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ABSTRACT 

 

Biogenic nanoparticles are evolving as an important branch of nanomedicine which is cost effective and ecofriendly. The current study deals with the 

synthesis of silver nanoparticles using Ocimum sanctum leaf extract as reducing and capping agent. With increase concentration of AgNO3 (1-5mM), 

there was considerable increase in yield of silver nanoparticles The prepared nanoparticles were characterized using UV-visible spectroscopy, Fourier 

transform infrared spectroscopy (FT-IR), Transmission electron microscopy (TEM), X-ray diffraction (X-RD) and Dynamic light scattering 

(DLS).UV-visible spectroscopy showed maximum absorbance at 420 nm due to surface plasmon resonance of silver nanoparticles. FT-IR spectral 

analysis indicates the presence of water soluble phenolic compounds as reducing and stabilizing agents in the synthesis of silver nanoparticles. TEM 

analysis showed the presence of nearly spherical particles of size range 3-15 nm. Additionally, X-RD analysis revealed that the synthesized silver 

nanoparticles were anisotropic face-centered, cubic crystalline, having a size of 17.082 ± 5.83nm. DLS further support the formation of thermally 

stable silver nanoparticles, possessing negative surface charge potential. Thus, Ocimum sanctum leaf extract promotes rapid bioreduction of optimum 

concentration of silver nitrate resulting in a significant yield of silver nanoparticles which can be exploited commercially for its antioxidant activity. 
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INTRODUCTION 

 
Recently, there is a great need of silver nanoparticles because of 

their antibacterial and anti-inflammatory properties1,2. 
Commercially, SNPs are synthesized by means of chemical 
methods using reducing agents such as sodium borohydride, 
hydrazine, N, N-dimethylformamide in the presence of 
stabilizers like triphenylphosphine, citrate, 
polyvinylpyrrolidone3-5. The prepared SNPs have a high surface 
area which leads to the adsorption of these potentially toxic 
chemicals. This might be one of the major reasons for reported 

toxicity of SNPs6-8. The contamination from these toxic 
chemicals can be avoided by synthesizing SNPs using biological 
methods like microbes and plants. Many bacteria and fungi have 
been used for the biosynthesis of SNPs, but the process is 
relatively slow in comparison to plant extract9-15. Moreover, it is 
very difficult to maintain bacterial and fungal strains for long 
term use. Plant extract is easily available, generally safe and 
nontoxic. They consist of a large variety of water-soluble 

secondary metabolites like terpenoids, flavanoids, organic acids 
and phenols16. These constituents aid in the reduction of silver 
ions. Thus, the process for the preparation of SNPs is totally 
aqueous, environment-friendly and economical. Leaf extracts of 
Crossandra infundibuliformis, Tephrosia purpurea, Sesuvium 
portulacastrum, Tamarindus indica, Chenopodium murale, 
Desmodium gangeticum, Acalypha indicia, Psidium guajava, 
Murraya koenigii, Azadirachta indica have been reported for the 

green synthesis of SNPs17-26. The choice of plant extract is very 
important because it plays a pivotal role in determining the 
biological activity of prepared SNPs27. Leaves of Ocimum 
sanctum were chosen for the present study as this plant is readily 
available and has enormous therapeutic benefits28,29. SNPs 

prepared using leaves of Ocimum sanctum might possess 
antioxidant properties which can be used for cancer 
chemotherapy. The aim of the present study is to commercially 

exploit this biogenic method for large scale synthesis of SNPs. 
Effect of various silver nitrate concentrations (1-5mM), different 
temperatures (24 ± 5°C, 50 ± 5°C) at pH 9.20 ± 0.23 were 
studied for the time taken to prepare SNPs, percentage yield, 
particle size, zeta potential analysis, and polydispersity index. 
Further, the optimized concentration of SNPs i.e. 5mM was 
characterized for crystallinity, thermal stability and biological 
activity. 

 

MATERIALS AND METHODS 

 
All analytical reagents used in the study were of analytical grade 
and were purchased from Loba Chemie, Mumbai, India. Fresh 
leaves of Ocimum sanctum were collected from the botanical 
garden, Punjabi University, Patiala, Punjab. The leaves were 
identified by Dr. V.K. Singhal, Professor, Department of 

Botany, Punjabi University, Patiala. The authentication no. was 
59627. 

 

Preparation of the extract 
 
Fresh leaves of Ocimum sanctum were collected and washed 
thoroughly with deionized water. The leaves were then kept for 
sun drying. After drying, the leaves were finely powdered and 

sieved through mesh 15 (0.19 mm pore size). This fine powder 
was used for the preparation of leaf extract. The fresh biomass 
(5 g) was taken and boiled (15 min at 80°C) in the deionized 
water (100 mL). This extract was filtered through Whatman 
filter paper no. 1 and stored (4°C) for further use. 



Richa Sood & Dimple Sethi Chopra. Int. Res. J. Pharm. 2017, 8 (4) 

 

101 

Synthesis of SNPs 
 
In a typical reaction procedure, 5 mL leaf extract was added 
dropwise with continuous stirring to 45 mL AgNO3 solution for 

the reduction of Ag+ ions in a 250 mL Erlenmeyer flask. 
Simultaneously, pH 9.20 ± 0.23 was adjusted with 0.1M NaOH. 
The solution turned from colorless to reddish-brown indicating 
the formation of SNPs. The effect of AgNO3 concentration (1–
5mM) on the time of formation, percentage yield, particle size, 
zeta potential was studied at room temperature. In order to 
study, the effect of temperature on the preparation of SNPs, the 
study was repeated at 50°C. Percentage yield was calculated 

according to the formula given below: 
 

% Yield =
Weight 𝑜𝑓 lyophilized silver nanoparticles  

Weight  of silver nitrate used
×100 

 
 

Characterization of SNPs 
 
The prepared SNPs (5mM) were characterized for their size, 
shape, and polydispersity30. The common techniques used for 
characterizing nanoparticles are UV–visible spectrophotometry, 
Transmission electron microscopy (TEM), Dynamic light 
scattering (DLS), Fourier transform infrared spectroscopy (FT-
IR), and powder X-ray diffraction (X-RD). 

 

In vitro antioxidant activity 
Determination of Total Phenolic Content 
 
The total phenolic content was determined by the Folin–
Ciocalteau method31. The ethanolic leaf extract (0.5 mL; 1 
mg/mL) and SNPs (0.5 mL;1 mg/mL) were mixed with Folin–
Ciocalteau reagent (5 mL, diluted 1:10 with distilled water) for 5 

min separately. Na2CO3 (4mL, 1M) was then added to the 
mixture and allowed to incubate for 15 min at room temperature 
and the phenolic content was determined by the 
spectrophotometric method at 765nm. The total phenolic content 

was expressed as Gallic acid (GA) equivalents (mg GA/g dry 
weight). 

 

DPPH assay 
 
The reported method of Choi et al was carried out for DPPH 
(2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay. 
DPPH ethanolic solution (1 mL, 0.1mM) was added in 

concentrations (5-100 μg/mL) of ethanolic extract and SNPs 
separately. The reaction mixture was shaken and incubated in 
the dark for 30 min at room temperature and the absorbance at 
517 nm was measured32. The antiradical properties of these 
compounds were evaluated as the IC50 DPPH (the concentration 
of antioxidant which reduces the free radical DPPH about 50%). 

 

Reducing power assay 

 
Fe3+ reducing the power of SNPs was conducted based on the 
method reported by Makari et al.33. Different concentrations 
(10-320 μg/mL) of plant extract and SNPs were prepared and 
mixed with 2.5 mL phosphate buffer (0.2M, pH 6.6) and 2.5 mL 
potassium ferricyanide (1%) separately. The mixture was 
incubated at 50°C for 20 minutes. Further 2.5 mL of 
trichloroacetic acid (10%) was added to the mixture, which was 
then centrifuged at 3000 rpm for 10 min. Finally, supernatant 

solution (2.5 mL) was mixed with 2.5 mL of distilled water and 
0.5 mL FeCl3 (0.01%) and absorbance were measured at 700 nm 
in UV-visible spectrophotometer. 

 

 
Table 1: Time of formation, % yield and particle size of prepared SNPs at room temperature, pH 9.20 ± 0.23 

 

Batch code Time (minute) Yield (%) Particle size (nm) Zeta potential (mV) Polydispersiy index 

SNPs 1 49.66 ± 0.57 29.37 ± 2.005 78.41 ± 8.67 -7.14 ±  4.52 0.32 

SNPs 2 44.34 ± 0.27 32.90 ± 3.06 87.54 ± 3.45 -9.74 ± 5.92 0.24 

SNPs 3 20.00 ± 0.23 43.64+2.62 102.65 ± 6.098 -10.6 ±  3.65 0.31 

SNPs 4 5.00 ± 0.00 55.26+1.54 127.15 ±  4.78 -15.04 ± 2.76 0.34 

*Note: SNPs1-SNPs4 is concentration of AgNO3 (2–5mM) 

 

Table 2: Time of formation, % yield and particle size of prepared SNPs at 50 ± 5°C, pH 9.20 ± 0.23 

 

Batch Code Time (minute) Yield (%) Particle Size (nm) Zeta Potential (mV) Polydispersiy index 

SNPs 5 45.27 ± 0.19 35.67 ± 5.84 40.43 ± 5.04 -12.43 ± 3.72 0.32 

SNPs 6 31.02 ± 0.73 48.24+4.56 55.86 ± 7.86 -16.21 ± 4.00 0.27 

SNPs 7 15.05 ± 0.87 64.96 ± 2.59 67.23 ± 3.61 -17.83 ± 4.35 0.24 

SNPs 8 1.06 ± 0.11 74.73 ± 2.05 83.41 ± 2.23 -21.70 ± 3.06 0.20 

*Note: SNPs 5-SNPs 8 is concentration of AgNO3 (2–5 mM) 

 

Table 3: Phenolic compounds present in the plant extract and SNPs 

 

Sample Total Phenolic Content (mgGA/g sample) 

Plant extract 85.00 ± 1.45 

SNPs 32.37 ± 1.97 
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Figure 1: UV–VisIble absorption spectra of colloidal solution 

synthesized SNPs 

 
 

Figure 2: TEM of SNPs at resolution a) 300000x b) 500000x 

 

 
 

Figure 3: Characterization of SNPs by a) DLS b) Zeta potential 

 

 
 

Figure 4: FT-IR spectrum of synthesized SNPs 
 

 
 

Figure 5: X-ray diffraction pattern of SNPs 

 

 
 

Figure 6: The reducing power assay of the SNPs, plant extract, and 

ascorbic acid 

 

RESULTS AND DISCUSSION 
 
As shown in Table 1 and 2, all the prepared batches confirm the 
formation of SNPs due to the color change of O. sanctum extract 
when added to aq. AgNO3 solution (except 1mM). But the time 
required for color change varies depending upon the operating 
conditions and AgNO3 concentrations. The formed SNPs in each 
experiment were analyzed by DLS technique in order to 

determine their particle size distribution, zeta potential, 
polydispersity index and % yield. The non-visibility of 
distinctive color change with AgNO3 (1mM) within 24 hours of 
study illustrates the absence of SNPs formation. Therefore, from 
the above data it is concluded that with an increase in AgNO3 

concentration (2–5mM), there was a decrease in the time 
duration of SNPs synthesis and particle size but increase in % 
yield and stability. Rapid synthesis with maximum yield and 

stability was obtained with 5mM concentration. Therefore, the 
batch (SNPs 8) was selected for further studies. 

 

 

 

 

UV spectral analysis 
 
UV–Vis spectroscopy is a powerful tool to observe the 
formation of metal nanoparticles. Light wavelengths in the range 
of 200–800 nm are generally used for characterizing various 
SNPs34. The characteristic peak at 420 nm is due to excitation of 
Surface Plasmon Resonance vibrations (SPR) of synthesized 
SNPs in reaction medium as shown in Fig. 1. These findings are 

in consonance with earlier reports by Philip and Unani 2011; 
Prabhu and Poulose 2012; Nayak et al. 2015. 

 

TEM analysis 
 
The TEM images of prepared SNPs at 20 nm scale with 3, 
00,000x and 5, 00,000x resolution are shown in Fig.2. The 
particles were found to be spherical with the size range of 3-15 

nm. The images revealed narrow particle size distribution. The 
results are in consonance with earlier reports of Ramteke et al. 
2013; Subba Rao et al.2013; Bindhani and Panigrahi 20151-3.  
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Dynamic light scattering and zeta potential 
 
The size distribution of biosynthesized SNPs was measured 
using dynamic light scattering (DLS) method. Fig.3(a) shows 

the average particle size of 83.41 ± 2.23 nm with a 
polydispersity index (PDI) of 0.28. DLS measures the 
hydrodynamic radius of dispersed nanoparticles, therefore the 
size of SNPs obtained by this method is slightly bigger than that 
obtained by TEM. The low value of PDI reveals narrow particle 
size distribution of SNPs. Fig.3(b) shows the surface zeta 
potential of -21.70 ± 3.06 mV, which shows that prepared SNPs 
were stable. 

 

Fourier transformed infrared studies 
 
FT-IR spectroscopic studies were carried out to investigate the 
plausible mechanism behind the formation of these SNPs and offer 
information regarding the functional groups. The representative 
spectra of SNPs are shown in Fig.4. A distinct peak in the region 
1314.23 cm−1 attributes to the presence of stretching vibrations of 

alcoholic, carboxylic acids, ethers, and esters functional sites of 
biomolecules binding with nanoparticles. 
 

X-RD studies 
 
Crystallographic analysis of SNPs using X-RD confirms the 
crystalline nature of nanoparticles (Fig.5). A number of Bragg 
reflections with a 2ⱷ value of 33.79°, 38.23°, 44.31°, 64.56°, 
77.45° corresponds to (111), (200), (210), (311) and (400) set of 

lattice planes. This may be indexed as the band for face-centered 
cubic structure (fcc) of silver. The remaining unassigned peaks 
in Fig.5 could be due to the crystallization of phytochemicals 
present in the leaf extract on the surface of SNPs.The average 
crystalline size of prepared SNPs was determined with Debye 
Scherrer’s equation. It was found to be 17.082 ± 5.83 nm, which 
is fairly in agreement with TEM analysis. In the present study, 
the peak intensity and peak width were considerably larger than 

that was reported earlier. It is worth mentioning that the 
maximum peak broadening at 38.23 indicates the formation of 
very small size SNPs (13.94 nm). 
 

In vitro antioxidant activity 
 
Phenolic compounds present in the plant extract and SNPs are 
presented in Table 3. The IC50 values of aqueous extract, SNPs, 

and ascorbic acid were obtained as 39.36 ± 2.37 µg/mL, 10.56 ± 
0.65 µg/mL, 5.70 ± 0.29 µg/mL respectively. Fig.6 shows the 
dose-response bar chart for the reducing power, and was found 
to be in order: Ascorbic acid > SNPs > extract. The increase in 
the absorbance of the reaction mixture indicates stronger 
reducing power. The free radical scavenging activity of SNPs 
attributes to functional groups of bio-reductant molecules 
adhered to the surface of nanoparticles35. 

 

CONCLUSION 
 
The present study demonstrates an eco-friendly, rapid green 
chemistry approach for the synthesis of SNPs. In this method, 
Ocimum sanctum leaf extract was used as the reducing agent 
and stabilizing agent. The present study clearly demonstrates 
that biogenic antioxidant silver nanoparticles can be produced 
rapidly and efficiently by controlling formulation and processing 

variables viz. concentration of SNPs, temperature, pH. 
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ABBREVIATIONS 
AgNO3: Silver nitrate 

SNPs: Silver nanoparticles 
SPR: Surface Plasmon Resonance 
UV-vis: UV-Visible Spectroscopy 
TEM: Transmission Electron Microscopy 

DLS: Dynamic Light Scattering 
FT-IR: Fourier Transform Infrared Spectroscopy 
X-RD: X-ray Diffraction 
PDI: Polydispersity Index 
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