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Nowadays silver nanoparticles are produced by different chemical methods. Which have disadvantages such as 

instability of the solution and also require advanced equipment for production. So, green synthesis routes have attracted 

the attention of researchers for producing nanoparticles that have the minimum environmental hazards and require 

simple equipment for production. Herbal extracts can be used as a green route to synthesize silver nanoparticles. In this 

work, synthesis of silver nanoparticles was carried out using Thymbra spicata L. herbal extract (with the local name of 

zoofai). Silver nitrate was added to the extract and the effect of silver nitrate concentration, volume of the extract, 

temperature and time on silver nanoparticles synthesis was investigated. The synthesized nanoparticles have been 

characterized by UV-Vis spectroscopy, transmission electron microscopy (TEM), XRD, DLS, scanning electron 

microscopy (SEM), X-ray diffraction spectroscopy (EDX), and FT-IR. At UV-Visible spectrum, the presence of a peak 

at 430 nm indicates the biological synthesis of this nanoparticle in the presence of extract, and TEM image showed the 

spherical shape for the nanoparticle. Particle size distribution and average particle size were found to be about 40 nm by 

DLS. XRD image confirmed face-centered cubic nanocrystals with an average size of 21.3 nm, and SEM images were 

also well-matched with TEM and XRD images. Many organic dyes, such as methylene blue cationic dye, are toxic, 

carcinogenic and non-degradable because of their complex aromatic structure and high solubility in water. Therefore, it 

is necessary to remove them from wastewater. In this study, the efficiency of nanoparticles in the removal of methylene 

blue from water was also investigated by changing some parameters such as silver nanoparticle dosage, concentration of 

methylene blue and time, and it was found that the removal procedure is well done. 
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INTRODUCTION 

Nanotechnology is based on technological 

innovations in the 21st century. One of the 

important areas of research in nanotechnology is 

the synthesis of different nanoparticles. Today, the 

need for reliable methods for the synthesis of 

nanoparticles that do not hazard the environment 

has attracted researchers to the biological system. 

Metallic nanoparticles have been considered 

because of their unique optical properties, electrical 

applications, photonics, biomedical, magnetic, and 

catalytic properties [1]. Among the nanoparticles, 

silver atoms are important because of their high 

anti-fungal, antibacterial, and antiviral activity. In 

addition, these nanoparticles can play an effective 

role in water and industrial effluents (removing 

dyes or metallic pollutants) purification [8,73,74]. 

In fact, metal nanoparticles, such as silver, have 

been considered due to the high surface area, 

reactive surface, structural stability as an effective 

absorbent for water purification. The efficiency of 

silver nanoparticles in absorbing heavy metal ions, 

as well as organic pollutants (cationic and anionic 

ions), has been investigated [2]. Among organic 

pollutants, dyes pollutants are most notable because 

many commercial dyes are often poisonous and 

non-degradable because of their complex aromatic 

and plyometric structure and high solubility in 

water [3]. These pollutants become more stable 

after entering organic compounds to water and their 

chemical decomposition become harder due to their 

chemical structure [4]. There is also the possibility 

of the formation of aromatic amines that are highly 

carcinogenic [5]. Cationic colors are in proportion 

to the toxic anionic treads [6]. Methylene blue is 

the most common dye which is used to color 

cotton, wool, and silk [7]. Exposure to methylene 

blue, which is a cationic color, increases heartbeat 

and cause shock, nausea, jaundice, and necrosis 

[3,8,9]. Though different methods such as 

biological methods, adsorption, and ion exchange 

are used for wastewater purification, these methods 

have many limitations due to high costs, poor 

performance, secondary pollution generation and 

sophisticated technology [3]. The use of green 

plants to biosynthesis of nanoparticles is an exciting 

and unknown possibility. Gold and silver 

nanoparticles have many biological applications 

because of their biocompatibility. Chemical 

methods typically lead to remain some toxic agents 

on nanoparticles. whereas synthesis of 
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nanoparticles using plants do not have this problem, 

so in recent years the use of extracts of different 

parts of the plant such as root, stem, skin, leaf 

Fruits, buds, and latex have attracted the attention 

of many researchers as stable and available sources 

for producing biocompatible nanoparticles [10-18]. 

In the process of synthesizing nanoparticles using 

plant extracts, herbal reducing agents play a major 

role. The main reaction in this process is oxidation 

and reduction. In this process, the herbal reducer, or 

the antioxidant present in the plant, produces silver 

nanoparticles by giving electrons as a reducing 

agent. Silver atoms are converted into nanometric 

clusters with aggregation in water [19]. Synthesis 

of silver nanoparticles using various plant extracts 

is presented in many reports. Root of licorice [20], 

Aloe vera extract [21] ,Centella asia [22], Extract 

of cinnamon[23] and extract of Phyllanthus 

emblica [24-26] (Table 1). 

Table 1. Comparison of green synthesis methods for silver nanoparticles production using different plant extracts. 

Plants extract Size (nm) Plant’s part Shape References 

Leucas aspera 7-22 Leaves Face-Centered Cubic 25 

Hyptis suaveolens 5-25 Leaves Face-Centered Cubic 25 

Lantana camara L average diameter 425 Leaves Spherical 26 

Butea monosperma 

bark 

average dimension 35 Bark Plant Face-Centered Cubic 27 

Dragon Fruit 26.2±8.2, 25.7±8.7 & 

25.3±7.9 

Peel spherical 28 

Azadirachta indica 

aqueous 

34 leaf spherical 29 

Megaphrynium  

macrostachyum 

 leaves Face-Centered Cubic 30 

Abutilon indicum 7–17 Leaves Spherical 31 

Ziziphora tenuior 8–40 Leaves Spherical 32 

Pistacia atlantica 10–50 Seeds Spherical 33 

Vitis vinifera 30–40 Fruit  34 

Alternanthera dentate 50–100 Leaves Spherical 35 

Tribulus terrestris 16–28 Fruit Spherical 36 

Boerhaavia diffusa 25 Whole plant Spherical 37 

Cocous nucifera 22 Inflorescence Spherical 38 

Acorus calamus 31.83 Rhizome Spherical 39 

Psoralea corylifolia 100–110 Seeds – 40 

Ficus carica 13 Leaves – 41 

Argyreia nervosa 20–50 Seeds – 42 

Melia dubia 35 Leaves Spherical 43 

Brassica rapa 16.4 Leaves – 44 

Pogostemon 

benghalensis 

>80 Leaves – 45 

Thevetia peruviana 10–30 Latex Spherical 46 

Thymbra spicataL 7-33 Whole plant Spherical & face-

centered cubic 

This study 

 

 

Figure 1. Thymbra spicataL medicinal herbs. 

Thymbra spicata L. is one of the medicinal and 

aromatic species of Kermanshah province in Iran 

(Figure 1). Thymbra Spicata L. is an Aromatic plant 

from the family of mint that grows up to 40 

centimeters and used as a disinfectant for the 

respiratory tract, tonic, suppresses muscular and 

spasms, excretion of parasite and appetizer which is 

widely used for therapeutic purposes. It also has 

antimicrobial, antifungal and antiparasitic 

properties. Lamiaceae family produce a variety of 

terpenoid and aromatic compounds and store them 

in epidermal glands, leaves, stems and natal organs. 

The main combination of aerial parts of this plant 
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include p-cymene, γ-terpinene, carvacrol and 

thymol. The major combination of Thymbra spicata 

L. is thymol; these compounds have active agent 

groups that can play an important role in the 

biosynthesis of nanoparticles [41-47]. Iran has a 

wide variety of plants, however, little research has 

been done to investigate the potential of Thymbra 

spicata L. in the production of nanoparticles. 

Proving the potential of producing silver 

nanoparticles using this plant could be an easy and 

affordable solution to produce silver 

nanoparticles.at the same time, shows another use 

of this plant. In the present study, in addition, to 

study the biosynthesis of nanoparticles using the 

aqueous extract of Thymbra spicata L. and 

investigate the effective parameters, the removal of 

methylene blue from aqueous solutions has also 

been investigated by these nanoparticles. 

MATERIALS AND METHODS 

Preparation of aqueous extract 

First, 10 g of Thymbra spicata L. herb was 

disinfected 10 minutes with sodium hypochlorite 

30% then washed 3 times with distilled water once 

a minute. The powder was then washed with 70% 

alcohol for 2 minutes and finally washed 3 times 

with distilled water for 2 minutes anytime. Then, 

sterilized water was added 5 times the weight of the 

powder, and then heated to 85 ° C for 30 minutes in 

a dark environment (in the Bain Marie). After 30 

minutes, the extract was filtered after cooling with 

Whatman 40 filter paper and the subfiltration 

solution was used for the next steps (Figure 2). 

 
Figure 2. Thymbra spicataL herbal extract 

.

 
Figure 3. Herbal extracts. a) 0.01 M silver nitrate solution b) mixture of 0.01 M silver nitrate solution and Thymbra 

spicataL extract. 

Synthesis of silver nanoparticles 

Silver nitrate solution (Merck Germany with a 

purity of 99.99%) with the concentration of 0.01 

molar (Figure 3a). Inside a test tube, 0.5 ml of 

extract (30% v / v) was added and 5 ml of 0.01 N 

silver nitrate solution was added and incubated at 

room temperature. Silver nanoparticles formation 

was monitored by observing change in color of the 

mixture from light yellow to dark brown (Figure. 

3b). The parameters influencing the synthesis of 

silver nanoparticles in order to find optimal 

conditions were studied by UV-Vis spectroscopy in 

the range of 200-800 nm. Extract volume (0.1, 0.2, 

0.25, 0.5, 1, 1.5 and 2 ml), concentration of silver 

salts (0.5, 1, 1.5, 2, 3, 5 and 8 mM), temperature 

(25, 35, 45, 55, 65, 75 and 85 ˚C) and time (10, 20, 

30, 40, 50, 60, 90, 120 and 180 minutes). 

 

Influence of Thymbra spicata L. extract on the 

synthesis of silver nanoparticles 

5 ml of 0.01 M silver nitrate was added into 

each of the seven Erlenmeyer. Then, 0.1, 0.2, 0.25, 

0.5, 1, 1.5 and 2 ml of Thymbra spicata L. extracts 

were added to them, respectively. Then all of them 

were placed on the stirrer with the stirring rate of 

150 rpm at room temperature for 40 minutes. After 

centrifugation the colloidal solutions, using UV 

spectroscopy and obtained spectra, the optimum 

volume of the extract was determined, And was 

considered for the next steps. 

Investigating the effect of silver nitrate 

concentration on the synthesis of silver 

nanoparticles using Thymbra spicata L. extract 

For studying the effect of silver nitrate 

concentration, 0.5, 1, 1.5, 2, 3, 5 and 8 mM of silver 

nitrate solution were prepared and 5 ml of each of 
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them were added to 7 Erlenmeyer. The optimum 

volume of Thymbra spicata L. extract was added to 

them, then were placed on the shaker with the 

stirring rate of the 150 rpm for 40 minutes at room 

temperature. The obtained solutions were 

centrifuged. UV spectra were taken from the 

solution in the wavelength range of 200-800 nm, 

and then the best concentration was used for further 

experiments. 

Investigating the effect of temperature on the 

synthesis of silver nanoparticles using Thymbra 

spicata L. extract 

According to the previous steps, the optimum 

temperature was measured. 5 ml of the optimized 

1.5 mM silver nitrate solution was added to 7 

Erlenmeyer then 2 μl of Thymbra spicata L. extract 

was added to them. Then all samples were heated at 

25, 35, 45, 55, 65, 75 and 85 C for 40 minutes. 

Subsequently, all samples were centrifuged and UV 

spectrum was recorded to examine the optimum 

temperature. 

Investigating the effect of time on the synthesis of 

silver nanoparticles using Thymbra spicata L. 

extract 

In order to achieve the best efficiency in the 

synthesis of silver nanoparticles, the effect of time 

was also studied in this work. In fact, determining 

the appropriate time for synthesis of silver 

nanoparticles is an important step because surface 

plasmon resonance increases or decreases over the 

time. 5 ml of 1.5 M silver nitrate solution was 

added to 9 Erlenmeyer and then 2 ml of Thymbra 

spicata L. extract was added to them. Then, all 

samples were placed in the incubator shaker for 10, 

20, 30, 40, 50, 60, 90, 120 and 180 minutes at 

optimum temperature. After centrifugation, UV 

spectrum of the samples was recorded. Based on 

the results, the best time for synthesizing 

nanoparticles was determined. 

Characterization of synthesized silver 

nanoparticles 

As has been mentioned in previous studies, size 

and shape of nanoparticles, as well as the efficiency 

of these nanoparticles in removing dye, mainly 

depend on different factors such as volume of the 

extract, salt concentration, adsorbent dose, dye 

concentration, temperature and time [48,49]. In 

order to characterize the synthesized silver 

nanoparticles, Transmission electron microscopy 

(TEM), X-ray diffraction (XRD), Dynamic Light 

Scattering (DLS), Scanning electron microscopy 

(SEM), X-ray diffraction spectroscopy (EDX) 

Fourier Transform Infrared Spectroscopy (FT-IR) 

were used. Silver nanoparticles were synthesized 

under following optimum conditions: volume of the 

extract: 2 μl, silver nitrate concentration: 1.5 mM, 

temperature: 60 ° C, and time: 60 min. 

Investigating the effect of synthesized nano silver 

on removing methylene blue 

To evaluate the effect of adsorbent dose on 

removing methylene blue, 5, 8, 20, 40, 60, 80 and 

100 mg of adsorbent were weighed and added to 7 

Erlenmeyer. Then 10 ml of methylene blue with the 

concentration of 20 ppm was added to them. All 

Samples were placed in the incubator shaker 

(temperature: 25 ° C and 150 rpm) for 20 minutes. 

Then each sample was centrifuged. Eventually, the 

best absorbent value was determined according to 

the UV analysis. 

Investigating the effect of silver nanoparticle 

contact time on removing methylene blue 

100 mg of adsorbent was added to 7 

Erlenmeyer. Then, 10 ml of methylene blue (20 

ppm) was added to each of them. After that for 5, 

10, 20, 30, 40, 50 and 60 minutes they were placed 

on incubator shaker (temperature: 25 ° C and 150 

rpm). After the centrifugation, the optimum time 

was determined using UV spectroscopy. 

Effect of methylene blue concentration on 

synthesized nano-adsorbent 

For optimizing the methylene blue concentration 

100 mg of silver nano-absorbent was added to 7 

Erlenmeyer. Then 10, 20, 30, 50, 80, 120 and 150 

mg / L of methylene blue were added to each 

Erlenmeyer, respectively. After that, they were 

placed on the shaker (150 rpm) for 60 minutes. 

Subsequently, all samples were centrifuged and UV 

spectra were recorded according to the previous 

conditions. As a result, the optimum concentration 

of removed methylene blue by the adsorbent was 

determined. 

RESULTS AND DISCUSSION 

Using UV-Vis spectra, the effects of various 

parameters that were optimized for the synthesis of 

silver nanoparticles using Thymbra spicata L. 

extract were investigated. Metal-based 

nanoparticles have a lot of free electrons that move 

with the conductivity and balance of the strips, and 

when exposed to UV light, they create a surface 

plasmon resonance, and this collision causes the 

vibration of free electrons in nanoparticles. Peak in 

the visible area at 430 nm and changes in solution 

color, confirms the formation of silver 

nanoparticles (optimal figures). 
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Figure 4. Influence of extract volume on silver nanoparticles synthesis. (AgNo3 (0.01mM) =5 ml, t=40min, T=room 

tempreture, stirring rate=150 rpm) 

Influence of Thymbra spicata L. volume 

As shown in Figure 4, UV spectra became 

sharper by increasing the volume of Thymbra 

spicata L. extract. The surface Plasmon resonance 

appeared for all samples at 430 nm. This is because 

of increasing the volume of Thymbra spicata L. 

extract, concentration of groups and molecules such 

as tannins, phenolics, alkaloids and sugars, etc. 

increase[50,51]. In the solution therefore, reducing 

agents for silver ion and stabilization of synthesized 

silver nanoparticles increase, thus, according to Fig. 

4, the optimal volume of Thymbra spicata L. was 

determined 2 ml. 

Influence of metal salt concentration 

According to Figure 5, results of UV spectra for 

the influence of metal salt concentration indicate 

that by increasing the concentration of metal salt, 

the surface plasmonic resonance spectra for all 

samples appear at 430 nm and silver nanoparticles 

become smaller and their size dispersion reduce. 

Similar results such as the effect of metal salt 

concentration on the formation of metal 

nanoparticles have been reported [52,53]. Based on 

observations the required concentration of silver 

nitrate was 1.5 mM. 

 
Figure. 5. Influence of silver nitrate concentration on silver nanoparticles synthesis. (Extract=2µl, t=40min, T=room 

temperature, 150 rpm) 

Influence of temperature 

UV spectra in Figure 6 show the effect of 

temperature on the synthesis of silver nanoparticles 

using Thymbra spicata L. extract at different 

temperatures. It is clearly seen that by increasing 

reaction temperature, the surface plasmon 

resonance spectra become sharper. All seven 

mentioned degrees show a similar response with a 

change in the observed maximum absorption. 

Similar results have been reported [52,54,55]. 

According to the results, 65 ° C was selected for 

this study. 
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Figure. 6. Influence of temperature on silver nanoparticles synthesis. (CAgNO3= 1.5mM,VExtract=2µl, t=40min, 150rpm) 

 

Figure. 7. Influence of time on silver nanoparticles synthesis. (CAgNO3= 1.5mM,VExtract=2µl, T=60Ċ, 150rpm) 

Influence of time 

UV-Vis spectra related to the effect of time on 

the green synthesis of silver nanoparticles using 

Thymbra spicata L.. extract is shown in Figure7. 

After 10 minutes, a small and weak peak appeared 

at 430 nm, indicating the formation of a small 

amount of silver nanoparticles. By increasing time 

from 10 minutes to 20, 30, 40, 50, 60, 90, 120 and 

180 minutes, the absorbing bands become sharper 

and the maximum absorbing band appears after 60 

minutes in the 430 nm region (Figure 7), which 

results from the formation of silver nanoparticles. 

As a result, the optimal time to improve the 

reaction was 60 minutes, which is similar to the 

previously reported in this area [56]. 

 

STUDYING THE EFFICIENCY OF 

METHYLENE BLUE ADSORPTION BY 

SYNTHESIZED NANO-ADSORBENT 

Influence of adsorbent dosage 

UV-Vis spectra (Figure 8) for the influence of 

metallic nano-absorbent dosage show that with 

increasing the amount of silver nano-adsorbent, the 

maximum absorption for all samples appears at 665 

nm. The results in the figure show that methylene 

blue removing is greatly increased by increasing the 

absorbent dosage to 100 mg because when the 

absorbent amount increase, more sites will be 

available for color absorption. Similar results such 

as the effect of nano-metal adsorbent dosage, on 

removal methylene blue have been reported [57-

59]. The required dosage of synthesized nano silver 

absorbent using Thymbra spicata L. extract for 

reaction was 100 mg. 
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The effect of contact time on the removal of 

methylene blue dye 

Figure 9 shows the effect of contact time (5, 10, 

20, 30, 40, 50 and 60 minutes) on adsorption 

capacity and methylene blue dye absorption by 

synthesized nano-silver adsorbent using Thymbra 

spicata L.. extract. Accordingly, the adsorption 

capacity and removal of methylene blue increased 

by increasing time. Based on UV-Vis spectra 

(Figure 9), after 60 minutes, the remained 

methylene blue of the solution was lower than the 

other solutions. Color of the solution also confirms 

the obtained result from the UV spectra. Similar 

results have been reported [57-59]. 

 

Figure 8. Influence of adsorbent dosage on methylene blu dye absorption by synthesized silver nano adsorbent using 

Thymbra spicataL extract (10 ml of methylene blue (20 ppm), stirring time=20 min, centrifuging rate=150 rpm, T= 

room temperature) 

 
Figure 9. Influence of contact time on methylene blue dye absorption by synthesized silver nano adsorbent using 

Thymbra spicataL extract (10 ml of methylene blue (20 ppm), adsorbent dosage =100 mg, centrifuging rate=150 rpm, 

T= room temperature) 
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Influence of methylene blue concentration on 

synthesized nano-adsorbent 

The effect of initial concentration of methylene 

blue on its adsorption by synthesized nano silver 

using Thymbra spicata L.. extract is shown in 

Figure.10. As shown in this figure, by increasing 

the initial concentration of dye, the amount of 

absorbed dye by nano absorbent of silver decreases 

(the adsorption rate increases), this is due to the 

blockage of the adsorbent sites, which reducing 

accessibility by increasing methylene blue 

concentration [57-59]. 

 
Figure 10. Influence of methylene blue concentration on absorption by synthesized nano silver adsorption using 

Thymbra spicataL extract (contact time=60 min, adsorbent dosage =100 mg, centrifuging rate=150 rpm, T= room 

temperature) 

 
Figure 11.SEM image of AgNPs using Thymbra spicataL extract 

 

Figure. 12. TEM image of AgNPs using Thymbra spicataL extract 
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The maximum concentration of methylene blue, 

which was removed by nanosilver absorbent, was 

150 ppm (similar to previous reports). 

SEM analysis 

Surface morphology of silver nanoparticles was 

investigated using SEM. In Figure 11, the SEM 

image clearly confirmed the formation of cubic 

silver nanoparticles with an average particle size of 

about 20 nm. The results of SEM analysis are very 

similar to reports of other researchers [75,76]. 

TEM analysis 

Figure 12 shows Transmission electron 

microscopy image of synthesized silver 

nanoparticles by applying all optimized conditions. 

According to the image of the nanoparticles, most 

of them are face-centered cubic (fcc) with the 

average size of 40 nm. 
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Figure 13. EDX imageS of AgNPs 

EDX analysis 

Energy-dispersive X-ray spectroscopy is used to 

show elemental analysis or chemical 

characterization of a sample. It is an elemental 

analysis that can be represented as a linear 

elemental analysis (on a hypothetical line in SEM 

image) or an elemental mapping (dispersion of the 

elements in the image) [60-62,27-40]. As shown in 

Figure 13, the presence of silver particles and 

carbon atoms is significant, which is in good 

agreement with the purpose of this study. 

XRD analysis 

The crystalline structure of synthesized silver 

nanoparticles was examined using X-ray 

diffraction. As Figure 14 shows, Miller's index at 

the levels of (111), (200), (220) and (311) 
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correspond to angles 38.306, 44.396, 64.685 and 

77.689, respectively, clearly confirms that the 

geometric shape of the synthesized nanoparticles is 

face-centered cubic[63-68]. Presence of sharp 

peaks in the pattern indicates a high degree of 

crystallinity of silver nanoparticles. The average 

size of crystalline grains was calculated using 

Debye-Scherrer equation (Eq 1): 

D = 0.9ʎ/βcosϴ                     (1) 

Where D is the average size of crystalline 

particles, β: is the peak widths at half the maximum 

height, ʎ: is the X-ray wavelength. The average size 

of the synthesized crystalline particles was 

estimated about 31.21 nm using Debye-Scherrer's 

equation, which is corresponded with the results of 

the Transmission electron microscopy and UV-Vis 

spectroscopy (Table 2). 
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Figure 14. XRD image of AgNPs using Thymbra spicataL extract 

Table 2. Precise details for calculating silver nanoparticles size 

No. Pos.  

[°2] 
FWHM 

[°2] 

hkl d-spacing 

[Å] 
Size (nm) 

1 38.306540 0.246000 111 2.34973 32.38 

2 44.396340 0.787200 200 2.04054 11 

3 64.685940 0.590400 220 1.44104 15.93 

4 77.689860 0.393600 311 1.22914 25.95 

     Ave. = 21.3 

 

FTIR analysis 

Figure 15 shows FT-IR spectrum of Thymbra 

spicata L. extract and silver nanoparticles. FTIR 

spectroscopy was employed to identify the 

functional groups responsible for the biosynthesis 

of silver nanoparticles. FTIR spectra of Thymbra 

spicata L. (before reaction without AgNO3) and 

synthesized silver nanoparticles (after reaction with 

AgNO3) are illustrated in Fig. 9. It can be seen that 

both FTIR spectra showed a shift in the following 

peaks: 3414-3413 (due to O-H stretching of phenol 

or carboxylic acids), 2924-2923 (due to C-H 

stretching of alkane), 1618-1616 (due to C=C 

stretching of alkene), 1051-1070 (due to C-O 

stretching of phenolic compounds). In addition, 

Thymbra spicata L. showed peak at 1637 cm-1 

corresponding to C=O stretching of carbonyl group 

however this peak was absent in the synthesized 

silver nanoparticle. This reveals that carbonyl group 

of the Thymbra spicata L. is involved in the 

reduction of silver ions [69,70]. 

DLS analysis 

Silver nanoparticles size distribution was 

determined using DLS (Dynamic Light Scattering) 

analysis. 

The average particle size measured by DLS was 

126.8 nm as shown in Figure 16. This may be due 

to the detection of minor amounts of large sized 

particles produced by agglomeration or 

contamination, which caused uncertainties in 

particle sizes. The obtained particle size using DLS 

analysis is higher than TEM analysis. This 
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differences in both analyses indicate that TEM 

purely measures a number based size distribution of 

the physical size and does not consist of any 

capping agent, but DLS measures the 

hydrodynamic diameter (diameter of the particle) 

along with molecules or ions that are attached to the 

surface and moves with the AgNPs in solution 

therefore, these ions or other associated molecules 

create the particle and the particle size would be 

larger in DLS analysis [69-72]. 

 

 
Figure 15. FTIR spectra of a) Thymbra spicataL and b) AgNPs synthesized from the peel extract. 

 

Figure 16. Diagram of treated silver nanoparticles size distribution with Thymbra spicata L. extract. 
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CONCLUSION 

Today, preparation of biological nanoparticles is 

increasingly important due to their applications in 

medicine, biology, and wastewater purification 

processes. On the other hand, usage of 

environmentally friendly methods for production of 

non-toxic biological nanomaterials has become 

important, because of raising awareness of green 

chemistry and biological processes. Although 

various routes have been identified for biosynthesis 

of metal nanoparticles, the use of living organisms 

or other substances for metal nanoparticles 

production is expensive and limited. Therefore, 

facile biosynthesis of nanoparticles by controlling 

size and shape in the proposed methods is mainly 

important. The use of herbal substrates to prepare 

nanomaterials is a new methodology based on the 

principles of green chemistry. There are many 

plants that have potential to use for producing 

nanoparticles but they are still unknown. Many of 

these plants have not yet been tested and, due to the 

industries development, the need to produce nano 

compounds for a variety of commercial 

applications is increasing. Among nanoparticles, 

silver nanoparticles have many applications 

because of their unique properties and can be 

considered as commercial nanoparticles. 

Physicochemical synthesis of these nanoparticles is 

not attractive to consumers and researchers because 

of environmental incompatibility. Therefore, bio-

synthesis methods have priority because of 

biocompatibility features. In this work, silver 

nanoparticles were synthesized using Thymbra 

spicata L. extract under optimal conditions (extract 

volume: 2 μl, silver nitrate concentration: 1.5 mM, 

temperature: 65 ° C and time 60 min). Synthesized 

nanoparticles were characterized and analyzed 

using different methods which include UV-vis, 

TEM, SEM, EDX, XRD, FT-IR and DLS. Spectra 

and images obtained from these techniques, 

confirmed that the synthesized nanoparticles have a 

size of about 22.31 nm with face-centered cubic 

crystal structure. FTIR spectrum confirmed the 

existence of reducing agents in the herbal extract. 

According to the results, Thymbra spicata L. extract 

has potential to synthesize nanoparticles, and since 

the use of this plant for silver ions bio reduction has 

not been reported, the results clearly show the good 

performance of this plant. So, for the first time, it 

can be said that this plant can be used as a living 

source for silver nanoparticles production, as well 

as it also proved to be effective in removing 

methylene blue dye. Therefore Thymbra spicata L., 

besides of its special pharmaceutical role, can be 

used to produce silver nanoparticles for wastewater 

purification, medical and pharmaceutical purposes. 

REFERENCES 

1. B. Ankamwar, A. Ahmad, C. Damle, M. Sastry, J. 

Nanosci. Nanotechnol., 5, 1665 (2005). 

2. A.H. Karim, A.A. Jalil, S. Triwahyono, S.M. Sidik, 

N.H.N. Kamarudin, R. Jusoh, N.W.C. Jusoh, B.H. 

Hameed, J of Coll and Inter Sci., 386, 307 (2012). 

3. S. Debnath, J. Kitinya, M. S. Onyango, J of Ind and 

Eng Chem., 24, 2119 (2014). 

4. T.L. Chew, A. L. Ahmad, S. Bhatia, J. Adv. Coll.  

Inter. Sci., 153, 43 (2010). 

5. S. Nayab, A. Farrukh, Z. Oluz, E. Tuncel, , S. R. H. 

u. Tariq Rahman, K. Kirchhoff, H. Duran, and B. 

Yameen, J. ACS Appl.  Mater. Inter., 6, 44088 

(2014). 

6. Z. Chen, L. Zhou, F. Zhang, C. Yu, Z. Wei, App. Sur. 

Sci., 258, 5291 (2012). 

7. V. Ponnusami, R. Madhuram, V. Krithika, S.N. 

Chem. Eng. J., 140, 609 (2008).  

8. J. Kitinya, S. Debnath, M. S. Onyango, J of Ind and 

Eng Chem., 24, 2119 (2014). 

9. C. H. Huang, K. P. Chang, H.D. Ou, Y. C. Chiang, 

C.F. Wang, J. Micro. Mesop. Maters, 141, 102 

(2011). 

10.  T.C. Prathna, N. Chandrasekaran, A. M. Raichur, A. 

Mukherjee, Coll. Sur. Phys. Engin. Asp., 377, 212 

(2011). 

11.  L. Sintubin, B. D. Gusseme, P. V. d. Meeren,  B. F. 

G. Pycke, W. Verstraete,  N. Boon, Appl. Micro. 

Bioat., 91, 153 (2011).  

12.  P.P.N.V. Kumar, S.V.N., Pammi, P. Kollu, K.V.V. 

Satyanarayana, U. Shameema, J. Indust. Crop. Proc., 

52, 562 (2014). 

13.  M. C. Daniel, D. Astruc, Chem. Rev., 104, 293 

(2004). 

14.  R. Mariselvam, A, J. Ranjitsingh, A. Usha Raja 

Nanthini, K. Kalirajan, C. Padmalatha, P. Mosae 

Selvakumar, Spect. Acta. A. Mol. Biol. Spect., 129, 

537 (2014). 

15.  S. Danai-Tambhale, P. Adhyapak, Inter. J. Phar. 

Biol. Sci., 5, 457 (2014). 

16.  S. Chandran, P. Chaudhary, M. Pasricha, R. Ahmad, 

A. and Sastry, M. J. Biol. Pro., 22, 577 (2006). 

17.  G. Gnanajobitha, K. Paulkumar, M. Vanaja. S. 

Rajeshkumar. C. Malarkodi, G. Annadurai, C. 

Kannan, J. Nano. Chem., 3, 1 (2013). 

18.  J. Saha.  A. Begum, A. kherjee, S. Kumar, Sust. 

Envir Res., 27, 245 (2017).  

19.  G. BALAGANESAN, R. VELMURUGAN, J. Lat. 

Amer. Soli. Stru., 12, 2259 (2015). 

20.  R. Vaidyanathan, K. Kalishwaralal, S. Gopalram, S. 

Gurunathan, J. Biol.  Adv., 27, 924 (2009). 

21. A. R. Shahverdi, A. Fakhimi, D. Pharm, H. R. 

Shahverdi, S. Minaian, Nano: Nano, Biology, Medi., 

3, 168 (2007). 

22.  S. P. Dubey, M. Lahtinen, H. Särkkä. M. Sillanpää, 

Coll.  Surf.  Biol., 80, 26 (2010). 



T.A.B. Matin et al .: Synthesis and characterization of silver nanoparticles using Thymbra spicata L. herbal extract for removing…  

360 

23.  M. Safaepour,  A. R. Shahverdi,  H. R. Shahverdi, 

M. R. Khorramizadeh,  and A. R. Gohari, J. Avi. Med 

Biol., 1, 111 (2009). 

24.  N. Roy, A. Barik, J. Int. Nano.&Appli., 4, 95 (2010). 

25.  D. Elumalai, M. Hemavathi, C. V. Deepaa, P. K. 

Kaleen, J. Para.Epid. Cont., 2, 15 (2017).  

26.  P. P. Shriniwas, T. K. Subhash, J. Biochem. Biophy. 

Rep., 10, 76 (2017).  

27.  S. Pattanayak, M. R. Mollick, D. Maity, C. 

Sharmila, S. K. Dash, S. Chattopadhyay, S. Roy, D. 

Chattopadhyay, M. Chakraborty, J. Sau. Chem. Soci., 

21, 673 (2017).  

28.  S. Phongtongpasuk, S. Poadang, N. Yongvanich, 

Ene. Prog., 89, 239 (2016).  

29.  S. Ahmed, M. Ahmad, B. L. Swami, S. Ikram, J. 

Rad. Res. Appl. Sci., 9, 1 (2016).  

30.  F. E. Meva, M. L. Segnou, C. O. Ebongue, A. A. 

Ntoumba, P. B. K. Ebanda, V. Deli, M.  A. E. M. 

Etoh, Mpondoa, J. Phar.  Rev. Bra. Farm., 26, 640 

(2016). 

31.  S. Ashokkumar, S. Ravi, V. Kathiravan, S. 

Velmurugan, Spect. Acta Part A: Molec. Biomo. 

Spect., 134, 310 (2015). 

32.  B. Ulug, M. H. Turkdemir, A. Cicek, A. Mete, Biol. 

Spect., 135, 153 (2015). 

33.  B. Sadeghi, A. Rostami, S.S. Momeni, Spec. Acta 

Part A: Mole. Biom. Spect., 134, 326 (2015). 

34.  K. Paulkumar, G. Gnanajobitha, M. Vanaja. S. 

Rajeshkumar. C. Malarkodi, G. Annadurai, C. 

Kannan, J. Nano. Chem., 3, 1 (2013). 

35.  J. N. Reddy, M. Rani, A. K. Gupta, S. S. Rani, J. M. 

Chem., 85, 784 (2014). 

36. R. Mariselvam, A.J.A. Ranjitsingh, U. R. Nanthini, 

K. Kalirajan, C. Padmalatha, P. M. Selvakumar, 

Spect. Acta Part A: Mole. Biomo. Spect., 129, 537 

(2014). 

37.  Q. Sun, X. Cai, J. Li, M. Zheng, Z. Chenb, C. P. Yu, 

Colloid Surf A: Physicochem Eng Aspects., 444, 226 

(2014). 

38. A.J. Ranjitsingh, R. Mariselvam, A. Usha Raja 

Nanthini, K. Kalirajan, C. Padmalatha, P. Mosae 

Selvakumar, Spect. Acta. A. Mol. Biol. Spect., 129, 

537 (2014). 

39. P.P.N. V. Kumar, S.V.N. Pammi, P. Kollu, K.V.V. 

Satyanarayana, U. Shameem, Ind. Crop. Prod., 52, 

562 (2014). 

40.  P. ADHYAPAK, AND S. DANAI-TAMBHALE, 

Inter. J. Phar. Bio Sci., 5, 457 (2014). 

41. N, Geetha, T. S. Geetha, P. Manonmani, M. 

Thiyagarajan, Aust. J. Bas. App. Sci., 8, 324 (2014). 

42.  R. Thombre, F. Parekh, N. Patil, Inte. J. Phar. Biol. 

Sci., 5, 114 (2014). 

43.  V. Kathiravan, S. Ravi, S. Ashokkumar, Spect.  Acta 

Part A: Mole. and Biom. Spect., 130, 116 (2014). 

44.  B. Narayanan, Kannan. H. H. Park, Euro. J. Plant 

Patho., 140, 185 (2014).  

45.  S. J. Gogoi, Ktz. Adv. Appl Sci. Res., 4, 274 (2013). 

46.  N. N. Rupiasih, A. Aher, S. Gosavi, P. B. 

Vidyasagar, Rec. Tren. Phy. Mater. Sci. Tech., 423, 1 

(2013).  

47. F. Sharififar, M.H. Moshafi, S.H. Mansouri, M. 

Khodashenas, M. Khoshnoodi, J. Food Cont., 18, 

800 (2007). 

48.  R., Sithara, P. Selvakumar, C. Arun, S. Anandan, P. 

Sivashanmugam, J. Adv. Res., 8, 561 (2017). 

49. A. Sudha, J. Jeyakanthan, P. Srinivasan, Res. Effi. 

Tech., 000, 1 (2017).   

50. G. Bagherzade, M. Tavakoli Manzari, M. H. Namaei, 

Asi. Pac J Trop Biol., 7, 227 (2017). 

51. S. Ahmed, M. Ahmad, B. L. Swami, S. Ikram, J. 

Adv. Res., 7, 17-28(2016).  

52. S. K. Srikar, D. D. Giri, D. Bahadur Pal, P. Kumar 

Mishra, S. Nath Upadhyay, Gre. Sust. Chem., 6, 34 

(2016). 

53. A. Jyothi Kora, R.B. Sashidhar, J. Arunachalama, 

Carbo. Poly., 82, 670 (2010). 

54. M.H. El-Rafie, M.E. El-Naggar, M.A. Ramadan, M. 

M.G. Foudaa, S. S. Al-Deyab, A. Hebeishb, Carbo, 

Poly., 86, 630 (2011). 

55. A. M. Fayaza, K. Balaji, P.T. Kalaichelvan, R. 

Venkatesan, Coll. Surf. B: Bioin., 74, 123 (2009). 

56. F. Nakhjiri, M. Mirhosseini, M. A. Mozaheb, Nano. 

J., 4, 98 (2017). 

57. A.V. Kulkarni, A. Chavhan, A. Bappakhane, J. 

Chimmankar, Res J. Chem. Environ. Sci., 4, 153 

(2014). 

58. I. K. Al-Khateeb, and M. S. Mahmood, Amer. Chem. 

Sci. J., 13, 1 (2016). 

59. M.A. Ahmed, M.F. Abdel Messih, E.F, El-Sherbeny, 

S. F. El-Hafez, A. M.M. Khalifa, J. Photo. Photo. A: 

Chem., 346, 77 2017). 

60. M. R. Mollick, S. Pattanayak, D. Maity, C. Sharmila, 

S. K. Dash, S. Chattopadhyay, S. Roy, D. 

Chattopadhyay, M. Chakraborty, J. Sau. Chem. Soc., 

21, 673 (2017). 

61.  K. Kalimuthu, R.S. Babu, D. Venkataraman, M. 

Bilal, S. Gurunathan, Coll. Surf. B Biol., 65, 150 

(2008). 

62. S. Phongtongpasuk, S. Poadang, N. Yongvanich, 

Ener. Pro., 89, 239 (2016). 

63. R. Sithara, P. Selvakumar, C.A.S. Anandanb, P. 

Sivashanmugam, J. Adv. Res., 8, 561 (2017).  

64. P. Trivedi, M. Khandelwal, and P. Srivastava, J 

Micro. Bioc Tech., 4, 1 (2014). 

65.  S. Kaviya, J. Santhanalakshmi, and B. Viswanathan, 

J. Nano., 000, 5 (2011). 

66. M. A. Awad, A. A. Hendi, K. M. O. Ortashi, D. F. A. 

Elradi, N. E. Eisa, L. A. Al-lahieb, S. M. Al-Otiby, 

N. M.Merghani, and A. A. G. Awad, Int J. Phy. Sci., 

9, 34 (2014). 

67. Y. Shiraishi, N. Toshima, Eng. Asp., 169, 59 (2000). 

68.  A. R. Shahverdi, S. Minaeian, H. R. Shahverdi, H. 

Jamalifar, A-A. Nohi, Biol., 42, 919 (2007).  

69. S. Roy, T. Mukherjee, S. Chakraborty, T. K. Das, J. 

Nano. Biol., 8, 197 (2013). 



T.A.B. Matin et al .: Synthesis and characterization of silver nanoparticles using Thymbra spicata L. herbal extract for removing…  

361 

70. N. Vigneshwaran, A. A. Kathe, P. V. Varadarajan, R. 

P. Nachane, and R. H. J. Lang., 23, 7113 (2010). 

71. A. Sudha, J. Jeyakanthan, P. Srinivasan, Res-Effic. 

Tec., 000, 1 (2017).  

72. D. Mahl, J. Diendorf, W. Meyer-Zaika, M. Epple, 

Coll. Surf. A. phys. Engi. Asp., 377, 386 (2011). 

73. Z. R. Mashwani, T. Khan, M. Ali Khan, A. 

Nadhman, Appl. Mic. Biot., 99, 23(2015). 

74. A. Rostami-Vartooni, M. Nasrollahzadeh, M. 

Alizadeh, J. Coll. Int. Sci., 740, 268 (2016).  

75. R. Dimitrijević's, O. Cvetkovic, Z. Miodragovic, V. 

Jovic, J. Min. Met. Sec. B: Met., 49, 91 (2013).  

76. X-F. Zhang, Z-G. Liu, W. Shen, S. Gurunathan, Int J 

Mol Sci., 17, 1534 (2016). 

 


