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ABSTRACT 

This study shows the successful creation of new hybrid nanomaterials by combining Bi(III) Schiff base complexes from 

nitro-Salen ligands with NiO nanoparticles. Spectroscopic techniques like FT-IR and UV-Vis confirmed strong coordination 

and improved optical properties, including a reduced band gap of 2.12 eV. XRD and FE-SEM analyses displayed porous, 

nanoscale structures with clear shapes. These hybrids showed strong interactions with serum proteins BSA, which was 

evident through fluorescence quenching and molecular docking, with a binding energy of –8.1 kcal/mol. Notably, the 

antibacterial activity of the hybrids increased significantly, especially when combined with Ampicillin. Overall, these results 

emphasize the potential of these multifunctional materials in biomedical uses like biosensing, targeted drug delivery, and 

antimicrobial treatments. 
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1. INTRODUCTION 

Metal-organic hybrids made from Schiff base ligands have gained more attention for their versatility in catalysis, sensing, 

biomedical uses, and drug delivery [1]. Bismuth (Bi³⁺)-based complexes stand out as promising options due to their low 

toxicity, good coordination behavior, and biological compatibility [3, 4]. When combined with nickel oxide (NiO), which is 

a p-type semiconductor known for its high stability and surface conductivity [5], these hybrids can show improved properties. 

Adding nitro groups to the Schiff base ligand framework can also help fine-tune electron transport and target-specific 

interactions [7]. The synergy between these components supports superior optical and electrochemical performance, 

particularly through metal-to-ligand charge transfer and π–π* transitions [8, 9]. Beyond their physicochemical properties, 

Bi-based complexes have also demonstrated effective antibacterial activity and strong interactions with biomolecules, which 

are largely attributed to their polarizability and structural adaptability [10]. Considering the critical role of protein binding 

especially with serum proteins like BSA and HAS in determining the pharmacokinetics of therapeutic agents [11], this work 

aims to synthesize and characterize a Nitro Salen–Bi(III) complex and its NiO-integrated hybrid. We explore their structural 

features, binding behavior, and antibacterial properties, with particular focus on their synergistic action when combined with 

Ampicillin. 

2. MATERIAL AND METHODOLOGY 

Materials 

Bi(NO3)3, NiCl2 .6H2O, NaOH, methanol, ethanol, salicylal aldehyde, nitro salicylaldehyde, ethylene diamine are purchased 

from e-merk and used as such. 

Preparation of NiO 

5.94 g (0.1M) of NiCl2 .6H2O along with 1 g of NaOH pellet added and makeup in 250 ml of volume then stirring 

continuously for two hours, Then green gel was formed and washed with water along with ethanol and dried.     Then  
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Calcination process was carried out at 450 c in oven, Finally, the green coloured sample changed into black powder and 

grained with morter which was in nano sized. 

Preparation of salen; 

The salen ligand was prepared by refluxing of a mixture of 3.66 g (3.1ml) of salicylal aldehyde and 0.9g(1.0ml) of ethylene 

diamine(1:2 ratio) in 150 ml of methanol for one hour. 

After completion of reaction the yellow crystalline solid (Salen) was collected and washed with cold methanol and dried in 

air. 

Preparation of 5,5' Dinitro salen: 

3.04 gm of 5 nitro salicylaldehyde refluxing with 0.9g (1.0ml)of ethylene diamine (1:2 ratio) in 150 ml of methanol for one 

hour. The pale yellow crystalline solid (Nitro salen) was collected and washed with cold methanol and dried in air. 

Preparation of Bismuth salen complex (SBC): 

0.9693g of Bi(NO3)3 in ethanol refluxed with 0.5366g of salen for 2 hours with constant stirring in oil bath and the product 

was collected by filtration and washed with cold ethanol for 10 minutes and dried in air, then white coloured complex was 

obtained 

Preparation of 5,5' Nitro salen Bismuth complex (Nitro SBC): 

0.9693g of Bi(NO3)3 in ethanol refluxed with 0.4852g of Nitro salen for 2 hours with constant stirring in oil bath and the 

product was collected by filtration and washed with cold ethanol for 10 minutes and dried in air, then pale yellow coloured 

complex (Nitro SBC)was obtained. 

Preparation of NiO -Nitro SBC nano composite: 

By using Co-precipitation method, nano sized metal oxide (NiO) dissolved in base medium like NaOH (precipitating 

medium) was mixed with prepared 5,5'Nitro salen Bismuth Complex(Nitro SBC)in fixed proportion of 1:1 which results 

black coloured gelly nano composites through Calcination at 120 C along with Centrifugation of 100 rpm, The dried NiO-

Nitro SBC was obtained. 

Characterization 

The FT-IR spectra were recorded using computer controlled Thromofisher scientific  instrument. Computer controlled 

JASCO V-530 and FP-8300 was used to study UV-VIS spectral and fluorescence behavior. XRD measurements were made 

by Panalytical X’Pert Powder X’ Celerator Diffractometer, measurement range: 10 to 80 degree in 2θ and particle size was 

calculated using Scherrer’s equation. The FESEM measurements were carried by JEOL JSM-6700F field emission scanning 

electron microscope. 

3. RESULTS AND DISCUSSION 

FT-IR Studies 

Figure 1 shows the FT-IR spectra of NiO, the Nitro Salen Bi complex, and their hybrid material. The spectrum of pure NiO 

displays distinct absorption bands that correspond to O–H stretching, H–O–H bending, and the Ni–O lattice vibration, 

confirming successful nanoparticle synthesis [12, 13]. In contrast, the Bi complex reveals prominent peaks related to the 

C=N and NO₂ functional groups [14, 15]. When hybridization occurs, we observe noticeable spectral shifts. Specifically, the 

O–H band moves from 3435 to 3423 cm⁻¹, the C=N stretch shifts from 1627 to 1614 cm⁻¹, and NO₂ vibrations also change. 

These shifts indicate strong coordination between the ligand and the NiO surface [16]. The retention of the Ni–O peak 

suggests that the main NiO structure remains intact. Overall, these changes confirm the formation of the hybrid through 

metal–ligand bonding and electrostatic interactions. 
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Fig.1. FT-IR Spectrum of NiO, Nitro salen Bi complex and NiO-Nitro salen Bi complex 

 

UV-Vis Studies 

Figure 2 shows the UV-Vis absorption spectra of NiO, the Nitro Salen Bi complex, and their hybrid. NiO has strong 

absorption in the 200-400 nm range. This is mainly due to charge transfer from O²⁻ to Ni²⁺ ions [17, 18]. In contrast, the Bi 

complex shows characteristic π-π* and n-π* electronic transitions that extend up to 450 nm [19]. The hybrid material 

combines these features and improves them, with broadened absorption reaching 500 nm and a distinct shoulder around 310 

nm. This suggests a strong interaction between NiO and the ligand, as well as better optical activity [20]. Band gap analysis 

using Tauc plots (Figures 3) further supports these findings. The hybrid has a band gap of 2.12 eV, which is lower than NiO 

2.42 eV and the Bi complex's 2.23 eV, but higher than pure Nitro Salen's 1.93 eV [21-25]. This decrease in band gap shows 

improved charge transfer ability, making the hybrid a good candidate for photocatalysis and optical sensing applications. 

 

Fig.2. UV-Vis Spectrum of NiO, NiO-Nitro Salen Bi complex and Nitro Salen Bi complex 
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Fig 3. Band gap curve of a) NiO, b) Nitro-salen complex and c) NiO Nitro-Bi-Salen complex 

 

FE-SEM Studies 

Figure 4 shows quasi-cubic NiO particles ranging from 200 to 500 nm. They have smooth surfaces and high crystallinity. 

Their uniformity and low agglomeration indicate controlled synthesis, which improves surface area and electrochemical 

activity [26]. Figure 6 displays porous, aggregated Nitro Salen Bi nanoparticles smaller than 100 nm. They are ideal for 

electrochemical applications due to their high surface area and active site exposure. Agglomeration likely comes from surface 

energy, which aligns with earlier reports [27–29]. Figure 7 shows NiO–Nitro Salen Bi with porous, cauliflower-like particles 

between 50 and 100 nm that form a 3D network. Bismuth and Nitro Salen likely guided NiO growth, leading to better 

electrocatalytic properties [30, 31]. 

 

Fig.4. FE-SEM image of a) NiO b) Nitro Salen Bi complex c) NiO- Nitro Salen Bi complex 
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XRD Studies 

XRD analysis (Figure 5) was used to assess the crystallinity and structural changes in the synthesized materials. NiO (Figure 

8) shows sharp peaks at 2θ = 37.3°, 43.3°, 62.9°, 75.4°, and 79.4°. These peaks correspond to the (111), (200), (220), (311), 

and (222) planes of face-centered cubic NiO (JCPDS 47-1049) [32]. This indicates high crystallinity and a preferred (200) 

orientation. The Nitro Salen–Bi complex (Figure 9) displays new peaks at 13.2°, 18.9°, 26.4°, 30.1°, 38.4°, and 47.6°. The 

intensity of the original ligand peaks is reduced, confirming Bi(III) coordination and the formation of new crystalline areas 

[33]. The NiO–Nitro Salen–Bi complex (Figure 10) shows broad, low-intensity peaks, which suggest a semi-crystalline or 

amorphous hybrid structure. Weak reflections at approximately 37.1° and 43.1° from NiO remain, but broader peaks at 18.3°, 

27.5°, 31.0°, and 47.8° reflect disorder in the organic–inorganic matrix caused by Bi inclusion [34]. Crystallite sizes, 

calculated using the Debye–Scherrer equation, decrease throughout the series: NiO (37 nm at 43.3°) [35], Nitro Salen–Bi 

(19 nm at 30.1°) [36], and NiO–Nitro Salen–Bi (18 nm at 43.1°) [37]. This decrease suggests lattice strain, increased disorder, 

and factors related to hybrid formation. These changes may improve surface activity and electron transport for uses in 

catalysis or sensing. 

 

Fig.5. XRD behaviour of NiO, Nitro Salen Bi complex and NiO-Nitro Salen Bi complex 

 

Binding Studies of Bovine Serum Albumin (BSA) with Different Complexes 

BSA binding with NiO, Nitro Salen-Bi, and NiO-Nitro Salen-Bi complexes was studied using UV-Vis and fluorescence 

spectroscopy. NiO displayed a mild red shift at 277 nm and fluorescence quenching at 302 nm (Figure 7-8). This indicates 

moderate interaction with a binding constant of Kb = 1.24 × 10⁴ M⁻¹ via a static mechanism [38]. The Nitro Salen-Bi complex 

caused a shift from 220 to 214 nm and showed dual emissions at 324 and 448 nm. This suggests stronger binding and multi-

site interaction, with a binding constant of Kb = 2.37 × 10⁴ M⁻¹, aided by Bi³⁺ coordination [39]. NiO-Nitro Salen-Bi exhibited 

the most significant spectral changes, including new peaks at 250 and 258 nm, broadened emissions at 360 and 386 nm, and 

the highest binding constant of Kb = 3.12 × 10⁴ M⁻¹. These results reflect improved interaction through the combined effects 

of NiO and Bi³⁺ [40]. As shown in Table 1, binding strength increased with the incorporation of metals, driven by electrostatic 

forces, polar interactions, and structural rearrangement near tryptophan residues. 

 

Fig.6 a) absorption and  b) emission spectra of  NiO-BSA 
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Fig. 7a a) absorption and  b) emission spectra of Nitro salen Bismuth complex-BSA 

 

 

Fig. 8a) absorption and  b) emission spectra of NiO-Nitro salen Bismuth complex-BSA 

 

Table 1. Comparative Binding Data of Complexes with BSA 

 

Complex λ_max (UV-

Vis) 

λ_max 

(Fluorescence) 

Binding 

Constant 

(K_b) 

Quenching Type Binding 

Affinity 

NiO–BSA 277 nm 302 nm 1.24 × 10⁴ M⁻¹ Static Moderate 

Nitro Salen–

Bi–BSA 

214, 277 nm 324, 448 nm 2.37 × 10⁴ M⁻¹ Static + Energy 

Transfer 

Strong 

NiO–Nitro 

Salen–Bi–BSA 

250, 258, 278 

nm 

360, 386 nm 3.12 × 10⁴ M⁻¹ Static + 

Conformational 

Shift 

Very Strong 

 

Docking Studies: 

Docking studies (Fig. 9) showed that both Nitro Salen and its Bi complex bind to the protein with the same strength, -8.1 

kcal/mol, but they do it in different ways. The Bi complex forms fewer hydrogen bonds, for example, with Thr98 and Tyr56. 

However, it includes metal coordination interactions through Bi³⁺, which improves stability [45, 46]. This shows how Bi 

helps improve binding by increasing polarizability and structural rigidity [47, 48]. As summarized in Table 2, Nitro Salen 

binds through hydrogen bonds and π-interactions, while the Bi complex relies on metal coordination. These differences might 

increase selectivity for biosensing or drug delivery applications [49]. 



S. Rama pandian, A. Mathavan, C. Vedhi 
 

pg. 5352 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

Table 2: Molecular Docking Results 

Compound Binding Energy (kcal/mol) Hydrogen Bonding Residues Bond Distance (Å) 

Nitro Salen-Bismuth Complex  -8.1 Thr98, Gln89, Tyr56 2.5–2.8 

 

 

Fig.9. Nitro Salen Bismuth Complex 

 

Anti Bacterial Studies 

The antibacterial effectiveness of Nitro SBC and NiO-Nitro SBC with Ampicillin was assessed using the agar well diffusion 

method (Figs. 10, 11). Nitro SBC showed moderate inhibition (8-11 mm), helped by better dispersion from the SBC matrix 

[50]. In contrast, NiO-Nitro SBC demonstrated better activity (13-16 mm), due to ROS production by NiO, chemical stress 

from Nitro Salen, and improved delivery through biochar [51]. This enhanced effect likely results from NiO-induced 

oxidative stress disrupting bacterial membranes and increasing antibiotic absorption [52, 53]. Meanwhile, SBC ensures stable 

dispersion and effective contact with bacteria [54]. NiO-Nitro SBC showed the strongest synergy with Ampicillin, 

highlighting its potential to tackle antibiotic resistance. The comparative results are shown in Table 3 and figure 12. 

Table.3. Zone of Inhibition (mm) for Different Compounds with Ampicillin 

Bacteria Ab-Ampicillin Nitro SBC NiO-Nitro SBC 

Escherichia coli 13 6.5 13 

Staphylococcus aureus 14 6 14 

Bacillus licheniformis 12.5 6.8 12.5 

Bacillus subtilis 13 7 13.5 

Bacillus cereus 12.5 7 13 

 

 

Fig.10 Nitro  SBC  on Ambicillin              Fig.11. NiO-Nitro SBC onAmbicillin 
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Figure 12 Bar diagram for the antibacterial activities of ampicillin, ligand and its metal complexes. 

 

4. CONCLUSION  

This study highlights the successful development of NiO–Bi(III) Schiff base hybrid materials with improved optical, 

structural, and biological characteristics. The introduction of metal coordination reduced the band gap and enhanced light 

absorption. It also helped create porous, stable nanostructures. These hybrids showed a strong attraction to serum proteins 

and displayed significant antibacterial performance, especially when combined with Ampicillin. Overall, these results point 

to the potential of these materials in various biomedical applications, including biosensing, targeted drug delivery, and 

antimicrobial treatments. 
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