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Abstract
A triplet diphenylcarbene, bis[3-bromo-5-(trifluoromethyl)[1,1'-biphenyl]-4-yl]methylidene (B3B), with exceptional stability 
was discovered by chemists from Japan's Mie University. To investigate its different quantum chemical features, a theoretical 
analysis was predicated on Density Functional Theory (DFT) and Time Dependent-DFT (TD-DFT) based technique. Accord-
ing to the findings, the singlet–triplet energy gap (ES-T), as well as HOMO–LUMO energy bandgap (EH-L), was found to be 
diminished when nucleophilicity (N) rose. We looked at the geometrical dimensions, molecular orbitals (MOs), electronic 
spectra, electrostatic potential, molecular surfaces, reactivity characteristics, and thermodynamics features of the title carbene 
(B3B). Its electronic spectra in different solvents were calculated using TD-DFT and Polarizable Continuum Model (PCM) 
framework. The estimated absorption maxima of B3B were seen between 327 and 340 nm, relying on the solvents, and were 
attributed to the S0 → S1 transition. Estimated fluorescence spectral peaks were found around 389 and 407 nm with the S1 and 
S0 transitions being identified. Its fluorescence/absorption intensities revealed a blue shift change when the solvent polarity was 
increased. The least exciting state has been discovered to be the π → π* charge-transfer (CT) phase. According to the Natural 
Bonding Orbital (NBO) exploration, ICT offers a significant role in chemical system destabilization. Furthermore, several hybrid 
features were used to determine the NLO (nonlinear optical) features (polarizability, first-order hyperpolarizability, and dipole 
moment). The calculated values suggest that B3B is a promising candidate for further research into nonlinear optical properties.
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Introduction

There are several long-lived singlet carbenes, but finding 
stable identical triplet carbenes has proven more difficult 
to study [1]. Also, the incorporation of new functional 

units by C-H functionalization using carbene or metal car-
bene intermediaries is an essential technique for increas-
ing molecular diversity [2]. This technique is particularly 
valuable because of the high reactivity of such carben(oid) 
precursors [3], which permits, for example, direct C-H 
derivatization of aromatic hydrocarbons in a tipping point 
way without the requirement for any (transient) guiding 
groups [4]. The employment of directing groups in C-H 
functionalization reactions involving carbene or metal 
carbene radicals, on the other hand, has received far less 
attention [5]. Although they can directly be engaged in 
ligand alteration at the metallic active centre, they are 
more energetic ligands [6]. Incorporation and reducing 
elimination are two basic reactions utilizing NHCs. Sev-
eral research articles devoted to NHC ligands with an extra 
donor group have been published in the last decade [7]. 
Substituent NHC binders have been updated with new 
research articles. Nonlinear optical (NLO) based tech-
nologies have become more important in a variety of 
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fields, such as optical computation, interactive image 
analysis, optical switches, dye lasers, telecommunication 
devices, and optical discs [8]. Modelling of diverse NLO-
phores, such as physicochemical and biological electron-
ics, instinctual nanomaterials, single-molecule dyes, and 
polymeric entities, is now undertaken [9].

Quantum chemical computations can reveal molecular 
structures, orbital dynamics, electrical characteristics, and 
vibrational characteristics [10]. Density Function Theory 
(DFT), and its extended correlational, Time Dependent-DFT 
(TD-DFT) based calculations are essential and widely used 
methods for analyzing structural shifts, reactivity, stabiliza-
tion, and fluctuations in optical characteristics induced by 
charge transfers through dipole moment shifts [11]. It pro-
vides a close link between theoretical and experimental data 
and aids in the accurate prediction of molecular characteris-
tics [12]. DFT has long been regarded as the most straight-
forward and cost-effective approach for predicting the Non-
Linear Optical (NLO) characteristics of organic materials 
[13]. It also aids in the prediction of the molecular systems 
with their polarizability, hyperpolarizability, including dipole 
moments [14]. Low computing cost, adequate programming, 
and outstanding results with a variety of hybrid functions are 
all advantages of the theory [15]. As a result of the exten-
sive theoretical research, including DFT/TD-DFT-based 
techniques, the DFT/TD-DFT methodologies have been 
applied to title carbene (B3B) in this study. which focuses 
on the importance of quantum chemical investigations in 
analyzing various aspects of this organic molecule. There 
hasn't been a computational investigation of B3B utilizing 

the DFT/TDDFT approach yet. The foregoing theories were 
used to get full structural characteristics, such as optimized 
structure, topologic characteristics, electrostatic potential 
(ESP) surface, Frontier Molecular Orbitals (FMOs), NBO 
analysis, and different reactivity and thermodynamic factors. 
The Highest Occupied and Lowest Unoccupied Molecular 
Orbitals (HOMO–LUMO) studies, as well as absorption and 
fluorescence transformations, were studied to explain the CT 
inside the B3B molecule. The research was carried out in 
a variety of solvents as well as in the gas phase. Theoreti-
cal (absorption and fluorescence wavelengths) findings were 
compared. Additionally, basic NLO characteristics, such as 
first-order polarizabilities as well as dipole moment, were 
calculated using different hybrid basis functions to get a bet-
ter understanding of the relationship between NLO responses 
and molecular structure.

Methodology

The molecular structure of B3B was optimized using the 
Gaussian-16 program module [16] entailing the DFT 
approach which was reinforced with B3LYP functional 
[17] at 6-311G + (d,p) basis sets. Gauss-view 5.0 was used 
to create the molecular arrangement [18]. The introduction 
of these polarization functions was required to improve the 
display of molecule electronic structure. The stability of 
the molecular structure was predicted using optimization 
efficiencies, geometrical parameters, zero-point corrected 
energy, and certain thermodynamic features [19]. The DFT/
TD-DFT theory based on the optimized structure can also 
provide other helpful information, such as interpretation of 
the electrostatic potential (ESP) map, FMOs, and Natural 
Bond Orbital (NBO) [20], NLO, and other reactive charac-
teristics. While investigating the NLO qualities (polariz-
ability and first-order hyper-polarizability) [21] for B3B, 
different separate hybrid features were investigated, along 
with the long-ranged functionals. Water, ethanol, acetoni-
trile, chloroform, tetrahydrofuran, benzene, and toluene 
were used to experiment with the gaseous state. The elec-
tronic transformations were also described using TD-DFT 
computations at B3LYP/6-311G + (d,p) [22]. An approxi-
mate analytical framework variant of the Integral Equation 
Formalism-PCM (IEF-PCM) was used to examine the sol-
vent effect. For NLO properties, the following Eqs. (1) and 
(2) was used

The global parameters of reactivity (GRP) determined 
from HOMO/LUMO energies have also been investigated 
using the foundational Eqs. (3)–(9).
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The NBO analysis at DFT/B3LYP/6-311G + (d,p) was 
performed to better comprehend the CT connecting donor 
with acceptor [23]. The carbene (B3B) and its stabilising 
energy were estimated using second-order perturbances 
theory analysis in the NBO study (Eq. (10)).

where E(2) denotes stabilization energy, qi denotes the donor's  
orbital occupancy i (j), and Fij denotes the off-diagonal and 
diagonal NBO Fock matrix components.

Results and Discussion

Thermodynamics and Geometrical Optimization

In the gaseous state, DFT/TD-DFT with 6-311G + (d,p) 
basis set with B3LYP functionality was utilized to optimize 
the ground state (GS) geometry of B3B (Fig. 1) at its energy 
minimum (S0) and therefore the least excited state ES → S1 
(singlet excited states). Frequencies estimates by the computed 
infrared (IR) spectrum were used to confirm the optimized 
geometric shapes matching to the local minima without imag-
ined frequencies [24]. The various predicted C–C and C–H 
bond length and orientations in between ring C-atoms, but also 
the different bond angles, were in the range of the expected 
ranges, according to the structural features. Table S1 of the 
supplemental material shows the geometrical characteristics 
(bond lengths and bond angles) of the B3B in the GS (S0). 

(8)����������������� (�) =
(

IE + EA

2

)

(9)���������������� (�) =

(

�
2
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)

(10)E(2) = qi

(

Fi,j
)2

εj − εi

The expected lengths of the C–C and C–H bonds are 1.42 to 
1.52 Å and 1.09 to 1.11 Å, correspondingly. The bond lengths 
between C(5)–N(13) with C(6)–N(37) were approximately 
1.46 and 1.59 Å, respectively. Except for around the CF3 group 
substitutions, the calculated angles were extremely like each 
other when considering the different angles. The charged par-
ticle moieties on the aromatic rings might affect the ring sym-
metry, culminating in-ring angles just under 120° at the sub-
stitution point and marginally more than 120° at the meta and 
ortho locations [43]. A similar pattern can be seen for B3B, 
where the bond angle C(1)–C(6)–C(5) was 118.89°, while 
the bond angles of C(5)–C(13)–C(7) and C(31)–C(39)–C(41) 
were 143.1° and 120.0°, respectively. The bond angles 
between the exocyclic and bromo atoms C(7)–C(8)–N(33), 
C(1)–C(6)–N(16), and C(11)–C(12)–N(26) are 120.7° and 
121.3° respectively. The presence of bulky fluoro and bromo 
atoms caused significant disturbances in the structure of the 
quinolone moiety [25], but the geometry of the benzene ring 
stays unchanged.

Table 1 shows the energies and thermodynamic characteris-
tics of the described molecule calculated using frequency sim-
ulations with B3LYP/6-311G + (d,p) at 298 K in the GS. The 
overall dipole moment calculated by Eq. (11) [26] is greater 
than that of quinoline (2.02 D). This might be explained by the 
presence of the fluoro group.

Frontiers Molecular Orbitals

FMOs play an important role in predicting the chemistry 
and kinetic endurance of compounds [27], as well as their 
electro-optic characteristics and electronic wavelengths [28]. 
The HOMO and LUMO symbols represent the proclivity to 
accept and give electrons. The LUMO represents the mol-
ecule's electron-deficient component, whereas the HOMO 

(11)μtotal = (μ2
x
+ μ2

y
+μ2

z
)
1∕2

Fig. 1   Optimized molecular 
structure of B3B at DFT level
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represents the molecule's electron-rich component. A smaller 
energy gap (HOMO–LUMO) can explain the molecule's 
putative CT interaction. The B3B molecule has 215 MOs, 
151 of which were populated and 64 of which were empty. 
The HOMO and LUMO may be observed to be localized 
throughout the molecule. This indicates a significant orbital 
overlap between HOMO and LUMO, enabling the conver-
sion between GS to ES [29]. The computed HOMO/LUMO 
energies and energy gaps are 2.70 to 2.81 eV, respectively 
(Fig. 2). The HOMO/LUMO interactions are taken into 
account when computing the reactivity coefficients using 
Koopmans’s theorem [30]. DFT-based global reactivity 

specifications such as Ionization Potential (IP), Chemical 
Potential (μ), Electron Affinity (EA), Electronegativity (χ), 
Electrophilicity Index (ω), electron-donating and electron-
accepting ( +) power as well as hardness are important in 
investigating the kinetics of molecules in various environ-
ments and able to understand certain factors affiliated with 
the responses [31].

The EA and IP are equivalent to the molecule with its elec-
tron-accepting and donating properties and are governed by 
LUMO and HOMO values. The IP value defines the electron-
donating capacity, and IP = 2.16 eV indicates that B3B has an 
admirable electron donating ability (Table 2). The positive 
IP score indicated that B3B might be used in CT responses. 
The energy released as an electron is injected to a neutral 
atom to generate an anion is referred to as Electron Affinity 
(EA). The computed value for the title carbene was found 
as -0.54 eV which showed its electron injection process to 
be exothermic, since nonmetals give out energy to create an 
anion after they absorb electrons. The value of electronega-
tivity of a molecule is related to its ability to attract electrons 
and the value for present study was calculated to be 0.81. This 
value was much lower than that of Pauling’s scale fluorine 
electronegativity (4 eV) to demonstrate that it had a much 
lower tendency to attract electrons. The title carbene (B3B) 
is stable, as evidenced by its negative chemical potential 
(-0.81). A molecule with a higher hardness value is consid-
ered more stable and reactive than molecules with its lower 
value. A molecule having a low value is regarded as a power-
ful nucleophile, whereas a molecule having a high value is 
called a powerful electrophile (1.35 eV). The electrophilicity 

Table 1   Thermodynamic properties of B3B at B3LYP/6-311G + (d,p) 
(298 K) at GS

Parameter (298 K) Value

SCF energy (A.U.) –6778.980
Zero-point vibrational energy (Kcal/Mol) 220.40021
Total energy (kcal mol−1) –6778.918
Rotational constants (GHZ)
A 0.1641
B 0.0477
C 0.0425
Dipole moment
μ2
x

0.3813
μ2
y

–1.2338
μ2
z

1.1886
μtotal 1.7551

Fig. 2   Frontier Molecular 
Orbital analysis of B3B at DFT 
level
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index classifies compounds as powerful electrophiles hav-
ing > 1.5 eV, considerable with 1.5 eV, and insignificant 
with 0.8 eV [32]. Current computed value of B3B (0.24 eV) 
showed that it might be a good electrophile.

Molecular Electrostatic Potential

The ESP mapping is extremely useful in determining the 
electrophilic and nucleophilic interaction areas of a com-
pound [33]. It is depicted in diverse shades, with blue repre-
senting the positive (most electron-poor) component, green 
representing the neutral portion, with red representing the 
negative (most electron-rich) part. Figure 3 depicts the ESP 
map of B3B, which is between the domain of -4.25e−3 a.u. 
to + 4.25e−3 a.u. As one can see, B3B has a significant neg-
ative potential (red color) on the ring nitrogen atom and 
a weak negative potential (blue hue) on the oxygen atom. 
Potential (yellow hue) on the aromatic ring system, dem-
onstrating its role as an H-bond acceptor and donor. The 
blue area linked with electron deficit (i.e., nucleophilic reac-
tivity) was located surrounding the H-atoms of the Thiol 
group, making it a favourable location for inter-molecular 
H-bonding (nucleophile attack). The ESP map indicated that 
the charge density (red zone) was concentrated around the 
ring at the nitrogen atom. The pyridine ring nitrogen atom 

has the largest negative potential, making it a prime target 
for an electrophilic interaction.

Absorption and Fluorescence Studies

The absorption and fluorescence spectra of B3B (Fig. 4 
and 5) were investigated using TD-DFT computations 
using the B3LYP functional at the 6-311G + (d,p) basis 
function [34]. Previously, the experimental spectra of 
B3B in a few solvents were documented. The solvents 
used in this computation include water, ethanol (EtOH) 
and DMSO. Table 3 summarizes the estimated vertical 
excitation energy with oscillator strength (OS), composi-
tions, and assignment for B3B. The HOMO/LUMO have 
and composition, accordingly. It should be noted that no 
significant differences in the delocalization of HOMO and 
LUMO in different solvents were observed. The primary 
electronic transition band in the UV–Vis spectra of B3B 
is caused by HOMO → LUMO (with a 94–97%) calculated 

Table 2   Global Reactivity parameter values of B3B at B3LYP/6-
311G + (d,p) at GS

Parameter (eV) Value

EH –2.16
EL 0.54
ΔEH –L 2.70
(IP) 2.16
(EA) -0.54
Electronegativity (χ) 0.81
Potential (µ) –0.81
Hardness (η) 1.35
Softness (σ) 0.37
Electrophilicity index (ω) 0.24

Fig. 3   MEP graph of B3B at DFT level

Fig. 4   TD-Electronic spectra of B3B at DFT level

Fig. 5   TD-Fluorescence spectra of B3B at DFT level
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between 327–340 nm dependent on the methods. The sim-
ulated UV–Vis spectra of B3B in the specified solvents 
and gas phase are shown in Fig. 3. The greatest absorption 
peak with a maximum leading to the S0 → S1 transition was 
at 421, nm in the gaseous state, 423 nm in ethanol, 437 nm 
in ethanol and 444 nm in water. The very same (TD-DFT/
B3LYP/6-311G + (d,p)) technique was used to adjust the 
lowest ES (S1) of B3B in the gas phase with solvents for 
the fluorescence intensity. The PCM model was used to 
investigate the effects of solvent on the spectral proper-
ties of B3B (Table S2). The fluorescence wavelengths 
were acquired between 389 and 407 nm depending on the 
medium and were attributed to the S1 → S0 transitions. 
Such fluorescence transitions have the largest oscillator 
intensity which occurred mostly from LUMO → HOMO 
transitions, as shown in spectral bands. It was discovered 
that when the polarity of the solvent increased, the wave-
length of the fluorescence spectral maxima increased con-
tinuously. As a result, the lowest ES has associated with 
π → π* transitions as a Charge Transfer (CT) state [35], 
which was also consistent with previous research [36]. The 
bathochromic shift seen experimentally agrees with the 
theoretical conclusions. The computed fluorescence inten-
sity in solvents and the gas phase (Fig. 4 and Table S3) 
mostly contained the S0 and S1 state dipole moments in 
various solvents and gas-phase also. In the ES, the theo-
retically estimated dipole strength for B3B was greater 
than in the GS. This means that B3B was more polar in 
its ES state than in its GS state and that the ES state was 
much more stable in polar solvents than that of the GS 
state in aprotic and non-polar solvents [37]. The absorp-
tion/fluorescence spectra of B3B in the various solvents 
were recorded (Table S4) illustrating the acquired results 
to be agreed well with already reported results of similar 
structures [38]. The estimated absorption wavelengths of 
B3B in water were well-matched with the actual results of 

such relevant carbene structures and for other examined 
solvents, a deviation of 10–15 nm from the experimen-
tal data was noted [39]. The fluorescence wavelength in 
CHCl3 was well-matched with the experimental data of 
such relevant carbene structures [40], however, there was 
a significant difference in the fluorescence wavelength 
for water and EtOH. The disparity between theoretical 
and experimental results might be attributable to several 
theoretical assumptions. The hypothesized Stokes shift in 
the specified solvents is closely connected to the solvent 
polarity function reported in SI Table S2. The research 
reveals a linear relationship between (νa)-(νf) and F(ε,η) 
in the selected solvents (Fig. 6). In principle, the larger the 
F(ε,η) the greater the Stokes shift. The Lippert-Mataga 
polarity indicator (Eq. (11)) was used in this work. The 
concentration of charges on the ring nucleophile in the S1 
state strengthens the H-bonding of both the lone pairs that 
enhances the redshift shift of such fluorescence s as the 
polarity increases. It also indicates that the H-bond to the 
lone pairs of the amino nitrogen atom in S1 states, in the 
solvent trap, was shattered by the migration of lone pairs 
to the ring following excitation. As a result, the permit-
ted transition exhibits the CT characteristic. a very small 
singlet–triplet gap which helps alleviate the thermally 
activated barrier to counteract ease of accessing; a strong 
singlet oscillator publicizing fluorescence in the vicinity 
of this small barrier; and c) increased spin–orbit coupling 
driving reverse intersystem crossing in this region.

Natural Bond Orbitals

The study of Natural Bond Orbitals (NBOs) offers an ade-
quate framework for examining charge transfer and intra 
or intermolecular bonding in molecular systems [41]. The 
electron density delocalization of occupied and unoccu-
pied NBOs is involved in the stable interaction between 
donor and acceptor [42]. To interpret the CT from donor 

Table 3   Computed excited-state parameters of B3B at TD-DFT/
B3LYP/6-311G + (d,p) level

Solvent State E(cm−1) Wavelength 
(nm)

Osc. S Major  
contributions

Gaseous 1 13,742 327 0.0508 H → L (86%)
2 19,187 421 0.4285 H → L (72%)
3 23,970 217 0.0376 H → L + 2 (96%)

Ethanol 1 13,742 324 0.0508 H → L (86%)
2 19,187 423 0.4285 H → L (82%)
3 23,970 244 0.0376 H → L + 2 (76%)

DMSO 1 13,742 320 0.0508 H → L + 1 (61%)
2 19,187 442 0.4285 H → L + 1 (80%)
3 23,970 232 0.0376 H → L + 2 (90%)

Water 1 13,742 340 0.0508 H → L + 1 (71%)
2 19,187 447 0.4285 H-1 → L (80%)
3 23,970 264 0.0376 H → L + 2 (56%)

Fig. 6   Stock’s shift analysis of B3B at DFT level
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to acceptor, the NBO analysis of B3B at DFT/B3LYP/6-
311G(d,p) was done. In an NBO investigation, the stabiliza-
tion energy of a molecule is computed using second-order 
perturbation theory (see Eq. (10)). The stronger the con-
nection between electron acceptor and donor moieties, the 
higher the value of E(2). The CT engagement of lone pairs 
of electron-donating Lone Pair (LP) atoms Br15, C17, F46, 
F47 and F48 with the antibonding C1-C3, C7-C9, C9-C17, 
C6-C32, and C6-C32 has larger stabilization energy ranging 
between 0.56–2.19 eV (Table 4). The high energy value is 
owing to a tiny energy gap between the electron source and 
acceptor. Also their electron acceptor transitions (π*) had 
very lower energies which showed their fair behavior 
towards accepting the electrons. Thus, the NBO exami-
nation of the title carbene demonstrated that the ICT had 
played a significant role in molecular system stabilization.

Nonlinear Optical Properties

We calculated the polarizability and the first hyperpo-
larizability of B3B at B3LYP, CAM-B3LYP, WBP7XB,  
and PBEPBE functional using 6-311G(d,p) to bet-
ter understand the NLO behaviour [43]. The polariz-
ability, also known as first-order hyperpolarizability, is  
derived by using the equations following, which use the x, 

y, and z components. The first-order hyperpolarizability is 
represented as a 3X3X3 matrix and is a rank 3 tensor. The 
twenty-seven components of the 3 3 3 matrices may be 
reduced to 10 using Kleinman symmetry. According to the 
frequency estimates the αtotal and βtotal were theoretically 
calculated to have 16.96 1024 e.s.u. and 6.28 1030 e.s.u 
values. The xxx, zzz matrices were found to be associated 
with more distortion of structural arrangement to generate 
αtotal and βtotal values respectively. The overall value for 
B3B is found to be much greater than the result for urea 
(3.71X1031) e.s.u. Even though urea is a reference mol-
ecule in the measurement of NLO characteristics and is 
thus commonly used as a standard value for comparisons. 
The high hyperpolarizability valuation is usually con-
nected to the Intramolecular Charge Transfer (ICT) quali-
ties emitted by the movement of an electron cloud from 
such an electron donor area to an electron acceptor region. 
The NLO characteristics can be influenced by molecu-
lar geometry and the surrounding environment. Table S6 
of SI contains the polarizability and first-order hyperpo-
larizability calculated by DFT at B3LYP/6–311(d,p) in 
water, EtOH, CHCl3, and toluene. With increased solvent 
polarity, the values of dipole moment, αtotal, and βtotal rise. 
There is a large difference between these values in the gas 
phase and the chosen solvents. It may be deduced that 

Table 4   NBO analysis of B3P 
at DFT level

Donor(i) Type Acceptor (j) Type E(2) [kcal/mol] E(J)E(i) (a.u) F(I,j) (a.u)

C1-C2 π C2-C20 π* 1.02 1.04 0.029
C1-C3 π C2-C4 π* 0.67 1.15 0.025
C2-C4 π C1-C3 π* 0.83 1.13 0.027
C3-C5 π C1-C2 π* 0.76 1.14 0.026
C6-C32 π C2-C4 π* 2.13 1.09 0.043
C7-C8 π C7-C9 π* 0.65 1.09 0.024
C9-C17 π C7-C8 π* 1.50 1.12 0.037
C10-C12 π C7-C8 π* 0.81 1.05 0.026
C11-C12 π C7-C9 π* 0.93 1.09 0.028
C12-C26 π C8-C10 π* 1.72 1.10 0.039
C13-F44 π C3-C5 π* 0.67 1.02 0.024
C17-F45 π C9-C11 π* 0.91 0.84 0.028
C20-C21 π C2-C4 π* 0.92 1.13 0.029
C21-C23 π C2-C20 π* 1.72 1.04 0.038
C23-C25 π C20-C21 π* 0.85 1.14 0.028
C26-C27 π C11-C12 π* 1.01 1.13 0.030
C27-C29 π C12-C26 π* 1.67 1.05 0.037
C29-C31 π C26-C27 π* 0.84 1.14 0.028
C32-F47 π C5-C6 π* 0.59 0.72 0.021
Br15 LP C1-C3 π* 2.19 0.75 0.036
C17 LP C7-C9 π* 2.48 0.69 0.060
F46 LP C9-C17 π* 7.27 0.67 0.062
F47 LP C6-C32 π* 9.41 0.56 0.065
F48 LP C6-C32 π* 8.79 0.56 0.063

1635Journal of Fluorescence (2022) 32:1629–1638
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the ICT character grows as the overall value grows. By 
altering the solvent polarity, the NLO responsiveness of 
B3B may be superficially adjusted. The total values for 
obtained utilizing solvatochromic techniques were 13.0 
1030 e.s.u., 3.01X1025 e.s.u., and 5.21X1024 e.s.u., respec-
tively. These practical quinolone derivative results can be 
compared to the current theoretical values. In non-polar 
solvents, the βtotal obtained for B3B coincides closely 
with the experimentally determined molecules to consider 
as good NLO entities. Although it is larger in protic and 
aprotic solvents, the measured βtotal values were smaller 
than B3B. As a result of the estimated values obtained 
using the methods described above, B3B can be consid-
ered as an attractive chemical for further NLO research.

Conclusions

The optimized B3B molecular geometry within both GS 
and ES, as well as its electronic spectra, structural param-
eters, electrostatic potential (ESP) surface, molecular 
orbitals (MOs), different reactivity and thermodynam-
ics, were determined using the DFT/TD-DFT approach 
at the B3LYP/6-311G(d,p) level. The ESP surface of 
title carbene revealed that the greatest negative potential 
resides around the two phenyl rings, which is regarded 
as the preferred location of the electrophilic assault. The 
PCM model was used to investigate and correlate the 
impact of different solvents on the absorption and fluo-
rescence spectra of B3B. The estimated absorption peaks 
of B3B appeared between 327—340 nm, depending on 
the medium, and are attributed to S0 → S1 transitions. The 
fluorescence maxima were calculated between 376 and 
410 nm and assigned to S1 → S0 transitions. The lowest 
ES was identified as the CT state. The NBO investigation 
demonstrated that ICT plays a crucial role in molecular 
system stabilization. Furthermore, the NLO attributes 
(polarizability, dipole moment, and first-order hyperpolar-
izability) predicted by several hybrid functional indicated 
that B3B can be used in various NLO applications.
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