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In this research work, we synthesized a Schiff base derivative, N,N-dimethyl-4-{[(4-nitrophenyl)imino]-
methyl}aniline, denoted as (n1). The molecule (n1) was characterized using spectroscopic analyses, 
including FT-IR, NMR 1H, and 13C. Our compound (n1) is an unsaturated molecule, consisting of two 
benzylic rings connected by a methylimine bridge. The resulting system comprises seven alternating 
π bonds. At both ends of (n1) and in the para position, there are the N(CH3)2 group with a strong 
electron-donating effect and the NO2 group with a strong electron-accepting effect. The molecular 
structure of our compound prompted us to evaluate and study its properties in the field of NLO. The 
assessment of NLO properties is conducted by determining the Egap and employing density functional 
theory (DFT) quantum chemistry studies. The optical gap of (n1), measured using the Tauc method, 
is found to be 2.7 eV, serving as a reference value for the choice of the DFT functional in theoretical 
calculations. Quantum chemistry studies were carried out using Gaussian09 software, and the results 
were visualized with GaussView05. CAM-B3lyp functional was chosen for theoretical calculations due 
to its close agreement with experimental values. The studies confirm that (n1) exhibits significant NLO 
properties. Additionally, NBO (Natural Bond Orbital) analyses provide insight into the mechanism and 
trajectory of intramolecular charge transfer in (n1).
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The extensive use and utilization of laser devices in various fields such as industry1, medicine2, scientific research, 
computing, and communications3,4, there is a growing need to explore new materials possessing nonlinear optical 
properties. These materials can serve as optical limiters to protect against laser radiation5 or act as reactors to 
modify laser wavelengths. Unsaturated organic materials containing π bonds, in an alternative fashion, stand 
among the prime candidates due to their rapid light response, flexibility, and high damage thresholds. Within 
this category, derivatives of diphenylmethanimine are notable, as they link two benzyl cycles, one of which 
carries an electron-donating group such as (CH3, NH2, N(C2H5)2…) and the other carries an electron-attracting 
group such as (NO2, CN, Cl).

Experimental and theoretical studies have confirmed that these organic compounds, specifically imines, 
possess intriguing nonlinear optical properties, making them promising candidates for applications in the laser 
field. Imine compounds are straightforward to synthesize, resulting from the direct action of aldehyde functions 
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on amine functions. The synthesis efficiency is notably high, and these compounds are known for their stability 
with narrow energy band gaps6–9. They are often employed in second-order generation processes.

In this article, we shed light on one of the new organic compounds derived from diphenylmethanimine, 
namely N,N-dimethyl-4-{-[(4-nitrophenyl)imino]methyl}aniline, designated as (n1). This new compound, n1, is 
considered as a promising compound in the NLO field, in terms of chemical structure and electronic properties, 
by comparing with many same compounds of imine family published recently, presented in Fig. 1 below, which 
have proven their efficiency and importance in the nonlinear optical field. But most of these compounds did 
not combine the two elements NO2 and N(CH3)2 in the same molecule. In this research work, we have proven 
the validity of our expectations through the results obtained, which designate the compound n1 as one of the 
most promising organic compounds in the field of NLO. In addition, the low value of Eg makes it a very efficient 
molecule in inorganic synthesis and complexes in coordination chemistry, which is no less important than the 
field of NLO.

The compound n1 was synthesized through a reaction between p-dimethylaminobenzaldehyde and 
p-nitroaniline in an alcoholic solution. Compound (n1) was synthesized with a yield of over 68%. Figure  2 
illustrates the synthesis reaction, the molecular formulas of the reactants, and the obtained molecular structure 
of (n1).

To confirm the molecular structure of our compound (n1), we conducted infrared spectroscopic (FT-IR) 
and nuclear magnetic resonance (NMR) analyses, including NMR 1H and NMR 13C. The FT-IR analysis of 
compound (n1) clearly reveals the presence of characteristic bands for aromatic hydrogens at around 3020 cm− 1, 
the methyl group at around 2850 cm− 1, and the imine group at approximately 1635 cm− 1. By comparing the 
spectra of the resulting compound with those of the reactants, we observed the disappearance of the 1640 cm− 1 
band, indicative of the carbonyl group, as well as the disappearance of the two bands at 3250 and 3115 cm− 1, 
signifying the primary amine. Simultaneously, we noted the emergence of the 1635 cm− 1 band, indicating the 
presence of the imine function.

Figure  3 presents the 1H NMR spectrum, clearly illustrating the presence of aromatic hydrogens in the 
chemical shift range from 6.62 to 8.28 ppm. The imine hydrogen, labeled as H6, is observed at 9.75 ppm, and the 
presence of two methyl groups is confirmed by the singular chemical shift at 3.10 ppm.

Following the synthesis of compound (n1) and the confirmation of its molecular structure, theoretical 
DFT (Density Functional Theory) and experimental studies were conducted to elucidate its nonlinear optical 
properties. The results of these investigations will be presented in the subsequent sections of this article.

Fig. 2.  Synthesis of compound (n1).

 

Fig. 1.  Structure of some active imines in NLO published recently.

 

Scientific Reports |        (2024) 14:27383 2| https://doi.org/10.1038/s41598-024-75117-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Materials and methods
The products and solvents used in the synthesis of (n1) were of Riedel-de Haën brand. The spectroscopic 
equipment utilized for the analyses included the following: Laboratory Materials and Catalysis FT-IR 
Spectrophotometer: Perkin Elmer Spectrum Two. UV-Visible Double-Beam Spectrophotometer: Shimadzu UV-
2401, located at the Measurement Center of the Department of Chemistry, Faculty of Exact Sciences, University 
Djillali Liabes, Sidi Bel Abbes and Varian MercuryPlus 300 MHz Spectrometer: Located at the Applied Organic 
Synthesis Laboratory (LSOA), University Oran1 Ahmed Ben Bella.

Synthesis of (n1)
In an oil bath, a 250 mL round-bottom flask equipped with a reflux condenser and a small magnetic stirring 
bar was used. 1.38 g (10 mmol) of 4-nitroaniline and 30 mL of alcohol were added to the flask. The mixture was 
stirred until complete dissolution. In an addition funnel, an alcoholic solution was prepared by dissolving 1.49 g 
(10 mmol) of 4-dimethylaminobenzaldehyde in 10 mL of ethanol. At room temperature and under stirring, the 
content of the addition funnel was added dropwise to the flask. The reaction mixture was refluxed for two hours. 
At the end, the flask was placed in an ice bath with 50 mL of cold water for cooling and precipitation of the imine 
(n1). The formed imine (n1) was filtered and then dried in open air. Recrystallization of (n1) was carried out 
in a methanol/chloroform mixture (5/1, v/v). The final product was obtained with a mass of 1.82 g and a yield 
of 68.5%.

(n1) is an orange powder with a melting point (mp) of 138 °C. IR (ν, cm−1) : 3094 et 3027 (H-Ar) ; 2850–2927 
(CH3); 1600 (C=C) ; 1575 et 1370 (NO2); 1230 et 1204 (H3C-N) ; 1100 et 1163 (C-N). 1 H RMN (300 MHz, 
CDCl3, δ, ppm): 9.8 (1H, s, H6-C=N); 8.29−8.22 (2H, d, H5); 8.09−8.06 (2H, d, H4); 7.81−7.74 (2H, dd, H3); 
6.77−6.62 (2H, m, H2) ; 3.10 (6H, s, N(CH3)2, H1). 13C RMN (300 MHz, CDCl3, δ, ppm): 162.18; 158.99; 
153.15; 152.64; 144.71; 131.23; 125.69; 121.41; 111.97. The spectroscopic analysis results obtained are in good 
agreement with those reported in the literature16.

Electronic absorptions
Electronic absorption spectroscopic analyses were performed using a spectrophotometer, scanning from 190 to 
1100 nm. Scanning beyond the wavelength value of 425 nm did not reveal any electronic absorption. Chloroform 
was chosen as the solvent.

The results obtained from UV-Vis spectroscopy are illustrated in Fig. 4, where the Fig. depicts the variation of 
absorbance as a function of wavelength for compound (n1) dissolved in chloroform. From the curve, it is evident 
that there is a high absorbance corresponding to a wavelength of 338 nm, which represents n → π∗transitions 
occurring within the benzyl cycles, nitro group, and amine group. Additionally, a weak absorption at 242 nm 
is observed, representing π → π∗transitions due to the presence of π bonds. In the visible spectrum, very low 
absorbance is observed from 425 nm to 800 nm, indicating high transparency of the solution in the visible light 
range. These results will be utilized in further studies on the nonlinear optical properties of compound (n1)17.

Fig. 3.   1H NMR spectrum of compound (n1).
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Electronic absorptions theoretical and experimental
The excited states of the molecule (n1) in the specific solvent (Chloroform) were determined by time-dependent 
functional density theory TD-DFT in particular TDA-CAM-B3LYP /6-311g++(d,p) compare with experimental. 
The results are shown in Fig. 5.

Examining Fig.  5: for the molecule (n1), it is remarkable that both theoretical curves show overall two 
majority bands similar to the experimental one. The UV-Vis spectrum curve in the presence of solvent is slightly 

Fig. 5.  Wavelengths λ in nm of the molecule (N1) in gaseous state and in solvent presence using the implicit 
solvation model PCM calculated by TDA-CAM-B3LYP /6-311g(d,p) compare with experimental.

 

Fig. 4.  UV-Vis spectrum of (n1).

 

Scientific Reports |        (2024) 14:27383 4| https://doi.org/10.1038/s41598-024-75117-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


more intense, determined by a high extinction coefficient (ε) and a wavelength (λ) higher by around 370 nm, 
indicating a transition of n → π* nature. In vacuum, on the other hand, the curve is characterized by a slightly 
lower ε and a rather low λ of around 332 nm, indicating a transition of nature π → π*. Furthermore, the value of 
λmax in the presence of solvent is higher than that found in the gas phase, indicating a shift of the intense band 
towards higher wavelengths with increasing intensity. This demonstrates that our solvent has a bathochromic 
effect. What’s more, the λmax obtained for our molecule in solvent and vacuum are in the transparent region of 
the Near UV, which is essential for making transparent films active in NLO.

X-ray diffraction analysis
The powder of the compound n1 sample structural was analysis by powder X-ray diffraction. The model of 
X-ray diffractometer used is Rigaku “MiniFlex 600”. The X-ray tube operated with CuKα1 (λ = 1540.6 mÅ). Data 
were captured and recorded by scanning 2θ values between 3° and 90° at room temperature. The XRD analysis 
data of our compound n1 are examined with the MATCH!3 software by used of Rietveld refinement method. 
The different major diffraction peaks most characteristic of the crystalline nature of the n1 obtained are well 
presented in the Fig. 6. The DRX data of (n1) obtained favor the monoclinic crystal form.

Computational calculations
All theoretical calculations based on quantum chemistry were performed using the Gaussian09 program18 
and the results were analyzed with the Gaussview5.0 visualization program19. The geometry of the ground 
state of the molecule (n1) shown in Fig. 6 in the gas phase was optimized using the density functional theory 
(DFT) method. No particular selection of functionals was made, only the B3LYP functional with the basis set 
6-31G++(d,p)20 was chosen as it is often used and considered practical and reasonable for obtaining theoretical 
results close to experimental data, particularly in X-ray diffraction, the choice of basis was taken from previous 
work. Based on the optimized geometry, a frequency calculation was performed to verify that this structure 
is really a minima. Single point (SP) calculations were performed on this structure using the following long 
separation functionals: CAM-B3LYP, LC-wPBE, LC-BLYP, M11, and the M06-2X functional, in order to obtain 
the appropriate functional for the experimental results. On the basis of the chosen functional combined with 
the base 6-311G++(d,p) we performed calculations on the electronic parameters in particular the energy 
gap ∆E (Homo−Lumo), the most occupied molecular orbital (HOMO) and the least occupied (LUMO) which are 
used to calculate chemical reactivity descriptors (appendix 1). The excited states of the molecule (n1) in the 
specific solvent (Chloroform) were determined by time-dependent functional density theory TD-DFT21. An 
analysis based on the NBO approach, which gives an explanation of the amount of charge transferred within the 
molecule (TCI) linked to the parameter to obtain the delocalization energy E(2) representing the interactions 

Fig. 6.  UV-Vis spectrum of (n1).
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between the donor (D) and acceptor (A) on a well-defined trajectory of the free doublet from (D) to (A). 
The linear optical (LO) and non-linear optical (NLO) properties summarized by the parameters of the static 
anisotropic polarizabilities (α) and the static (in the absence of an electric field) quadratic hyperpolarizabilities 
(when λ=∞ (0 eV)), and dynamic (when frequency ω ≠ 0) calculated at CAM-B3LYP combined with the above 
basis and second harmonic generation (SHG) is elaborated at different wavelengths. Generally, experimental 
investigations concern ω = 0.25 eV; 0.50 eV; 0.65 eV and 1.17 eV, corresponding respectively to the wavelength 
values λ = 4959 nm, 2479 nm, 1907 nm and 1064 nm. Let’s finalize our study with an Analysis of the excited 
states of our molecule with a comparative study between defirent acceptors by the NBO method. The global 
reactivity parameters calculated in this section are: Dipole moment (µ), electron affinity (A), ionization energy 
(I), overall hardness (η), chemical potential (µ), overall electronegativity (χ), overall electrophilicity index (ω). 
In addition, other parameters were calculated such as: dipole moment µtot, energy gaps (ΔEH−L) and charge 
transfers (βct), static and dynamic polarizability and hyperpolarizabilities as well as excited state parameters 
summarized by maximum wavelengths λmax, oscillator strengths (f), percent excitations (%) (Fig. 7).
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Fig. 7.  Structure of the molecule (n1).
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The delocalization energy (E(2)), which represents interactions between donors (i) and acceptors (j), is given by 
the following equation:

	
E(2) = qi

F (i, j)2

ϵ j − ϵ i

� (17)

(qi): the occupation of the donor orbital.
εi et εj: the diagonal elements (orbital energies).
F (i, j): the off-diagonal element of the Fock matrix.

Results and discussions
Optical egap calculation
The use of the result obtained from the UV-Vis spectrometric analysis spectrum is considered one of the most 
commonly used experimental methods for evaluating the optical properties of materials22,23. It allows for the 
calculation of the values of allowed and forbidden direct or indirect transition gap energies. These energies 
represent the energy required to excite or move an electron from the valence band to the conduction band. 
In this regard, we use the Tauc method24, in which we utilize the results of UV-Vis spectroscopy to study the 
variation of absorbed energy with the change in energy multiplied by the absorption coefficient α and the nature 
of the electronic transition γ, as shown in the following relation:

	 (α hν )γ = B (hν −Egap)� (18)

α: absorption coefficient calculated directly with the Beer-Lumper equation using the following relationship25:

	 α = A (2.3026) cm−1� (19)

A : absorbance. 
h: Plank’s constant. 
ν : Photo’s frequency. 
E : Photon energy calculated with the wavelength by the relationship26:

	
E = hν =

h.c

λ
⇐⇒ E =

1240

λ
(eV )� (20)

B: proportionality constant.
Egap: Dand gap energy. 
γ: denotes the nature of the electronic transition. 
γ = 2 : direct allowed transitions. 
γ = 2

3 : direct forbidden transitions. 
γ = 1

2  : indirect allowed transitions. 
γ = 1

3  : indirect forbidden transitions.
In the field of Second Harmonic Generation (SHG) nonlinear optics, we are interested in calculating the 

allowed direct bandgap transition, also referred to as the optical energy gap, as it is considered responsible for 
the creation or modification of a photon. To do this, we use the Tauc relationship with γ = 2, as presented in the 
following equation:

	 (α hν )2 = B (hν −Egap)� (21)

The optical bandgap (Egap) is measured using the linear portion of the graph of (αhν)2  as a function of (hν) 
as shown in Fig. 8. The intersection of the line that includes the linear part of the curve with the x-axis represents 
the approximate value of the optical Egap.

The obtained value of the optical Egap is approximately 2.8  eV. This low value is attributed to the strong 
resonance and electron mobility π between the electron-donating dimethylamine and the strong electron-
attracting nitro group. This result demonstrates that our compound (n1) exhibits very high Nonlinear Optical 
(NLO) behavior.

Structure properties
The results obtained after interpreting the X-ray diffraction data showed us that the n1 crystals belong to the 
monoclinic system, using many programs that are used in analyzing and simulating the data, some of which 
were mentioned previously. The values of the obtained (n1) crystallographic information are represented in 
the following: = 8.7 Å ; b = 17.73 Å ; c = 14.07 Å α = γ = 90◦ ; β = 104.53◦ . With simulations by 
Match!3 software, certain crystallographic information can be summarized in the following Table 1.
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Quantum DFT calculations
Selection of the functional
To identify the most suitable functional for experimental results, various families of functionals were evaluated 
using the 6-311++g(d,p) basis set for the molecule (n1) in two distinct states: gaseous (vacuum) and in a 
solvent medium (chloroform). This was carried out by spanning the entire spectrum of Hartree-Fock exchange 

Parameters Values

Chemical formula C15H15N3O2

Color and shape Orange powder

Crystal structure Monoclinic

Space group 14 : P121/c1, unique-b, cell-1

a 8.699410 Å
b 17.732713 Å
c 14.068079 Å
α = γ 90°

β 104.53°

Z 4

Z’ 1000

Volume V = 2100.789394 Å3

Calculated density d = 1.355 g cm−3

Measurement range 3− 90◦

Table 1.  Crystallographic data from our simulation on compound (n1).

 

Fig. 8.  Variation of (αhν)2 = f (hν) and determination of Egap
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percentages, ranging from 0 to 100%. The considered functionals encompassed global hybrids like B3LYP, M06-
2X, as well as hybrid functionals such as CAM-B3LYP (Coulomb-attenuated). Each of these functionals featured 
a fixed amount of exact exchange, as indicated respectively in Table 1 below, to investigate the impact of exchange 
on the energy gap. The experimental value of the gap (Eexp

gap) served as a benchmark for selecting the value 
closest to the theoretically computed energy gap achieved using the different functionals as presented in Table 2.

Based on the obtained results, it is clearly observed that the closest value to the experimental Egap is 2.7 eV, 
obtained with CAM-B3LYP, in contrast to other functional that yield values significantly distant from Eexp

gap. It 
can be observed that the CAM-B3LYP functional provides the Egap value closest to the experimental one. Our 
findings align with other studies conducted for functional selection27. In the subsequent phases of our work, we 
utilized the CAM-B3LYP functional in combination with the 6-311++g(d,p) basis set.

NBO analysis
This section focuses on the determination of delocalization energies E(2) calculated using the NBO method, as 
expressed in Eq. (17), to describe the mechanism of Intramolecular Charge Transfer (ICT) between the Donor 
(D) and Acceptor (A) and their trajectories within the molecule (n1). The corresponding results are presented 
in Table 3. It should be noted that the atom numbering in the structures reported in Table 2 was assigned by the 
visualization software Gaussview05.

Figure 9 illustrates the mechanism of intramolecular charge transfer and the delocalization pathway created 
by the interaction between the attractor and the donor within molecule (n1).

According to Fig.  8, it is noteworthy that the Intramolecular Charge Transfer (ICT) in molecule (n1) is 
oriented from the dimethylamino group towards the nitro group. This is explained by the attractive effect 

Fig. 9.  Donor to acceptor trajectory (n1).

 

n1

Donor Acceptor E(2) Kcal mol–1

LP (1) (N3) π* (C6–C8) 59.81

π (C6–C8) π* (C7–C10) 43.02

π (C7–C10) π* (C14–N4) 27.68

LP (1) (N4) π* (C15–C17) 09.06

π (C15–C17) π* (C20–C18) 28.96

π (C18–C20) π* (N5–O2) 35.34

Table 3.  Delocalization energies (E(2)) calculated using CAM-B3LYP/6-311 ++G(d,p). Significant values are in 
[bold].

 

CAM–B3lyp LC–Blyp LC–wPBE B3lyp M11 M062X

XHF (%) 65 100 100 20 100 54

Vaccum Etheo
gap  eV 3.155 7.67 7.534 5.521 7.29 5.17

Solvant
Chloroforme

Etheo
gap  eV 2.70 7.29 7.4 5.06 6.74 4.79

Eexp
gap  eV 2.8

∆Egap =
∣∣Eexp

gap − Etheo
gap

∣∣ 0.1 4.49 4.6 2.26 3.94 1.99

Table 2.  Values of Egap obtained using various functionals for functional selection. Significant values are in 
[bold].
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between the acceptor and the donor. The lone pairs of nitrogen atoms carried by dimethylamino as the donor 
and the nitrogen of the imine (N4 =C14) contribute to the ICT pathway. Based on the results, molecule (n1) 
has maintained electronic conjugation along the electron chain, as evidenced by significant delocalization 
energy values. The continuity of this delocalization along the chain explains the strong attraction created by the 
acceptor on the donor, giving this molecule a highly polarizable “push-pull” character. Furthermore, it can be 
concluded that this type of molecule can provide a nonlinear optical response in a specific direction created by 
the two D-A poles, confirming that our molecule is non-centrosymmetric and therefore highly recommended 
for consideration as an active system in nonlinear optics (NLO).

The E(2)energies provided by the double bonds all fall within the range of 27 to 43 Kcal.mol− 1, and the E(2)

energies provided by the lone pairs (LP) of nitrogen (N3 and N4) are in the range of 9 to 59 Kcal mol− 1. This 
can be explained by the significant contribution of the nitrogen lone pair (LP) as an electron donor. From these 
observations, it can be concluded that the ICT mechanism in molecule (n1) is characterized by a well-defined 
direction: Donor to Acceptor. This phenomenon is in good agreement with the Forster approach28,29.

Linear and nonlinear optical parameters
In this section, a theoretical study was conducted on our molecule (n1) to evaluate its activity in the field of 
nonlinear optics (NLO). A key parameter used to justify the effectiveness of a material in NLO is the first-order 
hyperpolarizability (β), which is the second derivative of the dipole moment. Its non-zero value confirms that 
the material is non-centrosymmetric.

Linear (LO) and nonlinear optical (NLO) parameters were determined in this section using the CAM-
B3LYP/6-311++ g(d,p) functional. The objective of the study is to describe the variation of the aforementioned 
parameters in static and dynamic states during second harmonic generation (SHG) at different wavelengths. 
These various values characterize the incident waves of lasers, which were obtained from several previous 
works30. The results are reported in Table 3.

Table 4 represents the values of total dipole moments (µtot), static isotropic polarizabilities (α∞), dynamic 
polarizabilities (αλ), static and dynamic anisotropic polarizabilities (∆α λ ̸=∞), first hyperpolarizability (βtot), 
and second hyperpolarizability (third harmonic generation THG) (γ) calculated at various wavelengths (eV and 
nm).

the calculated values have been converted into electrostatic units (esu) (α: 1 a.u = 0.1482 × 10–24 esu; β: 
1a.u = 8.6393 × 0.10–33 esu).

From the results obtained in Table 4, it can be seen that the values of the linear and nonlinear properties 
of (n1) compound are very close when the wavelength is greater than 1062 nm. This means that compound 
does not show any change in its linear or nonlinear optical properties and the light processing by this material 
is almost uniform. We notice that for the wavelength at 1062 nm and 720 nm, there is a change in most of 
the values of the linear and nonlinear properties. First, the static and dynamic azeotropic polarization (Δα) 
increased from 51.8 × 10− 24 to 57.55 × 10− 24  esu, which may lead to a change in the refractive index of this 
material or a change in its polarization31. Secondly, the increase in the first hyperpolarizability (βtot) values, 
which went from 117.9 × 10− 30 to 160.08 × 10− 30 esu, shows an increase in the nonlinear response of the (n1), 
which makes it of particular interest in applications using nonlinear effects such as nonlinear scattering, second 
harmonic generation (SHG) and in communication systems32,33. Finally, the significant change in the obtained 
values concerns the second hyperpolarizability (γ) values, which went from 62.28 × 10− 35esu at λ = 1064 nm 
to 4227.1 × 10− 35esu at λ = 720 nm. This indicates a nonlinear response of the n1 material to third harmonic 
generation (THG)34–36.

Global reactivity parameters
Electronic transition parameters were calculated using Time-Dependent Density Functional Theory (TD-DFT) 
with the CAM-B3LYP/6-311 ++g(d,p) functional. The objective is to evaluate the excited states of molecule (n1) 
to more accurately analyze the nature of electronic transitions within our molecule in the gas phase (vacuum).

The results in Table  5 are consistent with the previous experimental and theoretical findings. The dipole 
moment of molecule (n1) is high with a low Egap. This indicates a significant charge transfer within the system 
of our molecule (n1). Figure 10 depicts the frontier orbitals of molecule (n1) obtained using the TDA-CAM-
B3LYP/6-311g(d,p) functional.

According to Fig. 10, it is evident that all electron densities in both vacuum and solvent environments are 
nearly identical. This indicates that these orbitals are minimally affected by the solvent effect. The electron density 
of the Highest Occupied Molecular Orbital (HOMO) surrounds almost the entire molecule in both cases, with 
virtually no density on the acceptor group (–NO2). In contrast, the electron density of the Lowest Unoccupied 

Settings
0.00 eV
(λ =∞)

0.25 eV
(4959 nm)

0.50 eV
(2479 nm)

0.65 eV
(1907 nm)

0.85 eV
(1550 nm)

1.16 eV
(1064 nm)

1.72 eV
(720 nm)

µtot Debye 11.93 – – – – – –

∆α.10–24 esu 46.86 47.03 47.57 48.08 48.74 51.08 57.55

α .10–24 esu 38.76 38.83 39.04 39.25 39.51 40.43 42.92

βtot .10–30 esu 94.23 95.11 97.98 100.73 104.36 117.91 160.08

γ .10–35 esu 21.96 22.82 25.66 28.76 33.55 62.28 4227.10

Table 4.  NLO parameters calculated with CAM-B3LYP/6-311 + +g(d,p).
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Molecular Orbital (LUMO) is distributed over the entire molecule, including the acceptor group. Thus, the 
HOMO-LUMO excitation shifts from the donor group to the acceptor group, confirming the NBO theory (ICT 
trajectory). Furthermore, the HOMO orbital is of (n) type, and the LUMO orbital is of π* type. Therefore, it is 
likely that the HOMO → LUMO excitation is of the n → π* type, which is attributed to the significant contribution 
of the donor’s lone pair (LP).

Conclusion
This work was conducted through a combination of experimental and theoretical studies, involving multiple 
aspects including synthesis, spectroscopic analyses, optical energy gap measurement, and theoretical 
investigations. Compound (n1) represents a novel non-centrosymmetric Schiff base derivative, synthesized 
with a very acceptable yield in a single step. The molecular structure of (n1) was confirmed through various 
spectroscopic analyses such as FT-IR, NMR 1H, and 13C. To assess the potential of our compound (n1) in 
nonlinear optics, we employed the Tauc method, utilizing UV-visible analysis data along with quantum 
chemical calculations using Gaussian09. The optical energy gap (Egap) of (n1), calculated using the Tauc 
method, is determined to be 2.7 eV. The theoretical studies demonstrated that the CAM-B3LYP functional is 
the most reliable for our research, as it yields an Egap value closest to the experimental one. Compound (n1) 
exhibits strong intramolecular electronic exchange, as evidenced by the high values of dipole moments (µ) and 
hyperpolarizabilities (β). The linear and nonlinear optical properties of our compound are summarized by 
parameters such as Δα, α, and the hyperpolarizabilities (βtot), (γtot), both static and dynamic, which showed a 
response strongly dependent on the incident wavelength. Based on the increasing of the first superpolarization 
(βtot) values from 1064 to 720 nm, which showed a significant variation, it reflects improvements in the nonlinear 
properties of the material (n1). This may be useful in improving performance in devices that rely on nonlinear 
effects, such as nonlinear optical material converter, optical switch, or optical components in communications 
systems. These studies on compound (n1) confirm its promising performance in the field of nonlinear optics. 
In future work, modifications to the structure of (n1) will be explored with the aim of enhancing its properties.

Data availability
The datasets generated and/or analyzed during the current study are available in repository fid, GaussView, excel 
and origin files.
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