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A B S T R A C T 
 
Today, nanotechnology is widely used in science and technology is growing 
rapidly. Nanoparticles synthesized with the help of plant extracts, due to the lack 
of use of external chemical agents, can have fewer side effects in medical 
applications. In this article, we synthesize silver nanoparticles (AgNPs) using the 
aqueous extract of Stachys lavandulifolia vahl. Plant extract in the synthesis of 
nanoparticles acts as a reducing and stabilizing agent and can also have fewer 
side effects in medical use and is environmentally friendly. The average size of 
nanosilver synthesized by this method is 68-69 nm and factors such as 
temperature, concentration, pH, and time were investigated to optimize the 
reaction. The formation of silver nanoparticles was confirmed by UV–Vis 
spectroscopy, Energy Dispersive Spectroscopy (EDS) analysis, X-ray diffraction 
(XRD), and Field Emission Scanning Electron Microscopy (FESEM). 

  

Introduction 

anotechnology is expected to underpin 
many of the major research and 
development innovations of the 21st 

century. Plant extracts can act as a reducing and 
stabilizing agent in nanoparticle synthesis.[1]. 
The ability of plant extracts to reduce metal ions 
has been known since 1900. Although the nature 
of the reducing agents involved in these N 
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reactions is not well understood, the simple use 
of plants (tissues and plant extracts) to reduce 
metal salts to nanoparticles has attracted the 
attention of researchers. Compared to the use of 
chemical methods, plant extracts have received 
more attention and focus. In recent years, many 
biological processes have been used to 
synthesize silver nanoparticles. The existence of 
different compounds such as proteins, 
polysaccharides, polyphenols, terpenoids, and 
organic acids such as citrates, etc. with different 
concentrations cause the use of plant extracts as 
organic reducing agents [2]. 

Hence, nano-silver can be used to remove 
harmful impurities from an aqueous solution. 
Also, silver nanoparticles have advantages such 
as ease of use, being environmentally friendly, 
Non-toxicity, cheapness, and having a wide 
variety of metabolites that are involved in ion 
reduction. Nanoparticle biosynthesis as one of 
the most prominent intersections of 
nanotechnology due to the growing need for the 
development of environmentally safe 
technologies in the synthesis of materials, has 
attracted increasing attention [3]. Silver 
nanoparticles have been able to have different 
applications in recent years due to their 
antibacterial activity. They are important 
antibacterial agents against a wide range of 
antibiotic-resistant bacteria. According to 
previous studies, it has been reported that silver 
nanoparticles have antifungal activity [5], anti-
inflammatory effects [6] anti-viral activity [7] 
anti-angiogenesis activity [8], and anti-platelet 
activity [9]. Today, a variety of plant extracts are 
used to synthesize silver, copper, and gold 
nanoparticles, such as broth extracts of neem 
[10], Aloe Vera [11], tamarind[12], Avena sativa 
[13], wheat [14], alfalfa [15], germanium[16], 
lemongrass[17] and tamarind [18]. Nanosilver 
particles were synthesized by cellulose along 
with glucose in alkali media [19]. Green 
synthesis of Cu/Cu2O nanoparticles was carried 
out using an extract of  the flowers of Stachys 
lavandulifolia for the first time by Mehrdad 
Khatami and his coworkers [20]. In another 
work, silver nanoparticles on Stachys 
lavandulifolia extract modified magnetic iron 
oxide nanoparticles as an antibacterial agent 
and their 4-nitrophenol catalytic reduction 

activity were prepared [21]. In this study, we 
report the synthesis of silver nanoparticles by 
reducing the aqueous solution of silver nitrate 
through Stachys lavandulifolia vahl extract and 
determine the optimal conditions for the 
synthesis of this silver nanoparticle according to 
the parameters of pH, temperature, time, and 
concentration. Here we are going to introduce a 
green and efficient method in the biosynthesis of 
silver nanoparticles in the hope of the attention 
of biochemists and nanochemists.  

Experimental 

Preparation of extracts 

Stachys lavandulifolia vahl was collected from 
Bojnourd city of North Khorasan province. To 
prepare the aqueous extract, the first 30 grams 
of the studied plant was washed and placed at 
room temperature to dry completely. This 
amount of plant was then poured into a 250 mL 
Erlenmeyer flask and 100 mL of distilled water 
was added. The mixture was boiled for 10 
minutes. The aqueous extract was filtered using 
Whatman filter paper and the sample was 
centrifuged at 9000 rpm for 10 minutes to 
remove suspended particles from the extract. 
The extract was then poured into a falcon and 
kept at 4 ° C for later use.  

Synthesis of silver nanoparticles 

For biosynthesis of silver nanoparticles, the first 
5 mL of the prepared extract was slowly added 
to 0.001 M silver nitrate solution and sonicated 
for 15 minutes at 30 °C. The resulting colloidal 
solution was centrifuged at 9000 rpm for 20 
minutes. The supernatant was then discarded 
and the centrifugation was repeated 3 times 
with the addition of deionized water to wash and 
disperse the precipitated nanoparticles. After 
each centrifugation, the supernatant was 
separated and deionized water was added to the 
precipitate. After centrifugation, the remaining 
suspension was placed on a petri dish to dry 

Characterization of silver nanoparticle 

Due to the reaction of silver nitrate with plant 
extract, the color of the solution changed to a 
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light-dark brown, which is a clear sign of the 
formation of silver nanoparticles [22]. This color 
occurs due to the stimulation of surface Plasmon 
vibrations in silver nanoparticles [23].   

When the extract was mixed with an aqueous 
solution of silver nitrate, it began to change color 
from yellow to brown due to the reduction of 
silver ions, indicating the formation of silver 
nanoparticles (Figure 1).

 
(a)                                                 (b) 

Figure 1. Color changes of Stachys lavandulifolia vahl extract (a) before reaction and  after reaction 

with silver nitrate (AgNO3)

 

Figure 2. UV–Vis spectra of Stachys lavandulifolia extract (a) and Silver nanoparticles synthesized(b) 

As we know, UV-Vis spectroscopy can be 

used to detect the shape and size of 

nanoparticles in aqueous suspensions[24]. The 

UV–Vis spectrum of reaction was shown in 

Figure 2 At about 450 nm, the maximum 

absorption is observed, which seems to be 

related to the synthesis of silver nanoparticles. 

The silver nanoparticles produced are between 

68-69 nm. 

EDS is used for the identification and 

characterization of the structure of the silver 

nanoparticles. EDS spectrum of the synthesized 

silver nanoparticles by Stachys lavandulifolia 

vahl extract is shown in Figure 3. 

This result was confirmed by analysis of the 

XRD for the synthesized silver nanoparticles is 

shown in Figure 4. 

The size and morphology of the synthesized 

silver nanoparticles from Stachys lavandulifolia 

vahl were determined by FESEM image and 

they are shown in Figure 5.  

FTIR studies were carried out to identify the 

biomolecules responsible for the stabilization 

of the synthesized silver nanoparticles as well 

as the surface properties of the silver 

nanoparticles. 
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Figure 3. EDS spectrum of the synthesized silver nanoparticles 

 

Figure 4. XRD spectrum of silver nanoparticles  

 

Figure 5. FESEM image of synthesized AgNPs  
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Figure 6. FTIR spectrum of (b) Stachys lavandulifolia vahl medicinal plant as raw and (a) after 

reduction of silver nanoparticles 

Raw Stachys lavandulifolia vahl extract 

showed intense peaks at 3350,2935,1750,1520 

and 1156 cm-1 relative shift in position and 

intensity distribution were confirmed by FT-IR 

(Figure 6a and 6b). Figure6a. shows the FTIR 

spectrum of Stachys lavandulifolia vahl as raw 

and after reduction of silver nanoparticles. The 

observed shifts, as well as intensity changes of 

bands in (Figure 6b) can be attributed to the 

binding of the C=O group with nanoparticles. 

study of the effect of silver nitrate concentration 

on the synthesis of silver nanoparticles: 

To investigate the effect of silver nitrate 

concentration, silver nanoparticles with 

different concentrations (0.012, 0.025, 0.037 

and 0.052 M) was synthesized from silver 

nitrate solution. As can be seen in Figure 7, 

increasing the concentration of silver nitrate in 

λmax has a negative effect. λmax, the different 

graphs are about 435 and the same, on the 

other hand, λmax is directly related to the size of 

nanoparticles. Therefore, increasing the nitrate 

concentration has little effect on the 

nanoparticle size.

 

Figure 7. Effect of silver nitrate concentration on the synthesis of silver nanoparticles
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Therefore, we can say that by increasing the 

concentration of silver nitrate, the synthesis 

efficiency of silver nanoparticles decreases. 

Also, increasing the concentration does not 

have much effect on the size of nanoparticles, 

since, in Figure 7 λmax, the different graphs are 

about 435 and the same, on the other hand, λmax 

is directly related to the size of nanoparticles. 

Therefore, increasing the nitrate concentration 

has little effect on the nanoparticle size 

Investigation of the effect of temperature on the 

synthesis of silver nanoparticles: 

The temperature has a great effect on the 

synthesis efficiency of nanoparticles. Synthesis 

of silver nanoparticles was performed at 

different temperatures (17, 35, 50, 70, and 120 

degrees Celsius). As shown in Figure 8, with 

increasing temperature from 17 to 120 degrees 

Celsius, a significant increase in maximum 

absorption is observed. Performing the 

reaction at temperatures above 120 °C does not 

show a significant change in adsorption (the 

corresponding spectrum is not shown in the 

Figure).  

 

Figure 8. The effect of reaction temperature on the synthesis of silver nanoparticles 

Therefore, 70 °C was chosen as the optimal 

temperature. Also, due to the direct 

relationship between the size of nanoparticles 

and the absorption wavelength, it seems that at 

temperatures of 17 to 50 °C, silver 

nanoparticles with different dimensions are 

formed, but at a temperature of 70 °C, the 

adsorption of the solution is in the range of 400 

to 550 nm. With λmax is about 435, which 

indicates the synthesis of nanoparticles with 

close dimensions so the temperature of 70°C 

was chosen as optimal [25].  

Investigation of the effect of time on the 

synthesis of silver nanoparticles: 

To achieve the best efficiency in the synthesis 

of silver nanoparticles, the effect of time on the 

above reaction was investigated. As shown in 

Figure 9, the time has a large effect on the 

synthesis efficiency of silver nanoparticles.  
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Figure 9. The effect of reaction time on the synthesis of silver nanoparticles 

The synthesis of silver nanoparticles was 

studied during a period of 5 to 30 minutes and 

the results showed that the optimal time for the 

synthesis of nanoparticles is the first 5 minutes. 

Also, time does not seem to have a significant 

effect on the size of silver nanoparticles. 

Investigation of the effect of pH on the synthesis 
of silver nanoparticles: 

As shown in Figure10, the most suitable pH for 

the synthesis of silver nanoparticles is 5.5, 

Which is the pH of the plant extract. 

 

Figure 10. The effect of reaction PH on the synthesis of silver nanoparticles 

Conclusion 

Synthesis of Stachys lavandulifolia vahl plant 

extract can provide nanoparticles with 

controlled size and shape. With the help of this 

plant extract, we propose a simple, economical, 

and effective way to synthesize silver 

nanoparticles and also show a green, fast, and 
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environmentally friendly chemistry approach 

for the synthesis of silver nanoparticles. 

Therefore, in this path, all conditions provide a 

100% green chemical process. During this 

reaction, it was found that increasing the 

concentration of silver nitrate does not play a 

role in controlling the size of nanoparticles. 

Also, increasing the temperature was effective 

in the synthesis of silver nano, and 70 °C was 

selected as the optimal temperature. The time 

factor was not effective in the synthesis of this 

nano-silver and in the first 5 minutes the best 

production efficiency of nano-silver was 

obtained. Regarding the effect of pH 

parameters on the synthesis of nano-silver, it 

was observed that the highest efficiency is in 

plant pH. Antimicrobial silver using plant 

extracts showed that it can be used in various 

biomedical applications. Therefore, 

synthesized silver nanoparticles can have a 

high potential for use in biological applications. 

Acknowledgements 

The authors would like to thank the Research 

Center of Kosar University of Bojnord. 

References 

[1]  V. Kumar, S.K. Yadav, IET 

Nanobiotechnology, 2012, 6, 1-8. [Crossref], 

[Google Scholar], [Publisher] 

[2]  S. Balaji, K. S. Mukunthan, N. Kannan, Rev. 

Adv. Sci. Eng., 2014, 3, 250-260. [Crossref], 

[Google Scholar], [Publisher] 

[3]  K. Kalishwaralal,V. Deepak, S.R. K. 

Pandian, M. Kottaisamy, S. BarathManiKanth, B. 

Kartikeyan, B., S. Gurunathan, Colloids Surf. B, 

2010, 77, 257–262. [Crossref], [Google 

Scholar], [Publisher] 

[4]  S.B. Lee, K. H. Cha, S.N. Kim, 

S.Altantsetseg, S. Shatar, O. Sarangerel, C. W. 

Nho, J Microbiol, 2007, 45, 53–57. [Crossref], 

[Google Scholar], [Publisher] 

[5]  K. J. Kim, W. S. Sung, B. K. Suh, S. K. Moon, 

J. S. Choi, J. G. Kim, D. G. Lee, Biometals, 2009, 

22, 235–242. [Crossref], [Google Scholar], 

[Publisher] 

[6]  P. L. Nadworny, J. Wang, E. E. Tredget, R. 

E. Burrell, Nanomed: Nanotechnol. Biol. Med. 

2008, 4, 241–251. [Crossref], [Google Scholar], 

[Publisher] 

[7]  J. V. Rogers, C. V. Parkinson, Y. W. Choi, J. 

L. Speshock, S. M. Hussain, Nanoscale Res. Lett., 

2008, 3, 129–133. [Crossref], [Google Scholar], 

[Publisher] 

[8]  K. Kalishwaralal, S. BarathManiKanth, S. 

R. K. Pandian, V. Deepak, S. Gurunathan, 

Colloids Surf. B, 2010, 79, 340-344. [Crossref], 

[Google Scholar], [Publisher] 

[9]  S. Shrivastava, T. Bera, S.K. Singh, G. 

Singh, P. Ramachandrarao, D. Dash, ACS Nano, 

2009, 3, 1357–1364. [Crossref], [Google 

Scholar], [Publisher] 

[10] S. S. Shankar, A. Rai, A. Ahmad, M. Sastry, 

J. Colloid Interface Sci., 2004, 275, 496–502. 

[Crossref], [Google Scholar], [Publisher] 

[11] S. P. Chandran, M. Chaudhary, R. 

Pasricha, A. Ahmad, M. Sastry, Biotechnol. Prog., 

2006, 22, 577–583. [Crossref], [Google 

Scholar], [Publisher] 

[12] B. Ankamwar, M. Chaudhary, M. Sastry, 

Synthesis and Reactivity in Inorganic, Metal-

Organic and Nano-Metal Chemistry, 2005, 35, 

19–26. [Crossref], [Google Scholar], [Publisher] 

[13] V. Armendariz, I. Herrera, M. Jose-

yacaman, H. Troiani, P. Santiago, J. L. Gardea-

Torresdey, J. Nanopart. Res., 2004, 6, 377–382. 

[Crossref], [Google Scholar], [Publisher] 

[14] V. Armendariz, M. José Yacamán, A. 

Duarte Moller, J. R. Peralta Videa, H. E. Troiani, 

I. Herrera, J. L. Gardea Torres, Revista Mexicana 

de Fisica, 2004, 50, 7–11. [Pdf], [Google 

Scholar], [Publisher] 

[15] J. L. Gardea-Torresdey, J. G. Parsons, E. 

Gomez, J.  Peralta-Videa, H. E. Troiani, P. 

Santiago, M. J. Yacaman, Nano Lett. 2002, 2, 

file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/10.1049/iet-nbt.2010.0015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=V.+Kumar%2C+S.K.+Yadav%2C+IET+Nanobiotechnology%2C+2012%2C+6%2C+1.+&btnG=
https://digital-library.theiet.org/content/journals/10.1049/iet-nbt.2010.0015
https://doi.org/10.1166/rase.2014.1068
https://scholar.google.com/scholar?cluster=4047045489831218720&hl=en&as_sdt=0,5
https://www.ingentaconnect.com/contentone/asp/rase/2014/00000003/00000003/art00006
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/doi.org/10.1016/j.colsurfb.2010.02.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biosynthesis+of+silver+and+gold+nanoparticles+using+Brevibacterium+casei&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biosynthesis+of+silver+and+gold+nanoparticles+using+Brevibacterium+casei&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927776510000810
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/10.1007/s12275-011-0195-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.B.+Lee%2C+et+al.%2C+J+Microbiol%2C+2007%2C+45%2C+53%E2%80%9357.&btnG=
https://www.koreascience.or.kr/article/JAKO200710912641457.page
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/doi.org/10.1007/s10534-008-9159-2
https://scholar.google.com/scholar?cluster=18393807615014037360&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s10534-008-9159-2
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/doi.org/10.1016/j.nano.2008.04.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=P.+L.+Nadworny%2C+J.+Wang%2C+E.+E.+Tredget%2C+R.+E.+Burrell%2C+Nanomed%3A+Nanotechnol.+Biol.+Med.+2008%2C+4%2C+241%E2%80%93251.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1549963408000452
https://doi.org/10.1007/s11671-008-9128-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+V.+Rogers%2C+C.+V.+Parkinson%2C+Y.+W.+Choi%2C+J.+L.+Speshock%2C+S.+M.+Hussain%2C+Nanoscale+Res.+Lett.%2C+2008%2C+3%2C+129%E2%80%93133&btnG=
https://nanoscalereslett.springeropen.com/articles/10.1007/s11671-008-9128-2
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/doi.org/10.1016/j.colsurfb.2010.04.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Kalishwaralal%2C+S.+BarathManiKanth%2C+S.+R.+K.+Pandian%2C+V.+Deepak%2C+S.+Gurunathan%2C+Colloids+Surf.+B%2C+2010%2C+79%2C+340-344&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927776510002171
https://doi.org/10.1021/nn900277t
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Shrivastava%2C+T.+Bera%2C+S.K.+Singh%2C+G.+Singh%2C+P.+Ramachandrarao%2C+D.+Dash%2C+ACS+Nano%2C+2009%2C+3%2C+1357%E2%80%931364.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Shrivastava%2C+T.+Bera%2C+S.K.+Singh%2C+G.+Singh%2C+P.+Ramachandrarao%2C+D.+Dash%2C+ACS+Nano%2C+2009%2C+3%2C+1357%E2%80%931364.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/nn900277t
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/doi.org/10.1016/j.jcis.2004.03.003
https://scholar.google.com/scholar?cluster=11862921218125697009&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0021979704002607?casa_token=ZN91w_8UO98AAAAA:slQJh1bBFBi2IFrQuv-8doDj8icnQEIpS5QnXiK1Cde1XZ9WbdZB2bWjD_0Oy4ql7Ll9nezTtic
https://doi.org/10.1021/bp0501423
https://scholar.google.com/scholar?cluster=13794893797877108916&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=13794893797877108916&hl=en&as_sdt=0,5
https://aiche.onlinelibrary.wiley.com/doi/full/10.1021/bp0501423?casa_token=Pq3b_BLiE44AAAAA%3AGR4lproAHjj3QAtBytRLnZexUrG5QxUhAWbSW12Lah2HOnP1crwCuuQimwoX-0W-43DzaDFB8weZE9zE
https://doi.org/10.1081/SIM-200047527
https://scholar.google.com/scholar?cluster=16535143112005764227&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/abs/10.1081/SIM-200047527
https://doi.org/10.1007/s11051-004-0741-4
https://scholar.google.com/scholar?cluster=11324693866698116809&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11051-004-0741-4
file:///C:/Users/user/AppData/Local/Temp/CONICET_Digital_Nro.8b1dc274-5a0b-4371-8d66-eefcf262665c_X.pdf
https://scholar.google.com/scholar?cluster=1825609151667505383&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=1825609151667505383&hl=en&as_sdt=0,5
https://ri.conicet.gov.ar/handle/11336/114080


 

 

2021, Volume 1, Issue 4 

215 

397–401. [Crossref], [Google Scholar], 

[Publisher] 

[16] S. S. Shankar, A. Ahmad, R. Pasricha, M. 

Sastry, J. Mater. Chem., 2003, 13, 1822. 

[Crossref], [Google Scholar], [Publisher] 

[17] SS. S. hankar, A. Rai, A., Ahmad, M. Sastry, 

Chem. Mater., 2005, 17, 566–572. [Crossref], 

[Google Scholar], [Publisher] 

[18] B. Ankamwar, M. Salgaonkar, U.K. Sur, 

Inorg. Nano-Metal Chem., 2017, 9, 1359-1363. 

[Crossref], [Google Scholar], [Publisher] 

[19] A. S. Maryan, M. Gorji, Bulg. Chem. 

Commun. 2016, 47, 151–155. [Crossref], 

[Google Scholar], [Publisher] 

[20] M. Khatami, H. Heli, P. Mohammadzadeh 

Jahani, H. Azizi, IET Nanobiotechnology, 2017, 

11, 709–713. [Crossref], [Google Scholar], 

[Publisher] 

[21] M. Shahriary, H. Veisi, M. Hekmati, S. 

Hemmati, Mater. Sci. Eng. C, 2018, 90, 57–66. 

[Crossref], [Google Scholar], [Publisher] 

[22] S. S. Shankar, A. Rai, B. Ankamwar, A. 

Singh, A. Ahmad, M. Sastry, Nat. Mater., 2004, 3, 

482–488. [Crossref], [Google Scholar], 

[Publisher] 

[23] S. P. Mulvaney, M. D. Musick, C. D. 

Keating, M. J. Natan, Langmuir, 2003, 19, 4784–

4790. [Crossref], [Google Scholar], [Publisher] 

[24] S. Shrivastava, T. Bera, A. Roy, G. Singh, P. 

Ramachandrarao, D. Dash, Nanotechnology, 

2007, 18, 10. [Pdf], [Google Scholar], 

[Publisher] 

 [25] J. Huang, Q. Li, D. Sun, Y. Lu, Y., Su, X. Yang, 

H. Wang, Y. Wang, W. Shao, N. He, J. Hong, 

Nanotechnology, 2007, 18, 105104. [Pdf], 

[Google Scholar], [Publisher] 

 

Copyright © 2021 by SPC (Sami Publishing Company) + is an open access article distributed under 

the Creative Commons Attribution License (CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original work is properly cited.  

 

 

https://doi.org/10.1021/nl015673+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.L.+Gardea-Torresdey+et+al.%2C+Nano+Letters%2C+2002%2C+2%2C+397%E2%80%93401&btnG=
https://pubs.acs.org/doi/abs/10.1021/nl015673+
https://doi.org/10.1039/B303808B
https://scholar.google.com/scholar?cluster=14083468637285584706&hl=en&as_sdt=0,5
https://pubs.rsc.org/en/content/articlelanding/2003/jm/b303808b/unauth
https://doi.org/10.1021/cm048292g
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=.+S.+Murali+S.+S.+Shiv+Shankar%2C+Akhilesh+Rai%2C+Absar+Ahmad%2C+Chem.+Mater%2C+2005%2C+17%2C+566%E2%80%93572.&btnG=
https://pubs.acs.org/doi/abs/10.1021/cm048292g
https://doi.org/10.1080/24701556.2017.1284121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Ankamwar%2C+M.+Salgaonkar%2C+U.K.+Sur%2C+Inorganic+and+Nano-Metal+Chemistry%2C+2017%2C+47%2C+&btnG=
https://www.tandfonline.com/doi/abs/10.1080/24701556.2017.1284121
https://scholar.google.com/scholar?cluster=7084704326038536421&hl=en&as_sdt=0,5
file:///C:/Users/Tavakkoli/Desktop/Parvin/Nashrieh/JAOC/last%20issues%20sending%20arzegar/valume%201,%20issue4,%202021/Issue%204/JAOC-2112-1043/10.1049/iet-nbt.2016.0189
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mehrdad+Khatami%2C+H.+Heli%2C+P.+Mohammadzadeh+Jahani%2C+H.+Azizi%2C+IET+Nanobiotechnology%2C+2017%2C+11%2C+709%E2%80%93713&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/iet-nbt.2016.0189
https://doi.org/10.1016/j.msec.2018.04.044
https://scholar.google.com/scholar?cluster=4512153347861566968&hl=en&as_sdt=0,5#d=gs_cit&u=%2Fscholar%3Fq%3Dinfo%3A-NVgP5Bjnj4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26scfhb%3D1%26hl%3Den
https://www.sciencedirect.com/science/article/pii/S0928493117337487
https://doi.org/10.1016/j.msec.2018.04.044
https://scholar.google.com/scholar?cluster=4512153347861566968&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S0928493117337487
https://doi.org/10.1021/la026706j
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+P.+Mulvaney%2C+M.+D.+Musick%2C+C.+D.+Keating%2C+M.+J.+Natan%2C+Langmuir%2C+2003%2C+19%2C+4784%E2%80%934790&btnG=
https://pubs.acs.org/doi/abs/10.1021/la026706j
https://iopscience.iop.org/article/10.1088/0957-4484/18/22/225103/pdf?casa_token=wt8nHht0oiQAAAAA:U06NCOAVqbvIugdnVEdwSyctZNBAOiK9Rrbwa0feh8hSWCXBgEdLT50DGB9tqckmn8zy8PurREjn
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Shrivastava%2C+T.+Bera%2C+A.+Roy%2C+G.+Singh%2C+P.+Ramachandrarao%2C+D.+Dash%2C+Nanotechnology%2C+2007%2C+18%2C+10.&btnG=
https://iopscience.iop.org/article/10.1088/0957-4484/18/22/225103/meta?casa_token=ofRsQIAta8kAAAAA:Pd_TDLuW33oLSnrvsq_OaeV1wrwbqsG51e65Coh6Sl70N-Up1hHqcbPj840D8V5wYk-mgHUnGDag
https://iopscience.iop.org/article/10.1088/0957-4484/18/10/105104/pdf?casa_token=X-nDajDuhk4AAAAA:YdRdm3fuvUToRPgwhsMpMckqB_XgqpMlnrWNpHWrb9KgGT9adv15d6Kt9j86FHbklcMeG0lW4HOE
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Huang+et+al.%2C+Nanotechnology%2C+2007%2C+18%2C+105104.+&btnG=
https://iopscience.iop.org/article/10.1088/0957-4484/18/10/105104/meta?casa_token=T6oHT_5-2tEAAAAA:WQa2SqW71-SuMs4jejBSEe_SuWAkJthSF-sbeJfMQyj7F1dpGkGV7vyxsqacQDwi_NnsSQm51MN_
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

