nature
leads to an increment in the polarizing ability of any compound [14].

Numerous research were seen in the literature where donor and acceptor compounds were seen to be
connected with these i-bridges and the resultant structures were further used for several NLO
applications like laser limiting, photo-switchable property, photo-luminescence quenching, and many
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more [15, 16]. T.P. Gerasimova has done similar kind of work for the development of several donors-t-
acceptor bridges using quinoxaline, quinoxalinone, quinoline, benzothiazole, and thiophene
carboxaldehyde and worked on the halochroism properties of these chromophores [17]. The study on the
chromophore formed by joining carbazole with a -spacer group cyano ethynyl ethene designed by R.
Kumar was successful in attaining huge first-order hyperpolarizability of 923.93 x 10732 esu [18]. Novel
V-shaped donor- -acceptor chromophores 4-(1-Piperidinyl)benzaldehyde and 4-ethoxybenzaldehyde
were designed and synthesized by Y. C. Feng et.al [19]. Further, the synthesized solutions were employed
for investigating the possible two-photon absorption and also used for imaging purposes in living cells
[19].

The present study is the future scope of our previously done experimental and computational studies on
the NLO responses and optical limiting activity of para-aminobenzoic acid and 7-diethylamino 4-methyl
coumarin (PABA and 7DMC) [20, 21]. The present study accounts for the computational predictions of the
NLO responses of the combination of PABA and 7DMC. Structural, spectral, and reactivity calculations
were performed for three different designed complex PABA and 7DMC, i.e., PABA + 7DMC complex (1),
PABA bonded with 7DMC with benzene (2), and PABA bonded with 7DMC with a biphenyl (3). Benzene
and biphenyl were used as mi-conjugated bridges and were used in numerous studies to connect 1-
bridges.

2. Materials and methods

The quantum chemical calculations reported in the present paper were done using density functional
theory with the help of Gaussian (https://gaussian.com/) and Gauss View
(https://gaussian.com/gaussview6/) software packages [22, 23]. The most generalized basis set for
organic systems B3LYP-6-311 ++ G(d,p) was used for all the ground and excited state calculations [24,
25]. The time-dependent density functional theory (TD-DFT) was used with energy minimizations for
obtaining the electronic spectra. The energy calculations were set for calculating the 15 states for each
combination of PABA and 7DMC and absorption details of crucial transition for each combination were
also compared. The molecular electrostatic potential (MEP) surface and counterplots were plotted for
each combination to spot the moieties behaving as nucleophilic and electrophilic sites. The Koopman'’s
set of identities mentioned below were used for calculating the global reactivity describing parameters
band gap (AE), ionization potential (IP), electron affinity (EA), chemical potential (CP), electronegativity
(X), chemical hardness (n), softness (S), electrophilicity index (w), electropositive index (w*), and
electronegative index (w~) [26, 27]:
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The multiwfn software (http://sobereva.com/multiwfn/) was used to calculate the inter-fragment charge
transfer analysis. The IFCT analysis was done to measure the exact amount of charge that has been
transferred from the donor and acceptor parts of the designed complex. The transition density matrix
(TDM) analysis was performed and the TDM plots were plotted to examine the density of the charge
transferred during the excitation. The TDM corresponding to the crucial transition of each of the
structures were plotted and interpreted. The electron localization functional surface and molecular
isosurfaces were also obtained by the .fchk files of all the considered complexes using multiwfn
software.

The Fourier transform-infrared (FT-IR) spectra were plotted by obtaining the vibration data via polar
calculations with the same set of functions. The vibrational modes were studied for getting an idea about
the responses of the functional groups to the infrared radiation.
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The NLO responses of the designed complex were studied using the polarizability parameters like
isotropic polarizability (a,,:4), @nisotropic polarizability (Aa), and first-order hyperpolarizability (Bipia))-
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where a,,, and, a,, are the tensor components of polarizability, B, B,,,, and 3,,, are the tensor

a
vy
components of first-order hyperpolarizability

3. Results and discussion
3.1 Structural Properties and charge distribution

The optimized geometries of PABA and 7DMC were used for designing the introduced complex (1), (2),
and (3) (Fig. 1). The complex (1) was designed by pasting the PABA at a minimal possible distance of 1 A
of 7DMC and the complex was stabilized at the intermolecular distance of approximately 3 A. The major
interactions were seen to form between 12H of PABA and 39H of 7DMC with a distance of 3.6 A. The
major bond lengths related to the functional groups and the reactive sites of all the studied complexes
were mentioned in SD 1. The bond lengths corresponding to all the amino groups were of about 1.46 A
and the bond lengths corresponding to the oxygen atoms, carboxyl groups and carboxylic acids have
lower bond lengths. The higher bonds length can easily be dissociated when the parent molecule
interacts with high intensity field [28]. So, it can be interpreted as the nitrogen atoms with higher bond
lengths leads to the generation of the charge cloud. The dipole moment was also analyzed for the
introduced complexes. The dipole moment is the quantitative as well as qualitative virtue that tells us
about the variation of the charge within the compounds. The higher the dipole moment, the higher will be
the chemical reactivity of the compounds [29]. The dipole moment of all the probe and complexed
structures were in sequence 7DMC > (1) > PABA > (3) > (2). To this context, the charge distribution among
(1), (2), and (3) was also studied and is mentioned in SD 2. The nitrogen atoms involved in all three
compounds are observed to contribute positively and the oxygen atoms contribute negatively. Thus, the
structural analysis reveals the possibility of the intramolecular as well as intermolecular interactions
among (1), (2), and (3).
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3.2 Determination of the reactive sites: Nucleophilic and
electrophilic moieties

The prediction of the reactive sites in the designed structures was done using molecular electrostatic
potential (MEP) surface (Fig. 2) and counterplots (Fig. 3). In (1), the nitrogen atoms were seen to impart
positively to the total charge interactions and hence they were surrounded by blue colored surface [30].
The positive nature of the nitrogen atoms may be due to the large electropositive nature of nitrogen in the
electrochemical series. Similarly, the oxygen atoms were seen to be surrounded by the red surface
revealing the electronegative or charge-deficient nature of these areas. Apart from nitrogen and oxygen
atoms, the C-H bonds associated with the benzene rings of 7DMC were seen to participate in charge
donation. The light blue colored surface around the C-H bonds reveals the donating nature of C-H bonds
and thus, from the MEP surface of (1), it can be stated that the 7DMC majorly acts as a charge donor and
PABA acts as a charge acceptor in the adsorbed complex of PABA and 7DMC. The counterplots for (1)
indicate the highly accumulated field lines nearby the carboxyl group of PABA and the ketone group of
7DMC. The lightly dense field lines surrounding the rest of the structures show the donation of the charge
from nitrogen atoms and C-H bonds of 7DMC [31]. The MEP surface of (2) indicates the electron-
excessive nature of the amino group of the PABA molecule and the electron-deficient nature of the ketone
group attached to the 7DMC molecule. A similar kind of nature of the reactive locations was observed for
(3) in Figure (c) where the PABA and 7DMC were connected with biphenyl. In both complexes (2) and (3),
the amino group of PABA acts as a strong electron donor and oxygen atoms act as strong electron-
withdrawing groups. Even in the counterplots of (2) and (3), the red-colored field lines indicate the
accumulation of the charge cloud was observed over the oxygen atoms and less dense field lines were
observed over the rest of the geometry. This behavior was very different and opposite from what we have
observed in the adsorbed complex (1) where 7DMC maijorly imparts in charge donation and PABA in
electron-withdrawing. In (2) and (3), the 7DMC is actively involved as a strong charge-withdrawing agent
and PABA acts as electron donating. The reason might be the availability of benzene rings (in connecting
- bridges benzene and biphenyl) that increase the hydrophilic nature of the subject structure due to the
excess availability of resonating t double bonds. As a result, the nucleophilic nature of the C-H bonds
observed in (1) was terminated in (2) and (3). Thus, the charge transfer was predicted from 7DMC
towards PABA in (1), and opposite in bridged complexes (2) and (3).

3.3 Global reactivity descriptors and location of the
molecular orbitals

The global reactivity descriptors are a set of parameters that qualitatively reveal the chemical reactivity of

the molecules and predict the occurrence of intramolecular interactions within the molecule (SD 3) [32].

The AE is the energy gap between the highest occupied and lowest unoccupied molecular orbitals

(HOMO-LUMO) and it reveals the gap that the excited electrons have to cover to jump up to the higher

energy levels. The lower the gap, the higher the possibility of charge excitation [33]. The band gap of

PABA and 7DMC were observed to be 4.775 and 3.691 eV. After the association of PABA and 7DMC, a
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drastic reduction in the band gap was observed. The band gap of (1), (2), and (3) was reduced to 3.646,
2.647,and 2.461 eV respectively. The IP and EA for (2) and (3) were also high (2) and (3). IP and EA are
the ability of the nucleophile to donate the charge cloud and of the electrophile to withdraw the charge
cloud respectively. the higher values of IP and EA for (2) and (3) showed their enhanced chemical
reactivity. The CP and x were also seen to be enhanced. n seen to be decreased for PABA and 7DMC
complex. The S value, on the other hand, was increased. The chemical softness was increased which can
be interpreted as the increased flexibility of the complexes for undergoing chemical reactions [34]. An
extremely drastic increment was observed in the value of w. w is the activity of the compounds that are
used to express the chemical reactivity of the compounds. The more the value of w, the more the
chemical reactivity of the molecule. Complex (3) has the highest value of w among the other complexes.
A similar kind of increase was noticed in the positive electrophilicity as well as negative electrophilicity.
The distribution of the HOMO-LUMO surfaces over the geometries was plotted to predict the charge
interactions (Fig. 4). In (1), the orbital surfaces were transferred from PABA to 7DMC. In both (2), and (3),
the molecular surfaces were seen to get dislocated from the 7DMC in HOMO to the PABA in LUMO
covering the mi-bridges. Thus, the global reactivity parameters and molecular orbital surfaces show the
high chemical reactivity of the complexes (1), (2), and (3), and the comparison shows that (3) has the
best responses for the chemical reactivity.

3.4 Inter-fragment charge transfer analysis

The inter-fragment charge transfer analysis for (1), (2), and (3) was accounted to quantitatively calculate
the exact magnitude of the charge transfer from the electron-donor towards the electron-acceptor moiety.
The IFCT analysis was carried out in two different ways. Table 1 accounts for the IFCT data when two
fragments (fragment 1 of 7DMC and fragment 2 of PABA) were considered in (1), (2), and (3) excluding
the bridges (benzene and biphenyl) in (2) and (3) respectively. The IFCT from fragment 1 to fragment 2
was increased as (1) < (2) < (3) and from fragment 2 to fragment 1 decreased as (1) > (2) > (3). The
higher amount of charge was seen to be transferred from fragment 2 to fragment 1 which supports the
transferring of the charge from PABA to 7DMC. This supported the charge transport path interpreted by
the MEP surface and HOMO-LUMO surfaces. The net charge transported from donor to acceptor was
higher in (3) (0.03220 e) as compared to (1) (0.0035 e) and (2) (0.01089 e). Observations show that the
local excitation percentage was higher for all the complexes as compared to the charge transfer. However,
the local excitation was found to be higher for (1). Table 2 accounts for the IFCT results obtained by
considering the involvement of the bridges in the charge interactions. After the involvement of the bridges
in the IFCT, there seems a rise in the transferred amount of holes and electrons. The bridges were seen to
be involved in the intramolecular interactions not so significantly but precisely. However, the charge
interaction between fragment 1 (7DMC) and fragment 2 (PABA) was found to be more significant and the
net transferred charge between the probe molecular fragments was highest in both the complexes (2)
(0.07282 €) and (3) (0.28504 €). Similar to previously performed interpretation without the involvement of
the bridges, the local excitation percentage of the charge was found to be higher in later cases (after the
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involvement of bridges). The local excitation percentage in (2) and (3) was 85.903 and 61.795%

respectively.

Table 1

Results from the Inter fragment charge transfer (excluding the bridge in
(2) and (3)) of (1) adsorbed PABA + 7DMC complex, (2) PABA-benzene-
7DMC complex, and (3) PABA-biphenyl-7DMC complex [IFER-Intra-
fragment electron redistribution, IFCT (electrons)- magnitude of the

transferred charge, IFCT (%)- percentage of the transferred charge, CT(l)-

Intrinsic charge transfer percentage, LE(l)-intrinsic local excitation
percentage, CT(A)-apparent charge transfer percentage, LE(A)-apparent

local excitation percentage].

Properties

Fragment 1 (7DMC)

Fragment 2 (PABA)

IFER

IFCT (electrons)

IFCT (%)

Hole (%)

Electron (%)

Hole (%)

Electron (%)

IFER (1)
IFER (2)
1-2

2—-1

Net charge
CT (l)

LE (1)

CT (A)

LE (A)

(1)
99.24
99.62
0.76
0.38
0.98860
0.00003
0.00381
0.00756
0.00375
1.137
08.863
0.375
99.625

(2)
96.15
88.84
0.32
1.43
0.85420
0.00005
0.01376
0.00286
0.01089
1.662
85.424
1.089
98.911

3)
95.08
63.36
0.25
3.56
0.60243
0.00009
0.03381
0.00161
0.03220
3.542
60.252
3.220
96.780
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Table 2

Results from the Inter fragment charge transfer (including the
bridge in (2) and (3)) of (1) adsorbed PABA + 7DMC complex,
(2) PABA-benzene-7DMC complex, and (3) PABA-biphenyl-
7DMC complex [IFER-Intra-fragment electron redistribution,
IFCT (electrons)- magnitude of the transferred charge, IFCT (%)-
percentage of the transferred charge, CT(l)-Intrinsic charge
transfer percentage, LE(l)-intrinsic local excitation percentage,
CT(A)-apparent charge transfer percentage, LE(A)-apparent
local excitation percentage].

Properties (3] (€)]
Fragment 1 (7DMC)  Hole (%) 96.15 95.08
Electron (%) 88.84 63.36
Fragment 2 (PABA) Hole (%) 26.08 0.25
Electron (%) 0.21 3.56
Fragment 3 (Bridge)  Hole (%) 3.85 4.66
Electron (%) 11.13 33.09
IFER IFER (1) 0.85420 0.60243
IFER (2) 0.00056  0.00009
IFER (3) 0.00428 0.01543
IFCT (electrons) 1-2 0.00206  0.03381
2-1 0.23172  0.00161

Net charge -0.22966  0.03220
1-3 0.10698  0.31459
3-1 0.03416  0.02955
Net charge 0.07282  0.28504
2-3 0.02902 0.00084
3-2 0.00008  0.0017
Net charge 0.02894  -0.00082
IFCT (%) CT (I) 40.402 38.205
LE (1) 85.903 61.795

3.5 Electron localization function (ELF) and molecular
isosurface analysis
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The ELF surface provides insights into electron localization in molecular geometry. The red patches
obtained in the ELF surfaces of (1), (2), and (3) denote the availability of the electrons (Fig. 5). In the ELF
surface of (1), most of the red-colored spots were obtained over the 7DMC molecule and such spots were
absent from the PABA geometry. Moreover, the green bulged-out figure shown above the ELF surfaces is
the mapping of the ELF surface that helps in directly locating the available electrons. The bulged-out area
is where the electrons exist and it was observed that the fully grown peaks were observed over the 7DMC
molecule whereas in the case of PABA, the peaks have a cavity at the top. A similar kind of behavior was
obtained in (2) and (3) as well. the higher peaks in the mapping and the red spots were located all over
the 7DMC molecule and the availability of the electrons was also supported by the settlement of the
molecular isosurface. Therefore, the ELF and isosurface settlement suggests that the charge is being
transported from the 7DMC towards the PABA in the complexes.

3.6 Transition state optimizations

The electronic transitions (for nine prominent transitions) were studied by computing the absorption
spectra of all the title complexes using energy minimizations with the same set of basis functionals. The
details of the transitions have been listed in SD 4. The absorption spectra for adsorbed PABA+7DMC
complex, PABA-benzene-7DMC complex, and PABA-biphenyl-7DMC complex with crucial transition details
have been labeled and illustrated in Fig. 6. The absorption spectra with two peaks were observed between
200-300 nm and 300-450 nm for (1), the first band being higher in intensity than the second band. The
crucial transition for the first band (S;—Sg) was observed at 278 nm with an oscillator strength of 0.1913
and the crucial transition of the second band (Sy—S,) was observed at 353 nm with an oscillator
strength of 0.3133. As the aromatic bridges were introduced in the combinations, the absorption intensity
of the spectra of (2) and (3) were observed to be increased. Same as (1), the absorption spectra of (2)
with two bands of nearly equal intensity were obtained between 250-300 and 300—450 nm. The crucial
transitions in both the bands were observed at 352 nm and 274 nm with increased values of oscillator
strength of 0.7484 and 0.1004 respectively. In (3), one prominent absorption band was observed between
250-450 nm with one shoulder band and one peak at 304 and 372 nm respectively. The oscillator
strengths of these crucial transitions were obtained as 0.5040 and 1.0845. There has been a significant
rise in the oscillator strength of the aromatic bridged complexes of PABA and 7DMC. This shows the ease
in the occurrence of electronic transitions in the bridge-connected complexes. Moreover, the shift in the
peak’s wavelength was also noticed manifesting the bathochromic shift in the peak wavelength of (2)
and (3). The peak wavelengths of (2) and (3) were readily shifted towards the ultraviolet region showing
the m—Tt* nature of the undergone transitions in the complexes [35]. Therefore, several incredible
observations in the absorption spectra of (1), (2), and (3) like increased oscillator strength, shift in the
wavelength of the peaks towards the higher ranges, increased intensity of the spectra, and increased
excitation energy of the transitions validates the high absorptive nature of the proposed complexes and
proves that the complex has potential to carry the electronic transitions and become chemically reactive.

3.7 Transition density matrix (TDM) analysis
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The TDM plots were obtained for the S;—S, transition of (1), and S;—S; transition of (2) and (3) (Fig. 7).
The TDM plots are used to locate the moieties dominating the holes, electrons, and excited state of the
electrons. These plots generally explain the exciton coherence with the help of diagonal (locally excited)
character and off-diagonal (charge transfer) character. The hydrogen atoms of the molecules generally
don’t impart in the excitation of the charge and thus, they are not involved in the TDM calculations. In (1),
the 7DMC acts as the donor and PABA acts as the acceptor and hence the exciton coherence in (1) was
found to be majorly distributed towards the upper diagonal area with high charge value and the darker
area showing the availability of the holes was found to be near the lower axis area. The nature of the
TDM plots in (2) and (3) differs from that of (1) due to the involvement of the rt-linker or bridges. The -
bridges act as a pathway for efficient charge transfer characteristics. The presence of different aromatic
rings as m-bridges enhances the donor capability of a molecule. The exciton coherence in (2) and (3) was
obtained near the diagonal areas indicating the electron cloud near the nitrogen atoms and the dark
patches indicating the holes that seem the larger portion of the transition map was located at the
diagonal location. In (1) and (2), the electron location behavior is similar suggesting that m-linkers
modification is an efficient approach for enhancing the charge-donating capability of a molecule.

3.8 Vibrational modes analysis

The vibrational assignments corresponding to each complex were accounted by the title complexes to
check the availability as well as the involvement of the functional groups and the interconnecting
aromatic bridges in increasing the chemical polarizability of the introduced complexes. The well-labeled
FT-IR spectra for (1), (2), and (3), were illustrated in Fig. 8. The prominent peaks for the FT-IR were

observed in the range 250—2000 cm™ ', so the spectra were illustrated in the aforementioned range for all
the considered complexes. Major modes in FT-IR spectra of (1) with higher peaks were observed for
symmetric stretching (v) of C=0 bonds (1754 cm™ ") and C = C bonds (1655 cm™ "), torsional bending (5)
of C=N (1446 cm™ 1), C-H (1181 cm™ "), and in-plane twisting (t) of N-H (645 and 1092 cm™ ") bonds. In
the C=C, C=N, and C-H vibrational modes, the bonds associated with the surface contact between PABA
and 7DMC were observed to significantly vibrate as compared to the bonds of the rest of the geometries
of PABA and 7DMC. This not only ensures the suitable adsorption site for both PABA and 7DMC but also
reports the formation of strong H-bond interactions that occurred at the absorption site between both
molecules. After the introduction of benzene as a m-bridge between PABA and 7DMC in (2), the number of

peaks in FT-IR spectra was observed to increase. Two peaks for Ty were obtained at 458 and 1083 cm™
1. The bending assignments of C-H bonds were observed to give multiple peaks in between 1000-1250
cm™ ! with the most prominent peaks at 1193 and 1276 cm™'. The peak of 6.y was observed at 1552
cm™ . The vq-c mode in (2) was observed at the same frequency as in (1) i.e., at 1655 cm™ " but the ve_

mode in (2) was slightly shifted at 1775 cm™". Similar to (2), the number of prominent peaks in (3) for FT-
IR was also increased. The peaks of Ty, were obtained at 394, 1030, and 1087 cm™'. The & modes

were observed at 1204 and 1309 cm™ . The v..c mode was the one with the highest peak at 1707 cm™".
The v..o mode gave two strong peaks at higher frequencies at 1664 and 1750 cm™ . The increment in
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the number of peaks was observed as a result of the involvement of the benzene (in (2)) and biphenyl (in
(3)) rings as the m-bridges. The reason could be the resonating nature of the aromatic bridges that results
in the redistribution of the energy among different perturbed levels despite of the single unperturbed level
[36]. This gave rise to multiple peaks of FT-IR for a single kind of vibrational assignment (as per the
Frank-Condon envelope spectra theory) [37]. Additionally, it can be stated that the involvement of the m-
bridges makes the resultant complex ((2) and (3)) respond to the IR radiation more vigorously as
compared to the adsorbed complex (1). Therefore, the increased number of vibrational assignments and
increased frequencies of the modes tell us that the proposed complexes were chemically reactive and
highly polarizable.

3.9 Linear and nonlinear behavior of materials

A comparison of all the NLO parameters for the proposed complex was illustrated in Fig. 9 (SD 5). The
coefficient of lower order terms like a,,:,) and Aa is used to check the optical linearity of the compounds.
The a;,:, @accounts for the isotropic polarizability of the compounds. Symmetric/centrosymmetric
compounds were believed to possess a high value of a,:4.[38]. Mostly the compounds with uniform
properties throughout have a higher value of a;y;,. The 0,415 Of all the compounds was observed to be in
the increasing order of PABA<7DMC < (1) < (2) < (3). This reveals the isotropic nature of the m-bridged
compounds. The anisotropic nature, on the other hand, accounts for the Aa value of the compounds. The
Aa value of the complexes were in sequence (1) < (2) < (3). Thus, the polarizability parameters suggest
the enhanced extent of polarization of the complexes with the increasing number of benzene rings in the
bridge [39]. The nonlinear behavior of the compounds is suggested by the coefficients of higher-order
terms of the expansion of energy in high-intensity fields i.e., Bigta @Nd Viota| [40]. The Bioia is the
parameter that helps in justifying the NLO responses of the target compound. The higher value of B,z
shows that the considered compound provides a tough medium to the high-intensity field lines and the
compound strongly interacts with the light. In the present case, the value of B, was found to be highest
for (1) followed by (3), and then (2). The y;14 reports the second-order NLO responses of the compounds.
Mostly, it is used to computationally predict the occurrence of the saturable absorption (or reverse
saturable absorption) in the compounds [41]. The positive value of y,., confirms saturable absorption
and the negative value of vy, Shows the occurrence of reverse saturable absorption [42]. The value of
Viotal INCreases as the number of benzene rings increases in the mi-bridge as (1) < (2) < (3). Thus, the
occurrence of reverse saturable absorption can be predicted for the proposed complexes. Moreover, the
aforementioned statement can say to be reliable and the present study can be used as a pre-assumed
theory as both PABA and 7DMC were experimentally proven to possess reverse saturable absorption and
there might be a strong possibility to get the same, and enhanced results with the combination of these
compounds. Additionally, it was observed that as compared to the probe PABA and 7DMC, the
combination of both these compounds has better and more promising NLO activity. Therefore, the NLO
parameters suggest that the combinations of PABA and 7DMC work as more promising NLO materials.
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4. Conclusion

The present study gives a theoretical understanding of the combination of PABA and 7DMC. The higher
bond lengths for amino groups and the lower bond lengths of carboxyl groups suggest the easy
dissociation tendency of the amino group. the dissociation of amino groups shows the generation of the
charge cloud from the amino group. The MEP surface and the counterplots suggest the nucleophilic
nature of amino groups and the electrophilic nature of carboxyl groups in the complex. The absorption
peak was seen to get shifted towards the longer wavelength with higher intensity showing the increased
chemical reactivity of the complex. The vibrational peaks corresponding to each mode are also seen to
increase in the numbers which shows the increased response of the combinations towards the infrared
radiation. Lastly, the Biyia @nd Yioia) Values were seen to increase for the combinations. The increment in
the values of hyperpolarizability parameters validates strong candidature of the combination of PABA
and 7DMC to be used for NLO applications. Thus, the reported work makes a strong foundation for
pursuing the experimental work with the combination of two compounds PABA and 7DMC.
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Figure 1

Optimized geometries of (a) PABA, (b) 7DMC, (c) adsorbed PABA+7DMC complex, (d) PABA-benzene-
7DMC complex, and (e) PABA-biphenyl-7DMC complex with B3LYP-6-311++G(d,p).
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(3) PABA-biphenyl-7DMC complex

Figure 2

Molecular electrostatic potential surfaces of (1) adsorbed PABA+7DMC complex, (2) PABA-benzene-
7DMC complex, and (3) PABA-biphenyl-7DMC complex.
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Figure 3

Molecular electrostatic potential surfaces of (1)adsorbed PABA+7DMC complex, (2) PABA-benzene-7DMC
complex, and (3) PABA-biphenyl-7DMC complex.
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Figure 5

ELF and molecular isosurface of (1) adsorbed PABA+7DMC complex, (2)PABA-benzene-7DMC complex,
and (3) PABA-biphenyl-7DMC complex.
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Figure 6

Computed absorption spectra of (1) adsorbed PABA+7DMC complex, (2) PABA-benzene-7DMC complex,
and (3) PABA-biphenyl-7DMC complex.
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Figure 7

Transition density matrix plots of (1)adsorbed PABA+7DMC complex, (2) PABA-benzene-7DMC complex,
and (3)PABA-biphenyl-7DMC complex.
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Figure 8

Computed FT-IR spectra of (1) adsorbed PABA+7DMC complex, (2) PABA-benzene-7DMC complex, and
(8) PABA-biphenyl-7DMC complex (Symmetric stretching-v, torsional bending in plane (scissoring)-5,
twisting-T1).
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Figure 9

Comparison of the NLO parameters of (1) adsorbed PABA+7DMC complex, (2) PABA-benzene-7DMC
complex, and (3) PABA-biphenyl-7DMC complex.
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