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Solanum nigrum L.), a 

perennial herbaceous shrub belonging to 

the 

rich content of 

phytochemicals. Extracts from this plant, 

particularly 

polyphenols, flavonoids, alkaloids, 

and tannins [1,2]. In recent years

nanoparticles as an 

environmentally friendly, low-cost, and 

non-toxic 

use of hazardous chemical 

primers and reducers, negatively 
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the leaves of Solanum nigrum L. 

play a dual role in the green 

soluble oxidized states into 

zero-valence nanoparticles via redox 

formed nanoparticle 

surfaces. This biocapacitance prevents 

particle size and 

morphology—factors that directly govern 

surface 

applications due to the synergistic effects 

arising from the 

O₃  or magnetite 

γ-Fe₂ O₃ ) provide an abundant, 

chemically stable

narrow band gap makes them 

highly efficient at absorbing light within 

introducing a small fraction of silver 

(―Ag‖) and grafting it onto the iron oxide 

electrons 

due to their surface plasmon resonance 

(SPR) properties 

when iron oxide 

is exposed to light, thus prolonging the 

lifetime of active 

synergistic mechanism 

enhances the catalytic capacity of the 

nanosystem 

cheaper and more readily available iron 

oxides [11] , the increasing 

environmental and health risk due to 

these aromatic compounds' 

for evaluating the 

efficiency of novel photocatalysts, as 

aromatic rings and convert them into 

harmless compounds, water, 

and their  

environmental applications is highlighted 

[15], 

approximately 1 nanometer, using 

an extract from the leaves 

green 

manufacturing methods and the type of 

plant extract in determining 

efficiency. 

Regarding the application efficiency 

under natural solar 
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where 

the system achieved a green malachite 

removal rate of 

electrokinetic 

properties, investigated 

zeta potential 

recorded a relatively low value 

also aims to characterize the 

structural, optical, and morphological 

the 

photo-induced removal of the crystal 

violet dye under visible light 

precursors utilized for 

the nanoparticle synthesis included 

, 

99%), both procured from Sigma-

Aldrich (ACS reagent grade

employed without 

further purification. Hydrochloric 

acid (   , reagent 

was supplied by TMMEDIA. 

Throughout all experimental stages, 

solvent. 

To prepare the bio-extract, fresh 

leaves of the black 

S. nigrum L. were 

harvested during the pre-flowering 

leaves were ground into a fine 

powder, and 30 g of the powder 

bioactive 

metabolites. After cooling, the 

solution was filtered 

oxide (Ag-Fe₂ O₃ ) 

nanoparticles were synthesized using a 

modified 

dropwise via burette to an 

Erlenmeyer flask containing 1.0 g of 

reaction mixture was 

maintained at 70–80 °C with continuous 

stirring at 

environment before undergoing 

analysis and photocatalytic 

applications
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 analyzed 

using various analytical techniques. 

Optical 

200 and 800 nm, 

while solid bandgap estimations were 

structural integrity and crystallinity 

were assessed by Powder 

) across 

   angles ranging from     to    . 
Furthermore

identify 

the plant-derived functional groups 

responsible for 

SEM (JEOL 

JSM-7200F) coupled with EDX, 

alongside TEM 

Finally, the surface charge and 

colloidal stability were 

photocatalytic efficiency of the 

synthesized Ag- e
 
   nanoparticles 

carefully accounting for photolysis 

and dark adsorption controls

    in, 

respectively. To understand the 

reaction dynamics

the dye concentration at 

any given irradiation time  , and 

under solar 

irradiation. Solar degradation 

experiments 

maximum and consistent solar 

irradiance. The initial concentration 

fitted to 

the non-linear pseudo-first-order 

(PFO) kinetic model 

synthesis of Ag- e
 
       

were initially evidenced adding the 
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nanoparticle formation. The 

crude exhibited a prominent absorption 

peak 

displayed enhanced UV-

region absorption compared to individual 

peaks at 270, 277, and 294 nm). 

Interestingly, the characteristic 

the high 

iron-to-silver precursor mass ratio (    ), 

promoting iron

obscured absorption SPR band, 

the photoluminescence (PL) emission 

defined 

blue emission peak centered at 408 nm, 

reaching a maximum 

charge carriers crucial for 

photocatalyst

IR spectrum was recorded 

to identify the functional 

nanocomposite (Fig. 2). A broad 

absorption band centered 

polyphenols 

and flavonoids, as well as adsorbed 

water molecules

asymmetric and symmetric  -  

stretching vibrations of 

) or aromatic     

bonds, confirming the participation 
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represent  -  and 

 -  stretching vibrations of 

   
  

 correspond to the 

characteristic lattice vibration 

spectral features collectively confirm 

that the bioactive compounds 

crystal structure and phase 

purity of the 

distinct peaks indicative of 

both metallic silver (Ag) and 

hematite 

correspond to the (111), (200), 

(220), and (311) crystal planes of 

40.8°, and 54.0° are attributed to 

levels (012), (104), (110), 

calculated using 

the Scherrer equation is 

approximately 26.5 nm, which 
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surface morphology and 

microstructure of the biosynthesized 

Figure 4). FE-SEM images 

show quasi-spherical nanoparticles 

energy 

and magnetic dipole interactions 

inherent in hematite 

synthesis 

method promoted efficient nucleation 

and controlled growth

phytochemicals. 

Bioactive compounds, including 

phenols, flavonoids, 

with weaker stabilizing properties 

than synthetic surfactants; thus

confirms the quasi-

spherical shape and nanoscale 

dimensions 

indicates an average particle 

diameter of 26.49 nm, which shows 

using the Scherrer equation. The 

close agreement between the 

confirms the 

homogeneity of the dispersion of the 

measuring their zeta potential (Figure 

5). The 

bioactive groups (such as 

hydroxyl and carboxyl groups from 

the 

strong electrostatic repulsion 

between adjacent particles

each 
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NPs

an average 

diameter of 27.48 ± 6.88 nm [24]. 

Fig. 7b represents 

images of Ag-Fe2O3 NPs at different magnifications and their 

 

[29].from 

using Aloe vera and 

Buddleja lindleyana[30], each

be due to 

the detection of small crystals by X-ray 

diffraction, and 

that the nanoparticles are 

polycrystalline or form aggregates 

Fig. 7. A clear and 

consistent decline 

, the 

removal percentage decreased from 

96.5% at 10 mg 

concentration range. This 

inverse relationship between 
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a                                                   b 

UVA Irradiation 

(R%) 

Solar Irradiation 

(R%) 

Initial Concentration, 

 C (mg/L) 

              11 

              01 

              01 

              01 
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