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Abstract: A eco-friendly, cost effective, sustainable and green approach were used for the fabrica-

tion of silver nanoparticles by using leaf extract of Blumea lacera (Ag@BLE). Silver nanoparticles 9–

13 nm sized were characterized by different analytical techniques. The analytical methodes utilized 

were powder X-ray diffraction (PXRD), Fourier-transformed infrared (FT-IR) and transmission elec-

tron microscopy (TEM). Intially synthesis of Ag@BLE nanoparticles were confirmed by UV-visible 

spectrophotometry and at 429 nm appeared a sharp surface plasmonic resonance (SPR) band. Or-

ganic dye methylene blue (MB) is one of the most abundant pollutants in the water environment. In 

the presence of catalyst Ag@BLE, the absorbance intensity of cationic MB dye was reduced dramat-

ically by Sodium borohydride (NaBH4). Methylene blue’s catalytic dye degradation was tested to 

determine the effectiveness and function of synthesized Ag@BLE, and the reduction rate were found 

to be 0.01455 min−1 (0 mg Ag@BLE, 21 min), 0.03144 min−1 (20 mg Ag@BLE, 24 min). Synthesized 

Ag@BLE showed rapid and excellent catalytic reduction of MB dye, and it follow pseudo first order 

kinetics. 
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1. Introduction 

Nanotechnology playing an important role to address several problems such as solar 

energy, waste water treatment, heavy metals sensing from waste water and nanomedi-

cine, etc. [1]. Past few decades, researchers mainly focused on sustainable green approach 

for the synthesis of metal-based nanoparticles. Because of their huge surface area to vol-

ume ratio, practicality at lower temperatures, and unique physiochemical features such 

as thermal [2], optical [3] and electrical [4] properties, noble metal nanoparticles of gold 

and silver are gaining prominence in the field of nanomaterials research. For the plant 

based green synthesis of silver and gold nanoparticles their salts are required. For the 

large-scale synthesis preferentially used silver salt because it is less expensive than gold 

salt [5]. Since plants are the richest source of biomolecules such as lipids, polyphenol, pro-

teins, carbohydrates, terpenoids, flavonoids and so on. These biomolecules are work as 

reducing and stabilizing agents [6,7]. A type of affordable, environmentally responsible, 

and biocompatible techniques known as “green synthesis” and it has numerous benefits 

over traditional procedures [8]. As a result, the current work uses Blumea lacera leaf ex-

tract to synthesis silver nanoparticles in an effort to develop a sustainable method and the 

synthesized Ag@BLE NPs used in the photocatalytic dye degradation of organic dyes 

methylene blue. 
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Water pollution is increased rapidly due to global industrialization and increasing 

organic dyes in the industrial waste water. It’s very difficult to remove organic dyes from 

waste water due to low biodegradability and difficult to degraded [9]. Organic dyes are 

carcinogenic, highly toxicity and based on mainly aromatic azo or heterocyclic aromatic 

compounds. In the present time, it’s very challenging task for the researcher to remove 

these harmful dyes from the waste water. During the last few decades, researchers are 

mainly focused to developed sustainble, easy to sythesized and cost effective nanomateri-

als [10]. Therefore, it is probable that nanomaterials will be developed to degraded dyes 

in aqueous solutions. At the moment, researchers are working on heterogeneous photo-

catalytic dye degradation of carcinogenic dyes from textile industries using semiconduc-

tor nanoparticles, since photocatalytic degradation of organic dyes is one of the most sim-

ple and cost-effective approaches for water treatment [9,11]. 

Therefore, the primary goal of this work is to develop a technique for the synthesis 

of Ag@BLE NPs utilizing B. lacera leaf extract. Various analytical techniques were used to 

characterize the synthesized Ag@BLE NPs, including UV-visible spectroscopy (UV-vis), 

FT-IR, field emission scanning electron microscopy (FE-SEM), TEM, and PXRD. Finally, 

the absorbance intensity of cationic MB by Sodium borohydride (NaBH4) and the function 

and efficacy of AgNPs in the catalytic degradation of MB dye were investigated in the 

presence of a catalyst Ag@BLE. A comprative study table of catalytic dye degradation 

through AgNPs are given in Table 1. 

Table 1. Comparison of biosynthesized AgNPs catalytic dye degradation. 

Synthesis of 

Nanoparticles (Source) 
size Targeted Dyes 

Degradation 

Percentage (%) 
References 

Sodium acetate 8–40 nm 
Methyl orange 

100 [12] 
Methylene blue 

Bacterial strain 30–70 nm Disperse blue 183 100 [13] 

K- carrageenan 12 nm 
Rhodamine B 

100 [14] 
Methylene blue 

Isoimperatorin 79–200 nm 

New Fuchsine 96.5 

[15] Methylene blue 96 

Erythrosine B 92 

Diaminobenzoic acid 9.2 nm 

Methyl orange 

99 < [16] Rhodamine B 

Acriflavine 

Ruellia tuberosa 10–20 nm 
Crystal violet 87 

[17] 
Coomassie 74 

Chlorella vulgaris 55 nm Methylene blue 96 [18] 

Blumea lacera 13 nm Methylene blue 56 This present work 

2. Materials and Methods 

The present experiment employed only analytical-grade chemicals and reagents. 

Both sodium hydroxide (NaOH, 99%) and silver nitrate (AgNO3, 99.90%) were utilized as 

received. Fabrication of AgNPs was carried out as described by [19,20]. To eliminate all 

dust particles, the leaf of the plant B. lacera was washed twice: once with tap water and 

once with double-distilled water. The leaves were utilised as starting biomass after being 

roughly sliced to 4–5 mm. Fresh materials (5 g) of biomass were boiled in a beaker with 

50 mL of double-distilled water at 50 °C to reduce the volume by half. In order to employ 

the leaf extract in the fabrication of Ag@BLE NPs and used in the other experimental re-

search, the mixture was filtered using Whatman filter paper no. 42 and the extract was 

stored at 5°C for future experiment. Ag@BLE NPs were fabricated by mixing 6 mL of B. 

lacera plant leaf extract and 14 mL of 1 mM silver nitrate at pH = 9.0, followed by 3 h of 
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constant stirring at 630 rounds per minute (rpm) at room temperature (RT). At the 429 nm 

SPR band, a colour change from light brown to dark brown suggested the fabrication of 

the Ag@BLE NPs. Additionally, high-speed centrifugation was used to further purify and 

produced Ag@BLE NPs. To remove contaminants from the Ag@BLE NPs residue, the pro-

duced Ag@BLE NPs were washed multiple times with double distilled water and then 

one more with 0.01% acetic acid. AgNPs were then lyophilized and reserved for future 

usage at 5 °C in an sealed ampule [19,21]. 

3. Results and Discussion 

3.1. Morphological Studies 

FE-SEM and TEM analysis were done for morphological and structural study. (Fig-

ure 1a) shows FE-SEM image of synthesized Ag@BLE NPs at a 1 μm and (Figure 1b) shows 

TEM image of NPs at a 20 nm. FE- SEM image of the sample has diversity in the surface 

morphology. The surface morphology of fabricated Ag@BLE NPs is quasi-spherical, with 

negligible agglomeration in the solid phase, as seen in FE-SEM image. TEM investigation 

was carried out to have a clear understanding of the shape and particle size of fabricated 

Ag@BLE NPs. The majority of the Ag@BLE NPs are shown to have semi—spherical or 

spherical shape, which is consistent with the FE-SEM findings. The average diameter of 

Ag@BLE NPs is near about 13.00 nm which is close to average crytalline size calculated 

from the XRD [9,19]. 

  

Figure 1. (a) FE-SEM image of AgNPs at a 1 μm and (b) TEM image of AgNPs at a 20 nm. 

3.2. UV-Visible Analysis 

The morphology and size of the NPs have a significant impact on their SPR band. So, 

for the initial verification of Ag@BLE NPs generation, UV-visible spectrophotometry be-

came a crucial instrument. One peak at 325 nm can be found in the absorption spectrum 

of the B. lacera leaves extract (Figure 2). Ag@BLE NP formation revealed a shift in colour 

from pale brown to dark brown, which got darker with time. A prominent SPR band at 

429 nm and a UV-visible spectrophotometer result corroborated this change in the solu-

tion’s colour [5]. 
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Figure 2. UV-visible spectra, peak at 325 nm for leaf extract B. lacera and peak at 429 nm for fabri-

cated Ag@BLE NPs. 

3.3. Powder X-ray Diffraction (PXRD) Analysis 

PXRD data was acquired (Figure 3) to demonstrate the existence of crystalline silver 

in the fabricated Ag@BLE NPs by B. lacera leaf extract. Four peaks in the PXRD pattern of 

the synthesised Ag@BLE NPs stand out more than the others and are placed at 77.46°, 

64.54°, 44.28°, and 38.16°, respectively. Their 2θ values are analogous to the (311), (220), 

(200), and (111), hkl planes, with the JCPDS file number 04-0783 showing the greatest sim-

ilarity to each of these peaks [5,8]. PXRD indicates that the face-centered cubic structure 

(FCC) is what results from the reduction of silver ions and the resultant nanoparticles. The 

peak at 38.16° that corresponds to plane (111) is more intense than other peaks, indicating 

that the AgNPs are tiny and fine. The prominent peak reveals the presence of crystal-sized 

particles at the nanoscale [19]. 

Additionally, several peaks in the PXRD that are clearly visible (shown with a*) at 

57.50°, 54.84°, 46.26°, 32.28°, and 27.86° may be the result of metabolites capping the 

Ag@BLE NPs [5,19]. Using Debye-Scherrer’s equation D = 0.9λ/cosθ, it was determined 

that the average crystalline size of Ag@BLE NPs was 10.960 nm. Here, D is the crystallite 

size, X-ray wavelength (λ = 1.540 A0), β full width at half maximum (FWHM) of the rele-

vant peak, and diffraction angle (θ) are all given. 

 

Figure 3. Pattern of powder X-ray diffraction (PXRD) for Ag@BLE NPs. 

3.4. Fourier Transformed Infrared Analysis 

The Fourier Transformed Infrared (FT-IR) spectra of synthesised Ag@BLE NPs 

ranged from 3680 to 380 cm−1 (Figure 4). FT-IR study shows that phytochemicals such al-

kaloids, polyphenols, amino acids flavonoids, triterpenoids, proteins and so on acted as 

both a capping and stabilising agent. The FT-IR band at 3484 cm−1 is caused by -NH, -OH 

stretching vibration. Two weak bands were detected at 2912 and 2328 cm−1, matching to 
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the C-H stretching frequency of the aliphatic methylene group and the overtone of the 

aromatic fragment’s C-H bending, respectively. Carbonyl compounds’ C=O stretching vi-

bration produces a band at 1821 and 1637 cm−1. Because of the stretching of the aromatic 

fragment’s sp2 hybridised carbon-carbon double bond, a band at 1536 cm−1 was seen. A 

band corresponding to the -C-O group was found at 1388 cm−1. Due to the C-H group of 

rings bending in plane or stretching, a band at 1083 cm-1 was seen. Due to the inter-atomic 

absorption vibration of silver metal, three bands may be seen in the lower area below 900 

cm−1 [8,19]. Therefore, it can be inferred from the FT-IR study that the various functional 

groups connected to the phytochemicals stabilise Ag@BLE NPs in colloidal form when 

they are present in an aqueous solution. Therefore, these functional groups operate as 

stabilising and reducing agents. 

 

Figure 4. FT-IR spectrum of synthesized Ag@BLE NPs. 

4. Catalytic Performance of Ag@BLE NPs in the Degradation of Textile Dye  

Methylene Blue (MB) 

The benefits of photocatalytic degradation over other approaches, a photocatalytic 

reaction is a chemical process that occurs under the combined action of light and the pho-

tocatalyst. This method has various advantages, including environmental protection, total 

pollution degradation, and no secondary contamination. Here, NaBH4 work as a reducing 

agent and taking into consideration as a reference, the degradation of the textile dye MB 

was studied using the crystalline Ag@BLE NPs. The absorption spectra of MB (80 M) in 

double-distilled water with NaBH4 without and with Ag@BLE nanoparticles are shown 

in (Figure 5). Around 664 nm in the UV-visible spectrum, MB became visible due to lower 

energy absorption band n-π* transitions [11]. Due to the reduction and stabilization of MB 

in the presence of NaBH4, the absorbance intensity somewhat lowers (Figure 5a). The ab-

sorbance intensity falls monotonically with the addition of 20 mg Ag@BLE NPs (Figure 

5b). This shows that MB degrades to Leuco MB in the presence of Ag@BLE NPs. As a 

result, Ag@BLE NPs serve as an active catalyst while NaBH4 works as a reducing agent.  

R = [(C0-Ct)/C0] 100 is a formula used to evaluate the ability of Ag@BLE NPs to de-

grade MB. C0 and Ct stand for the absorbance of MB t time t = 0 and time t, respectively. 

Whereas the reaction rate constant for the degradation of MB is calculated using the for-

mula ln (Ct/C0) = -kt, where k is the reaction rate constant and t represents the passage of 

time. (Figure 5c) provides linear relations and a plot of ln (Ct/C0) vs. t. The linear graphs 

showed that the rate of MB degradation is pseudo-first order kinetics. [10]. In the absence 

of Ag@BLE NPs, the value of rate constant (k) is 0.01455 min−1 (0 mg Ag@BLE, 21 min) and 

in the presence of 20 mg Ag@BLE NPs the value of k is 0.03144 min−1 (20 mg Ag@BLE, 24 

min). 

The presence of Ag@BLE NPs stimulates the decomposition of MB. By aiding the 

electron from BH4− species (acting as the donor) to the excited MB (acting as the accepter) 

via Ag@BLE NPs, which were acquiring and transfusing electrons from the donor to the 

acceptor, Ag@BLE NPs catalyse the reduction of MB in the degradation of dye [9,11].  
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Figure 5. Methylene blue (MB) dye absorption spectra over time in the presence of NaBH4 as a re-

ducing agent (a) without catalysis and (b) catalyzed with 20 mg Ag@BLE NPs, as well as digital 

images (insets of (a,b)) showing before and after the reaction (c) The plot of the MB’s ln(Ct/C0) as a 

function of time (t) in the presence of 0.0 mg and 20 mg AgNPs and first-order reaction rate constants 

k (in min−1). 

5. Conclusions 

The plant B. lacera is used to effectively fabricate nano-sized Ag@BLE NPs in the 

current paper, which is then successfully characterized using a variety of analytical meth-

ods. PXRD confirms the presence of Ag@BLE NPs and found the crystallite size of 10.960 

nm, FTIR confirms the different functional groups, UV-visible confirms the B. lacera leaf 

extract at 325 nm and Ag@BLE NPs formation at the 429 nm absorbance, lastly FESEM 

shows the non-spherical and quasi-spherical morphology and TEM confirms the average 

diameter of the AgNPs were 13 nm. Furthermore, Ag@BLE NPs is successfully applicable 

for MB catalytic degradation and rate of degradation increases in the presence of Ag@BLE 

NPs.  
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