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Abstract  Keywords 

Novel Schiff bases 3a, 3b, and 3c were synthesized, and their optical properties were 

investigated through experimental methods focusing on the determination of optical 

band gaps (Eg) derived from UV/Vis absorption spectra. These compounds are 

identified as N-(6-methylbenzo[d]thiazol-2-yl)-1-(pyren-1-yl)methanimine (3a), 1-

(anthracen-9-yl)-N-(6-methylbenzo[d]thiazol-2-yl)methanimine (3b), and 1-(9H-

fluoren-2-yl)-N-(6-methylbenzo[d]thiazol-2-yl)methanimine (3c). To reveal the key 

structural and optical characteristics of these molecules, theoretical calculations were 

performed using Density Functional Theory (DFT) and Time-Dependent DFT (TD-

DFT) at the B3LYP/6–31G(d,p) level. Theoretical results were compared with 

experimental data to comprehensively evaluate molecular geometries, UV/Vis 

spectroscopic parameters, and frontier molecular orbital (FMO) energy levels. 

Nonlinear optical (NLO) properties were analyzed in relation to molecular structure, 

substitution patterns, conjugation length, and intramolecular charge transfer (ICT) 

characteristics. The calculated first-order hyperpolarizability (β) values for 

compounds 3a, 3b, and 3c in DMSO were found to be 4379.6, 7261.4, and 7434.4 

a.u., respectively, approximately 110, 183, and 187 times higher than that of the 

standard reference compound urea. These findings indicate that the synthesized Schiff 

bases are promising candidates for future applications in photonics and 

optoelectronics. 
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1. INTRODUCTION 
 

The nonlinear optical (NLO) properties of materials are essential, since comprehending and leveraging 

these attributes can significantly improve the efficacy of diverse photonic and optoelectronic systems.  

Investigations into these features have resulted in the creation of novel materials, encompassing organic 

[1][2], inorganic [3], organometallic [4] and nanoparticles [5-8], all of which exhibit promise for 

nonlinear optical applications in photonics and optoelectronics. Organic materials, particularly, 

frequently possess benefits over inorganic counterparts owing to their remarkable thermal, mechanical, 

and chemical capabilities, rendering them excellent options for organic optical materials. [9-11] 
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Delocalized conjugated π electrons in organic compounds interact with strong electromagnetic fields 

such as molecular lasers, causing polarization.  This interaction enhances the delocalization within the 

π-conjugation that connects electron-donating and electron-withdrawing groups, making the organic 

material more appealing. Organic compounds that feature azomethine (-N=CH-) as a conjugated π-

linkage are leading candidates in optical and NLO material research. This is due to their efficient and 

cost-effective synthesis compared to other π-linkers. Schiff bases, also known as azomethines, are 

obtained from the reaction of aldehydes and amines. Schiff base compounds hold significant importance 

and intrigue due to their diverse biological activities. They demonstrate strong antipyretic, 

antiproliferative, antibacterial, antifungal, anticancer, and antiviral properties, making them valuable 

subjects for research in the development of novel therapeutic agents. [12-14]. Moreover, these 

remarkable compounds reveal both linear and nonlinear optical characteristics [14-19], making them of 

great interest in various fields. This paper presents the synthesis of three novel Schiff bases 3a, 3b, and 

3c, whose structures were precisely described by 1H NMR, 13C NMR, ESI-MS, and elemental analysis. 

The UV-visible spectroscopy technique was used to examine the optical characteristics of compounds 

3a-3c. According to the literature, the band gap energies of these compounds were ascertained using 

UV-visible absorption spectrophotometry [20] [21]. 

 

Density Functional Theory (DFT) is widely utilized in theoretical research to assess molecular 

geometries, vibrational frequencies, and electronic properties. According to the Runge-Gross theorem, 

Time-Dependent Density Functional Theory (TDDFT) [22] expands DFT to tackle time-dependent 

issues. It provides an accurate formulation of time-dependent quantum mechanics. TDDFT has become 

a valuable method for obtaining precise and reliable predictions of excited-state properties in linear and 

nonlinear systems. 

 

In computer-aided chemical calculations of Schiff bases, the B3LYP method and the 6-31 G (d,p) basis 

set are primarily chosen because of their compatibility with experimental data [23,24]. This study 

employed DFT and TD-DFT calculations to conduct conformational analysis, obtain thermodynamic 

data, and investigate the optical properties of newly developed Schiff bases [25, 26]. 

 

2. RESULTS AND DISCUSSION 
 

Figure 1 delineates the synthesis pathway to the desired Schiff base analogues.  Compounds 3a, 3b, and 

3c were synthesised using the general method, and spectroscopic techniques were used to determine 

their structures. The FT-IR spectra of compounds 3a, 3b, and 3c do not exhibit peaks at 3400 cm-1, 

which are indicative of the amino group present in 6-methyl-2-amino benzothiazole. Furthermore, there 

are no observable peaks at 1745 cm-1, corresponding to the C=O group characteristic of aldehydes. The 

azomethine group of chemical 4 is indicated at 1586 cm⁻¹. Additional peaks were recorded at 3010 cm-

1 (aromatic C-H), 2910-2853 cm-1 (aliphatic C-H), 1561 cm-1, 1531 cm-1, and 1480 cm-1 (C=C peaks) 

(Figure S1). The FT-IR spectra of compounds 3b and 3c exhibit signals analogous to those observed in 

the FT-IR spectrum of compound 3a (Figures S2 and S3). 

 

 
 

Figure 1. Synthesis route of novel synthesized 3a, 3b, and 3c 
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According to 1H NMR spectra of compound 3a (Figure. S4), signals corresponding to three distinct 

protons of the benzothiazole and nine protons of the pyrene have been detected within the 7.34 to 9.26 

ppm range. Compound 3a's π electrons are conjugated with the azomethine group, which functions as a 

donor group, effectively directing the ring electrons towards the benzothiazole ring (see Figure 2). 

Consequently, protons in the pyrene ring are not exposed to conjugated π electrons as seen in the 

resonance structures of the compound. As a result, it was observed in the lower area compared to the 

chemical shift value of the protons in the benzothiazole ring. The electron density surrounding the H17 

and H10 protons is reduced due to resonance effects. The protons under consideration are positioned 

closer to the azomethine group (-CH=N-) in comparison to the other protons within the pyrene ring. 

Consequently, these protons resonate at lower chemical shifts, specifically at 9.29 ppm and 8.84 ppm, 

corresponding to the H10 and H17 protons, respectively. Additional protons associated with pyrene are 

detected at8.43 (H11, H13, H14, and H9), 8.39 (H16), 8.28 (H15), 8.16 (H12), 7.86 (H5 and H7) and 

7.34 (H14) ppm, respectively. Since the benzothiazole ring is the acceptor, its proton resonance was 

observed at 7.86 (H5 and H7) and 7.34 (H4) ppm. The literature indicates that the azomethine proton in 

the Schiff base resonated at around 8-9 ppm, whereas the azomethine proton -(CH=N-) was noted at 

10.03 ppm due to the resonance delocalization of the donor π-electrons from the pyrene ring. 

 

 
 

Figure 2. Resonance forms of 3a 

 

When comparing substance 3b to substance 3a, it is observed that its 1H NMR is similar to that of 

substance 3a, except for some proton signals (Figure S5). In the resonance structures of compound 3b 

(Figure 3), it is observed that the chemical shift values for the protons H6, H10, H11, and H15 of the 

anthracene ring are higher than those for the protons H7 and H5 of the benzothiazole ring. When the 
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resonance structures of compound 3c were examined (Figure 4), it was observed that, as expected, the 
1H NMR signals of its protons were similar to the 1H NMR signals of the protons of compounds 3a and 

3b. (Figure. S6) 

 

 
 

Figure 3. Resonance forms of 3b 

 

 
 

Figure 4. Resonance forms of 3c 

 

To obtain the ultraviolet-visible spectra of Schiff bases, solutions of Schiff bases (3a, 3b, and 3c) were 

prepared at a concentration of 10-5 M in n-Hexane, THF, DCM, DMF, DMSO and their absorption 
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spectra were recorded to elucidate their optical properties. In the UV/vis spectra of Schiff bases (3a, 3b, 

and 3c), two transition species belonging to the azomethine group (-CH=N-), namely 𝑛 − 𝜋∗ and 𝜋 −
𝜋∗ were expected to be observed. π-electron conjugation, also referred to as the π-π* electronic 

transition, causes the short-wavelength band. Figures 5, 6, and 7 demonstrate that long-wavelength 

transitions are n-π* transitions resulting from solute-solvent interactions. The substituent methyl in the 

benzothiazole ring is not indicated in the figure, as it does not contribute to resonance. 

 

 
 

Figure 5. Resonance structures of 3a in DMSO, DCM, DMF, THF and Hexane 
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Figure 6. Resonance structures of 3b in DMSO, DCM, DMF, THF and Hexane 
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Figure 7. Resonance structures of 3c in DMSO, DCM, DMF, THF and Hexane 

 

In the UV and visible region spectra of synthesized compounds 3a, 3b, and 3c, the λmax value of the 𝜋 −
𝜋∗  transition of the azomethine group of 3a is 297 nm in hexane solvent and 302 nm in DMSO solvent 

(Figure. S7). The 𝜋 − 𝜋∗  transition was observed at 270 and 274 nm for compound 3b, and at 230 nm 

and 255 nm for compound 3c (Figure. S8 and S9). However, the 𝑛 − 𝜋∗ transition of the azomethine 

group of the same compounds was observed at 421-433 nm for compound 3a, 437-449 nm for compound 

3b and 367-381 nm for compound 3c (Table 1). The λmax values of compounds 3a and 3b in solvents 
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of different polarity are red-shifted due to the increase in polarity of the solvent, but this effect is not felt 

much in compound 3c due to the lack of conjugation in the fluorene group.  

 
Table 1. The λmax values corresponding to n-π* and π-π* transitions for 3a, 3b, and 3c were measured across 

various solvents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In compounds 3a and 3b, due to the mesomeric effect, which is the distribution of π- electrons on the 

molecule, the energy of the azomethine's 𝜋 orbital decreases, and the wavelength increases due to its 

interaction with polar solvents, thus the 𝜋 − 𝜋∗ transition of the azomethine group shifts to the red. 

Conversely, in the 𝑛 − 𝜋∗ transition, the benzothiazole and pyrene rings of the Schiff base (3a and 3b) 

inductively donate electrons to the azomethine group. This effect is particularly notable in polar solvents, 

where the energy of the n orbital in the excited state increases as the interaction and polarization between 

the solute and solvent decrease. As a result, a red shift is observed in the 𝑛 − 𝜋∗  transition. In compound 

3c, in addition to the above effects, conjugation is removed, and there is a decrease in the wavelength 

of both the 𝜋 − 𝜋∗ transition and the 𝑛 − 𝜋∗ transition. 

 

3. COMPUTATIONAL STUDY 

Density Functional Theory (DFT) and Time-Dependent Density Functional Theory (TD-DFT) 

calculations were performed to analyze conformations, obtain thermodynamic data, and investigate the 

optical properties of new Schiff bases. Much research confirms that DFT calculations provide insight 

into conjugated molecules' structural and electronic features. TD-DFT is especially useful for reliably 

simulating molecular structures and spectroscopic properties. This method is primarily used to calculate 

the excited-state properties of molecules, solids, and nanomaterials, including transition dipole moments, 

oscillator strengths, and electronic excitation energies. It is a popular tool for simulating UV-Vis, IR, and 

fluorescence spectra, enabling comparison with experimental data.[27] It is particularly effective at 

accurately estimating electron distribution and energy levels in conjugated systems. Since the Becke-3 

Parameter Lee–Yang–Parr (B3LYP) Correlation [28,29] method and 6-31 G (d,p) basis set are compatible 

with experimental data; they are primarily utilized in quantum chemical computations of Schiff bases.  

 

Using the Gaussian09 software [30], the ground state optimizations of compounds 3a, 3b, and 3c were 

carried out in this manner in the gas phase and dimethyl sulfoxide (DMSO) at the B3LYP/6-31 G (d,p) 

level without any symmetry constraints. The optimization process began with a scan of the Potential 

Energy Surface (PES) and the selection of the geometry enclosing zero. Vibration frequency calculations 

were conducted at the same level using B3LYP optimization. By analyzing the harmonic vibrational 

frequencies using analytical second derivatives with the number of imaginary frequencies (NIMAG), 

the minima of the computed structures (NIMAG=0) were verified. 

 

Employing the conductor-like polarizable continuum model (CPCM), the solvent effect in DMSO was 

identified [31, 32]. Gausview was used to conclude the generation of frontier molecular orbitals (FMO). 

[33] 

 
λmax 

(nm) 
n-Hexane THF DCM DMF DMSO 

3a 
n-π* 421  427  429  430 433 

π-π* 297  300  300  300 302  

3b 
n-π* 437  445  446  446 449  

π-π* 270  272  273  264 274  

3c 
n-π* 367  375  380  378 381 

π-π* 230  233  226 267 255 
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When the dihedral angles of the molecules in the series are examined, it is seen that the benzothiazole 

moiety and other fused rings are planar to each other, which is consistent with the expected behavior of 

a conjugated π-system. Such planarity facilitates effective π-electron delocalization. In contrast, non-

planar conformations would reduce the overlap between adjacent π-orbitals, disrupting conjugation, 

which could lead to increased band gap energy, blue-shifted absorption, and diminished nonlinear 

optical (NLO) responses. If we examine compound 3a to imagine the planarity, we can see that the 

dihedral angle between the pyrene and the benzothiazole plane is approximately 179ᵒ. All other dihedral 

angles around the azomethine bond are given in the supplementary information. Frontier Molecular 

Orbitals (FMO) were computed to better comprehend the compounds' intramolecular charge transfer 

(ICT) characteristics. 

 

In compounds 3a, 3b, and 3c, the HOMOs appeared to be localized on the fused rings, azomethine 

bonds, and benzothiazole. The localization of the LUMOs was observed on the azomethine bonds, with 

the rings spreading moderately through the benzothiazole (Figure 8). The compounds' λmax values and 

vertical excitation energies were estimated using the time-dependent DFT (TD-DFT) approach. N states 

of 50 for singlets were computed to obtain absorption bands. Compounds 3a, 3b, and 3c are predicted 

to have computed λmax values of 469, 509, and 540 nm in DMSO, indicating low-energy transitions 

caused by FMO (96-99%). The trends of increasing or decreasing excitation and absorption energies in 

the estimated and empirically acquired data are consistent. λmax values calculated (in the gas phase and 

DMSO) and experimentally recorded (DMSO) are given in Table 2. In our previous research, the band 

gap energies of compounds bearing a 4-methyl-substituted benzothiazole core were calculated using the 

B3LYP/6-31G(d,p) method and found to be 2.87 eV and 3.19 eV, respectively [26]. In the present study, 

the same method was applied to the newly synthesized Schiff bases containing a 6-methyl-substituted 

benzothiazole moiety. The calculated band gap energies of compounds 3a and 3c were determined to be 

2.64 eV and 3.02 eV, respectively [26]. 

 

The comparison between the previously studied 4-methyl-substituted benzothiazole derivatives and the 

6-methyl-substituted Schiff bases presented in this work suggests that the position of the methyl group 

influences the electronic and optical properties. Specifically, the 6-methyl derivatives (compounds 3a 

and 3c) exhibit slightly lower band gap energies than their 4-methyl counterparts, indicating enhanced 

π-electron delocalization and improved intramolecular charge transfer. This shift may be attributed to 

the altered electron-donating effect and spatial orientation of the methyl group on the conjugated system. 

 

 
 

Figure 8. HOMOs and LUMOs of 4 (left), 5 (middle), and 6 (right) estimated at the B3LYP/6-31 G (d, p) level in 

the gas phase.  
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Table 2. Calculated and experimental λmax and band gap energies of compounds 3a, 3b, and 3c 

 

Compound 

Calculated Experimental 

Gas DMSO DMSO 

λmax Eg λmax Eg λmax Eg 

3a 437 2.84 469 2.64 509 2.44 

3b 478 2.59 496 2.5 540 2.29 

3c 383 3.24 411 3.02 455 2.73 

 

While the Multiwfn 3.3.8 [34] program performed the NLO computations, VMD 1.9.3 [35]was used to 

evaluate the hyperpolarizability data. The following equations are essential for calculating the NLO 

properties. In this context, μ stands for the total dipole moment, α represents isotropic polarizability, Δα 

refers to polarizability anisotropy, and β indicates static first hyperpolarizability. [36]Understanding 

these parameters is crucial for accurately assessing the behavior of materials under nonlinear optical 

conditions. 

 

𝜇 = (𝜇𝑥
2 + 𝜇𝑦

2 + 𝜇𝑧
2)

1/2
      () 

 

𝛼 =
1

3
(𝛼𝑋𝑋 + 𝛼𝑋𝑋 + 𝛼𝑋𝑋)      () 
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1
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2
+ (𝛼𝑦𝑦 − 𝛼𝑧𝑧)

2
+ (𝛼𝑧𝑧 + 𝛼𝑥𝑥)

2}
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  () 

 

  𝛽 = (𝛽𝑥
2 + 𝛽𝑦

2 + 𝛽𝑧
2)

1/2
      () 

 

Moreover, urea is one of the standard compounds utilized to investigate the NLO characteristics of 

molecular systems [36, 37]. It has been widely employed as a threshold number for comparative 

analysis. The calculated values of dipole moment for compounds 3a, 3b, and 3c are 4.8 D, 1.1 D, and 

1,4 D, respectively, and compound 3a is approximately four times the value for urea (1.3732 D) [39]. 

Polarizability is determined by two factors: molecular size and the number of electrons. It's worth noting 

that the expansion of atomic size leads to an increase in polarizability, underscoring the close correlation 

between molecule size and polarizability. The polarizability values for compounds 3a, 3b, and 3c are 

609.7 a.u., 384.9 a.u., and 496.6 a.u., respectively. The anisotropy of the polarizability values equals 

887.6 a.u., 519.9 a.u., and 712.9 a.u, correspondingly. Based on the findings, the polarizability and 

anisotropy of compound 3a are greater than the other compounds. Polarizability and anisotropy also 

directly correlate with the dipole moment. Hyperpolarizability plays a crucial role in the NLO system. 

The first hyperpolarizability values for compounds 3a, 3b, and 3c in DMSO are computed to be 4379.6 

a.u., 7261.4 a.u., and 7434.4 a.u., respectively. These values are roughly 110.22, 182.75, and 187.104 

times greater than the measured value for urea (39.734 a.u.) [37, 38]. These results highlight the 

significant enhancement in NLO response relative to common benchmark compounds. Urea, often used 

as a standard reference, has a first hyperpolarizability of approximately 39.7 a.u., whereas the Schiff 

bases reported here exhibit values more than 100–180 times higher. Compared to other organic materials 

reported in the literature, such as MDMABA (β ≈ 850 a.u.) and certain azomethine derivatives (typically 

β < 2000 a.u.) [15–18], compounds 3b and 3c demonstrate exceptionally strong NLO behavior. This 
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enhancement is directly correlated with their extended π-conjugation and optimized molecular 

geometry, which promote efficient intramolecular charge transfer. The combination of high β values 

and stable molecular structures makes these Schiff bases strong candidates for application in NLO-based 

technologies such as frequency doubling, optical switching, and electro-optic modulation. 

 

4. EXPERIMENTAL 

 

Chemicals were acquired from Sigma-Aldrich and used without additional purification. The organic 

solvents were of HPLC grade or purified by a standard procedure, and the FT-IR and UV-visible 

absorption spectroscopy were collected at the Inorganic Chemistry Research Laboratory of Eskisehir 

Osmangazi University. FT-IR spectra were obtained using a Bruker FT-IR spectrometer within the 

4000-400 cm-1 wavelength region.  UV-visible absorption spectrum was obtained using a SHIMADZU 

UV-2600 spectrometer. The Gallenkamp melting point apparatus was used to determine the melting 

points. At the University Central Research Laboratory in Ankara, ESI-MS and elemental analysis were 

conducted using the Waters Alliance HPLC, 2Q micro mass spectrometer, and Leco CHNS 932 

Elemental Analyzer. Thin-layer chromatography (TLC) plates were acquired pre-coated from MERCK 

and utilized for reaction monitoring 1H NMR (500 MHz, DMSO-d6, TMS internal standard) and 13C 

NMR (125 MHz, DMSO-d6, TMS internal standard) spectroscopic investigations were conducted by 

Jeol ECZ500R (11.75 Tesla) NMR instrumentation at the Eskisehir Osmangazi University Central 

Research Laboratory Application and Research Center (ARUM). In Ankara, University Central 

Research Laboratory, ESI-Mass and elemental analyses were recorded by Waters Alliance HPLC, a 2Q 

micro mass spectrometer, and Leco CHNS 932 Elemental Analyzer. The computational process, 

advancing from simple to complex, involved both molecular mechanics and quantum chemical 

calculations performed on a desktop computer equipped with an Intel Core i7 Extreme 3970x 3.50 GHz 

six-core twelve-thread processor, 64GB (8x8GB) DDR3 1333 MHz RAM, and an Intel x79 chipset 

LGA2011 socket.  Density Functional Theory computations were conducted with the Gaussian 09 

software package. 

 

Compounds 3a, 3b, and 3c (General procedure). A solution of 6-methyl-2-amino benzothiazole (2, 

0.3 g, 1.83 mmol) in ethyl alcohol (10 mL) was combined with pyrene carbaldehyde, 9-anthracene 

carbaldehyde, or fluorene-2-carbaldehyde (1, 0.34 g, 1.46 mmol). Two to three drops of a 5% 

hydrochloric acid solution were introduced into the reaction media and subjected to reflux under a 

nitrogen environment at 75°C for four hours.  The TLC control halted the reaction (1:10 Petroleum ether 

/ DCM).  After overnight cooling the solution at ambient temperature, the precipitates were filtered and 

extracted using DCM and recrystallized from ethyl alcohol.  Compounds 3a, 3b, and 3c were 

synthesized with yields of 44%, 82%, and 43%, respectively.  The procedure for synthesizing the 3a, 

3b, and 3c Schiff bases, together with the proton numbering in the molecule, is encapsulated in Figure 

1. 

 

N-(6-methylbenzo[d]thiazol-2-yl)-1-(pyren-1-yl) methinamine (3a). Yield 44%, yellow solid, mp 

203-205 oC. IR spectrum (KBr), ν, cm-1: 3040 (Aromatic C-H), 2910 and 2851 (Aliphatic C-H), 1586 

(CH=N), 1564, 1527 and 1440 (C=C) (Figure. S1). 1H NMR spectrum, δ, ppm: 10,03 s (1H, -CH=N-), 

9.29 d (1H, J 10 Hz, H17), 8.84 d (1H, J 8 Hz, H10), 8.43 m (4H, H11, H13, H14, H9), 8.39 d (1H, J 8 

Hz, H16), 8.28 d (1H, J 8 Hz, H15), 8.16 t (1H, J 8 Hz, H12), 7.86 t (2H, J 9 Hz, H5 and H7), 7.34 d 

(1H, J 9 Hz, H4), 2.4 s ( 3H, CH3) (Figure. S4) 13C NMR spectrum, δC, ppm: 135.0 (CH=N), 133.25, 

131.82, 131.32, 130.11, 130.79, 130.67, 130.42, 128.17, 126.10, 126.56, 126.49, 126.40, 126.32, 

125.76, 123.42, 122.89, 122.58, 121.45. Mass spectrum, m/z (I, rel. %). 377.68 (M+), 378.71 ( M++1 ), 

379.77 ( M++2 ), 245.48 ( M+ -C8H8N2S ), 165.15 (M+ -C17H19 ). Found, %: C 79.52; H 4.44; N 7.37; S 

8.40, C25H16N2S Calculated, %: C 79.76; H 4.28; N 7.44; S 8.52. 

1-(anthracen-9-yl)-N-(6-methylbenzo[d]thiazol-2-yl) methinamine (3b). Yield 82%, yellow solid, 

mp 207-211 oC. IR spectrum (KBr), ν, cm-1: 3042 (Aromatic C-H), 2915 (Aliphatic C-H), 1549 (CH=N), 

1515, 1478 and 1436 (C=C) (Figure. S2). 1H NMR spectrum, δ, ppm: 10.32 s (1H, -CH=N-), 9.01 d 
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(2H, J 9 Hz, H9, H17), 8.94 s (1H, H13), 8.21 d (2H, J 8 Hz, H12 and H14), 7.87 d, s (2H, J 8 Hz, H7 

and H5), 7.73 dt (2H, J 3 Hz, J 8 Hz, H16 and H10), 7.63 t (2H, J 7 Hz, H11 and H15), 7.33 dd (1H, 

J=1 Hz, J 8 Hz, H4), 2.6 s (3H, CH3) (Figure.S5). Mass spectrum, m/z (I, rel. %). 353,65 (M+), 354,32 

(M++1), 355,64 (M++2), 165,43 (M+ -C15H19).  

 

1-(9H-fluoren-2-yl)-N-(6-methylbenzo[d]thiazol-2-yl) methinamine (3c). Yield 43%, brown solid, 

mp 189-201 oC. IR spectrum (KBr), ν, cm-1: 3023 (Aromatic C-H), 2963 and 2909 (Aliphatic C-H), 

1554 (CH=N), 1580, 1556 and 1475 (C=C) (Figure S3). 1H NMR spectrum, δ, ppm: 9.20 s (1H, -CH=N-

), 8.26 s (1H, H9), 8.08 s (2H, H14 and H15), 8.00 d (1H, J 7 Hz, H13), 7.82 s (1H, H7), 7.79 d (1H, J 

9 Hz, H10), 7.62 d (1H, J 8 Hz, H5), 7.41 dt (2H, J 1 Hz, J 7 Hz, H11 and H12), 7.30 dd (1H, J 3 Hz, J 

7 Hz, H4), 4.00 s (2H, Fluoren –CH2), 2.43 s (3H, CH3) (Fig.S6). Mass spectrum, m/z (I, rel. %).341,63 

(M+), 342,57 (M++1), 343,65 (M++2), 209,41 (M+ -C15H13), 165,21 (M+ -C14H10).  

5. CONCLUSION 

 

This study focused on the synthesis, characterization and computer-aided calculations of three new 

Schiff bases named compounds 3a, 3b and 3c. The band gap energies were taken in DMSO solvent 

using UV-visible absorption spectrophotometry and the optical band gaps of compounds 3a, 3b and 3c 

were found to be 2.44 eV, 2.29 eV and 2.73 eV, respectively. 

 

According to the data, compound 3a demonstrates higher polarizability and anisotropy than the other 

compounds. As previously mentioned, hyperpolarizability is crucial in nonlinear optical (NLO) systems. 

The computed initial hyperpolarizability values for compounds 3a, 3b, and 3c in DMSO are 4379.6 a.u., 

7261.4 a.u., and 7434.4 a.u., respectively. These values are approximately 110.22, 182.75, and 187.10 

times larger than the observed value for urea, which is 39.734 a.u. Furthermore, no significant 

correlation was found between the estimated and experimentally determined band gap energies and 

hyperpolarization data. 

 

These results demonstrate that Schiff bases 3a, 3b, and 3c exhibit promising nonlinear optical (NLO) 

properties, with first hyperpolarizability values significantly exceeding that of conventional reference 

compounds such as urea. The combination of experimental findings and DFT-based theoretical analysis 

confirms that molecular structure and substitution position directly influence the optical band gaps and 

electronic behavior. Therefore, these π-conjugated Schiff base systems may serve as potential candidates 

for future photonic and optoelectronic applications requiring strong NLO responses. 
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