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ABSTRACT 

The 4-nitrophenol (4-NP) and methylene blue (MB) are commonly used in many industries and remain in the industrial effluent. 

They have an adverse effect on the environment if not treated properly. Therefore, it is essential to develop a convenient method 

to remove such toxic chemicals from wastewater. Here, Ag/Ag2O nanoparticles (NPs) were prepared from AgNO3 (0.05 M) 

using Ageratum conyzoides L. agricultural weed extract (50 mL) in an ultrasonic bath. Then, the synthesized Ag/Ag2O NPs were 

utilized for the 4-NP and MB reduction in the presence of NaBH4. The Ag/Ag2O NPs efficiently reduce 4-NP to 4-AP and MB 

to LMB in an aqueous medium. In the case of 4-NP, about 93% of the reduction was achieved in about 10 min at optimum 

conditions, 2 mL of 4-NP (0.15 mM) and 100 µL of NaBH4 (50 mM) in the presence of 1 mg Ag/Ag2O NPs. About 94% reduction 

of MB dye was achieved in about 6 min at optimum conditions, 2 mL of MB (10 ppm) and 100 µL of NaBH4 (30 mM) using 1 

mg Ag/Ag2O NPs. Furthermore, the bactericidal activity of Ag/Ag2O NPs was studied against S. Mutans, B. Subtilis, and E. coli. 
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1. Introduction 

Most industries such as pesticides, dyes, explosives, 

rubber, pharmaceutical, paint, etc., utilize nitroaromatic 

compounds as a precursor in the synthesis of end 

products [1-4]. Although nitroaromatic compounds are 

industrially important chemicals, their toxic and 

carcinogenic nature affects the environment and 

animals, if discharged untreated [1, 3, 5]. Therefore, 

several studies have reported removing highly toxic 

nitroaromatic compounds by reducing the nitro-group to 

a less toxic amino-group [6-10]. There are several 

organic and inorganic pollutants in the environment 

which cause severe soil, air, and water pollution. The 

organic pollutants include lindane, 

hexachlorocyclohexane, chlorpyrifos, biphenyl, 4-

chlorobiphenyl, phenanthrene, pyrene, metronidazole, 

reactive blue 255, and fenitrothion. On the other hand,   
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inorganic pollutants comprise highly toxic non-

biodegradable heavy metals such as Hg, Cd, Zn, Pb, Ni, 

Cr, As, Se, Sb, Cs, Sr, Pu, and Am [11-16]. Methylene 

blue is a heterocyclic aromatic compound commonly 

utilized by the textile and dye industry. In 2022, the 

textile dyes market is $11 billion and is estimated to 

grow to $14 billion by 2027 with a 4.6% CAGR. The 

dyes market is growing as its demand in various 

industries such as textiles, paints, coatings, construction, 

and plastics increased [17]. Textile dyeing utilizes large 

amounts of water. It was calculated that about 100 to 

150 L of water is consumed to process 1000 gm of 

textile [18]. Besides industrial applications, MB is used 

in medication and in chemistry as a redox indicator. It 

also acts as an antimalarial agent and peroxide 

generator. However, upon consumption, it causes 

nausea, vomiting, diarrhoea, and difficulties in 

breathing [19]. 
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The metal/metal oxide NPs have attracted researchers 

due to their applications in various fields such as 

photocatalysis, bio-sensors, chemical sensors, 

bactericidal, antioxidant, etc. [20-26]. Ag is a very 

interesting metal showing promising catalytic and 

antimicrobial activity. Chandraker et al., [20] have 

studied the synthesis of Ag and its application in DNA-

binding, antioxidant, and H2O2 sensing. Maham et al., 

[21] have reported the synthesis of Ag/ZrO2 

nanocomposites to treat environmental pollutants. Ag2O 

is a p-type semiconductor with a narrow band gap (~1.3 

eV); it is found to be a self-stable and efficient visible-

light photocatalyst [27-29]. The Ag NPs are easily 

oxidized to Ag2O followed by gradual oxidation to 

AgO. Therefore, the core-shell structured Ag/Ag2O (i.e., 

surface oxidation of Ag  Ag2O) is expected to be a 

relatively stable nanomaterial for real system 

applications.  

Ageratum conyzoides L. is an herbaceous plant which 

belongs to the Asteraceae family. It is a fast-growing 

tropical weed, which is commonly found in West 

Africa, Asia, and South America [30]. Numbers of 

reports are available on the extraction of chemical 

compounds such as sesquiterpenes, chromene, 

chromone, benzofuran, coumarin, flavonoids, 

triterpene, sterols, alkaloids, saponins, and oxygen 

heterocycles [20, 21, 30]. The Ageratum conyzoides L. 

plant possesses broad pharmacological properties such 

as wound healing, anti-inflammatory, antijuvenile 

hormonal activity, antioxidant, antiviral, skin infection, 

antifungal, and insecticidal activities [20,21,30,31]. 

In this context, the ultrasonic-assisted synthesis of 

Ag/Ag2O NPs was reported using Ageratum conyzoides 

L. extract at room temperature. Ageratum conyzoides L. 

extract was prepared using a microwave oven in 

distilled water. The aqueous leaf extract was used to 

prepare Ag/Ag2O NPs. Then, the prepared NPs were 

studied for their catalytic activity in 4-nitrophenol (4-

NP) and methylene blue (MB) reduction using NaBH4. 

Furthermore, the bactericidal activity of Ag/Ag2O NPs 

was studied against S. Mutans, B. Subtilis, and E. Coli. 

2. Experimental 

The chemicals silver nitrate (AgNO3), 4-NP, sodium 

borohydride (NaBH4), and MB were of analytical grade. 

The leaves of Ageratum conyzoides weed were collected 

from the local sugarcane field. A microwave oven was 

used for the preparation of plant extract. In all the 

experiments, distilled water was used to prepare the 

solutions. 

2.1 Preparation of plant extract 

Fresh leaves of Ageratum conyzoides were taken, 

cleaned, and washed thoroughly with plenty of water. 

The aqueous leaf extract was prepared by weighing 

finely cut 20 g of leaves in 200 mL distilled water and 

kept for microwave irradiation for about (power: 700 

W) 5 min. Then, the extract was filtered through 

membrane filter paper and used for NPs synthesis. 

2.2 Synthesis of Ag/Ag2O NPs 

The Ag/Ag2O NPs were prepared using AgNO3 and an 

aqueous leaf extract of Ageratum conyzoides. 

Approximately, 2.1 g of AgNO3 was dissolved in 250 

mL distilled water (0.05 M) and kept in an ultrasonic 

bath. To this, 50 mL of plant extract was added dropwise 

at room temperature (RT), and simultaneous UV-

Visible spectra of the reaction mixture were recorded. 

The color of the reaction mixture changes from reddish-

brown to black. Then, the black powder was obtained by 

filtration with distilled water followed by vacuum 

drying at RT (25-28 0C). The black powder was 

characterized by UV Visible spectroscopy, FT-IR, 

XRD, and FESEMEDX. The efficiency of this process 

is about 66%, which may be less than chemical 

processes. However, using ageratum conzoides to 

synthesize Ag/Ag2O reduces the cost of the process as it 

is an agricultural weed. 

2.3 Reduction of 4-nitrophenol 

The 4-NP reduction was performed using sodium 

borohydride in the presence of Ag/Ag2O NPs at RT (25-

28 0C). In a typical case, 2 mL of 4-NP (0.15 mM) 

aqueous solution and 100 µL of NaBH4 (50 mM) 

aqueous solution were placed in a 4 mL quartz cuvette. 

Then, 1 mg of Ag/Ag2O NPs was added to the above 

mixture, and the cuvette was placed in a UV-Visible 

spectrophotometer, the progress of the reaction was 

monitored at different time intervals [8, 32]. 

2.4 Reduction of methylene blue dye 

The reduction of MB dye was studied using Ag/Ag2O 

NPs in the presence of NaBH4 at RT (25-28 0C). In a 

typical case, 2 mL of MB (10 ppm) aqueous solution and 

100 µL of NaBH4 (30 mM) aqueous solution were 

placed in a 4 mL quartz cuvette. Then, 1 mg of Ag/Ag2O 

NPs was added to the above mixture, and the cuvette 

was placed in a UV-Visible spectrophotometer, the 

progress of the reaction was monitored at different time 

intervals [19, 33, 34]. 

2.5 Antibacterial activity 
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The antimicrobial activity of the above sample was 

investigated using the well diffusion method. Invitro 

antibacterial activity of Ag/Ag2O NPs was investigated 

using the well ( 6 mm) diffusion method. Test plates 

were prepared with 20 mL of LB agar. Then 50 μL of 

sample solution (prepared by dissolving 10 mg and 5 mg 

of Ag/Ag2O NPs in 1 mL of DMSO) were added to the 

well. The wells loaded with sterile media were 

considered as blank, and 30 g/40 L streptomycins as 

a commercial standard. Plates were incubated at 37°C 

for 24 h [35]. MIC was determined based on the broth 

dilution method using 96 well plates according to 

NCCLS M27-P (1990). 

2.6 Characterization 

The formation of Ag/Ag2O and the reduction reaction of 

4-NP and MB were monitored using UV–Visible 

spectrophotometer (UV-1800, Shimadzu, Japan). The 

Ag-O vibration bands in Ag/Ag2O were identified using 

Fourier transform Infrared spectroscopy (FT-IR) 

(Thermo Scientific, Nicolet iS50, United States). The 

crystal structure and phase of Ag/Ag2O were analyzed 

by X-ray diffraction (XRD, Rigaku, Miniflex-600, 

Japan) using Cu Kα radiation (λ = 0.1542 nm). The 

surface morphology, distribution, and size of Ag/Ag2O 

were studied by field emission scanning electron 

microscope (FESEM) (JEOL, JSM-7100F, Japan), and 

the element composition was obtained by energy 

dispersive X-ray (EDX). 

 

3. Results and Discussion 

3.1 Characterization of Ag/Ag2O NPs 

3.1.1 UV-Visible and FT-IR spectra 

The formation of Ag/Ag2O NPs was monitored by UV–

Visible spectrophotometer. When the Ageratum 

conyzoides leaves extract was added dropwise into the 

solution of AgNO3 in the ultrasonic bath at room 

temperature, the initial colorless solution changed to 

reddish-brown after 3 min of dropwise addition of plant 

extract. This reddish-brown color arises due to the 

excitation of Surface Plasmon Resonance (SPR) 

vibration in the silver nanoparticles [36]. The color 

change is owing to the reduction of Ag+→ Ag by the 

phytochemicals present in the plant extract, the 

corresponding SPR peak was observed at λmax= 445 nm 

(Fig. 1a). Similarly, Maham et al., [21] and 

Ravichandran et al., [37] have reported the SPR peak at 

λmax 455 nm and 435 nm, respectively. However, 

Vijayan et al., [19] observed the SPR peak of Ag NPs at 

441 nm. The SPR peak indicates the size and 

morphology of the nanoparticles, and thus, it varies 

from method to method [19]. 

The FT-IR spectrum here (Fig. 1b) also confirms the 

presence of Ag2O. The band at 540 cm-1 was assigned to 

the Ag-O vibration. Similarly, Hosseinpour-Mashkani 

et al., [38] have reported the Ag-O vibration band at 524 

cm-1. However, the bands at 1640 cm-1 and 3450 cm-1 

correspond to the stretching and bending vibration of the 

O–H bonds of water, respectively. These peaks were 

observed due to the interaction of physisorbed water 

molecules with Ag/Ag2O NPs [39, 40]. 

 
Fig. 1. a) UV-Vis spectra of reaction mixture showing surface plasmon resonance peaks for Ag/Ag2O nanoparticles (reaction 

conditions: 2.1 g of AgNO3 in 250 mL distilled water (0.05 M) and 50 mL plant extract in an ultrasonic bath at room temperature). 

b) FT-IR spectrum of Ag/Ag2O NPs. 
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3.1.2 XRD and FESEM-EDX analysis 

Fig. 2 shows the diffraction pattern of Ag/Ag2O NPs, 

which very well matches with earlier reports for cubic 

Ag (JCPDS No. 04-0783) [23,41] and Ag2O (JCPDS 

No. 00-076-1393) [37]. The diffraction peaks at 2θ = 

44.3°, 64.6°, and 77.5° correspond to (200), (200), and 

(311) planes of metallic Ag. However, the diffraction 

peaks at 2θ = 27.7°, 32.2°, 38.1°, 46.2°, 54.9°, 57.5°, 

67.4°, and 77.3° are indexed to (100), (110), (111), 

(200), (211), (211), (220), and (311) planes of Ag2O. 

Based on Rietveld refinement (not shown here), the 

fraction of Ag and Ag2O is close to 50% each. It is 

presumed that Ag formed initially was oxidized to 

Ag2O, leading to a core (Ag) – shell (Ag2O) structure. 

Elyamny et al., [42] have reported the one-pot synthesis 

of Ag @ Ag2O core-shell nanostructures.  

The average crystallite size of the catalyst was estimated 

using Scherrer’s equation 1: 

          (1) 

Where d represents the average crystalline size, 0.9 is 

the crystallite shape constant, 𝝀 the wavelength of the 

X-ray (0.154 nm), 𝛽 means the full width at half 

maximum of the peak in radians, and 𝜽 is the Bragg’s 

angle of diffraction [43]. Moreover, the Williamson and 

Hall (W−H) plot was used to estimate the strain using 

equation 2. 

 cos θ = kλ/D + 4ε sin θ   (2) 

Where kλ/D is the intercept and ε is the microstrain in 

the sample. Here, 4 sin θ on the x-axis were plotted 

against β cos θ on the y-axis to obtain strain from the 

slope of the line and grain size (D) from the intercept. 

The crystallite size of the catalyst using Scherrer’s 

equation (1) was found to be 25 nm. Fig. S1 shows the 

W−H plot of the catalyst, which was used to calculate 

the grain size and strain and it was  5 nm and -0.0067, 

respectively. A similar observation was reported by 

Meva et al., [44] and Hatami et al., [45] with Ag and 

Ag–TiO2, respectively.  

Fig. 3 depicts the FESEM-EDX images of Ag/Ag2O 

NPs, which assess the morphology of as-synthesized 

NPs. FESEM images display the Ag/Ag2O NPs are 

irregular in shape. The FESEM images of Ag/Ag2O NPs 

(Fig. 3) tend to form agglomeration, increasing the 

particle sizes. A similar, observation was reported by 

Nezamzadeh-Ejhieh and Karimi-Shamsabadi [46] with 

CuO-incorporated nano zeolite-X. Therefore, it is 

difficult to calculate the particle size of nanoparticles 

using the FESEM images [46]. Further, the EDX data 

shows around 96 wt.% of the product contains Ag, and 

the remaining 4 wt.% is O. This corroborates the 

obtained product is pure Ag/Ag2O, without any other 

impurities. 

 
Fig. 2. PXRD pattern Ag/Ag2O NPs. 
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Fig. 3. SEM-EDX images of Ag/Ag2O NPs. 

3.2 Reduction of 4-nitrophenol 

The catalytic performance of Ag/Ag2O NPs was 

evaluated against 4-NP reduction in the presence of 

NaBH4 at RT using a UV–Vis spectrophotometer. Fig. 

4a shows the UV-Vis absorbance spectra of 4-NP alone 

and 4-NP with NaBH4 solutions. The absorption peaks 

at 317 nm and 227 nm correspond to the aqueous 

solution of 4-NP, which appeared due to n → π* and π 

→ π* transitions [19]. A 4-NP solution is light yellow 

in color and it changes to greenish yellow upon adding 

NaBH4. This color change was due to an increase in the 

alkaline nature of the solution mixture. The change in 

color shifts the position of the absorption peak from 317 

nm to 400 nm forming a 4-nitrophenolate ion [8, 19, 32, 

47]. 

The UV-Vis absorption spectra of 4-NP reduction using 

Ag/Ag2O NPs in the presence of NaBH4 in an aqueous 

medium were shown in Fig. 4b. Upon NaBH4 addition 

to the 4-NP solution, results in no reduction of 4-NP. In 

contrast, the addition of Ag/Ag2O NPs decreases the 

intensity at λmax 400 nm. At the same time, a new 

absorption peak at 298 nm emerged, which corresponds 

to 4-AP. The reaction of the above reduction process 

may be written as shown in Scheme 1. Deshmukh et al. 

[8] and Ai et al. [48] reported a similar observation with 

Ag/TiO2 and Ag@AMH. To facilitate the 4-NP 

reduction reaction with NaBH4 in the presence of 

Ag/Ag2O NPs. Firstly, both 4-NP and NaBH4 were 
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adsorbed on the surface of Ag/Ag2O NPs, where the 

electron transfer takes place. This is the redox reaction, 

where 4-NP accepts electron and NaBH4 donate it [19]. 

To study the effect of NaBH4 volume on 4-NP 

reduction, experiments were performed by varying 

NaBH4 (50 mM) volume from 100 µL to 300 µL using 

2 mL of 4-NP (0.15 mM) and 1 mg of Ag/Ag2O NPs 

(Fig. 4c). It was observed that as the volume of NaBH4 

increases from 100 µL to 300 µL, the percentage of 4-

NP to 4-AP conversion also increases with a marginal 

difference from 93% to 96%, respectively, in about 10 

min. Although, in the case of 300 µL NaBH4, initially, 

76% of conversion was achieved within 4 min, however, 

it was slower down hereafter. Deshmukh et al. [8] and 

Ai et al. [48] have observed the complete conversion of 

4-NP to 4-AP using Ag/ TiO2 and Ag@ AMH in about 

3 and 13 min, respectively. 

 
Fig. 4. a) UV-Vis spectra of solutions, 4-NP and 4-NP in NaBH4 without Ag/Ag2O NPs (reaction conditions: 4-NP= 2 mL (0.15 

mM), NaBH4= 100 µL (50 mM)), b) Time-dependent UV-Vis spectra of 4-NP reduction in NaBH4 with Ag/Ag2O NPs in typical 

case (reaction conditions: 4-NP= 2 mL (0.15 mM), NaBH4= 100 µL (50 mM), catalyst=1 mg), c) Effect of volume of NaBH4 on 

the reduction of 4-NP in Ag/Ag2O NPs using NaBH4. 
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Scheme 1. Catalytic reduction of 4-NP to 4-AP using 

Ag/Ag2O NPs. 

3.3 Reduction of methylene blue  

The catalytic activity of Ag/Ag2O NPs has been 

assessed against MB reduction by NaBH4 at room 

temperature using a UV–Vis spectrophotometer. Fig. 5a 

shows the UV-Vis spectra of MB reduction using 

Ag/Ag2O NPs in the presence of NaBH4 in a typical 

case. Here, the absorption band for MB was obtained at 

665 nm and 290 nm due to the transition of n → π* and 

π → π* [19]. The additions of NaBH4 into the solution 

of MB dye do not alter the intensity of the absorption 

peak at 665 nm. From these observations, it was 

corroborated that NaBH4 alone does not reduce MB. 

This was owing to the high reduction potential 

difference between MB and NaBH4. This reaction is 

thermally allowed but kinetically forbidden [19]. 

However, upon the addition of Ag/Ag2O NPs to the 

solution of MB and NaBH4 gradual decrease in the 

intensity at 665 nm was observed (Scheme 2), which 

directly reflects the reduction of MB dye and complete 

reduction takes place in about 6 min (Fig. 5a). Bhosale 

et al., [39] and Zheng et al., [49] reported a similar 

observation with Cu2O and Ag in the presence of 

NaBH4. As the reduction of MB takes place, the 

intensity at 665 nm decreases, concurrently a new peak 

at 256 nm emerges, and its intensity increases with time 

owing to the formation of leuco MB [19]. 

The effect of NaBH4, its concentration, and the catalyst 

was studied using 2 mL MB (10 ppm) solution, and the 

progress in the reduction reaction was observed by UV–

Vis spectrophotometer. The mixture of MB and 100 µL 

of NaBH4 (30 mM) without Ag/Ag2O NPs show a 

negligible (13%) reduction of MB dye (Fig. 5b). 

However, MB in the presence of 1 mg Ag/Ag2O NPs 

without NaBH4 shows 17% of the decrease in intensity 

at 665 nm in about 6 min, which corresponds to the 

adsorption of dye on the catalyst. Furthermore, the MB 

reduction (2 mL, 10 ppm) was carried out at 100 µL and 

200 µL NaBH4 (30 mM) using 1 mg, Ag/Ag2O NPs. In 

the case of 100 µL of NaBH4, about 94% reduction took 

place in 6 min, whereas it was about 97% in the case of 

200 µL NaBH4 in 3 min (Fig. 5b). 

3.4 Antibacterial activity  

Invitro antibacterial activity of the Ag/Ag2O NPs was 

tested against the different bacteria S. mutans, B. 

subtilis, and E. coli bacteria. The Ag/Ag2O NPs show 

good antibacterial activity against S. mutans and E. coli 

bacteria. Fig 6 shows the MIC against three different 

bacteria. The MIC against S. mutans and E. coli is found 

to be 2.5 mg/mL and less than 0.0781 mg/mL, 

respectively. The diameter (cm) of the zone of inhibition 

was represented in Fig. S2 and also tabulated in Table 

1. Using 10 mg/mL of Ag/Ag2O NPs against S. mutans, 

B. subtilis, and E. coli bacteria the diameter of the zone 

of inhibition are 1.9 cm, 0.6 cm, and 2.4 cm. Here, the 

Ag/Ag2O NPs show good antibacterial activity against 

E. coli. 

 
Fig. 5. a) Time-dependent UV-Vis spectra of MB reduction in NaBH4 with Ag/Ag2O NPs in typical case (reaction conditions: 

MB = 2 mL (10 ppm), NaBH4= 100 µL (30 mM), catalyst=1 mg), (b) Kinetic study of MB reduction using 10 ppm MB solution. 
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Scheme 2. Catalytic reduction of MB to LMB using Ag/Ag2O NPs. 

 
Fig. 6. MIC against different bacteria S. mutans, B. subtilis and E. coli. 

Table 1. Antibacterial activity of Ag/Ag2O NPs against bacterial pathogens. 

Ag/Ag2O nanoparticles S. mutans B. subtilis E. coli 

Standard (Streptomycin) 2.1 cm 1 cm  2.1 cm 

5 mg/mL 1.8 cm 0.6 cm  NS 

10 mg/mL 1.9 cm 0.6 cm 2.4 cm 

NS: Not studied 
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4. Conclusions 

Here, ultrasound synthesis of Ag/Ag2O NPs was 

reported using aqueous leaf extract of Ageratum 

conyzoides agriculture weed. The obtained NPs were 

stable and exhibited excellent catalytic activity towards 

the reduction of organic pollutants such as 4-NP and MB 

dye in the presence of NaBH4. Furthermore, Ag/Ag2O 

NPs have been tested for their bactericidal activity 

against Streptococcus mutans, B. subtilis, and E. coli 

bacteria. This study successfully utilizes the agricultural 

weed to synthesize Ag/Ag2O NPs by a simple reduction 

process. Therefore, we believe that the present method 

is simple and environmentally benign towards 

synthesizing catalysts and its application in wastewater 

treatment. 
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