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Abstract:  A simple, green method is described for the synthesis of silver nanoparticles ((AgNPs) from the leaf extract of Annona reticula, 

which acts as a reducing and capping agent. The synthesized AgNPs were characterized by UV-Vis spectroscopy, Transmission Electron 

Microscopy (TEM), Selected Area Electron Diffraction (SAED), Fourier Transform Infrared Spectroscopy (FTIR) and X-ray Diffraction 

(XRD).The produced AgNPs showed UV-Vis absorbance at 420 nm.The synthesized AgNPs were found to be crystalline and spherical with 

an average size of6±2 nm.These AgNPs were assessed for the catalytic reduction of Congo Red (CR). It was established that the reduction 

reaction follows the pseudo-first order kinetics with a reaction rate constant of 0.274 min-1 for CR. Thus, the synthesized AgNPs were found 

to show outstanding catalytic activity in the degradation of CR. 
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I. INTRODUCTION 

In recent years nanomaterials plays a significant role in the science and technology due to the distinctive physicochemical properties like 

size, morphology and distribution [1]. Physical and chemical properties significantly differ from nanosized metal particles and those of the 

bulk materials [2]. Among the several metal nanoparticles AgNPs has become the attention of research due to their distinctive properties, 

electrical, optical and surface plasmon resonance absorption properties which are strongly depends to their interparticle distance, shape and 

size [3].  

AgNPs is having wide range of applications in various fields such as catalysis, drug delivery, sensors and biomedical.  Although a series 

of conventional procedures have been employed in preparation of AgNPs i.e. chemical reduction, laser ablation and electrochemical reduction 

etc. [4-6].All these synthesis methods have some drawbacks, i.e. use of toxic, hazardous chemicals and expensive, etc. which pose potent 

environmental and biological risks. Thus, there is an increasing demand in the direction of alternative procedures using green chemistry 

approach in synthesis of AgNPs. Green chemistry an ecofriendly approach which has numerous advantages such as cost effective, simplicity 

and reliability [7]. Several biological systems such as leaf extract, fungi, bacteria, plants and fruit extract can actively reduce and stabilize 

AgNPs in an ecofriendly manner [8-11].  

The release of organic dye effluents from plastic, leather, textile and paper industries it leads to the environmental pollution that causes 

from their recalcitrance, high visibility, undesirability. For that reason, the control of industries released pollutant is an essential work which 

helps in the making of a clean and harmless environment [12].CR is a kind of azo dye with –N=N- bonds, highly soluble in aqueous solutions 

and it is anionic dye widely used in rubber, paper, textile, cosmetics, ceramics and plastic industries. CR is a metabolized to benzidine, a known 

human carcinogen and exposure to CR dye can cause allergic comprised [13-15]. 

The present study reports the synthesis of AgNPs using the Annona reticula leaf extract. This extract serves as both reducing and stabilizing 

agents. The characterization of AgNPs was carried out by UV–Visible spectroscopy, FTIR spectroscopy, XRD analysis and TEM. The AgNPs 

were explored with respect to their prospective catalytic applications. 

II. MATERIAL AND METHODS 

2.1 Preparation of leaf extract  

Annona reticula leaves were freshly collected from the region of Mahabub Nagar, India. To remove the soil and other contaminants present 

on the surface of the fresh leaves were washed with double distilled water. After the wash, 5 grams of leaves were cut into small pieces and 

then soaked into 100 ml double distilled water. These leaves were continuously stirred at 55 °C for 15 min and filtered to get the extract [16].  

2.2 Synthesis of AgNPs 

Solutions were prepared with double distilled water. 4 ml of the aqueous AgNO3 solution was mixed with 4 ml of the aqueous AgNO3 

solution was mixed with 4 ml ofaqueous extract solution. This reaction is carried out in the presence of sunlight at 40 °C temperature by 30 

min time. The resulting solution was clear yellow colored, indicating the formation of AgNPs. 

2.3 Characterization 

UV-Vis spectra of AgNPs and CR were recorded using a UV-Vis-NIR spectrophotometer (UV-3600, Shimadzu). FTIR analysis was 

carried out with an instrument IR Affinity-1 (Shimadzu) in the scanning range of 650-4000 cm-1. The crystallinity of the AgNPs was studied 

by XRD (Rigaku, miniflex) analysis with CuKα radiation. The size and morphology were determined by TEM the measurements were done 

on JEOL 2000 FX-II TEM. 

2.4 Catalytic reduction of CR dye 

In typical reduction reactions, the reduction of CR was carried out in the presence of NaBH4 and AgNPs used as a catalyst. In a typical 

procedure, 3 mL of 1 mM CR solution was mixed with 1 ml of 9 mM NaBH4 and the reaction mixture was made up to 10 mL using DD water 
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and stirred for 5 min. 4 mL of these mixture were taken in a cuvette, sufficient quantities of AgNPs were added and UV-Vis spectra were 

recorded at different time intervals.  

III. RESULTS AND DISCUSSION  

3.1 UV-Vis spectroscopy 

Formation of silver nanoparticles was confirmed by using UV–Vis spectral analysis. The color change is attributed to the SPR 

phenomenon. The UV–Visible absorption spectra recorded, showed a maximum peak in the wavelength range of around 420-430 nm as evident 

from Fig. 1, which is ascribed to the SPR band for AgNPs. The leaf extract concentrations were varied from 0.25% to 1 % with 2 mM 

concentration of silver nitrate experimented with the development of AgNPs. Fig.1 indicate that the sharpness in the absorption peak increases 

with an increase in the concentration of leaf extract, thus being sharper with a higher concentration. Fig.2 shows concentration of AgNO3 

changes from 0.5 to 2 mM with 1% leaf extract. The absorption maximum increases with an increase in the concentration of AgNO3, mainly 

due to the formation of more AgNPs [15].  

0.25%) 

 
Fig.1 Absorption spectra of AgNPs systems synthesized different fruit extract concentrations (I-1%, II-0.75%, III: 0.5%, IV- 

 
Fig. 2. Different concentrations of AgNO3 (I-2mM, II-1.5 mM, III: 1 mM, IV-0.5 mM). 

 

3.2 FTIR 

Fig.3 shows the FTIR spectra of leaf extract and leaf extract capped AgNPs. The FTIR spectra of a leaf extract showed bonds at 3379, 

1600, 1401, 1275 and 1037 cm-1.The FTIR spectra of AgNPs showed characteristic bands at 3429, 1723, 1615, 1420, 1249 and 1043 cm-1. In 

the FTIR spectrum of AgNPs showed prominent shifting in comparison with leaf extract peaks. The change in the peak positions was observed 

from 3379 to 3429, 1600 to1615, and 1401 to 1420cm-1. This indicates the involvement of -OH, -NH, -C=O groups in AgNPs synthesis and 

stabilization process.  

 
Fig. 3. FTIR spectra of the leaf extract and leaf extract capped AgNPs 

3.3 XRD analysis 

The X-ray diffraction pattern of synthesized AgNPs was recorded in the 2θ range of 20-30.  The XRD spectrum was shown in the Fig 4, 

four main Bragg diffraction peaks were observed at 37.99°, 44.53°, 64.2° and 77.15°. All these diffraction peaks corresponded to (111), (200), 

(200) and (311) planes of face centered cubic structure of AgNPs. The diffraction peaks were matched with standard database joint committee 
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on powder diffraction standards (JCPDS file No 7440-22-4), this result indicating that synthesized AgNPs aware of pure crystalline nature 

[17]. 

 
Fig.4. XRD pattern of synthesized AgNPs.  

 

3.4 TEM 

The shape, morphology and size distribution of the synthesized AgNPs were studied by TEM. The TEM image (Fig.5) shows that the 

AgNPs are spherical shape and the average size of the AgNPs are 6±2 nm.Fig.6presents a histogramof the particle size distribution of AgNPs. 

The selected area electron diffraction pattern (Fig.5) of AgNPs exhibit polycrystalline diffraction rings indicating that these nanoparticles are 

crystalline metallic nature. 

 
Fig. 5.  TEM images of synthesized AgNPs 

 
Fig.6.Particle size distribution histogram of AgNPs 

 
Fig.7.Selected area electron diffraction pattern of the AgNPs 

3.5 Catalytic reduction of Congo red 

In this part, the reduction of the CR dye in the presence of NaBH4 was chosen to evaluate the catalytic activity of synthesized AgNPs. 

These reduction reactions were monitored by UV-Vis spectroscopy. In aqueous medium, CR shows the absorption peak at 350 nm and 498 

nm [15]. 1.5 mL of 1 mM CR aqueous solution was mixed with 1.5 mL of 10 mM NaBH4 and the mixture was makeup up to 10 mL suing 
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DD water and then stirred for 10 min. Fig.8 shows the UV-Vis spectra of CR with NaBH4 in the absence of AgNPs recorded in 15 min 

interval for a period of 120 min at room temperature.  Fig.8 shows a small decreasing tend of the absorption peak intensity was observed 

it indicates the reduction of CR, but in a slow process.  The AgNPs was added to the mixture of CR and NaBH4, the absorption intensity 

of CR rapidly decreased in the presence of AgNPs. The reduction reaction was completed within 8 min. Fig.9 shows a continuous decrease 

of CR absorption peak at 493 nm by increasing time could be observed it was indicated that the dye has been degraded slowly. Further, 

there was no peak appeared throughout the process. A linear relationship found between ln(At/A0) versus reaction time (Fig. 10) indicates 

that the reduction of dyes follows a pseudo-firs-order kinetics with respect to dye as the concentration of NaBH4(10 mm), was relatively 

higher than that of dye. The rate constant was found to be 0.274 min-1. 

 
Fig. 8. Reduction of Congo red dye in the presence of NaBH4 and absence of AgNPs 

 
Fig.9. Time-dependent UV–Vis spectra for the catalytic reduction of Congo red by NaBH4 in the presence of AgNPs 

 
Fig.10. The plot of ln(A0/At) versus time for the reduction of Congo red 

IV. CONCLUSIONS 

This work reports the successful synthesis of silver nanoparticles using Annona reticulaleaf extract as a novel reducing and stabilizing 

agent of silver salts. Absorption spectra at 421 nm, confirm the presence of SPR of AgNPs. Analytical characterization like FTIR, XRD and 

TEM supports the particle reduction mechanism, size and structure. The synthesized AgNPs exhibited very good catalytic activity and the 

kinetics of the reaction was found to be pseudo first order with respect to the CR. 
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