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Abstract: Our study presents an environmentally friendly method for fabricating silver nanoparticles 

(Ag-NPs) by applying the water extract of the Sterculia foetida (SFSC) seed coat as both a reducing 

and stabilizing agent. We also examined their effectiveness in catalyzing methylene blue (MB) 

degradation. The successful fabrication of SFSC-Ag-NPs was confirmed through various analyses, 

including UV-Vis spectroscopy, Dynamic Light Scattering (DLS), Fourier Transform Infrared 

Spectroscopy (FTIR), X-ray Diffraction (XRD), and Transmission Electron Microscopy (TEM). A peak 

in surface plasmon resonance indicated the development of colloidal SFSC-Ag-NPs at 432 nm within 

the UV-Vis absorbance spectrum. The SFSC-Ag-NPs demonstrated good stability, evidenced by a 

negative zeta potential of -63.8 mV. XRD diffractograms revealed that the crystal structure of SFSC-

Ag-NPs is a face-centered cubic with creditable crystalline properties. HR-TEM results revealed that 

the SFSC-Ag-NPs exhibit quasi-spherical and hexagonal shapes, averaging 14.42 nm in size. The 

results of the catalytic performance indicated that SFSC-Ag-NPs were highly effective in degrading 

MB at neutral pH, achieving a remarkable efficiency of 99.84% in just 17 minutes. The degradation 

process follows pseudo-1st-order kinetics, with a 9.47 × 10⁻² minutes⁻¹ of rate constant. These results 

suggest that SFSC-Ag-NPs hold great potential for removing textile dyes in a sustainable environmental 

application.  
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1. Introduction 

The potential health and environmental impacts associated with traditional methods of 

nanoparticle fabrication have sparked growing concerns. As a result, there is a heightened focus 

on advancing sustainable and eco-friendly approaches for nanoparticle synthesis [1, 2]. Silver 

nanoparticles (Ag-NPs), with exceptional physicochemical properties and potential for wide 

application [3-7], have attracted much attention among the various nanoparticles. 
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Conventionally, Ag-NPs are made utilizing chemical-reducing substances such as sodium 

borohydride (NaBH₄) [8, 9] and hydrazine [10, 11], which are toxic, difficult to decompose 

naturally and harmful to the environment.  

In recent decades, the biofabrication of Ag-NPs using plant extracts has gained attention 

as a promising alternative method. This approach offers several advantages, including cost-

effectiveness, straightforward procedures, and the abundant availability of natural resources 

[12-14]. The bioactive compounds in plant extracts, such as phenolics, flavonoids, alkaloids, 

terpenoids, and amino acids, play a crucial function in reducing and stabilizing agents during 

biofabrication [15]. For instance, the leaf extract of Azadirachta indica, known for its rich 

content of bioactive compounds, has been exploited in the biofabrication of Ag-NPs. These 

compounds help reduce silver ions (Ag⁺) to metallic silver (Ag⁰) while also stabilizing the 

resulting nanoparticles [16, 17]. Similarly, Moringa oleifera leaf extract, rich in bioactive 

constituents, has been utilized as a reducing and stabilizing agent in producing Ag-NPs, 

demonstrating notable antimicrobial properties [18, 19]. Another notable example is Camellia 

sinensis extract, which contains polyphenols that act as potent reducing agents in fabricating 

Ag-NPs, which have antibacterial ability and activity in degrading dyes [20]. 

Sterculia foetida is another essential species in the biofabrication of Ag-NPs [21, 22] 

known by various names such as Javanese almond, Kelumpang, Anacaguita, Telembu, and 

Sam Ran [23, 24]. S. foetida, as a tropical plant, is distributed in Asia, Africa, and Australia  

[24]. Aqueous extracts derived from the seeds, bark, or leaves of S. foetida are reported to 

contain bioactive molecules such as alkaloids, flavonoids, tannins, phenols, saponins, steroids, 

and terpenoids [25-28]. These bioactive constituents have been shown to play a vital role in the 

biofabrication of Ag-NPs, acting as reducing agents and at the same time as stabilizers to 

prevent particles from aggregating [22, 29, 30]. Biofabricated Ag-NPs from S. foetida have 

been shown to have significant activity as an antimicrobial, antioxidant, anti-cancer, and anti-

inflammatory [21, 22, 29-31]. 

Organic dyes, widely used in various industries, pose significant ecological and health 

risks when disposed of in the environment [32] due to their complex chemical structure and 

resistance to degradation [33]. Among the organic dyes, MB is particularly well-known for its 

wide applications in textiles, paper, biology, medical diagnostics, and even photodynamic 

therapy for cancer treatment [33-35]. Nevertheless, improper discharge into water bodies can 

lead to environmental and adverse health consequences. Methylene blue can be toxic to aquatic 

life, reduce light penetration that can interfere with photosynthesis, and cause harmful effects 

on humans, such as skin irritation, respiratory problems, and neurotoxicity [33, 35]. Various 

methods for removing MB from aqueous solutions have been developed [33, 35], including 

advanced oxidation processes, adsorption, photocatalytic degradation, membrane filtration, 

and biological treatment utilizing specific microorganisms. In addition, the efficient removal 

of MB from the solution is also carried out by catalytic reduction using metal catalysts such as 

silver (Ag) [36], gold (Au) [32], and palladium (Pd) nanoparticles [37]. These metal 

nanoparticle catalysts accelerate the electron transfer process and facilitate the rapid breakdown 

of MB into less harmful compounds. 

In this study, the potential of bioactive compounds in S. foetida seed coat water extract 

was evaluated as reducing and stabilizing agents in the fabrication of Ag-NPs and their use as 

a catalyst in degrading the carcinogenic dye MB, serving as a model compound. We 

hypothesize that using S. foetida seed coat water extract may facilitate the formation of Ag-

NPs, which have unique physicochemical properties that serve as an effective catalyst for MB 
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degradation in aqueous solutions. The findings of this study are expected to complement 

previous research in similar fields in understanding the characteristics of Ag-NPs that are 

biofabricated using plant extracts, especially the S. foetida plant, which may contribute to 

understanding their potential role in eliminating dye from water that has not been previously 

reported. 

2. Materials and Methods 

2.1. Materials. 

The following analytic grade chemicals were utilized without special treatment, 

including silver nitrate (analytical grade, Supelco®), methylene blue (C₁₆H₁₈ClN₃S, 

Supelco®), and sodium borohydride (Sigma-Aldrich®). S. foetida seeds (Figure 1a) were 

purchased from the UKI BIBIT Shop, West Java, Indonesia. Double-deionized (DD) water was 

utilized in all experiment runs. 

2.2. Preparation of S. foetida water extract.  

A water extract from the seed coat of S. foetida (marked as SFSC) was prepared using 

the hydrothermal method by adopting the previous procedure [38], with a slight modification. 

Initially, the SFSC (Figure 1b) was thoroughly cleaned to remove dirt and dust; then, it was 

incubated at 60°C to remove moisture content. The extraction was performed by adding 9 g of 

dry SFSC pieces into a Teflon-coated stainless-steel autoclave containing 45 mL of DD water. 

A hydrothermal treatment was conducted at 120°C for 1 hour to enhance the extraction of 

phytochemical compounds. Following the hydrothermal process, the autoclave with the extract 

solution was allowed to cool to room temperature, and the supernatant was collected by 

filtering through the Whatman No. 42 filter paper. The resulting brown filtrate from the SFSC 

water extract (referred to as SFSC water extract, as illustrated in Figure 1c, was then kept at 

4°C for future use in the biofabrication of Ag-NPs. 

 
Figure 1. A diagrammatic representation of the SFSC-Ag-NPs biofabrication process: (a) seeds of S. foetida; 

(b) S. foetida seed coat (SFSC); (c) SFSC water extract; (d) AgNO3 solution; (e) colloidal SFSC-Ag-NPs 

2.3. Biofabrication of Ag-NPs. 

Biofabrication of Ag-NPs using SFSC water extract (labeled as SFSC-Ag-NPs) was 

carried out as follows. The SFSC aqueous extract (500μL) was added gradually to 20 mL of 
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0.125 mM AgNO₃ solution and incubated at room temperature for 14 hours. Over time, there 

was a change in the color of the solution from a colorless AgNO₃ solution (Figure 1d) to a 

brownish-yellowish colloidal SFSC-Ag-NPs (Figure 1e). The color of the solution before and 

after the reduction process was measured using a UV-Vis spectrophotometer, and the results 

were compared. 

2.4. Characterizations. 

The following instruments were utilized to characterize the SFSC-Ag-NPs. The color 

change of SFSC-Ag-NPs during the biofabrication process was measured using a UV-Vis 

spectrophotometer (Genesys 150 ThermoFisher). The hydrodynamic diameter and zeta 

potential (ZP) of SFSC-Ag-NPs were recorded using Dynamic Light Scattering (DLS, SZ-100 

Horiba). The presence of functional groups in the biomolecules from the SFSC water extract 

and the biofabricated SFSC-Ag-NPs were examined using Fourier Transform Infrared 

Spectroscopy (FTIR, Invenio Bruker). The crystalline properties of the SFSC-Ag-NPs were 

determined using X-ray diffraction (XRD, Rigaku Smartlab). A high-resolution-TEM (HR-

TEM, Tecnai G2 20 S-TWIN) was employed to visually analyze the shape, size, and 

morphology of the SFSC-Ag-NPs. 

2.5. Assessment of the catalytic performance of SFSC-Ag-NPs in MB degradation. 

The catalytic performance of SFSC-Ag-NPs in facilitating the elimination of MB from 

the aqueous solution was investigated at neutral pH. The neutral pH refers to the findings 

reported by Ogundare et al. [36]. They found that MB degradation best occurred at a neutral 

pH of 7.5, where an 82% degradation efficiency was obtained in just 5 minutes. In contrast, at 

low pH 3, there was a decrease in efficiency to 44% over 16 minutes, which is thought to be 

an excess of protons at low pH that inhibits the interaction between cationic dyes and Ag-NPs. 

Meanwhile, at pH 10, the degradation efficiency only reaches 81% within 8 minutes, which is 

suspected to increase in negative charge of the catalyst surface due to the presence of hydroxide 

ions (OH-), which limits the interaction between the catalyst and the borohydride reducing 

agent (BH4
-). In our study, a catalytic study was performed by analyzing the effects of reaction 

time, initial MB concentration, and SFSC-Ag-NPs volume on MB degradation efficiency (%D) 

using Eq. 1 [39]. Degradation efficiency is evaluated by comparing the starting concentration 

with the residual MB concentration, providing insight into the effectiveness of the removal 

process. Additionally, the kinetics of the MB catalytic degradation reaction were assessed using 

1st-order (Eq. 2) and 2nd-order kinetics (Eq. 3) [40, 41]. 

% D =
(C0 −  Ct)

C0
⁄ x 100                   (1) 

ln(
Ct

C0
⁄ ) = ln(

At
Ao

⁄ ) = −k1t            (2) 

1
Ct

⁄ = 1
C0

⁄ + k2t                                 (3) 

where Co and Ct are the initial and remaining MB (mg/L) concentrations at any time. 

k1 and k2 are the 1st-order and the 2nd-order rate constant, respectively. Meanwhile, t is the 

reaction time (minutes), Ao is the absorbance at the wavelength of 664 nm, which is related to 

Co, and At is the absorbance associated with Ct. 
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3. Results and Discussion 

3.1. Characterizations. 

UV-Vis spectroscopy is a common technique for monitoring the formation of Ag-NPs 

during biofabrication. Figure 2 shows the UV-vis spectrum of AgNO3 solution, SFSC water 

extract, and colloidal SFSC-Ag-NPs after 12 hours of incubation. As can be seen, the spectrum 

of colloidal SFSC-Ag-NPs (Figure 2c) differs significantly compared to the spectrum of 

AgNO3 solution (Figure 2a) and SFSC water extract (Figure 2b). Meanwhile, the colloidal 

SFSC-Ag-NPs showed prominent absorption between 340-520 nm, with a peak of surface 

plasmon resonance (SPR) at 432 nm, proving the formation of Ag0. However, the AgNO3 

solution containing Ag⁺ (Figure 2a) does not show significant peak absorption in this 

wavelength range, as Ag⁺ ions do not produce SPR features. The same is seen for the spectrum 

of the SFSC water extract (Figure 2b). Interestingly, the SFSC water extract showed a peak of 

around 280 nm. This peak is thought to take place since the biomolecules in the extract absorb 

light with sufficient energy, according to the transition π → π*, to promote electrons from the 

bonding (π) to antibonding  (π*) orbital [42]. 

 
Figure 2. UV–visible spectra of (a) AgNO3 solution; (b) SFSC water extract; (c) colloidal SFSC-Ag-NPs 

(solution image of colloidal SFSC-Ag-NPs; inset).  

The results of these UV-Vis measurements are in line with visual data, confirming the 

success of fabricating SFSC-Ag-NPs. The observed data, especially the maximum peak of SPR 

found in this study, are close to the values reported by some previous studies [19, 38]. The 

characteristics of biofabricated Ag-NPs using M. oleifera leaf extract showed an SPR at 

wavelengths between 450–550 nm, with the highest peak at 477 nm [19]. Likewise, Ag-NPs 

synthesized using the aqueous extract of Diospyros celebica possessed an SPR with the highest 

peak at 440 nm and a smaller peak at 356 nm, presumably due to the electronic transition of 

the capping biomolecule [38].  

Dynamic Light Scattering (DLS) is a widely used technique for assessing the particle 

size distribution and zeta potential (ZP) of nanoparticles in suspension [43]. The measurements 

of colloidal SFSC-Ag-NPs revealed an average particle size (z-average) of 53.3 nm (Figure 3a) 

and a ZP of -63.8 mV (Figure 3b). This negative ZP indicates high stability of SFSC-Ag-NPs, 

likely due to the presence of stabilizing agents that are absorbed onto their surface. These 

stabilizing agents create electrostatic repulsion between the Ag-NPs, which helps to minimize 
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aggregation [44-46]. The z-average size found in this study was generally smaller, and the ZP 

was more negative than in previous research [47, 48]. For instance, Ibrahim et al. [47] reported 

that Ag-NPs bio-synthesized with Acacia raddiana extract had a z-average size of 

approximately 77.35 nm and a ZP of -32.2 mV, while Maryani et al. [48] discovered that the 

Ag-NPs made using Desmodium triquetrum extract had an average z-size of 88.8 nm and a ZP 

of -27.4 mV. 

  
Figure 3. (a) DLS particle size distribution; (b) zeta potential of colloidal SFSC-Ag-NPs. 

 

Fourier Transform Infrared Spectroscopy (FTIR) is an important technique in studying 

the interactions of biomolecules involved in the fabrication and stabilization of nanoparticles. 

Figure 4a shows the FTIR spectrum for SFSC water extracts (red line) and colloidal SFSC-Ag-

NPs (blue line). Both spectra show prominent absorption bands in the 3100–3600 cm⁻¹ range, 

associated with the hydroxyl functional group's O–H stretch vibrations [21, 26]. Bands in the 

range of 2000–2400 cm⁻¹ relate to the stretching of C≡C bonds and C=O vibrations of alkyne 

and carbonyl groups [21, 30]. Peaks observed in the 1500–1750 cm⁻¹ range show C=C alkenyl 

stretching, primary amine N-H bending, and C=O stretching of amide [21]. The bands in the 

800–1200 cm⁻¹ region are related to the stretching of C–O and C–N, characteristic of the 

alcohol and amine groups [23, 30]. Further, bands between 500–550 cm⁻¹ can be associated 

with metal-oxygen vibrations [22], which confirms the interaction between Ag⁰ and the 

functional group of biomolecules derived from SFSC extract. The data from this FTIR analysis 

indicated that the hydroxyl (OH), alkyne (C≡C), carbonyl (C=O), alkenyl (C=C), and amine 

(NH) groups in SFSC extract facilitated the reduction of Ag⁺ to Ag0 and its stabilization. 

X-ray powder diffraction analysis is a widely utilized method for gathering information 

about a material's crystallinity, phase composition, and structural characteristics. Figure 4b 

displays the XRD pattern of SFSC-Ag-NPs, highlighting diffraction peaks at 2θ: 38.03°, 

44.39°, 64.37°, and 77.30°. These peaks correspond to the (111), (200), (220), and (311) crystal 

planes of Ag0, which have a face-centered cubic structure (FCC) (JCPDS file no. 03–0921) 

[38, 49, 50]. The sharp intensity of these peaks indicates that the SFSC-Ag-NPs possess a well-

defined crystal structure. The crystallite size of the SFSC-Ag-NPs is approximately 12.9 nm, 

determined using the Debye-Scherrer equation [51-53] based on the full width at half maximum 

(FWHM) values of the (111) peak. Additionally, two other peaks observed at 2θ: 28.42° and 

47.14° are attributed to the (111) and (220) Si crystal planes (JCPDS file no. 27-1402) [54]. It's 

crucial to recognize that the quality of Si wafers significantly influences the crystallographic 

orientation of the detected Si peaks [38]. The XRD patterns observed in this study are consistent 

with previous research on the biofabrication of Ag-NPs using plant extracts. For instance, 

biofabricated Ag-NPs mediated by Ocimum sanctum leaf extract exhibited peaks at 2θ: 38.10°, 
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44.15°, 64.67°, and 77.54° [49]. Similarly, a study on the biofabrication of Ag-NPs using 

Curcuma longa extract reported diffraction peaks at 2θ: 38.18°, 44.25°, 64.72°, and 77.40° 

[52]. All diffraction peaks in both studies correspond to the (111), (200), (220), and (311) 

crystal planes of the FCC Ag0 structure. 

  
Figure 4. (a) FT-IR spectra of SFSC water extract and colloidal SFSC-Ag-NPs; (b) XRD pattern of SFSC-

Ag-NPs applying a grazing incident angle 1o 

 

Analytical data from a high-resolution transmission electron microscope can provide 

detailed information regarding a material’s structural and morphological characteristics. Figure 

5 is a representative HR-TEM SFSC-Ag-NPs micrograph. Figure 5 (a and b) confirms the 

shape of the SFSC-Ag-NPs particles, suggesting that most SFSC-Ag-NPs particles are quasi-

spherical with a clear dispersion, although some of the particles are hexagonal. Other shapes 

of Ag-NPs, including spherical, rectangular, and triangular, have also been reported by 

previous studies [21, 55]. In addition, the image in Figure 5 (a and b) also shows some boundary 

layers surrounding the SFSC-Ag-NPs. The boundary layers might arise from bioactive 

constituents in the SFSC water extract, which act as a capping agent. Similar boundary layer 

formation has also been reported previously in biofabricated Ag-NPs using extracts of D. 

celebica [38], Zizyphus spina-christi [56], and Parkia speciosa [57]. The size distribution of 

SFSC-Ag-NPs (Figure 5c) indicates that the nanoparticles are less uniform, with a range of 

sizes between 10 and 20 nm and an average size of 14.42 nm. It is important to note that the 

SFSC-Ag-NPs particle sizes obtained from DLS analysis (Figure 3a) differ from the results of 

measurements using TEM (Figure 5c). This occurs because DLS measures the hydrated particle 

size in suspension, whereas TEM captures their physical dimensions in a dry state [58]. The 

small particle size of Ag-NPs found in this study is similar to the findings of Ibrahim et al.[47] 

and Rana et al. [45]. They reported biofabricated Ag-NPs with sizes ranging from 8-41 nm and 

25-28 nm, respectively. The selected area electron diffraction (SAED) pattern (Figure 5d) 

features rings aligned for (111), (220), (222), and (311) of the FCC Ag0 52 crystal planes. This 

finding is corroborated by the lattice fringe images of SFSC-Ag-NPs (Figures 5e and 5f), which 

show crystal structures with interplanar spacing of 0.235 nm and 0.204 nm, respectively, 

ascribing the (111) and (220) crystal planes. 
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Figure 5. (a, b) representative HM-TEM images at 40 nm magnification with boundary layers; (c) particle size 

distribution with a mean diameter of 14.42 nm; (d) SAED; (e, f) lattice fringe of SFSC-Ag-NPs 

3.2. Catalytic degradation of MB. 

The efficiency of biofabricated Ag-NPs mediated by plant extracts as a catalyst in 

degrading dyes has attracted attention. Previous studies have shown that Ag-NPs successfully 

catalyze MB degradation [36, 59-61]. Figures 6a and 6b show the reaction time on the 

absorbance and efficiency of MB degradation. The results were obtained from an experiment 

conducted for 17 minutes at neutral pH, using a concentration of MB at 20 ppm and a volume 

of 3 ml. Meanwhile, the volumes of NaBH₄ and SFSC-Ag-NPs were 100 μL and 200 μL, 

respectively. Figure 6a presents two data sets, i.e., the blue square represents the absorbance 

(a.u.) over time, while the dotted red square represents the degradation efficiency. In the initial 

reaction stage, there is a slow decrease in absorbance (58.94% efficiency before 12 min). The 

reaction involves the gradual activation of the active site and the adsorption of MB to the 

surface of Ag-NPs. It is followed by a sharp decrease in absorbance after 12 minutes due to 

increased catalyst activity that accelerates the degradation reaction. The sharp drop after 12 

minutes indicates an optimal catalytic performance, likely due to the full activation of Ag-NPs 

and increased interaction between MB and NaBH4. At 17 minutes, absorbance is close to zero 

(99.84% efficiency), which confirms that the degradation of MB is near complete [60]. These 

findings align with the fact that the UV-Vis absorbance spectrum of MB has decreased 

gradually over time (Figure 6b). The maximum absorbance observed at 0 minutes of reaction 

indicates that the methylene blue (MB) concentration has remained unchanged. Then, the 

absorbance decreases to near zero, accompanied by a visible color development from blue to 

yellowish (Figure 6b; insert). These findings imply that reaction time shows a vital role in the 

degradation process of MB using Ag-NPs, which impacts the degradation process's efficiency 

and completeness [59]. Adequate reaction time facilitates dye molecules’ adsorption, diffusion, 
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and interaction with active sites on the catalyst surface [40, 53, 62, 63]. In contrast, insufficient 

reaction time may lead to incomplete degradation, while a long reaction time may not be 

necessary. Thus, optimizing reaction time is essential to achieve maximum degradation 

efficiency. 

  
Figure 6. Effect of reaction time on (a) MB absorbance reduction during catalytic degradation by SFSC-Ag-

NPs. Each blue square point represents the peak at 664 nm and the corresponding degradation efficiency 

(dotted red square); (b) the absorbance spectra of degraded MB. 

 

Figure 7 shows the effect of the initial concentration of MB and the volume of SFSC-

Ag-NPs on the change in absorbance of UV-Vis MB, obtained under experimental conditions 

with a volume of 3ml MB and 100 μl of NaBH4, a reaction time of 20 min, and a neutral pH. 

Figure 7a presents the impact of the initial concentration of MB on their UV-Vis absorbance 

spectrum. At low MB concentrations (<10 ppm), absorbance decreases faster than at high 

concentrations (>15 ppm). It indicates greater catalytic efficiency because, under these 

conditions, the dye molecules can easily access the active site of Ag-NPs. In contrast, at high 

MB concentrations, the degradation rate slows down due to the saturation of active sites of Ag-

NPs, where this condition triggers competition among dye molecules [36]. Moreover, Figure 

7b shows the relationship between SFSC-Ag-NPs volume and degradation efficiency. When 

the volume of SFSC-Ag-NPs increased from 100 μL to 200 μL, the absorbance of MB 

decreased significantly, and there was an increase in efficiency from 33.48% to nearly 100%. 

This drastic increase in efficiency can be caused by the higher catalyst volume, the more active 

sites for degradation reactions to occur [59]. However, beyond 200 μL, the degradation 

efficiency is plateaus, indicating the optimal catalyst volume and all MB molecules are 

effectively degraded. 

  
Figure 7. Effect of (a) initial MB concentration (ppm); (b) SFSC-Ag-NPs volume (μL) on the absorbance of 

MB. 
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Figure 8 presents the kinetic patterns of 1st-order (blue squares) and 2nd-order (black 

squares) models for MB degradation by SFSC-Ag-NPs. It illustrates changes in MB 

concentration over time and how well both models fit the data. Since NaBH₄ was present in 

large excess ([NaBH₄]:[MB] = 51.6), its concentration remained nearly constant throughout 

the reaction. Under these conditions, the reaction was expected to follow pseudo-order kinetics. 

Reaction rate constants and other kinetic parameters are listed in Table 1. Based on the 

evaluation of reaction kinetic parameters using both models, the rate constants for the pseudo-

1st- and pseudo-2nd-orders were obtained at 9.47 x 10-2 min-1 (with R² = 0.966) and 1.12 x 10-2 

L mg-1 min-1 (with R² = 0.853), respectively. A higher regression correlation coefficient for the 

pseudo-1st-order (R² = 0.966) implies a better fit to the experimental data than the pseudo-2nd-

order (R² = 0.853). Therefore, it is concluded that the catalytic degradation of MB by SFSC-

Ag-NPs follows the kinetics of the pseudo-1st-order rate. These findings suggest that the 

reaction rate increases in direct proportion to the concentration of MB, offering a more precise 

depiction of the degradation process. The reaction rate observed in our study was significantly 

higher than previously reported [64, 65], demonstrating superior efficiency and faster MB 

removal by biofabricated SFSC-Ag-NPs. 

 
Figure 8. Pseudo-1st-order (blue square line) and pseudo-2nd-order (black square line) kinetics of catalytic 

degradation of MB by SFSC-Ag-NPs. 

Table 1. Kinetic models for MB catalytic degradation by SFSC-Ag-NPs with NaBH4. 

Model of chemical kinetic R2 Rate constant Rate constant (unit) 

1st-order R² = 0.966 9.47 x 10-2 min-1 

2nd-order R² = 0.853 1.12 x 10-2 L mg-1 min-1 

The catalytic mechanism of MB degradation by Ag-NPs has been well proposed [38, 

59, 60, 66, 67]. The high efficiency obtained from the SFSC-Ag-NPs catalyst most likely 

follows the same mechanism path, where SFSC-Ag-NPs play a role in accelerating electron 

transfer during MB reduction by NaBH₄. In this process, SFSC-Ag-NPs particles dominated 

by small size (see Figure 5c) have a larger surface area, thus increasing the number of active 

sites for electron transfer. This larger surface area allows for more efficient interactions 

between electron donors (NaBH₄) and electron acceptors (MB), ultimately accelerating the 

reduction reaction. In addition, the small size of SFSC-Ag-NPs increases the dispersion rate, 

shortens the electron transfer distance, and reduces kinetic resistance in catalytic reactions. 

Thus, the small size of SFSC-Ag-NPs, which is strongly presumed, plays a significant role in 

enhancing the catalytic efficiency of MB reduction by NaBH₄. 
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4. Conclusions 

In conclusion, SFSC-Ag-NPs were successfully synthesized from AgNO₃ using a water 

extract from the seed coat of S. foetida (SFSC) through a green approach. Functional groups 

such as hydroxyl (OH), alkyne (C≡C), carbonyl (C=O), alkenyl (C=C), and amine (NH) in 

SFSC water extract are accountable for the reduction and stabilization. Characterization 

confirms that Ag-NPs have quasi-spherical and hexagonal shapes, the average particle size 

measures 14.42 nm, and good crystalline properties. The catalytic degradation of MB dye (20 

ppm) by Ag-NPs with NaBH₄ as a reducing agent at neutral pH achieved an outstanding 

efficiency of 99.84% within 17 minutes. Kinetic studies revealed reactions following the 

pseudo-1st-order (R² = 0.966). The mechanism suggests that SFSC-Ag-NPs aid the transfer of 

electrons from H⁻ to MB, reducing oxidized MB (●MB) to its colorless, leuco-methylene blue 

(LMB) form. These findings highlight the outstanding catalytic efficiency of SFSC-Ag-NPs 

textile dye removal, highlighting their applicability for wastewater treatment and large-scale 

industrial applications. 
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