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ABSTRACT 

In this research work, Bougainvillea spectabilis leaf extract-mediated ZnO, MgO and CuO nanoparticles were 

synthesized by green synthesis.  Due to the presence of phytochemical compounds like saponins, alkaloids etc., Bougainvillea 

spectabilis leaf extract was utilized as a stabilizing and reducing agent. X-ray diffraction, UV-Visible spectroscopy, scanning 

electron microscopy and Fourier Transform infrared spectroscopy were the characterization techniques used for analyzing 

the samples. Crystalline size of the prepared samples was determined by X-ray diffraction method and functional groups 

were confirmed by FT-IR spectroscopy. The presence of elements in the prepared samples was revealed by SEM-EDAX 

studies.  The optical properties of the nanoparticles were studied by UV-Visible spectroscopy in the range 200-800 nm. The 

antidiabetic activity of the metal oxide nanoparticles was also studied. 
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1. INTRODUCTION 

Nanotechnology is growing fast and has gained 

interest in the past two decades. It has numerous uses in 

research, development, and industry (Alabur et al. 2016). 

Green synthesis of metal oxide nanoparticles via plant 

extracts has emerged as a cost-effective and eco-friendly 

approach. This technique exploits the rich phytochemical 

content of plants, which can be used as natural capping, 

stabilizing, and reducing agents. Bougainvillea 

spectabilis, a widely distributed ornamental plant, is 

recognized for its vibrant flowers and medicinal 

properties. Its flower extract contains a variety of 

bioactive compounds, including flavonoids, tannins, 

alkaloids, and phenolics, which are effective in mediating 

the combination of metal oxide nanoparticles under mild 

circumstances without the use of toxic chemicals 

(Chauhan et al. 2024, Ali et al. 2023). 

ZnO nanoparticles typically exhibit a hexagonal 

wurtzite structure with a strong UV absorption peak 

around 308 nm, attributed to band-to-band electronic 

transitions and the quantum confinement effect (Ramesh 

et al. 2015). CuO nanoparticles synthesized through this 

green method display a monoclinic phase and an 

absorption peak at approximately 310 nm, indicative of 

Cu2+ to O2- charge transfer and d–d transitions (Rotti et 

al. 2023). MgO nanoparticles, on the other hand, show a 

cubic crystal structure with an absorption peak near 307 

nm and characteristic Mg–O vibrational bands, as 

established by FTIR investigation (Patil et al. 2016). In 

the present work, ZnO, CuO, and MgO nanoparticles 

were synthesized via Bougainvillea spectabilis leaf 

extract. These findings attest the effectiveness of 

Bougainvillea spectabilis flower extract as a natural and 

sustainable mediator for the biosynthesis of high-quality 

metal oxide nanoparticles. 

2. MATERIALS AND METHODS 

2.1 Materials 

Fresh Bougainvillea spectabilis leaves were 

collected locally, carefully cleaned with distilled water to 

eliminate dust and impurities, and air-dried under shade 

at room temperature. Analytical grade precursors 

including zinc acetate dihydrate (Zn(CH3COO)2·2H2O), 

copper(II) acetate monohydrate (Cu(CH3COO)2·H2O), 

and magnesium acetate tetrahydrate          

(Mg(CH3COO)2·4H2O) were obtained from Sigma-

Aldrich and used without further purification. All 

solutions were prepared using double-distilled water. 

2.2 Preparation of Bougainvillea Flower Extract 

About 10 g of dried Bougainvillea spectabilis 

leaves were boiled in 100 mL of distilled water at 80℃ 

for 30 minutes. The extract was filtered using Whatman 

No. 1 filter paper and kept at 4℃ for further use. This 

extract served as the natural reducing and stabilizing 

agent in the sol-gel synthesis. 

2.3 Synthesis of ZnO Nanoparticles 

Zn(COOCH3)2
.2H2O (0.1 M) was dissolved in 

50 mL of distilled water and stirred magnetically at room 

temperature. About 20 mL of bougainvillea leaf extract 

was added dropwise under continuous stirring. The pH 
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was adjusted to 12 using 1 M NaOH to promote gel 

formation. The resulting sol was stirred at 70℃ until it 

transformed into a viscous gel. The gel was dehydrated 

in an oven at 100℃ to obtain a solid precursor. The dried 

material was calcined at 400℃ for 2 hours to obtain ZnO 

nanoparticles. 

2.4 Synthesis of CuO Nanoparticles 

Cu(COOCH3)2
.H2O (0.1 M) was dissolved in 50 

mL distilled water. About 20 mL of the leaf extract was 

added slowly under constant stirring. The pH was raised 

to 12 using NaOH, initiating the sol-gel transition. The 

sol was aged and heated at 70℃ to form a stable gel. The 

gel was dried and then calcined at 450℃ for 2 hours to 

yield CuO nanoparticles. 

2.5 Synthesis of MgO Nanoparticles 

Mg(COOCH3)2
.4H2O (0.1 M) was dissolved in 

50 mL of water with vigorous stirring. About 20 mL of 

the leaf extract was added dropwise. The pH was adjusted 

to 12, and the sol was heated to form a gel. After gelation, 

the sample was dried and calcined at 500℃ for 2 hours 

to obtain MgO nanoparticles. 

2.6 Characterization Techniques 

The synthesized nanoparticles were 

characterized by X-ray Diffraction (XRD) for phase 

identification and crystallite size estimation, UV-Visible 

Spectroscopy (UV-Vis) for optical property analysis, 

Fourier Transform Infrared Spectroscopy (FTIR) to spot 

functional groups from the plant extract, Scanning 

Electron Microscopy (SEM) for morphology 

examination, Energy Dispersive X-ray Spectroscopy 

(EDAX) for elemental composition analysis, 

Antidiabetic assays for α-amylase and α-glucosidase 

inhibition studies. 

2.7 Antidiabetic Assays 

2.7.1 Determination of α-Amylase Inhibitory Activity 

The extract of Bougainvillea spectabilis was 

dissolved in buffer (NaCl 0.006 M, Na2HPO4/NaH2 

PO4 0.02 M) at pH 6.9 to make the concentrations 

(15.625 to 500 μg/mL). About 200 μL of α-amylase 

solution (2 units/mL) was mixed with 200 μL of the crude 

extract and solvent fractions and incubated for about 10 

minutes at 30℃. Subsequently, 200 μL of 1% starch 

solution was added to each tube and incubated for about 

3 minutes. Then, the reaction was terminated by adding 

200 μL of DNSA reagent, followed by boiling in a water 

bath at 85 ℃ for approximately 10 minutes. Finally, the 

mixture was cooled to ambient temperature and diluted 

with 5 mL of distilled water, and the absorbance was 

determined at 540 nm using a UV-visible 

spectrophotometer. The blank with 100% enzyme 

activity was prepared by substituting the extract with 200  

μL of the buffer. A blank with the plant extract at each 

concentration was used in the absence of the enzyme 

solution. 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

2.7.2 Determination of α-Glucosidase Inhibition Assay 

The α-glucosidase inhibitory effect of the crude 

extract of Bougainvillea spectabilis and solvent 

fractions   was evaluated by using p-nitro-phenyl-a-D 

glucopyranoside (p-NPG) substrate solution (using 0.1 M 

potassium phosphate buffer, pH 6.8). Similarly, 0.1 

unit/mL of α-glucosidase was dissolved using potassium 

phosphate buffer. All the samples were dissolved in 

dimethyl sulfoxide, and 20 mL of each sample was mixed 

with the same volume of enzyme solution. Subsequently, 

a volume of 40  mL substrate solution was added for 

initiation of the reaction and incubated at 37℃ for 40 

minutes. Then, 80  mL of 0.2 M sodium carbonate in 

phosphate buffer, pH 6.8 was added to terminate the 

reaction. Finally, the amount of released p-nitrophenol 

(p-NP) was measured at 405 nm. 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

3. RESULT AND DISCUSSION 

3.1 X-ray Diffraction Analysis  

The XRD pattern of the biosynthesized ZnO 

nanoparticles is shown in the Fig. 1. According to JCPDS 

card No: 50-0664, the crystalline peaks seen at 31.67°, 

34.31°, 36.14°, 47.40°, 56.52°, 62.73° and 66.28° 

correspond to (100), (002), (101), (102), (110), (103) and 

(112) hkl planes, respectively. No characteristic peaks of 

any impurities were noticed suggesting the high quality 

of ZnO nanoparticles (Xuan et al. 2024). The crystallite 

size (D) of the nanoparticles was calculated using Debye 

Scherrer’s formula (D = kλ/βcosθ), where λ represents 

the wavelength of X-rays (1.5406 Å), β denotes the full 

width at half maximum (FWHM) of diffraction peaks and 

θ = is the diffracted angle of X-rays. The average 

crystallite size of ZnO nanoparticles is 37.78 nm.   

The XRD pattern of biosynthesized CuO 

nanoparticles exhibits characteristic sharp peaks at 

specific 2θ angles corresponding to their monoclinic 

crystal structure, consistent with JCPDS card No. 48-

1548 (ICDD 1977). The identified peaks, labeled with 

Miller indices (110), (002), and (111), confirm the phase 

purity and high crystallinity of the sample, indicating 

well-ordered atomic planes within the lattice (Cullity and 

Stock, 2001). These diffraction peaks result from 

constructive interference of X-rays reflected by the 

crystal planes, and their positions align with reported 

CuO lattice parameters (Vella et al. 2019). 
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Fig. 1: XRD graph of biosynthesized ZnO nanoparticles 

 

Fig. 2: XRD graph of biosynthesized CuO nanoparticles 

The X-ray diffraction pattern of MgO 

nanoparticles shown in Fig. 3 exhibits distinct peaks at 

various 2θ values corresponding to the characteristic 

crystallographic planes of the MgO cubic crystal 

structure. The peaks corresponding to (100), (002), (101), 

(110), (103), and (112) indicate a well-defined crystalline 

phase with high purity and crystallinity. These diffraction 

peaks match the standard MgO pattern (typically 

matching JCPDS card no. 45-0946), confirming the 

formation of magnesium oxide with a rock-salt cubic 

structure. The sharpness and intensity of the peaks 

suggest good crystallite size and minimal lattice strain, 

which are indicative of high-quality MgO nanoparticles. 

(Marwaha et al. 2017). 

3.2 UV-vis Spectroscopy Analysis 

The UV-Vis absorption spectrum of the 

biosynthesized ZnO nanoparticles exhibits a strong 

absorption band at 308 nm (Fig. 4). This absorption is due 

to the intrinsic band-to-band transition in ZnO 

nanoparticles and is indicative of successful nanoparticle 

formation. This band shows a blue shift compared to bulk 

ZnO, which typically absorbs at ~365 nm. This shift is 

ascribed to the quantum confinement effect arising from 

the nanoscale size of the particles. The intensity of the 

absorption band also indicates good crystallinity and high 

purity of the synthesized nanoparticles (Ahamed et al. 

2023). 

 

Fig. 3: XRD pattern of biosynthesized MgO nanoparticles 

 

Fig. 4: UV spectrum of biosynthesized ZnO nanoparticles 

The UV-Vis spectrum of biosynthesized CuO 

nanoparticles shows a notable absorption band at 310 nm, 

confirming successful synthesis and characteristic optical 

behavior of CuO in nanoscale form (Fig. 5). The 

absorption at 310 nm indicates electronic transitions 

related to the Cu2+ → O2- charge transmission and 

possible d–d transitions, typical of monoclinic CuO 

nanostructures (Zaman et al. 2012). 

The UV-Vis absorption spectrum of 

biosynthesized MgO nanoparticles shows a discrete 

absorption band at 307 nm, which is consistent with the 

typical optical properties of nanoscale magnesium oxide 

(Fig. 6). This band indicates strong electronic transitions 
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in the ultraviolet region. It lies within the expected range 

for MgO, which generally absorbs in the 200–320 nm 

region. The steep decline after 307 nm and flat absorption 

through the visible range confirm that the particles 

primarily absorb UV radiation, and remain transparent in 

the visible region, characteristic insulating behavior of 

MgO (Nguyen et al. 2020). 

 

Fig. 5: UV spectrum of biosynthesized CuO nanoparticles 

 

Fig. 6: UV spectrum of biosynthesized MgO nanoparticles 

3.3 Scanning Electron Microscope Analysis 

The shape and regular grain size of the prepared 

samples were found using SEM analysis. The SEM 

images of ZnO, CuO and MgO nanoparticles are shown 

in Fig. 7 (a-c). The ZnO sample reveals hexagonal and 

irregular-shaped particles with a relatively uniform 

distribution, consistent with its typical wurtzite structure. 

The SEM image of CuO nanoparticles shows a denser 

agglomeration of fine, nearly spherical nanoparticles, 

suggesting a high surface area and porosity. The MgO 

sample exhibits a relatively coarse texture with clustered 

granular particles, indicating crystallite formation and 

possible sintering during synthesis. These morphological 

characteristics are in agreement with prior studies on  

ZnO, CuO and MgO (Raliya et al. 2016; Sankar et al. 

2014).  

3.4 FTIR Analysis 

The functional groups in the ZnO, CuO and 

MgO particles prepared from the leaf extract of 

Bougainvillea spectabilis were noted using FTIR 

analysis. The spectra were recorded from 4000 cm-1 to 

400 cm-1.   

 

 

 

Fig. 7: SEM images of biosynthesized (a) ZnO nanoparticles 
(b) CuO nanoparticles and (c) MgO nanoparticles 

(a) 

(c) 

(b) 



M. R. Chitra Devia and B. Ramesh / J. Environ. Nanotechnol., Vol. 15(1), 167-174 (2026) 

171 

In the IR spectrum of ZnO nanoparticles (Fig. 

8), the peak at 3861 cm-1 represents stretching vibration 

of O-H from phenolic compounds present in the plant 

(Najamul et al. 2023; Abdelkhalek et al. 2020). The peak 

at 2315 cm-1 was assigned to C=N stretching of nitriles 

(Munisha et al. 2025). The peak at 1687 cm-1 is due to 

C═C stretching of the alkene group (Amani et al. 2022). 

The peak at 1553 cm-1 corresponds to the N-H bond of 

primary amines and stretching C–C (Fouda et al. 2023). 

The peak at 1418 cm-1 reveals the C=O stretching 

vibrations (Sankar et al. 2014). The Zn-O bond is 

observed at 646 cm-1 (Prashantkumar et al. 2025).  

 

Fig. 8: FTIR spectrum of biosynthesized ZnO nanoparticles 

The FTIR spectrum of CuO nanoparticles (Fig. 

9) shows characteristic absorption peaks that confirm the 

presence of copper oxide. In the spectrum, peaks 

observed at 591 cm-1 and 867 cm-1 correspond to Cu–O 

stretching vibrations, which are indicative of CuO 

formation. The broad peak at 3831 cm-1 is accredited to 

O–H stretching vibrations from adsorbed moisture or 

surface hydroxyl groups. The peak at 1439 cm-1 may be 

due to carbonate impurities or surface-adsorbed species. 

These observations align with reported studies on CuO 

nanoparticles, which identify metal-oxygen vibrational 

modes in the 500–700 cm-1 range and hydroxyl groups at 

higher wavenumbers (Dhineshbabu et al. 2016). 

 

Fig. 9: FTIR spectrum of biosynthesized CuO nanoparticles 

The FTIR spectrum of biosynthesized MgO 

nanoparticles (Fig. 10) displays several characteristic 

absorption bands confirming the presence of functional 

groups present in the synthesis and stabilization process. 

A broad peak around 3406 cm-1  is due to O–H stretching 

vibrations, indicating the presence of hydroxyl groups, 

which may originate from plant extracts or water 

molecules adsorbed on the nanoparticle surface. The 

peak observed at 1635 cm-1  is ascribed to the bending 

vibration of H–O–H, further supporting the presence of 

moisture. The peak at 1449 cm-1 could be due to C–H 

bending vibrations indicating the presence of organic 

biomolecules acting as capping agents. A prominent band 

at 439 cm-1 is representative of the Mg–O stretching 

vibration, confirming the formation of magnesium oxide 

nanoparticles. These findings are in line with earlier 

reports on the FTIR characterization of green-

synthesized MgO nanoparticles (Chauhan et al. 2024, Ali 

et al. 2023). 

 

 Fig. 10: FTIR spectrum of biosynthesized MgO 
nanoparticles 

3.5 Energy Dispersive X-ray Spectroscopy 
(EDAX) 

The EDAX spectra of biosynthesized ZnO and 

CuO nanoparticles in Fig. 11-13 confirm the elemental 

compositions of the samples. For ZnO, strong signals 

corresponding to Zn and O validate the successful 

formation of ZnO nanoparticles with minimal impurities. 

In the CuO spectrum (Fig. 12), dominant peaks for Cu 

and O affirm the formation of CuO, with a minor 

presence of Na, likely introduced via the plant extract 

used during synthesis. For CuO (Fig. 13), peaks for O, C, 

Mg, Cl, and K were observed. The O and Cu peaks 

confirm the presence of CuO, while C, Si, Y, Mg, Cl, and 

K are possibly residual phytochemicals or biomolecules 

from the green synthesis process, often acting as reducing 

and stabilizing agents. These results emphasize the role 

of phytochemicals in nanoparticle stabilization and align 

with literature reporting the successful use of plant-
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mediated synthesis for metal oxide nanoparticles (Sankar 

et al. 2014; Panchal et al. 2022). 

 

Fig. 11: EDAX spectrum of biosynthesized ZnO nanoparticles  

 

Fig. 12: EDAX spectrum of biosynthesized CuO nanoparticles  

 

Fig. 13: EDAX spectrum of biosynthesized CuO nanoparticles  

3.6 Antidiabetic Activity 

The antidiabetic potential of the biosynthesized 

nanoparticles was evaluated by their inhibitory effects on 

two key carbohydrate-hydrolyzing enzymes: α-amylase 

and α-glucosidase. As shown in Table 1, all nanoparticles 

exhibited dose-dependent inhibition of α-amylase, with 

CuO nanoparticles achieving the highest inhibition 

(76.60%) at 100 µL, followed by MgO (58.67%) and 

ZnO (52.08%). These values, although lower than that of 

the standard acarbose (82.61%), demonstrate significant 

enzyme-inhibitory activity, particularly for CuO, which 

closely approaches the standard drug. 

Table 1. α-Amylase inhibition studies 

S. No. 

Sample 

Concentration  

(µL) 

Acarbose  

Standard 

% of α-amylase 

Inhibitory Activity 

(CuO) 

% of α-amylase 

Inhibitory Activity 

(MgO) 

% of α-amylase 

Inhibitory Activity 

(ZnO) 

1 20 25.00 % 17.45 % 19.20% 15.23% 

2 40 34.02 % 33.35 % 26.54% 28.63% 

3 60 65.73 % 42.00 % 38.06% 32.41% 

4 80 73.83 % 53.97 % 42.64% 45.21% 

5 100 82.61 % 76.60 % 58.67% 52.08% 

Similarly, the α-glucosidase inhibition assay 

(Table 2) revealed notable enzyme inhibition by all three 

nanoparticles. At 100 µL, CuO again showed the highest 

inhibition (78.06%), followed by MgO (70.69%) and 

ZnO (63.25%), compared to that of acarbose (98.52%). 

The consistent performance of CuO across both assays 

suggests superior bioactivity, potentially due to their 

surface reactivity and phytochemical capping agents 

from Bougainvillea spectabilis extract. These findings 

reinforce the therapeutic activity of green-synthesized 

metal oxide nanoparticles as alternative antidiabetic 

agents by delaying carbohydrate digestion and glucose 

absorption through effective enzyme inhibition (Raliya et 

al. 2016).  
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Table 2. α -Glucosidase inhibition studies 

S. No. 

Sample 

Concentration 

(µL) 

Acarbose 

Standard 

% of α-glucosidase 

Inhibitory 

Activity (CuO) 

% of α-glucosidase 

Inhibitory Activity 

(MgO) 

% of α-glucosidase 

Inhibitory Activity 

(ZnO) 

1 20 40.73 % 22.36 % 27.34 % 19.32% 

2 40 49.34 % 42.60 % 35.63 % 28.54% 

3 60 63.48 % 55.20 % 48.95 % 37.41% 

4 80 72.56 % 67.58 % 65.01 % 51.14% 

5 100 98.52 % 78.06 % 70.69 % 63.25% 

4. CONCLUSION 

In this study, ZnO, CuO and MgO nanoparticles 

were successfully synthesized using Bougainvillea 

spectabilis leaf extract via a green synthesis method. 

Structural and morphological analyses using XRD, SEM, 

and FTIR revealed the formation of crystalline, phase-

pure nanoparticles, with ZnO showing a hexagonal 

wurtzite structure, CuO exhibiting a monoclinic phase, 

and MgO displaying a cubic crystal structure. UV–visible 

spectroscopy indicated absorption bands in the UV 

region, consistent with nanoscale optical behaviour and 

good crystallinity. The FTIR spectrum revealed 

functional groups from phytochemicals, supporting their 

role in capping and stabilizing the nanoparticles. 

The biosynthesized nanoparticles exhibited 

promising antidiabetic activity through in vitro α-

amylase and α-glucosidase inhibition assays. Among the 

samples, CuO nanoparticles demonstrated the highest 

inhibitory potential in both assays, nearing the 

performance of the standard drug Acarbose. These 

findings highlight the effectiveness of Bougainvillea 

spectabilis leaf extract not only as a green synthesis agent 

but also as a contributor to the therapeutic potential of the 

nanoparticles. Overall, this work reinforces the value of 

plant-mediated nanomaterials as eco-friendly and 

biologically active agents for future biomedical and 

pharmaceutical applications. 
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