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ABSTRACT 

In this study, ZnCo2O4 and Pd@ZnCo2O4 were synthesized through a novel phytochemical process using the leaf 

extract of Catharanthus roseus for photocatalytic and biological applications. The synthesized nanoparticles were 

characterized through X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray spectroscopy, Fourier-

transform infrared spectroscopy, and UV-Visible spectroscopy. The photocatalytic activities of ZnCo2O4 and Pd@ZnCo2O4 

(10 mg) were evaluated after 40 min of reaction by degrading brilliant blue dye (100 µg/mL solution), achieving 42% and 

97% degradation, respectively. This green synthesis method for ZnCo2O4 and Pd@ZnCo2O4 proves to be an eco-friendly, 

modest, and effective approach for the photodegradation of brilliant blue dye in an aqueous medium. Additionally, the 

ZnCo2O4 and Pd@ZnCo2O4 catalysts were also tested for their antibacterial and antioxidant activities. 

Keywords: Catharanthus roseus; Synthesis; Photodegradation; ZnCo2O4; Brilliant blue. 

1. INTRODUCTION

Nanotechnology is a rapidly advancing field of 

research that has achieved significant success in modern 

technology (Femina et al. 2024; Debasis et al. 2023). 

Nanoparticles, typically ranging in size from 1 to 100 nm, 

exhibit diverse properties in terms of structure, 

physicochemical characteristics, electrical, magnetic, 

thermal, mechanical, catalytic, optical scattering, and 

shape (Jiajun et al. 2024; Hafsah et al. 2024). Metals and 

metal oxides have numerous applications in areas such as 

pollutant detection, remediation, photodegradation, 

water treatment, catalysis, electronics, cancer therapy, 

drug delivery, and tissue repair (Ayush et al. 2024; 

Rashmi et al. 2023). Traditional methods of nanoparticle 

synthesis, such as pyrolysis and abrasion, have notable 

drawbacks, including high costs, low synthesis rates, and 

substantial energy requirements (Madhuree et al. 2023).  

Chemical methods like sol-gel technology and 

chemical reduction are also commonly used but involve 

toxic substances and generate hazardous byproducts 

(Prasad et al. 2016). Consequently, there is a persistent 

interest in the scientific community to develop safer, 

environmentally friendly, cost-effective, and cleaner 

nanoparticle synthesis techniques (Akbar et al. 2023; 

Siyuan et al. 2023). Recent research has focused on the 

synthesis of metal oxide nanoparticles using various 

plant extracts (Mohammed et al. 2024; Uyiosa et al. 

2024). The biogenic production of metal and metal oxide 

nanoparticles is gaining popularity due to its simple 

experimental setup and the ability to obtain nanoparticles 

of different sizes and morphologies easily (Kok et al. 

2024; Aynur et al. 2024). 

Metal oxide nanoparticles can be biologically 

synthesized using live organisms such as plants, bacteria, 

algae, actinomycetes, viruses, and fungi. This 

biosynthesis process utilizes a universal solvent and 

produces nanoparticles free of toxic chemical 

contaminants, making them well-suited for biomedical 

applications. The natural synthesis process involves two 

key steps: bio-reduction and biosorption (Arighna et al. 

2024). Bio-reduction refers to the chemical reduction of 

metal ions into stable forms, while biosorption involves 

the attachment of metal ions to the surfaces of organisms, 

such as cell walls and peptides, to form stabilized 

complexes (Mouhaned et al. 2024). Additionally, 

biologically active molecules can attach to or cap the 

nanoparticles, producing stable particles (Vinod et al. 

2023). These biobased synthesis methods are typically 

faster than physicochemical approaches (Amin et al. 

2023; Rosa et al. 2024; Mohammad et al. 2024). 

Transition metal oxides with a spinel structure have 

attracted significant interest due to their unique magnetic, 

electrical, and optical properties. The conventional 
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chemical formula for spinel, AB2O4, represents divalent 

and trivalent metal ions arranged in tetrahedral and 

octahedral positions, respectively (Monireh et al. 2024). 

Spinel ZnCo2O4 is a metal oxide utilized in 

energy applications due to its unique properties, such as 

protective coating applications and magnetic hysteresis 

behaviour (Sabahat et al. 2023; Sebastian et al. 2024). 

Various techniques can be employed to synthesize zinc 

cobalt oxide, including the sol-gel method, co-

precipitation approach, oxide powders milling, spray 

pyrolysis, and green synthesis method (Flores et al. 2022; 

Huaxing et al. 2024). Transition metal oxides hold great 

promise as photocatalysts for environmental applications 

due to their affordability, ease of synthesis, and strong 

activity in alkaline solutions (Tholkappiyan et al. 2024; 

Eneyew et al. 2024; Pore et al. 2024). Specifically, spinel 

oxides containing metal elements with variable valence 

states, such as MnCo2O4 (Nada et al. 2022), NiCo2O4 

(Shankar et al. 2024), and Co3O4 (Jothirathinam et al. 

2023) offer high catalytic activity for energy applications 

(Maha et al. 2022).  

To further enhance the catalytic performance of 

spinel oxides, various strategies have been employed, 

including structure design, morphological control, and 

electronic structure regulation (Varunamugi et al. 2024). 

Oxygen vacancies, a type of cation defect, play a crucial 

role in improving the catalytic activity of transition metal 

oxides by adjusting their electronic structure. The 

catalyst, ZnCo2O4 is considered as a potential 

semiconductor material due to its numerous advantages, 

such as high conductivity, low cost, environmental 

friendliness, and high theoretical capacitance (Rui et al. 

2023). Various nanostructures of ZnCo2O4, including 

nanowires (Zikirina et al. 2021), nanosheets (Bo et al. 

2024), nanoparticles (Priya et al. 2019), and nanospheres 

(Sunaina et al. 2023), have been synthesized to leverage 

its properties. 

In this study, ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles were synthesized using a novel green 

method involving the extract from Catharanthus roseus 

leaves. The synthesized nanocomposites were 

characterized through various methods, and their 

antibacterial properties were evaluated against specific 

Gram-positive and Gram-negative bacterial species. 

Additionally, the nanoparticles were used to catalyze the 

photodegradation of brilliant blue in an aqueous phase 

and were tested for their antibacterial and antioxidant 

activities. 

2. EXPERIMENTAL SECTION  

2.1 Materials and Methods 

The following analytical reagents were utilized 

in this investigation: zinc chloride (ZnCl2), cobalt 

chloride (CoCl2∙6H2O), palladium chloride (PdCl2), and 

ascorbic acid; all were obtained from Sigma-Aldrich. All 

other chemicals used were of analytical grade and were 

used as received without any further purification. 

Ultrapure water was employed to prepare aqueous stock 

solutions. 

2.2 Characterization 

The synthesized ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles were characterized using several analytical 

techniques. The crystal structure of the synthesized 

nanoparticles was analyzed using a Bruker D8 Advanced 

X-ray powder diffractometer (XRD), scanning the 2θ 

range from 0 to 80° at a rate of 2° per minute, with 

standard Cu-Kα radiation (λ = 1.54 Å). The morphology 

of the nanoparticles was examined using a field emission 

scanning electron microscope (JEOL, JSM-7610F 

PLUS) equipped with energy dispersive X-ray analysis. 

FTIR spectroscopy was used to identify functional 

groups associated with biomolecules, with infrared 

analysis performed in the 400–4000 cm−1 range (Perkin 

Elmer FTIR Spectroscopy). A Shimadzu UV-1800 UV-

Visible spectrophotometer was used to measure the 

optical properties of the catalyst and reaction mixture. 

2.3 Plant Extract Preparation 

Plant leaves were collected from the vicinity of 

Gitam University, Hyderabad. These leaves were 

thoroughly washed with both tap and distilled water and 

then dried under sunlight for two days. Once dried, the 

leaves were ground into a powder using a grinder. About 

50 grams of Catharanthus roseus leaf powder was then 

dispersed in 100 mL of distilled water, stirred, and heated 

to 70 ℃ for 60 min. The mixture was allowed to cool to 

room temperature before being filtered through Whatman 

filter paper No.1 and stored at 4 ℃ for future 

experimental use. 

2.4 Synthesis of ZnCo2O4 and Pd@ZnCo2O4 

Nanocatalysts 

To prepare the ZnCo2O4 composite, a 1:2 molar 

ratio of ZnCl2 and CoCl2∙6H2O was dissolved in 50 mL 

of distilled water and stirred for 30 min. Dropwise 

addition of the prepared plant extract was followed by 

constant stirring until the suspension was uniform. The 

temperature of the suspension was maintained between 

70-80 ℃ for 4 hours. The resulting dark brown 

precipitate was filtered and washed with ethanol and 

distilled water, then dried at room temperature. The dried 

samples were subsequently calcined in a hot air oven at 

400 ℃ for 3 hours, resulting in the formation of black, 

porous ZnCo2O4. The same procedure was followed to 

synthesize Pd@ZnCo2O4 nanocomposites, with the 

addition of a 0.5 mole ratio of PdCl2 solution. 
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2.5 Photo-catalytic Activity 

The synthesized ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles were evaluated as catalysts for the 

photodegradation of brilliant blue dye. A 50 mL solution 

containing 100 µg/mL of the dye was prepared in a 

beaker, to which 10 mg of the catalyst (either ZnCo2O4 

or Pd@ZnCo2O4) was added. The mixture was stirred in 

the dark for 30 min to reach adsorption equilibrium. 

Following this, the reaction mixture was exposed to UV-

Visible light using a 100 W incandescent light bulb. 

Samples of 1 mL were taken at regular intervals, and their 

absorption spectra were measured using a UV-Visible 

absorption spectrophotometer. 

2.6 Antibacterial Activity 

The antibacterial effectiveness of green-

synthesized ZnCo2O4, Pd@ZnCo2O4, and gentamicin 

(Gm) was evaluated against two pathogenic 

microorganisms: Gram-positive bacteria 

(Staphylococcus aureus) and Gram-negative bacteria 

(Escherichia coli). The agar well diffusion method 

(Punyasamudram et al. 2024) was employed to determine 

antibacterial activity. Each sample (10 mg/mL) was 

dissolved in 0.9% NaCl solution. Normal saline itself 

showed no antibacterial activity against the tested 

pathogens. Samples of 25 µl, 50 µl, and 100 µl of the 

green-synthesized nanocomposites (ZnCo2O4 and 

Pd@ZnCo2O4) and gentamicin were tested for 

antimicrobial activity. The standard control specimen, 

gentamicin, was applied to each plate (25 µl). 

2.7 Antioxidant Activity 

The antioxidant potential of green-synthesized 

ZnCo2O4 and Pd@ZnCo2O4 nanocomposites, along with 

Catharanthus roseus leaf extract, was assessed using the 

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. In this 

method, 1 mL of 0.1 mM DPPH solution was added with 

3 mL of the nanocomposites, and the plant extract was 

dissolved in ethanol at varying concentrations (2.0, 4.0, 

8.0, 16.0, 32.0, 64.0, 128, 256, 512, 1024 µg/mL), 

prepared by dilution. Ascorbic acid was used as a 

standard, and a DPPH solution without any sample was 

prepared as a control. The mixture was vigorously shaken 

and left at room temperature for 30 min for record the 

absorbance using a spectrophotometer. The assay was 

performed in triplicate, and the IC50 value was 

determined from the logarithmic dose inhibition curve. 

The percentage of DPPH scavenging effect was 

calculated using the formula: 

(%) 𝐷𝑃𝑃𝐻 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑒𝑓𝑓𝑒𝑐𝑡 =  𝐴𝑜 − 𝐴𝑡/𝐴0 × 100 

where, Ao was the absorbance of the control 

reaction and At was the absorbance in the presence of 

test. 

3. RESULTS AND DISCUSSION 

The synthesized ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles were dispersed in ultrapure water and 

subjected to 10 min of sonication for UV–Visible spectral 

analysis (Fig. 1). The UV–Visible spectrum of the plant 

extract exhibited absorption peaks at 272 nm and 316 nm, 

indicating the presence of phenolic compounds, as 

depicted in Fig. 1a. Furthermore, distinct UV-Visible 

absorption bands were observed to diminish and were 

replaced by prominent new absorption peak in the 250-

350 nm range, confirming the successful synthesis of 

ZnCo2O4 and Pd@ZnCo2O4 nanoparticles using an 

aqueous extract of Catharanthus roseus, as shown in Fig. 

1b and Fig. 1c. This absorption band is attributed to the 

oscillation of electrons in the conduction band induced 

by the electromagnetic field. Notably, Pd@ZnCo2O4 

exhibited an additional surface plasmon absorption band 

at 350 nm, distinctive to palladium, evident in the UV-

Visible spectrum (Fig. 1c) (Sandhya et al. 2023). 

 

Fig. 1: UV-visible spectra of (a) plant extract (b) ZnCo2O4 and 
(c) Pd@ZnCo2O4 spinel nanocomposites 

FT-IR analysis was conducted to identify 

various functional groups present in the leaf extract of 

Catharanthus roseus, which contribute to the synthesis of 

nanoparticles and serve as capping and stabilizing agents. 

The FTIR spectra of the plant extract (Fig. 2a) and the 

synthesized nanocomposites of ZnCo2O4 (Fig. 2b) and 

Pd@ ZnCo2O4 (Fig. 2c) are illustrated in Fig. 2. In Fig 

2a, a distinct peak at 3450.24 cm−1 corresponds to the 

hydroxyl group characteristic of phenolic compounds. 

Other significant peaks include 1630.18 cm−1 (carbonyl 

group), 1380.74 cm−1 (amide group), 1082.24 cm−1 and 

(C–O of alcohols or phenols) are corresponding to plant 

extract. In Fig. 2b and Fig. 2c, the peaks at 3323.35 cm−1 

indicates the O-H stretching vibration of adsorbed water 

molecules on the nanomaterial surface both spectra 

exhibit similar peaks, with slight shifts and broadening 

observed in the peaks of the plant extract containing 

nanoparticles. Additionally, absorption bands at 660.42 
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cm−1 and 570.40 cm−1 correspond to the stretching 

vibrations of Zn-O and Co-O, respectively (Sandhya et 

al. 2023). 

 

Fig. 2: FTIR spectra of (a) plant extract (b) ZnCo2O4 and (c) 

Pd@ZnCo2O4 spinel nanocomposites 

 

Fig. 3: XRD pattern of ZnCo2O4 and Pd@ZnCo2O4 spinel 
nanocomposites 

The successful green synthesis of ZnCo2O4 and 

Pd@ZnCo2O4 nanoparticles was confirmed by XRD 

spectroscopy, with the XRD patterns presented in Fig. 3. 

These patterns exhibit sharp peaks indicative of the 

crystalline nature of the synthesized materials. In the 

XRD pattern of ZnCo2O4, prominent peaks are observed 

at 2θ values of 31°, 37°, 44°, 55°, 59°, 65°, and 77°, 

corresponding to the (220), (311), (400), (422), (511), 

(511), and (440) planes of the spinel crystalline phase 

(JCPDS 99-023-1390) (43). The XRD analysis of 

Pd@ZnCo2O4 reveals the coexistence of ZnCo2O4 and 

metallic Pd phases. Additional peaks at 2θ values of 39° 

and 46° are attributed to Pd (Do et al.2014). These 

findings indicate that metallic Pd nanoparticles are 

distributed within the ZnCo2O4 matrix. The XRD 

patterns also show that the Pd-modified ZnCo2O4 sample 

exhibits enhanced crystallinity, higher intensity, and 

narrower peak widths compared to pure ZnCo2O4. The 

crystallite sizes were estimated using Scherrer’s formula 

based on the full width at half maximum from the XRD 

patterns, yielding average sizes of approximately ~26.4 

nm for ZnCo2O4 and 22.5 nm for Pd@ZnCo2O4 across all 

peaks (Sandhya et al. 2023). The absence of additional 

peaks in the XRD patterns confirms the purity of the 

synthesized products. 

The morphology of green-synthesized ZnCo2O4 

and Pd@ZnCo2O4 nanoparticles was investigated using 

SEM, as depicted in Fig. 4. Figs. 4 (A-D) present FE-

SEM images of ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles at various magnifications, revealing 

irregular shapes and rough particles with a size 

distribution ranging from 10 to 25 nm. The SEM 

micrographs illustrate that the particles are irregular, 

granular, heterogeneous, non-agglomerated, and 

dispersed in nature. The rough surface of the synthesized 

nanoparticles enhances their potential for environmental 

applications by facilitating better interaction with 

bacterial cell walls and pollutants (Sandhya et al. 2023). 

 

Fig. 4: FE-SEM image of ZnCo2O4 (A and B) and Pd@ZnCo2O4 

(C and D) spinel nanocomposites 

 

Fig. 5: EDX spectrum of ZnCo2O4 and Pd@ZnCo2O4 

nanocomposites 
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Fig. 6: UV–Visible spectra of brilliant blue solution irradiated with UV light at different time intervals in the presence of (A) 
ZnCo2O4 and (B) Pd@ZnCo2O4 nanocomposites 

The elemental composition of the synthesized 

ZnCo2O4 and Pd@ZnCo2O4 nanocomposites was 

analyzed by (EDX), as shown in Fig. 5. The major peaks 

in the EDX spectrum confirm the presence of Co and O 

in the nanoparticles. Minor peaks of carbon, and chlorine 

are also observed, attributed to residues from the plant 

extract used in synthesis. The EDX analysis indicates that 

the nanoparticles consist of approximately 26 wt% cobalt 

and 68 wt% oxygen, consistent with cobalt oxide 

(ZnCo2O4). The elemental composition data from EDX 

align well with theoretically calculated values, indicating 

uniform composition of the nanoparticles. The EDX 

spectrum shows sharp peaks corresponding to crystalline 

ZnCo2O4 and Pd@ZnCo2O4 nanocomposites in the 

energy range of 1.0-9.0 KeV. 

3.1 Photo-catalytic Activity 

The photocatalytic degradation of brilliant blue 

was investigated using ZnCo2O4 and Pd@ZnCo2O4 as 

catalysts under UV-Visible light irradiation. It was 

observed that 42% and 97% of a 50 mL solution (100 

mg/L initial concentration) of brilliant blue degraded 

within 40 min when catalyzed by 10 mg of Pd@ZnCo2O4 

at room temperature. The UV-Visible spectrum of the 

treated dye solution, shown in Fig. 6, indicates a 

reduction in absorbance at λmax (602 nm) with increasing 

reaction time, demonstrating the photocatalytic 

degradation of brilliant blue. These experiments confirm 

that Pd@ZnCo2O4 exhibits superior efficiency in 

degrading brilliant blue in aqueous solutions. 

Comparative analysis of the photocatalytic activities of 

ZnCo2O4 and Pd@ZnCo2O4 is presented in Figs. 6A & 

6B. The degradation of the dye occurs through the 

generation of electrons and holes on the catalyst surface 

under light irradiation. These reactive species, 

particularly ∙OH radicals, oxidize the dye molecules into 

simpler inorganic compounds.  

The addition of Pd enhances the photocatalytic 

performance of ZnCo2O4 by suppressing the 

recombination of photo-generated electrons and holes 

(Sandhya et al. 2023). The photocatalytic degradation 

kinetics of green-synthesized ZnCo2O4 and 

Pd@ZnCo2O4 can be described using a pseudo-first-

order kinetics model, ln(C/Co) = kt, where k is the rate 

constant of the degradation process (Mohammed et al. 

2023). Fig. 7 illustrates the kinetics of brilliant blue 

decomposition for the catalysts studied here, with 

measured rate constants (k) of 0.0027 min−1 for ZnCo2O4 

and 0.0048 min−1 for Pd@ZnCo2O4 nanocomposites 

(Fig. 8). Notably, Pd@ZnCo2O4 exhibits a significantly 

higher rate constant, approximately 2.5 times greater than 

that of pure ZnCo2O4, underscoring its enhanced 

photocatalytic activity. A comparative analysis of the 

photocatalytic performance of Pd@ZnCo2O4 for the 

degradation of brilliant blue against other catalysts 

reported in the literature is presented in Table 1. This 

comparison highlights the superior efficacy of 

Pd@ZnCo2O4 nanocomposites compared to previously 

reported catalysts. 
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Fig. 7: Kinetic study of (A) ZnCo2O4 and (B) Pd@ZnCo2O4 

nanocomposites 

 

Fig. 8: Pseudo-first-order kinetics of photo-catalytic 
degradation of brilliant blue in UV-Visible light 

Table 1. A comparison of the photo-catalytic degradation of pollutants 

Photocatalyst Method Catalyst loading Degradation Time (min) Degradation Efficiency (%) References 

Au@ZnO-Pd Reduction 1 mg 20 84 Li et al. (2017) 

ZnO/Au/Pd Photo-deposition 5 mg 180 97 Seung et al. (2019) 

TiO2/Pd - 20 mg 20 95 Khalid et al. (2017) 

ZnO-CdS/Pd Hydrothermal - 30 86.6 Mohwes et al. (2023) 

Pd@Zn2Co2O4 Green synthesis 10 mg 45 97 Present work 

Table 2. Antibacterial activity of ZnCo2O4 and Pd@ZnCo2O4 nanoparticles 

Bacterial strains 

Zone of inhibition (mm) 

ZnCo2O4 Gm Pd@ZnCo2O4 Gm 

25 µL 50 µL 100 µL 25 µL 25 µL 50 µL 100 µL 25 µL 

E. coli 6.8 7.2 7.6 6.6 6.6 7.2 8.2 6.4 

S. aureus 3.2 4.4 4.6 4.8 3.5 4.2 4.8 5.6 

 

   

Fig. 9: (A) Degradation efficiency after five cycles (B) XRD pattern of Pd@ZnCo2O4 nanocomposites after photo-catalytic process 
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3.2 Recyclability and Reusability 

The ability to reuse photocatalysts is crucial for 

their practical application. Hence, the recyclability of the 

photocatalyst was evaluated over five cycles of the 

photocatalysis process. It was found that there was a 

minimal reduction in the photocatalytic degradation 

efficiency of Pd@ZnCo2O4 nanoparticles, as illustrated 

in Fig. 9A. Additionally, XRD analysis conducted after 

the photocatalysis process indicated that the crystal 

structure of Pd@ZnCo2O4 remained unchanged 

compared to its state before the photocatalytic process, as 

depicted in Fig. 9B. 

 

Fig. 10: Antimicrobial activity of the green synthesized 
ZnCo2O4 (A and B) and Pd@ZnCo2O4 (C and D) 

3.3 Antibacterial Activity 

Table 2 presents the findings from the 

antibacterial assessment of green-synthesized ZnCo2O4 

and Pd@ZnCo2O4 nanoparticles and gentamicin (Gm) 

against two different pathogenic microorganisms. The 

results indicate that both ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles exhibited significant inhibition zones 

against E. coli, with the latter showing the highest 

inhibition (Fig. 10). The ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles demonstrated notable antibacterial efficacy 

compared to the conventional antibiotic gentamicin. The 

antibacterial mechanism of phytochemicals involves 

disrupting the cellular membrane, leading to cell death, 

consistent with previous reports (Layth et al. 2024). 

Meanwhile, the mechanism of action of ZnCo2O4 and 

Pd@ZnCo2O4 nanoparticles entails binding to and 

interacting with the cell membrane, accumulating in the 

lipid layer, and inhibiting enzymes, DNA, and ATP 

synthesis, ultimately causing cell lysis. 

3.4 Antioxidant Activity 

A study of the antioxidant capacity of the green 

synthesised ZnCo2O4 and Pd@ZnCo2O4 was carried out 

by using the DPPH as illustrated in Fig. 11. The results 

shows that Pd@ZnCo2O4 nanoparticles have significant 

antioxidant properties, scavenging free radicals in a dose-

dependent manner. The scavenging potential of the 

ZnCo2O4 and Pd@ZnCo2O4 nanoparticles is consistently 

less effective than that of the standard. DPPH activity of 

84.2%, 66.4%, and 75.6% were observed respectively for 

Catharanthus roseus extract, ZnCo2O4 and Pd@ZnCo2O4 

nanoparticles at 1024 g/mL. In this study, the IC50 of 

Pd@ZnCo2O4 was 70.5 μg/mL, indicating greater 

activity than the photosynthesized ZnCo2O4 

nanoparticles. This increased activity is likely attributed 

to the presence of more secondary metabolites and a 

higher concentration of phenolic hydroxyl groups in their 

structure (Hamdullah et al., 2022). Additionally, phenolic 

and terpenoid compounds, which are known for their 

strong antioxidant properties, acted as capping agents for 

ZnCo2O4 and Pd@ZnCo2O4 nanoparticles, potentially 

enhancing their antioxidant activity (Rahman et al., 

2024). 

 

Fig. 11: Antioxidant activity of ascorbic acid, plant leaf 
extract, ZnCo2O4 and Pd@ZnCo2O4 nanoparticles 

4. CONCLUSION 

Here, ZnCo2O4 and Pd@ZnCo2O4 were 

successfully synthesized using eco-friendly and cost-

effective phytochemical methods with Catharanthus 

roseus leaf extract. The photocatalytic activities of the 

synthesized particles were evaluated by degrading 

brilliant blue under UV light irradiation. Results showed 

that 46% and 97% degradation of brilliant blue was 

achieved within 40 min of irradiation using ZnCo2O4 and 

Pd@ZnCo2O4 as catalysts, respectively. The reaction 

mechanism followed a pseudo-first-order kinetics model. 

The method is straightforward, economical, and 

environmentally friendly. It has the potential to be 
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applied to the synthesis of other metal and metal oxides 

nanoparticles. As a result of the use of biological sources 

in synthesis, nanoparticles are gaining a new dimension 

in all aspects of their application. 
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