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ABSTRACT 
In recent decades, the application of nanoparticles has been widened and in the upcoming future the nanoparticles are predicted 
as one of the prominent solution provider to the challenges of science and engineering streams. This demands the technical 
scientific community to focus on the aspects of finding the effective way of synthesizing the nanoparticles. Among various 
synthesis methods available, the green synthesis from biological sources opens the eyes of researchers owing to their cost 
effectiveness and absence of toxic chemicals during the synthesis process. Hence, the present study focuses on optimizing the 
process parameters of green synthesis of silver (Ag) nanoparticles from costus igneus leaf extract as reducing and capping agent. 
The reaction variables which are most influencing the yield of Ag nanoparticles are identified and optimized in this study. Further 
the characterization studies have been accompanied for the green synthesized nanoparticles under optimized process conditions 
using X-Ray Diffraction (XRD), Particle Size Analyzer (PSA), and Scanning Electron Microscope (SEM) along with Energy Dispersive 
X-Ray Spectroscopy (EDX). 
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INTRODUCTION 

 

There is a consistent increase in energy consumption in the world due to increase in population, use of 

powertrains to propel and transport, and wide range of industrialization etc... Therefore, in order to preserve the 

energy for future generations, it is the right time to divert our focus towards alternative sources which are 

renewable in nature. The nano sized energetic materials possess the advantage of exhibiting excellent catalytic, 

magnetic, and physio- chemical properties while comparing with bulk sized materials [1]. The use of 

nanoparticles in various applications improves the surface contact area between molecules due to their nano 

size. There are two basic approaches namely top to bottom and bottom to top approach available in synthesis 

process. In the former approach, the size of the bulk material is reduced using ball milling, grinding etc... and in 

the later approach, the nanoparticles are synthesized though some chemical or biological methods [2-4]. 

Numerous methods like microwave radiation, sol-gel method, and gamma rays are tried in synthesizing the 

nanoparticles. However, these methods are not environmentally free since they make use of toxic chemicals as 

one of the reactant or they emit toxic wastes after the reaction. Therefore, the method of green synthesizing the 

nanoparticles from biological sources yields the focus of scientific community as appropriate alternative [5,6]. 

The Phytochemical present in the green plant extract is used to synthesize the nanoparticle by acting as reducing 

and capping agent [7]. There are numerous investigations made relevant to synthesizing silver nanoparticles 
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from green plant extracts and they found that the method is simple, environment friendly, low cost and more 

importantly does not consume or emit toxic chemicals during synthesis process [8-15]. The costus igneus 

commonly known as insulin leaf in india which is used to control the diabetic level of human body. It belongs to 

Costaceae family and grows throughout the year with a wide range of branch spreading [16,17]. 

The process parameters which influence the yield of silver synthesis process are the concentration of 

aqueous silver nitrate (AgNO3) solution, Concentration of Plant extract, and reaction time [18].  There are 

numerous reports available regarding the optimization of process variables in synthesizing Ag nanoparticles and 

they primarily focused on improving the production yield of nanoparticles [19]. Saat et al [20] reported the 

drawbacks of one- factor- at –a time method as they unexploited to provide results relevant to interaction effects 

between parameters. Seied Mahdi Pourmortazavi et al optimized the reactions variables like silver nitrate 

concentration, concentration of plant extract, synthesis reaction time and temperature of plant extract and they 

found that the average diameter of silver nanoparticle at optimized process condition as 21nm [21]. Another 

optimization study conducted by Silvia Chowdhury et al [22] found that AgNO3 and trisodiumcitrate 

concentrations significantly contribute to the yield of Nanoparticles and stirring time has not much of influence 

on yield of nanoparticles.  

From the literature reports, there are few information available in knowing the optimum process conditions 

on synthesizing silver nanoparticles from bio sources. Hence, the present study focuses on applying statistical 

optimization technique like response surface methodology in improving the yield of nanoparticles by optimizing 

the processing conditions. The process parameters like concentration of plant extract, concertation of AgNO3, 

and reaction time were optimized by designing the experiments through central composite design (CCD) to 

improve the yield of synthesis process and then the characterization studies have been reported on the behavior 

of optimized silver nanoparticles. 

 

MATERIALS AND METHODS 

 

The synthesis of silver nanoparticles is carried out using silver nitrate as aqueous solution and plant extract 

from costus igneus as reducing agent. The statistical optimization technique has been applied to optimize the 

synthesis process conditions and then the characterization results have been reported using XRD, PSA, SEM, 

and EDX under optimized conditions. 

 

1.1 Plant Extract Preparation: 

Costusigneus commonly called as insulin plant is collected as fresh green leafs from the local shop situated 

in Coimbatore. Initially, the surfaces of the leaf are cleaned with distilled water. The leaves are made to dry in 

the shadow for about 4 to 5 days. Then the dried leaves are crushed into fine particles and then mixed with 100 

ml of distilled water and then boiled in a 200 ml container at a constant temperature of 70°C for about 25 

minutes. During boiling, the contents from the dried leaf will be extracted as liquid and then the plant extract is 

filtered and stored in a container. 

 

1.2 Statistical Optimization of process parameters: 

In order to study the influence of process parameters, the parameters which are most influencing the 

synthesis process and particle size output characteristics such as concentration of plant extract (A), 

concentration of aqueous nitrate solution (B), reaction time (C) has been identified and the experiments are 

designed using statistical optimization technique called Response Surface Methodology (RSM). According to 

RSM, there were 20 number of runs required to accommodate three parameters each with three levels as 

presented in Table 1. 

 
Table 1: CCD of experiments with Particle size as Response 

Std Order Run Order Pt Type Blocks Plant Nitrate Time 
Particle Size 

(nm) 

18 1 0 1 0 0 0 86 

9 2 -1 1 -1 0 0 160 
16 3 0 1 0 0 0 86 

11 4 -1 1 0 -1 0 184 

12 5 -1 1 0 1 0 102 
1 6 1 1 -1 -1 -1 200 

17 7 0 1 0 0 0 88 

6 8 1 1 1 -1 1 142 
8 9 1 1 1 1 1 74 

4 10 1 1 1 1 -1 96 

20 11 0 1 0 0 0 90 
5 12 1 1 -1 -1 1 194 

2 13 1 1 1 -1 -1 190 

13 14 -1 1 0 0 -1 158 
19 15 0 1 0 0 0 89 
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15 16 0 1 0 0 0 92 
14 17 -1 1 0 0 1 102 

10 18 -1 1 1 0 0 84 

7 19 1 1 -1 1 1 136 
3 20 1 1 -1 1 -1 124 

 

A second order regression equation presented to obtain a minimum particle size of AgNPs synthesis on 

plant extract concentration, silver nitrate concentration, and reaction time during the reaction. The relation 

between each selected parameters and interaction between each parameter has been represented as follows using 

a second order polynomial equation in terms of coded factors: 

Particle Size = 99.19 - 22.80*Plant extract - 37.80* AgNO3
 Concentration - 12.00* Steering Time + 6.8 

Plant*Plant + 27.8 Nitrate*Nitrate + 14.8 Time*Time - 3.50 Plant*Nitrate - 9.50 Plant*Time + 5.50 

Nitrate*Time. 

From the quadratic equation, it is clear that the coefficient of factors containing negative values will tend to 

produce nanoparticles with minimum size and positive coefficient factors will produce nanoparticles with larger 

size. The three individual parameters have positive impact on producing nanoparticles with minimum possible 

size. However, the interaction effects of parameters have negative effect towards predicting nanoparticle size. 

The analysis of variance table presented in table 2 indicates the significance and contribution of each 

individual parameter as well as interaction effects between each parameter in deciding the nanoparticle size. It is 

clear that the “p” value is found to be less than 0.005 for all three individual parameters under linear conditions. 

But, the two-way interaction of parameters is found to be insignificant since “p” values are greater than 0.005. 

The concentration of AgNO3 yields the maximum F value of 39.30 stating that maximum contribution in 

deciding the nanoparticle size. 

 
Table 2: Analysis of variance (ANOVA)  for FCCCD quadratic model 

Source DoF Adj SS Mean Square F-Value p-Value 

Model 9 31356.5 3484.1 9.58 0.001 

Linear 3 20926.8 6975.6 19.18 0.000 

Plant Extract (A) 1 5198.4 5198.4 14.30 0.004 
AgNO3 

Concentration (B) 
1 14288.4 14288.4 39.30 0.000 

Reaction Time (C) 1 1440 1440 3.96 0.075 
Square 3 9367.7 3122.6 8.59 0.004 

A2 1 126.1 126.1 0.35 0.569 

B2 1 2121.1 2121.1 5.83 0.036 
C2 1 600.1 600.1 1.65 0.228 

2-way Interaction 3 1062 354 0.97 0.443 

A*B 1 98 98 0.27 0.615 

A*C 1 722 722 1.99 0.189 

B*C 1 242 242 0.67 0.434 

Error 10 3636 363.6 - - 
Lack-of-fit 5 3608.5 721.7 131.22 0.000 

Pure Error 5 27.5 5.5 - - 

Total 19 34992.6 - - - 
R-Square 89.61%     

Adj R-Square 80.26%     

Predicted R-Square 43.66%     

 

To check how the model has fit into prediction, the coefficient of determination (R2) was used. An R2 value 

nearer to 100 implies the better prediction of correlation between experimental and predicted responses. Thus, it 

is important for a good model R2 value to be within a close range of 100. In this model, the correlation 

coefficient (R²) value is found to be 89.61% is at a sensible agreement with the adjusted determination 

coefficient (R²Adj) value of 80.26 %.  

The contour and surface plots indicated in fig 1. The contour plot represents the interaction effects between 

the parameters A and B, B and C, and A and C on predicting nanoparticle size. It is clear that with an increase in 

plant extract, Nitrate solution, and stirring time the particle size could be minimized. The 3D surface plots 

shown in fig 1 of the parameters A and B, B and C, and A and C which combines two parameters for response 

prediction.  



217            Chinnasamy C et al., 2017/Advances in Natural and Applied Sciences. 11(4) April 2017, Pages: 214-221 

 

 

 

 
 

Fig. 1: Contour and Surface plots 

  

Response Optimization: 

The response optimization tool is used to predict the optimum levels of each parameter and their 

corresponding response values. The optimum values of Plant extract, AgNO3 concentration and stirring time is 

found to be 1, 0.0676768, and 0.595960 and the corresponding nanoparticle size is 62.5854 nm. 

Further, Figure 2 represents the theoretical values versus the experimental values of silver nanoparticle size. 

In this figure, it is clear that the theoretical values are closer to the experimental value of the AgNPs particle size 

recommending that the developed model is found to be accurate with correlation between the variables of 

nanoparticle size. 
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Fig. 2: Residual plots 

 

 
 

Fig. 3: XRD results of silver nanoparticles 

 

Model Validation: 

The predicted optimum values of each parameter should be validated experimentally to prove the prediction 

accuracy level. An experimental run is carried out using the optimum combination of parameters and the 

average particle size of the nanoparticles from the synthesis process is found and listed in table 3.  

 
Table 3: Optimum level of parameters 

S.No Plant Extract (A) AgNO3 

concentration 

stirring time Response Error % 

Predicted Experimental 

1. 1 0.00676768 0.595960 62.5854 66.6855 6.14 

 

Characterization of Nanoparticles: 

The process conditions of synthesis of silver nanoparticles has been optimized for better yield output. The 

characterization of synthesized silver nanoparticles is carried out using X-ray Diffraction technique. The 

intensity of scattered sample with respect to position angle (2θ) measured between detector and X-ray tube has 
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been plotted in fig 3. The maximum scattering intensity occurs at a position angle of 24.60˚ which is due to the 

presence of AgNP’s. Further characterization studies have been extended using Scanning Electron Microscope 

(SEM) to identify the size and structure of synthesized particles by scanning the sample through high energy 

electron beam. Most silver nanoparticles are found to be in the shape of spherical and granular and the 

agglomerate of the particle is measured based on the reference scale given by the SEM image and it varies in the 

range of 60-70nm as presented in fig 4. The presence of silver nanoparticles is further confirmed by Energy 

Dispersive X- ray analysis as depicted in fig 5. The major energy emission occurs at 3KeV. The EDX pattern 

shows no other form of weak waves ensuring the purity level of silver nanoparticles. 

 

Fig. 3: SEM results of silver nanoparticles 
 

 
 

Fig. 4: EDX confirmation of silver nanoparticles 

 

Conclusion: 

The following conclusions may be inferred from the characterization and optimization studies conducted in 

synthesis of silver nanoparticles: 

• The green synthesis of silver nanoparticles using costusigneus as reducing agent is found to be low cost, 

ecofriendly and involves or emit no toxic chemicals. 

• The synthesized silver particles are confirmed by XRD and EDX techniques. The average particle size of 

the particles is found to vary in the range of 60-70 nm and spherical in shape mostly. 

• The parameters influencing the synthesis process is found to have significance on particle size. 

• The optimized parametric conditions have experimentally produced silver nanoparticles with an average 

size of 66.6855. The prediction accuracy of RSM is found to be good. 
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