Electrochemical performance of plant trace element incorporated silver nanoparticles synthesis from Datura metel L.
Abstract
Here in our report, silver nanoparticles (Ag NPs) were prepared from leaf extract of Datura metel L. via the green synthesis method. Datura metel L. is one of solanaceae family plants that contain bioactive compounds and consider as an herbal medicinal plant. The prepared Ag NPs were characterized by employing UV-Vis spectrometer, X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM) with energy dispersive X-ray analysis (EDAX) techniques. The appearance of Surface Plasmon Resonance (SPR) peak at 415 nm suggested the creation of Ag NPs in the UV-Vis spectrum. XRD pattern showed the face-centered cubic crystal structure of Ag NPs with organometallic complex phase. Peaks in the FTIR spectrum reveal the existence of biomolecules. SEM images show the shape of the clastic rocks and the EDAX profile authenticate the company of Ag and plant trace element. The Cyclic voltammetry (CV), Choronopotentiometry, and Electrochemical impedance spectroscopy (EIS) analysis were performed as prepared Ag electrode. The specific capacitance of 267.59 F/g at 0.5 A/g and cyclic retention of 83.7% after charge-discharge 5000 cycles are obtained. Hence, this material has potential to be utilized as Supercapacitor energy storage devices.   

1. Introduction 
Medicinal plants are most useful for discovering drugs for every disease from their traditional period to up to COVID-19 (Gurushankar et al., 2020; Muthuvel et al., 2021). The scientific standard limitations of bioactive compounds and intake of trace elements are unclear still now. However, low levels of trace elements Mg, Na, S, Zn, Ni, Fe, Cu and Cl are making severe deficiency in the human physiological system, such as anemia, joint pain, lowered immunity, vascular abnormalities, oligospermia, loss of weight, alcohol intoxication, acidosis, blockage of protein biosynthesis, uncrimped or steely hair, fatigue, digestive disorders, neuromuscular problems (Khan et al., 2007). Nanoscale silver considers a remarkable bioactive material for biological applications due to its high light absorption and size depending on its interacting ability (Aavallan et al., 2017; Chinnaiah et al., 2021).  It has been reported as a biological agents for microbial assisted biosynthesis of nanoparticles (Mohamed, 2013
).
Datura metel L. is an herbal medicinal plant of solanaceae family that has been employed for asthma, anesthetic, and tumor convulsions etc., in traditional periods of India. Our previous research group tested  cyclin-dependent kinase 4 (CDK4)
 inhibitory potential of the newly found baimantuoluoamide A and baimantuoluoamide B isolated from Datura metel L. 
Baimantuoluoamide B was discovered to be a very potent CDK4 inhibitor with unique structural properties based on the molecular dynamics data. The MM/GBSA method was used to examine the baimantuoluoamide B binding on a per-residue basis and the top donating amino acid residues was found. The findings show that baimantuoluoamide B is a promising hit molecule that can be used in the growth of selective CDK4 inhibitors in the future (Gurushankar et al., 2021). Based on the theoretical efficacy analyze their experimental capability for nanoparticles synthesis using Datura metel L. Hence, utilization of Datura species increased for several research applications (Stephane et al., 2020; Tan et al., 2020) since withanolides are present as a major chemical constitution in their secondary metabolism. The α, β-unsaturated del lactones ring in their side chain facilitates an easy chemical defense mechanism with oxygen, which can able to prepare non-toxic nanoparticles without aiding any hazardous chemicals (reducing agent). Recently, Cu2O nanoparticles using Datura metel L. prepared via the Green synthesis method and its various characterization along with alkaloids compounds (hyoscyamine, atropine) stabilization studied by the DFT method (Chinnaiah et al., 2022). Among the metal nanoparticles, Ag is a primary conductive material with low cost (compared to Au) for many applications, first and foremost adopted for green synthesis. It has several advantages compared to the existing nanoparticle synthesis (physical, chemical methods) such as being eco-friendly, easy to manage, and less energy required. Hence, energy storage nanomaterials synthesis green technologies are increasing day by day. Due to the motivation, of the present study, Ag NPs have been synthesized by leaf extract of Datura metel L. through the green synthesis method. The prepared Ag NPs characterized by various analytical techniques and evaluate their electrochemical performance.
2. Materials and Methods

Datura metel L. was collected from the agricultural land of Krishnankoil, Tamil Nadu, India, and silver nitrate (99.5% purity) were purchased from SRL chemicals Mumbai, India.  

In this process, 10 mg of homogeneous Datura metel L. was washed with tap water to avoid dust particles and then cut into small pieces. The leaves were poured into 100 ml of distilled water and a stirrer for 50 minutes at 70˚C. After cooling, the extract was filtered using Whatman No.1 filter paper with a pore size of 25 nm then filtered extract was used to synthesize the Ag NPs. 10 ml of leaf extract was added drop by drop with 0.2 mole of silver nitrate solution. The reaction mixture was allowed for 5 minutes stirring getting the colloidal yellow colour solution, which indicates a reduction of Ag+ ions into Ag0 ions. The binary mixture of the solution was continuously stirred for 90 minutes at 40˚C. Now reaction shows the colour difference from light yellow to dark brown when kept at room temperature. The obtained precipitate was centrifuged at 2000 rpm for 1 hour and then washed with doubled deionized water and ethanol. The prepared sample was dehydrated at 100˚C and employed for further characterization. The following Tauc’s plot equation is used to calculate the band gap of the Ag nanoparticles
hνα = A (hν-Eg)1/2                                                      - (1)

Where Eg is band gap energy, ν is frequency, α-absorption co-efficient, and h is plank constant. The Scherer formula is used to calculate the crystallite size of the obtained Ag NPs.

                                      D=kλ/βcosθ                                                               - (2)                                                                            

Where, D indicates crystallite size, k is Scherer’s constant (k=0.94), λ denotes the wavelength of the X-ray used (1.5406 Å), β is known as full-width half-maximum (FWHM), and θ is Bragg’s angle. The specific capacitance of the Ag electrode is worked out from the CV curves according to the below equation (4)  
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Where Csp represents the specific capacitance of the fabricated electrode, I represent the current, s describes the voltage, m represents the mass of the working electrode and ∆V describes the scan rates. The specific capacitance of the prepared electrode was calculated from the GCD curves employed by the below mathematical expression 
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Electrochemical analysis

The Supercapacitor performance of synthesized Ag NPs makes it an electrode material. It has been analyzed on an electrochemical workstation [model-CH 60008E, CH instrument, USA] with a conventional three-electrode system. In this system, (Ag/AgCl) is the reference electrode, platinum wire is the counter electrode and Ag NPs overlay on Ni foil as the working electrode. The reference electrode, counter electrodes, and prepared working electrodes are submerged in 30 ml of aqueous electrolyte solution accounting for 1M KOH and their measured value of pH is 13. The analytical balance used to measure the loading mass of the Ag NPs on Ni foil and the prepared electrochemical system (Ag electrode + 1 mole KOH) is used for electrochemical analysis and then a performance of CV, Choronopotentiometry and EIS of Ag electrode was analyzed in a three-electrode system. 

Electrode preparation
According to the Dr. blade technique (Karuppaiah et al., 2021) Ag electrode is developed by mixing synthesized Ag nanopowder, activated carbon, poly-vinylidene fluoride (PVDF) as a binder in the 80:10:10 mass ratio and making a sludge using NMP (N - methyl pyrrolidinone) as a solvent than coated on 1 cm2 square Ni foil afterward dried at 70˚C for 12 hrs. Now, well-coated Ag NPs on Ni foil are used as a working electrode for electrochemical analysis. 
3. Results and Discussion
3.1 UV-Vis spectroscopy analysis

Perkin Elmer spectrometer was used to analyze the optical properties of Ag NPs, and the sample was examined in the wavelength spectrum of 200-900 nm. The synthesized Ag NPs, with a characteristic peak at 410 nm (Figure 1a) caused by the Surface Plasmon Resonance (SPR) absorption band. This can be observed by intensity changes from light yellow colour to dark brown colour during the synthesis as illustrated in Figure 1(a,c) because of the vibration of d electrons of metal nanoparticles in resonance with a light wave. According to the Tauc plot study, the band gap of Ag NPs is 2.94 eV (Figure 1). This band gap reveals the quantum confinement effect of Ag NPs (Mistry et al., 2021). The synthesized Ag NPs with this large band gap further can be used in optoelectronic devices such as batteries and sensors.                                                              
3.2 XRD analysis

Bruker Eco D8 advanced Diffractometer was used to examine the character of Ag NPs synthesized from Datura metel L. Figure 2 shows the powder XRD diffraction pattern recorded on the 2θ range of 20-90˚. This XRD pattern displays the number of Bragg reflections at 31.8˚, 38.8˚, 44.23˚, 45.8˚, 64.56˚, 77.5˚ and 81.5˚. Peaks exist at 38.8˚, 44.23˚, 64.56˚, 77.5˚and 81.5˚ characterizing the formation of Ag NPs with polycrystalline nature, which are matches with standard JCPDS card No: 89-3722 with face-centered cubic crystal (fcc) system. Its fcc crystal model is shown in Figure 2. The characteristic peaks exhibited corresponding crystalline orientations of (111), (200), (220), (311) and (222) hkl planes. The sharp and prominent peak at 38.8˚ illustrates the preferential growth orientation of Ag NPs toward the (111) lattice planes. The similar kind of unassigned peaks at 2θ value of 27.75˚, 31.8˚, 40.6˚, 45.8˚, 54.4˚, 57.4˚, 67.5˚, 74.3˚ and 85.2˚ marked by # (Figure 2) symbol indicates the organometallic complex phase of XRD pattern, which may be coming from the leaf extract of Datura metel L. during on crystallization (Bhardwaj et al., 2016). In agreement with the Scherer formula, the average crystallite size of Ag NPs was 40 nm.

3.3 FTIR analysis
The functional group of synthesized Ag NPs was analyzed through FTIR spectrometer Shimadzu IRTRACER-1100 at a wavelength range from 400-4000 cm-1 and their FTIR spectrum shows in 
Figure 3. The characteristic peaks at 3460, 1637, 1379, 1093, 842, 777 and 591 cm-1 respectively. The absorption band at 3460 cm-1 (OH stretching) shows the carboxylic group. The peak at 1637 cm-1 (C=C stretching) could be attributed to alkanes. The intense peak was found at 1379 cm-1 (N=O bending) due to the amides and a strong peak appeared at 1093 cm-1 (–C-O stretching) associated with the phenolic acids. Two strong peaks emerged at 831 and 775 cm-1 indicating the establishment of Ag NPs. Generally, fingerprint regions of 400 cm-1 to 800 cm-1 are belongs to metal nanoparticles which support the existence peaks at 831 cm-1 and 775 cm-1 belonging to the synthesized Ag NPs along with biomolecules. The broad absorption band at 591 cm-1 (C-H bending) reveals the existence alkyne (Bhardwaj et al., 2016). The functional groups C-H, C-C in Datura metel L. leaf extract (identified in our previous study Chinnaiah et al., 2021) do not observe and the existence of a strong peak amide peak (1379 cm-1) and metal peak (775 cm-1) in this spectrum confirms the formation of Ag NPs. The amide and alkyl functional groups are may mainly responsible for the reduction of Ag precursor material.  
3.4 SEM with EDAX analysis
Morphology of synthesized Ag NPs carried out from SEM (Model ZEISS-EVO 18, Japan equipped with EDAX analysis. The SEM images of Ag nanoparticles at different magnifications are shown in Figure 4a, b and their EDAX analysis are shown in Figure 5, respectively. The image reveals that Ag NPs have clastic rock like morphology, which has a little bit of agglomeration at some parts. The size of the particle found in the range of 508-857 nm was calculated from the SEM image using image J software. The EDAX analysis confirms the presence of Ag that have a chemical composition of Na, Mg, S and Cl elements, which may come from leaf extract of Datura metel L. and also found C, O is subject to the reference carbon at EDAX specimen, and atmosphere respectively.  
3.5 Electrochemical analysis

3.7 Cyclic voltammetry analysis

The Supercapacitor performance of fabricated Ag electrode was analyzed at various scan rates (5-100 mV) using the three-electrode system in the potential limit of 0.3 to 0.65 V shown in Figure 6a. The CV graphs of the Ag electrode have anodic peaks that exist on positive current regions belonging to the oxidative process and cathodic peaks have emerged on negative current regions corresponding to reduction reactions, which reveal the as-prepared electrodes are approved for the redox (oxidation-reduction) mechanism. However, the characteristic oxidation peaks occurred around ~ 0.4 mV of the anodic cycle, and reduction peaks encircling on ~ 0.11 mV of the cathodic cycle display the existence Ag. The oxidation and reduction of individual Ag peak values (Ag-0.4mV) examine the redox characteristics of the Ag electrode. The CV graphs and their positions are increased during the variation of scan rate due to the diffusions of OH ions at electrode/electrolyte interface. The CV graphs of Ag show a predominant reduction peak may attribute to the oxidized state of Ag2+. When making Ag NPs, developing of the nearby fairly equal magnitude of oxidation, reduction peaks are expressed the complete oxidation of Ag into AgO by transformation two-electron reaction and could understand the compensation of oxidized behavior of Ag by the electron transfer process during the redox reaction. Moreover, all the obtained CV curves are appeared as the regular shape displaying pseudo-capacitive behavior of as-prepared electrodes and do not change their shape even on high scan rates indicating the as-prepared electrode has good rate capability, excellent reversibility, and symmetric nature (Zhou et al., 2021). The shape of CV curves shows the redox mechanism of Ag electrode governed by the reversible faradic reaction. The possible redox mechanism of the fabricated Ag electrode during the redox reaction between the electrode and electrolyte can be expressed as follows

Ag + OH- ↔AgOH + e-                                                                                                             (3)

The faradic reversible reaction mechanism shows the involvement of Ag+ ions activated by carbon molecules added on during the slurry making on electrode preparation. When rising the scan rate, the magnitude of the first oxidation peak is shifted from 0.0015 A/g to 0.096 A/g at a scan rate of 5 to 100 mV, simultaneously their reduction peaks have gained some noticeable magnitude shifted from -0.006 A/g to -0.027 A/g for corresponding scan rate of 5 to 100 mV/s respectively, which displays that linear relationship of magnitude and area of the CV curves (Ghadimi et al., 2019). The magnitude of the second oxidation (~0.01 A) and reduction peak (~0.29 A) was higher than that of pre-existing oxidation (~0.009 A), reduction peak (~0.27 A) may be caused by the reduced Ag NPs. In addition, the successive redox cycles are bigger than the previous cycle advocating them certain amount of cations per cycle only from Ag involved in the action of the redox mechanism. Although redox peaks are shifted during the increment of scan rates from 5 - 100 mV i.e. the oxidation peak move from 0.338 to 0.415 mV concerning the higher positive potential side and their equal reduction peak moving from 0.155 to -0.019 mV respecting the lower negative potential side due to the sluggish electron transfer. Besides, it shows the good contributions of the electrode-electrolyte kinetic process.
. The superior specific capacitance of 251 F/g was achieved at a scan rate of 5 mV/s, which is more than the previous report. Kim et al., 2017 reported 115 F/g at a current density of 1 A/g for Ag/toner/paper electrode.  All the remaining calculated specific capacitance values are 196, 150, 119, and 100 F/g for scan rates of 10, 25, 50, 75, and 100 mV/s consequently. These suggested that diffusion of OH ions in electrolyte easily penetrates on inner portion and surface of the electrode and can create a more electrochemically active surface area at lower scan; hence more redox reaction occurred between the as-prepared Ag electrode and electrolyte. The organic trace elements such as O, S, and C in Datura metel L. identified in EDAX analysis hold on Ag NPs may be one the reason for remarkably improved specific capacitance and that was an aid to keep up stability of the electrode, previous literature reports the similar discussion (Gao et al., 2019). But, in the case of greater scan rates exhibits comparable low specific capacitance because of its less electroactive surfaces, which is caused by the insufficient time of transportation ions connecting the electrode and electrolyte and not easy to access the electrolyte ions on their surface, inner portions. 

3.8 Choronopotentiometry analysis

The galvanostatic charge-discharge (GCD) characteristics of as-prepared Ag electrodes were studied in the potential limit of 0-0.6V at various current densities of 0.5–4 A/g. The obtained curves manifest in Figure 6b represent the non-reversible nature, which indicates the pseudo-capacitive behavior of the Ag electrode by the electrochemical quasi-reversible redox reaction. All the obtained curves possess the IR drop, which may chance to restrict the diffusion of OH ions at the surface of the electrode and similar kind of GCD behavior reported by previous literature (Zhou et al., 2021). The higher potential drop (incremental drop) found in all curves shows a decrement of charge diffusion at higher scan rates, which makes the quick redox reaction between electrode and electrolyte. Hence, the lowest current density of 0.5 A/g exhibits the longest discharge time due to the switching of more active surfaces by the OH- ions diffusion. The higher specific capacitance of 267 F/g at a current density of 0.5 A/g displays that more redox reaction takes place on low current density by the creation of a massed operative surface on the electrode, with remaining calculated specific capacitance of 186, 142, 126, and 115 F/g for a current density of 1, 2, 3 and 4 A/g consequently. At all the different current densities, the potential window of as-prepared electrodes Ag linearly increases during the charging process and linearly decreases during the discharge process revealing their good electrochemical properties. The slow current densities provide the high specific capacitance by the attribution of more redox reactions of electrode surfaces and electrolytes. As prepared Ag NPs have a clastic rock-like, morphology, these special features provide a more electroactive surface area by the transportation ions (Gao et al., 2021). The contribution of Ag/Ag+ redox couple shows plateaus voltage found at ~ 4 V in the GCD curve. Meanwhile, low scan rates and current densities foster the specific capacitance owing to the more diffusion of OH- ions making a fresh active surface on an electrode. On another side, difficult to access the same OH- ions at a higher scan rate and current density because of insufficient time of diffusion process to deliver less redox reaction (Asaithambi et al., 2021). The stability of the electrode was further checked by a long-term cyclic performance of Ag NPs carried out by repeating the charge-discharge experiments for 5000 cycles and it shows the specific capacitance retention of 83.7% indicating the excellent stability of the Ag electrode shown in Figure 6d. 
3.9 EIS analysis

To realize the conducting behavior of as-prepared electrode Ag was carried out on EIS analysis measured from 1 Hz to 100 kHz. The Nyquist plot is expressed in Figure 6c, it was accounted for during the 5000 GCD cycles. The EIS spectra of the sample are involved on semicircle and straight line on high-frequency and low-frequency region respectively. The semicircles are found around on high-frequency domain, and their diameter of the loop is shown in Figure 6c exhibits the electrode kinetics of charge transfer (Rct) and intrinsic resistance (Rs) developed between the interfaces of electrode/electrolyte (Adhikari et al., 2020). In high frequency domain, semicircle cut off in x-axis shows the internal resistance found between the electrode and electrolyte. The estimated internal resistances value of Ag is 2.3 Ω, which makes the same trend followed by their calculated values of charge transfer resistances typically 2.14 Ω after GCD analysis. The straight arrow hinge in low-frequency domain is ascribed to the behavior of Warburg impedance, it could control the ions diffusions in the redox mechanism. The charge transfer resistance and solution resistance are working out from the EIS spectra fitting data through the Z-View software. The enlargement of curve fitting at high frequency region is shown in Figure 6c. The Ag electrode has smaller Rct values and is examined by the formation of consistent semicircle even before and after the cycle; it indicates more ions diffusion processes occurred between electrode and electrolyte. Meanwhile, it may relate to the clastic rock morphology of silver nanoparticles.  
4. Conclusions

In summary, Ag NPs were synthesized from leaf extract of Datura metel L. as a reducing agent using green synthesis method. The XRD pattern shows the face centered cubic crystal structure of prepared Ag NPs with organometallic complex phase. The FTIR spectra show the presence of organic molecules and Ag NPs. The clastic rock morphology observed from SEM image and EDAX analysis affirms the presence of trace elements with Ag. The results obtained in this study show that synthesized Ag NPs bind with trace elements and may utilize for deficiency related biological applications. The specific capacitance of 267 F/g at 0.5 A/g and cyclic retention of 83.7% even after 5000 charge-discharge cycles demonstrate Supercapacitor performance and clastic rock morphology synthesized Ag NPs support the redox mechanism. Therefore, plant trace elements incorporated in Ag NPs have a bright future in graphene hybrid Supercapacitor as the electrochemical electrode.
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Figure Captions
FIGURE 1 UV-Vis spectroscopy analysis of Ag NPs.
FIGURE 2 Powder XRD pattern of AgNPs synthesized from Datura metel L.
FIGURE 3 FTIR analysis of Ag NPs.

FIGURE 4 SEM images. (a) Nanometer and (b) Micrometer Magnifications of Ag NPs.

FIGURE 5 EDAX analysis of Ag nanoparticles.

FIGURE 6 Electrochemical analysis a) cyclic voltammetry curves b) charge-discharge curves c) Nyquist plot d) cyclic retention of as prepared Ag electrode.   
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