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Abstract - This present study describes a wide range of applications of green synthesis of silver nanoparticles from aqueous silver nitrate 

using Naayuruvi root extract (Achyranthus Aspera) in various fields. Green synthesis of Silver nanoparticles was investigated under 

various experimental parameters such as anti corrosive behaviour (effect of temperature) and antibacterial activities. The kinetics, 

equilibrium and thermodynamic studies were assessed to find out the efficiency of the process. The silver nanoparticles were characterized 

by UV-Visible Spectroscopy, X-ray Diffraction studies, Scanning Electron Microscopy, Cyclic Voltametry, Fourier Transform Infra Red 

spectroscopy and Transmission Electron microscopy.  
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1. INTRODUCTION 

Nanotechnology is an important field of modern research dealing with the design, synthesis and manipulation of 

particle structures ranging from approximately 1-100 nm[1]. Size – Controlled silver nanoparticles synthesized over the range 5-

100 nm using the same protocol and their antibacterial efficacy[2].Green synthesis provides an advancement over chemical and 

physical method as it is cost effective , ecofriendly , easily scaled up for large-scale synthesis. Synthesis of Nanoparticles using 

biological entities has great interest due to their unusual optical, chemical, photochemical and electronic properties [3]. 

Biological methods or synthesis has paved way for the “Green Synthesis” of nanoparticles and these have proven to be 

better methods due to slower kinetics, better manipulation and control over crystal growth and their stabilization [4].  

 In the past, the synthesis of silver nanoparticles with the size ranging from 1 nm -100 nm, intensively studied not only 

due to their fundamental scientific interest and also its applications and it exhibit many properties such as optical, magnetic, 

electrical etc,[5]. The optical response of metal nanoparticles is very much sensitive to the size, shape and refractive index (RI) 

near the surface of the  

metal nanoparticles as well as their interparticle distances[6]. Synthesis of noble metal nanoparticles for their various 

applications, but they remain explosive and involve the use of hazardous chemicals [7]. Metals with free electrons possess 

Surface Plasmon Resonances in the visible spectrum (intense colour). These properties are mainly observed in Au, Ag, Cu 

because of the presence of free conduction electrons. 

A number of approaches are available for the synthesis of silver nanoparticles, for example, chemical and 

photochemical reactions in reverse micelles[8], microwave assisted process[9], electrochemical[10]. Silver nanoparticles have been 

synthesised using various plant extracts such as Trianthemadecandra[11], Citrus limon[12], MurrayaKoenigii[13], 

Moringaoleifera[14] and the leaf extract of Achyranthus Aspera[15] etc. So far, the AgNPs has not been synthesized using the root 

of Achyranthus Aspera . In the present study, the research was focused the synthesis of silver nanoparticles from the root extract 

of Naayuruvi (Achyranthus Aspera) which has high potent effect against corrosive activity on mild steel and selective clinical 

pathogens. 
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Fig.1.Root images of Achyranthus Aspera (Naayuruvi root) 

2. Experimental methods  

2.1 Materials : 

 The Silver Nitrate (AgNO3) and Ethyl alcohol (C2H5OH ) was obtained from RANKEM chemicals, New 

Delhi, India. All the chemicals used are analytical grade. The double distilled water was used throughout the investigation. 

2.2 Preparation of Root extract: 

 The fresh and healthy root of Naayuruvi (Achyranthus Aspera) were collected from Nagamalai in Madurai 

District,Tamil Nadu, India. To prepare the root extract, 5g small pieces of Achyranthus Aspera root were weighed and it is 

taken in a 250 ml Erlenmeyer round bottomed flask fitted with the condenser , 50 ml of ethanol is added to the solution and 

shock it for one day to remove the traces ratio of unwanted compounds present in the root and  add 100 ml of sterile double 

distilled water and allow it to boil for 2 hours. Then the extract is evaporated for 10 minutes to get concentrated solution. So that 

it could be further used to Synthesis and characterization. 

2.3 Synthesis of Silver nanoparticles:  

 3- 5 ml of Naayuruvi root extract (Achyranthus Aspera) was taken in a 100 ml beaker and keep it in a magnetic stirrer, 

and then 5 ml of 1mM AgNO3 added drop by drop with continuous stirring for 10 minutes. Then the colour of the solution 

turned from light yellow to brownish yellow within 10 minutes then at the end of the reaction shows a yellowish brown (it 

shows the formation of Silver nanoparticles). (Naayuruvi root silver nanoparticles - NRAgNPs). Then the sample was incubated 

for one day. Then the sample was used for further Characterization.  

3. Results and Discussion 

3.1. Characterization of Silver nanoparticles: 

            Silver nanoparticles were measured for its maximum absorbance using UV- Visible Spectrophotometer (JASCO 

V730), functional group analysis were undergone by using FTIR Spectroscopy, Crystal structure of sample was determined by 

performing X-ray diffraction (XRD) on SHIMADZU 6000 X-ray diffraction spectrometer. Surface morphologies were 

examined by a Scanning Electron Microscope (SEM, JEOL (JSM 6390) with the working distance of 9.9 mm and an 

accelerating voltage of 30 keV. Infrared absorption spectroscopy (IR) spectra were measured at room temperature on a 

Fourier transform infrared (FT-IR) spectroscopy (8400s SHIMADZU spectrometer) using the KBr pellet technique.  

UV-Visible characterization:  

 UV- visible absorption spectra measured using a JASCO V730 UV spectrophotometer. The reduction of pure Ag+ was 

monitored by measuring the UV-Visible spectrum of the reaction medium at 2 hours after diluting a pinch of the sample 

dissolved into a 5ml of double distilled water. The maximum absorption of Silver nanoparticles were prepared by using the 
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Naayuruvi  root  extract showed a Surface Plasmon Resonance absorption band at 435nm as shown in Fig.2 indicating the 

presence of cubic Ag nanoparticles. 

 

 

 

 

 

 

 

 

 

 

Fig.2. UV–Vis absorption spectrum of silver nanoparticles synthesized from Naayuruvi root extract 
 

XRD characterization:  

XRD pattern of the NRAgNPs is as exposed in Fig.3. The major diffraction peaks observed are (38. 32o), (44.42o), (65.02o) 

& (77.91o) reflections of face centered cubic structure of metallic silver, correspondingly enlightening that the synthesized 

AgNPs are composed of pure crystalline silver (JCPDS file no. 87-0598). The silver nanoparticles shape and size be controlled 

by simple reduction method. It confirm the crystalline nature and its pattern showed the number of reflection on the basis of 

FCC structure of silver which has to compare with the standard XRD pattern of AgNPs formed by Naayuruvi root extract were 

in the form of nanocrystals as evidenced by 2Ө values  of 38. 32o,  44.42o, 65.02o and 77.91o corrosponding to (111), (200), 

(220) and (311). The mean size of silver nanoparticles was calculated using the Debye- Scherrer’s equation: D = kλ/βcosθ, 

where D is the thickness of the nanocrystal, k is a constant, λ is the wavelength of X–rays and β is the full width at half maxima 

of (111) reflection at Bragg's angle 2θ.  

                             

 

 

 

 

 

 

                                         

Fig.3.XRD pattern of NRAgNPs 

SEM analysis: 

                         Scanning electron microscopy has provided further insight into the morphology and size details of the 

synthesized nanoparticles. SEM micrographs of the synthesized silver nanoparticles using the root extract of Naayuruvi are 

shown in Fig.4. The synthesized silver nanoparticles were well dispersed possessing cubic shape. The particle size was found to 

less than 100.            
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Fig.4. SEM image of NRAgNPs 

TEM analysis:  

 TEM observations of the product confirmed the presence of cubic nanoparticles with high resolution, which did not 

show any sign of  macroparticles. Image analysis of NRAgNP’s produced narrow size distributions with mean size values 

between 17 to 19 nm in Fig.5. TEM observations showed a tail of up to 30 nm, but the mean size is 18.5 nm and has a tendency 

to change colour from yellow to grey when small aliquots were stored in the fridge without rigorous exclusion of oxygen. It was 

confirmed as a shift of the LSPR peak in the UV-Vis spectrum which is assumed to be an indication of possible aggregation 

and/or surface oxidation. 

 

 

 

 

 

 

 
 
 
 
 
 

Fig.5. TEM image of NRAgNPs 

 
3.2 Analysis of Anticorrosive behaviour  

3.2.1 Weight loss measurement  

        The effect of addition of NRAgNPs tested at different concentrations on corrosion mild steel in 1 M H2SO4 studies by 

weight loss measurements. In this the mild steel coupons in triplicate were completely immersed in 100ml of the test solution of 

acidic environment (1 M H2SO4) in the presence and absence of the inhibitor at different temperatures ranges 303 K to 333 K ± 

1 for 6 h. The polished samples were cleaned with acetone. The weight loss was taken as the difference in weight of the 

specimens before and after immersion determined using analytical balance with sensitivity of + 0.1 mg. Weight loss allowed us 

to calculate the mean corrosion rate as expressed in mg cm-2 h-1. Corrosion rate is calculated assuming uniform corrosion over 
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the entire surface. Corrosion rates, CR are calculated from weight loss methods. The formula used to calculate corrosion rate is 

as in Eq 1. From the weight loss measurements, the corrosion rate will be calculated using the following relationship [16, 17]. 

Corrosion rate (mmpy) = (87.6 x W) / DAT   ------------- (1) 

      where mmpy = millimeter per year, W= weight loss (mg) , D = density (gm/ cm3), A = area of specimen (cm2) and T = time 

in hours.  

The inhibition efficiency ( % IE) and degree of surface coverage (Ө) were calculated using Eq 2 & 3, respectively.  

                                                     % IE = (( W1  W2 ) / W1) x 100                   --------------- (2) 

Ө =  (( W1  W2 ) / W1)                           --------------- (3) 

Where W1 & W2 are the corrosion rates in the absence and presence of the inhibitor respectively. 

3.2.2.Effect of temperature: 

Temperature is an important parameter in studies of metal dissolution. The effect of temperature on  inhibited acid 

metal reaction is very complex because many changes may occur on the metal surface such as rapid etching, desorption of 

inhibitor and the inhibitor may undergo decomposition. The temperature performance of the NRAgNP’s with different 

concentrations from 50ppm to 80ppm for the corrosion inhibition of mild steel in 1M H2SO4  solution are given in Table 1. 

From the table, it is clear that inhibition efficiency decreases with increase in temperature (expect 313k). This indicates that the 

inhibitive film formed on metal surface was less protective in nature at higher temperatures because of desorption of the 

inhibitor molecules from the metal surface. 

Table.1. Corrosion rate and inhibition efficiency data obtained from weight loss measurements in acid solutions in the absence and presence of NRAgNPs 

Acid 
solution 
 

Concentration  
Inhibition 

Corrosion Rate %IE 

303K 313K 323K 333K 303K 313K 323K 333K 

1M H2SO4 

Blank 0.711 0.822 0.801 0.947     

50ppm 0.453 0.5169 0.558 0.6674 36.28 37.11 30.33 29.52 

60ppm 0.412 0.466 0.48 0.581 42.05 43.3 40.07 38.56 

70ppm 0.247 0.2456 0.2543 0.3161 65.2 70.12 68.25 66.62 

80ppm 0.201 0.211 0.2314 0.2774 71.72 74.33 71.11 70.7 

 

3.2.3. Electrochemical Impedence Spectroscopy 

          CH electrochemical analyzer Model CHI660E was used to record Potentiodynamic polarization and electrochemical 

impedance spectroscopy (EIS) measurements. The working electrode area of 0.5 cm2 mild steel specimen was exposed to 1 M 

H2SO4 solution. A platinum foil of 3cm x 3cm was used as the counter electrode and saturated calomel electrodes were used as 

reference electrode. All electrochemical measurements were carried out at 308K using 100ml of electrolyte (1 M H2SO4) in 

stationary condition. Before each electrochemical impedance spectroscopy (EIS) measurement and potentiodynamic 

polarization (Tafel), the electrode was immersed in test solution at open circuit potential (OCP) for 20 minutes to be sufficient 

to attain a stable state. Potentiodynamic polarization curves were recorded from – 300 to + 300 mV around the OCP with a scan 

rate of 0.1 mV/s. All the potentials reported were with reference to SCE. The values of related electrochemical corrosion kinetic 

parameters i.e. corrosion current density (Icorr), corrosion potential (Ecorr) , cathodic and anodic Tafel slopes (bc & ba) were 

obtained by extrapolation of the polarization curves. The percentage of inhibition efficiency (% IE ) was calculated from Icorr  

values using the following equation: 

% IE = ( ( Icorr(blank) - Icorr(inhi)) / Icorr(blank)) x 100         ----------------(4) 

  Where Icorr(blank) and Icorr(inhibitor) are the corrosion current density values without and with an inhibitor. 
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     AC impedance measurements were carried out in the frequency range of 100 kHz to 0.1Hz with a signal amplitude 

perturbation of 5mV.The real part and imaginary part of the cell impedance were measured in ohms for various frequencies. The 

impedance diagrams are shown in Nyquist plot.The inhibition efficiencies for each concentration were calculated using Eq 5: 

 % IE = ( (Rct(inhi) – Rct(blank)) / Rct(inhi) ) x 100               ---------------(5) 

Where Rct(blank)  and Rct(inhi)  are the charge transfer resistance in the absence and presence of inhibitor respectively. All 

electrochemical tests have been performed in non- de-aerated solutions under unstirred conditions and the cell temperature was 

controlled at 308 K using a thermostatic water bath. Each experiment has been repeated three times under the same conditions 

and the mean values and standard deviations of some parameters such as corrosion current density. Tafel slope and charge 

transfer resistance are reported. 

EIS is a powerful tool in studying corrosion mechanism and adsorption isotherm[18] . The effect of inhibitor 

concentration on the impedance behaviour of mild steel in 1 M H2SO4 solution was investigated using this technique. The 

impedance data are presented as Nyquist plot in Fig.6 & Tafel plot in Fig.7.respectively. The Nyquist plots contain depressed 

semi-circle with the centre under the real axis, whose size is increased by increasing inhibitor concentration, indicating that the 

corrosion is mainly a charge transfer process [19].The depressed semicircle is the characteristic of solid electrodes and was often 

referred to as frequency dispersion which arises due to the substrate rough-ness and in homogeneities of the solid surface [20]. It 

is clear that the impedance response of mild steel has significantly changed after the addition of NRAgNPs in 1 M H2SO4 

medium. 

                

 

 

 

 

 

 

Fig.6. Nyquist plot of mild steel in 1 M H2SO4 in the presence of NRAgNPs 

The impedance parameters such as solution resistance (Rs), charge transfer resistance (Rct) and maximum frequency (fmax) 

were calculated by ZView software and are given in Table 2. The double layer capacitance (Cdl) calculated from the following 

equation is as follows:         Cdl=       

   where fmax is the frequency at the maximum on the Nyquist plot. As seen from Table 2, the Rct values increased with the 

increasing concentration of the inhibitor. On the other hand, the value of Cdl decreased with an increase in inhibitor 

concentration. This decrease is due to the decrease in local dielectric constant and/or increase in thickness of the electrical 

double layer, suggesting that the RCAgNP’s acts via adsorption at the metal/solution interface [21, 22]. It could be assumed that 

the decrease of Cdl values is caused by the gradual replacement of water molecules by adsorption of organic molecules on the 

electrode surface, which decreases the extent of the metal dissolution. 

The obtained EIS data were fitted to the electrical equivalent circuit diagram given in Fig.6 in order to model of mild 

steel/solution interface in the absence and presence of the inhibitor. The circuit employed allows the identification of both 
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solution resistance (Rs) and charge transfer resistance (Rct). It is worth mentioning that the double layer capacitance (Cdl) value 

is affected by imperfections of the surface and that this effect is simulated via a constant phase element (CPE). The CPE 

contains the component Qdl and the coefficient a that quantifies different physical phenomena such as surface in 

homogeneousness resulting from surface roughness, inhibitor adsorption, and porous layer formation. Therefore, the 

capacitance is deduced from the following relation:  Cdl=Qdl x (2πfmax)α-1 

A parallel combination of capacitance and resistance as a series to the circuit of cathodic branch as a charge transfer 

resistance with parallel charge transfer resistance–diffusional impedance for the anodic branch. The circuit after solution 

resistance is attributed to the passive film, which formed on the metal surface. 

Table 2: AC impedance parameters for mild steel in 1 M H2SO4 solutions containing NRAgNPs 

 

 

 

 

 

 

3.2.4. Potentiodynamic polarization studies :  

Table 3: Tafel polarization for mild steel in 1 M H2SO4 solutions containing NRAgNPs 

 

 

 

 

 

 

Fig. 7 shows the cathodic and anodic polarization plots of mild steel immersed in 1 M H2SO4 at 308 K in the absence 

and presence of different concentrations of NRAgNPs. It is evident from Fig. 7 that both reactions were suppressed with the 

addition of NRAgNPs used in the study, suggesting that NRAgNPs reduced the anodic dissolution reactions and retarded the 

hydrogen evolution reactions on the cathodic sites. Electrochemical parameters such as corrosion potential (Ecorr), cathodic and 

anodic Tafel slopes (bc and ba) and corrosion current density (Icorr) were obtained by extrapolation of the anodic and cathodic 

regions of the Tafel plots and inhibition efficiency is listed in Table 3. It is evident from Table 3 that the value of ba changed 

with increase in the presence of NRAgNPs whereas more pronounced change occurs in the values of bc indicating that both 

anodic and cathodic reactions are effected but effect on the cathodic reactions is more prominent. The shift in the anodic Tafel 

slope (ba) is due to the inhibitor molecules adsorbed on the metal surface. An inhibitor can be classified as an anodic or cathodic 

type when the change in Ecorr value is larger than 85 mV[23]. In the present study, the maximum displacement was 60 mV 

cathodically when compared to the blank. This indicates that the NRAgNPs reduces the corrosion rates predominantly by 

hydrogen evolution of mild steel. 

Table 3 data show that increasing NRAgNPs concentration, the values of corrosion potential (Ecorr) shifted to negative 

direction indicating that it acts as mixed type inhibitor, but predominantly cathodic. The obtained results show that the 

inhibition efficiency increased, while the corrosion current density (Icorr) decreased when the concentration of NRAgNPs is 

CONCENTRATION Rct Cdl %IE 

Blank 4.418 0.03604 - 

50ppm 21.752 7.3205 x 10–3 79.70 

60ppm 24.851 6.4076 x 10–3 82.22 

70ppm 26.942 5.9103 x 10–3 83.60 

CONCENTRATION E corr I corr b c b a % IE 

Blank 0.6 4.961 x 10–3 x 106 0.1622 0.1760 - 

50ppm 0.6 1.314 x 10–3 x 106 0.1938 0.1261 73.51 

60ppm 0.6 1.072 x 10–3  x 106 0.1937 0.1247 78.39 

70ppm 0.6 1.036 10–3 x 106 0.1901 0.1253 79.11 
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increased. This could be explained on the basis of adsorption of NRAgNPs on the mild steel surface and the adsorption process 

increased with enhancing inhibitor concentration and also hindered attack on the mild steel electrode by acid. 

 

  

 

 

 

 

 

 

 

 

 

Fig.7. Tafel plot of mild steel in 1 M H2SO4 in the presence of NRAgNPs 

The results of electrochemical measurements agreed well with those of weight loss studies with the slight deviation in 

the values. Variation in the immersion period of mild steel in 1 M H2SO4 is the reason for the observed deviation.  

 3.2.5. Activation parameters: 

A plot of log CR vs 1/T (Fig. 8) and logCR/T vs 1/T (Fig.9) gave a straight line with slope of - Ea/2.303R and - 

∆H*/2.303R respectively. The intercept calculated with be log A and log R/ hN + (∆S*/2.303R) for Arrhenius and transistion 

state of equation , from these ated values Ea, ∆H*, ∆S* are given in Table 3. It shows the values of Ea for inhibition ranged 

from 80.82 to 122.15KJ/mol. Its value higher than that of 1M H2SO4 solution. It is often interpreted by physical adsorption 

leading to the formation of an adsorption film layer of electrostatic character. The apparent Ea increased with increase in 

concentration of NRAgNPs increased with increasing concentration of NRAgNPs as a result of the appreciable decrease in 

adsorption of the inhibitor on the mild steel surface with increase of temperature and corresponding increase in the reaction 

rate because of the greater area of mild steel that is exposed to sulphuric acid[24], they classify in three types according to 

temperature[25]. In the present study, the decrease in % IE with rise in temperature, with accordant increase in corrosion 

activation energy in the presence of NRAgNPs compared with that in its absence, is good evidence for a physical mechanism 

of NRAgNPs on the mild steel surface[26]. The obtained results indicate that NRAgNPs acted as inhibitors through increasing 

activation energy of mild steel dissolution by making a barrier to mass and charge transfer by their adsorption on the mild 

steel surface. The positive sign of H* reflects endothermic nature of the mild steel dissolution process and it needs more 

energy to achieve the active state or equilibrium state[27,28]. From Table 3, it is clear that entropy of activation increased in the 

presence of NRAgNPs compared to the 1 M H2SO4 solution. In the free acid solution it can be explained as follows: the 

transition state of the rate determining recombination step represents a more orderly arrangement relative to the initial state, so 

a high value for the entropy of activation is obtained. In the presence of inhibitor, however, the rate determining step is the 

discharge of hydrogen ions to form adsorbed  

Table 3 Activation parameters of mild steel in 1 M H2SO4 in the absence and presence of NRAgNPs 

Concentration 

Inhibition 
Ea (KJ/mol) ∆H* (KJ/mol) ∆S* (J/mol/K) 
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Fig.8. Arrhenius plots for log CR vs 1/T for steel in1 M H2SO4 at different concentrations of NRAgNPs 

 

 

 

 

 

 

 

 

 

Fig 9. Transition plots for log CR/T vs 1/T for steel in 1 M H2SO4 at different concentrations of NRAgNPs 

hydrogen atoms. Since the surface is covered with the inhibitor molecules, this will retard the discharge of hydrogen ions on the 

metal surface causing the system to pass from a random arrangement, and hence entropy of activation is increased. Hence, 

increase in the entropy of activation ( S*) in the presence of inhibitor increases in the disordering on going from reactant to 

activated complex[29]. 

Blank 80.37 65.51 -197.37 

50ppm 80.82 10.50 -197.57 

60ppm 104.49 38.54 -197.47 

70ppm 107.19 45.50 -197.47 

80ppm 122.15 43.08 -197.45 
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3.2.6. Adsorption isotherms: 

The mechanism of corrosion inhibition may be explained on the basis of adsorption behavior. The degree of surface 

coverage ) for different inhibitor concentrations was evaluated by weight loss data. The experimental data were applied to 

various adsorption isotherms including Freundlich, Frumkin, Langmuir, Temkin and Flory–Huggins isotherms.Straight lines 

were obtained when log  was plotted against log C (Fig. 10). The linear relationships suggested that the adsorption of 

inhibitors obeyed Freundlich adsorption isotherm. From the intercept of the straight lines, the values of Kads were calculated and 

are summarized in Table 4.  

The standard free energy of adsorption Go
ads and the equilibrium constant (Kads) are related by the following equation:    

Go
ads = -RT ln (55.5 x Kads) The negative values of Go

ads clearly indicated that  

spontaneous adsorption of NRAgNP’s on mild steel surface took place through physical adsorption mechanism. In the present 

investigation the calculated values of Go
ads around -7 kJ/mol, indicating that the adsorption mechanism of NRAgNPs in 1M 

solution at the studied temperatures may be a physisorption, which was consistent with electrostatic interaction between a 

charged molecule and a charged metal[30,31]. The heat of adsorption and entropy of adsorption are important parameters for 

understanding the adsorption of an organic inhibitors at metal/solution interface. The heat of adsorption ( Hads) is calculated 

using the van’t Hoff equation:   ln Kads = - Hads/RT + constant. 

All the calculated thermodynamic parameters are listed in Table 4. Values of Hads were negative, suggesting that the 

adsorption of inhibitor is an exothermic process, which means that the efficiency inhibition is lower at high temperature, as a 

result of gradual desorption of the inhibitor from the mild steel surface[32].The values of entropy of adsorption of NRAgNPs on 

mild steel in 1 M H2SO4 are positive and large (Table 4), which indicates the increase of disorder due to the adsorption of the 

inhibitor molecules by desorption of more water molecules[33]. Fig.11 gives the comparative study of Corrosion rate, 

Concentration and % Inhibition efficiency. 

Table.4. Thermodynamic parameters for the adsorption of NRAgNPs on the mild steel in 1 M H2SO4  solutions. 

Temperature (K) Kads -∆Go
ads (KJmol-1) R2 value 

308 0.395 7.909 0.969 

313 0.334 7.605 0.987 

323 0.315 7.686 0.959 

333 0.315 7.208 0.989 
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Fig.10. Freundlich adsorption isotherm for mild steel in 1 M H2SO4 containing different concentrations of NRAgNPs at 303–333 

 

 

 

 

 

 

 

 

Fig 11. Comparison of CR vs Conc vs %IE 

3.2.7. Analysis of FT-IR spectra : 

 The FT-IR spectrum of NRAgNPs  is shown in Fig.12. original absorption at 3450 cm-1 is overlapped by strong 

stretching mode of O-H. The sharp peak at 1627 is attributed to C=O stretching vibrations. The spectrum of the NRAgNPs 

adsorbed surface films suggests that these functional groups are directly involved in iron-inhibitor interactions, thus confirming 

the proposed adsorption of some organic constituents of NRAgNPs on the mild steel.[34] 

 

 

 

  

 

 

 

 

 

Fig.12. FT-IR spectra of surface film of the mild steel specimen after immersion in 1 M H2SO4 containing NRAgNPs . 

3.2.8. SEM analysis 

The specimens for surface morphological examination were immersed in 1 M H2SO4 containing optimum 

concentration of inhibitors (250 ppm) and the test solution for 2 h. Then, they were removed rinsed quickly with acetone and 

dried. The analysis was performed on a scanning electron microscope. The energy of the acceleration beam was employed at 

20keV. SEM images of polished mild steel surface,  mild steel immersed in 1 M H2SO4 in the absence and presence of 

NRAgNPs are shown Fig. 13a, 13b, 13c. Close examination of the SEM images revealed that the specimens immersed in the 

inhibitor solutions are in better conditions with smooth surfaces when compared with those of corroded rough and coarse 

uneven surfaces of mild steel immersed in 1 M H2SO4 alone. This observation indicated that corrosion rate is remarkably 
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decreased in the presence of the inhibitors. This might be due to the adsorption of inhibitor molecules on the metal surface as a 

protective layer. 

 

 

 

 

 

 

 

 

                               Fig. 13. (a)  SEM image of polished mild steel                                                     Fig. 13. (b) Mild steel in 1M H2SO4 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. (c) mild steel after interaction with NRAgNPs 

 

3.3. Antibacterial activity:  

            The silver nanoparticles (AgNP’s) synthesised from Naayuruvi root (Achyranthus Aspera) were tested for their 

antibacterial activity by well diffusion method against pathogenic organisms like E.coli , pseudomonas aeruginosa, 

staphylococcus aureus, Enterobacter aerogenes and Klebsiella pneumonia. The silver nanoparticles were dissolved in sterilized 

distilled water to assess the antibacterial activity of prepared Achyranthus aspera root extracts.  

           The precultures and bacterial organisms were subcultured on Muller- Hinton broth at 37oC on a rotary shaker at 100 to 

200 rpm. Each bacterial strain was swabbed uniformly on the sterile Muller- Hinton agar plates using a sterile cotton swab. The 

well of the size 8  nm have been made on agar plates using gel puncture or sterile cork borer no 4. Using micropipette 25 μl, 50 

μl,  75μl, 100μl of the samples were inoculated into wells of all plates and allowed to diffuse at room temperature for one hour. 

The plates were then incubated in the upright position at 37oC for 24 hours. After incubation, the diameters of the growth 

inhibition zones were measured. The assay was performed in duplicates.         

 Antibacterial results showed that the water extract of silver nanoparticles synthesized from Naayuruvi root 

(Achyranthus aspera) had a different antibacterial effect on five different pathogenic bacterial strains like E.coli, P. aeruginosa, 

S. aureus, E. aerogenes and K. pheunominae using well diffusion method. The diameter of the zone of inhibition (mm) around 
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each well with different concentration of silver nanoparticles as shown in table 5. In this table showed that the silver 

nanoparticles synthesised by Naayuruvi root (Achyranthus aspera) extracts were formed to have highest activity against E.coli 

(23mm) and K. pneumonia (22mm) respectively and lowest activity against S. aureus (19mm). 

Table:5 Antibacterial activity of NRAgNPs against clinical pathogens. 

 
Plant 
name 

 

Zone of inhibition (mm)  
E. coli (μl) Pseudomonas 

aeruginosa (μl) 
Staphylococcus 
aureus (μl) 

Enterobacter 
aerogenes (μl) 

Klebsiella 
pneumonia (μl) 

25  50  75  100  25  50  75 100 25 50 75 100 25 50 75 100 25 50 75 100 

NRAgNPs 11 15 19 23 8 14 17 21 7 10 16 19 11 15 19 20 8 14 17 22 

 

4. Conclusion : 

In the present study, silver nanoparticles were synthesized using the ethanol extract of Naayuruvi root (Achyranthus 

Aspera). The UV, XRD, SEM and TEM analysis were carried out to conform the presence of nanoparticles. Furthermore, 

anticorrosion activity towards mild steel in 1 M H2SO4 was confirmed by weight loss measurements, AC impedance and 

polarization studies. The result obtained from polarization studies revealed that the NRAgNPs act as a mixed type inhibitor. The 

antibacterial activity was proved using selective pathogens. The overall results suggested that the novel root extract of 

Naayuruvi (Achyranthus Aspera) have dual mechanism against corrosive and bacterial activities. The future work will be 

focused to understand the plausible molecular interaction among silver nanoparticles and mild steel using molecular docking 

studies. 
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