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Abstract: the silver nanoparticles synthesized have to be handled by humans and must be available at 

cheaper rates for their effective utilization; thus, there is a need for an environmentally and economically 

feasible way to synthesize these nanoparticles. Therefore, this study aimed to synthesis of silver 

nanoparticles using phenolic compounds extracted from Rosmarinus officinalis. Maceration method and 

Soxhlet apparatus were used to prepare aqueous and methanolic Rosmarinus officinalis leaves extracts 

respectively, Furthermore, Rosmarinus officinalis silver nanoparticles (RAgNPs) were prepared from the 

aqueous and methanolic leaves extract of this plant and diagnosed using the ultraviolet (UV) 

spectroscopy, scanning electron microscopy (SEM), atomic fluorescence microscopy (AFM), X-ray 

scattering (XRD), energy dispersive X-ray (EDX) and infrared spectroscopy (FTIR). The diagnostic 

results showed that the nanoparticles are spherical in shape, single or combined, crystalline for both 

aqueous and methanolic silver nanoparticles extract. 
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Introduction  
Nanotechnology is a field that is 

promising, creating an impact in all 

spheres of human life. Nanoparticles 

(NPs) are typically a cluster of atoms 

ranging from 1 to 100 nm in size and 

display new and enhanced properties 

based on size, distribution as well as 

morphology than larger particles in the 

bulk materials of which the 

nanoparticles are made (1). 

The problem with most of the 

chemical and physical methods of nano-

silver production is that they are 

extremely expensive and also involve 

the use of toxic, hazardous chemicals, 

which may pose potential 

environmental and biological risks. 

Biosynthesis of silver nanoparticles is a 

bottom-up approach that mostly 

involves reduction/oxidation reactions. 

It is majorly the microbial enzymes or 

the plant phytochemicals with 

antioxidant or reducing properties that 

act on the respective compounds and 

give the desired nanoparticles. The three 

major components involved in the 

preparation of nanoparticles using 

biological methods are the solvent 

medium for synthesis, the 

environmentally friendly reducing 

agent, and a nontoxic stabilizing agent 

(2).  In biological methods (green 

synthesis), systems like bacteria (3), 

fungi (4) yeast (5) cyanobacteria (6) 

actinomycetes (7) and plants (8), have 

been used to synthesis of nanoparticles. 

Certainly, the biological synthesis of 
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NPs has a unique ability for the 

production of precise shapes and 

controlled structures. Also, these 

methods do not require any 

sophisticated instrumentation, simple, 

efficient, eco-friendly, inexpensive and 

safer methods (9), as well as, the plants 

have a broad variety of metabolites that 

can aid in the reduction of silver ions 

and are quicker than microbes during 

the synthesis (10). 

Plants that possess different 

products like phenols, terpenoids, 

alkaloids, flavonoids, proteins, 

carbohydrates etc. play a key role in the 

stabilization and reduction of metallic 

silver into AgNPs, (11-12).  A number 

of biomolecules present in the plant 

extract reduce the monovalent silver ion 

to uncharged atoms and these atoms 

aggregate to reach nano-size, other 

biomolecules of the plant extract 

envelope or cap them to prevent their 

further aggregation (13). The rich 

source of metabolites with negatively 

charged functional groups may possibly 

be responsible for the reduction of metal 

ions and efficient stabilization of 

synthesized NPs under natural 

conditions (14). 

 

Materials and methods 

Collection of Rosmarinus officinalis L. 

Rosmarinus officinalis were 

obtained from the plantation in Baghdad 

city, identification as (Rosmarinus 

officinalis L.) by Department of 

Biology, College of Science, University 

of Baghdad. The leaves were washed 

with water and dried at room 

temperature, and ground using a 

grinder, then stored at 4
o
C for further 

analysis.   

 

 

 

 

Preparation of Rosmarinus officinalis 

extracts 

Firstly, in order to defeat the 

leaves, 400 grams of Rosmarinus 

officinalis leaves powder was macerated 

with 2 litter of petroleum ether solvent. 

The residue was collected, air-dried and 

separated into two batches. Each batch 

of the defatted plant leaves was 

individually extracted with water and 

methanol to prepare aqueous and 

methanolic extracts according to 

N’Guessan et al. (15) and AACC (16) 

respectively.  

 

Preparation of green silver 

nanoparticles using Rosmarinus 

officinalis extracts 

Preparation of green silver 

nanoparticles by Rosmarinus officinalis 

aqueous and methanolic extracts were 

done according to Ojha et al. (17) and 

Krishnadhas et al. (18) with some 

modifications. Five ml of each extract 

was sprayed into 95 ml of 10 mM silver 

nitrate AgNO3 solution (which was 

prepared by dissolving 1.69 g AgNO3 

into 1 L deionized water) separately 

dropwise with a flow rate of 0.2 ml/min 

under ultrasonic conditions, with an 

ultrasonic power of 100 W and a 

frequency of 42 kHz. After sonication 

for 20 min, the solutions were stirred at 

800 rpm at 25°C for 30 min, and then 

kept in dark bottles at 25°C for 48 h. 

After 24 h the reaction mixture was 

purified by centrifugation for 10 min at 

10000 rpm to get clear supernatant. 

The final colloid samples were 

stored in dark bottles at 4°C. During 5 

days the color of solutions was changed 

from dark green to light brownish green 

for Rosmarinus officinalis silver 

nanoparticles (RAgNPs), this change in 

color indicates the formation of silver 

nanoparticles (AgNPs). 
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Determination of total phenolic 

content 

The total phenolic content of the 

Rosmarinus officinalis methanolic and 

the aqueous extracts were determined 

spectrophotometrically using the Folin-

Ciocalteu method described by 

Jayaprakasha et al. (19). 0.4 ml of each 

sample was mixed with 2.0 ml of the 

Folin- Ciocalteu reagent (diluted 10 

times), and 1.6 ml of 7.5% sodium 

carbonate solution. The total volume 

was adjusted to 5 ml by adding distilled 

water. The tubes were covered with 

parafilm and allowed to stand for 30 

minutes at room temperature before the 

absorbance was read at 760 nm. 

The total phenolic content was 

calculated from a calibration standard 

curve of gallic acid Figure (1) and the 

results were given as mg gallic acid 

equivalent per gram of dry weight. 

 

 

 

 

 

 

 

 

Figure (1): Standard curve of gallic acid 

Characterization of the prepared 

nanoparticles 

UV-Visible absorption spectroscopy 

Absorbance spectra of AgNPs 

solution were measured by UV-Visible 

Absorption Spectroscopy (UV-VIS) 

double beam spectrophotometers. All 

spectra were measured at room 

temperature in a quartz cell with a 1 cm 

optical path. Deionized distilled water 

was used as a blank. The absorption was 

taken from (200-800nm). Some 

concentrated samples were diluted 1: 10 

in deionized water (20). 

 

Scanning electron microscopy 

analysis 

      A scanning electron microscope 

(SEM) was employed to analyze the 

morphology of the nanoparticles that 

were formed. The morphological 

characterization of the samples was 

done using mira3 Tescan for SEM 

analysis. The samples were prepared 

according to the standard procedures, by 

dispersing them on a glass slide (Almost 

Seven drops on the slide). After that, the 

sample was subjected to examination, 

and then readings were taken at a 

magnification of 5000x, 10000x, 

20000x, 50000x with steady voltage 

(21).  

 

 

Atomic force microscopy 

      Atomic force microscopy (AFM) is 

one of the first tools for imaging, 

measuring, and manipulating materials 

at the nanoscale. It provides 3D imaging 

capability and qualitative and 

quantitative information for many 

physical properties including size, 
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morphology, surface texture, and 

roughness (22). A thin film of the 

sample from each type of nanoparticles 

was placed on a glass slide by dropping 

100 μl of the sample on the slide and 

was allowed to dry for 5 min. The slides 

were then scanned with the AFM (23). 

 

X-ray diffractometer  

The analysis using an X-ray 

diffractometer (XRD) is useful for 

knowing the phase structure and purity 

of synthesized green AgNPs and is 

generally used as a common technique 

to study the phase composition and 

crystal structure of AgNPs. A thin film 

of uniform water suspended from each 

type of nanoparticle was prepared on a 

glass slide and kept for drying. X-ray 

diffraction (XRD) pattern was recorded 

by employing an X-ray diffractometer at 

2θ/θ scanning mode (operational 

voltage 40 kV and current 30 mA, Cu K 

(a) radiation λ = 1.540) (17). Data were 

recorded for the 2θ range of 10 to 80 

degrees with a step of 0.0200 degrees. 

The result obtained from the XRD 

pattern was interpreted with standard 

reference of the Joint Committee on 

Powder Diffraction Standards (JCPDS 

card number 04-0783) for the 

characterization of AgNPs (24). The 

particle size of the prepared samples 

was determined by using Debye–

Scherrer equation as follows:  

 

𝐷=0.9𝝀/𝛽 cosθ 

 

Where D is the crystal size, 𝝀 is 

the wavelength of x-ray, θ is the 

diffraction angle (Braggs angle) in 

radians and 𝛽 is the full width at half 

maximum of the peak in radians (25). 

 

Energy dispersive X-ray  

Energy-dispersive X-ray (EDX) 

analysis was carried out using a JEOL 

JEM 2100 high-resolution transmission 

electron microscope to confirm the 

presence of silver in the minutes and to 

detect other elemental structures of the 

particles (26). 

 

Fourier transform infrared (FTIR) 

Spectroscopy analysis 

 The characterization of functional 

groups on the surface of AgNPs by 

plant extracts was investigated by FTIR 

analysis (Shimadzu) and the spectra 

were scanned in the range of 4000–400 

cm
−1

 range at a resolution of 4 cm
−1

. 

The samples were prepared according to 

the standard procedures, by dispersing 

them on a glass slide. After that, the 

sample was subjected to examination 

(27).  

 
Results and discussion 

Total phenolic content of Rosemary 

officinalis leaves extracts 

Numerous phenolic compounds 

have been studied for their biological 

properties and benefits to human health 

(28-29). The total phenolic contents of 

the aqueous and methanolic extracts 

were evaluated by using Folin-Ciocalteu 

reagent. The results showed that the 

total phenolic content (TPC) of the 

Rosemary officinalis extracts increased 

gradually with increases in the 

concentration, with significant 

differences (P≤0.01). The highest values 

were 10.15 ±0.03 and 14.24 ±0.01 mg/g 

in 50 mg/ml in both methanolic and 

aqueous extracts, respectively, as shown 

in Table (1). This result revealed that 

TPC in Rosemary officinalis aqueous 

extract was more than TPC in 

methanolic extracts. A recent 

investigation including several rosemary 

species revealed amounts of total 

phenolics in plant leaves (30-31). 
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Table (1): Total phenolic content of Rosmarinus officinalis extracts 

 

 

 
 

 

 

 
 

 

 

 

 

Biosynthesis and characterization of 

nanoparticles 

In this study, the formation of 

silver nanoparticles was monitored 

depending on color change and UV 

spectroscopy absorption. The colors of 

the green silver nanoparticle solutions 

were changed from dark green to light 

brownish green for Rosemary officinalis 

silver nanoparticles (RAgNPs), with the 

addition of Rosemary officinalis 

methanolic and aqueous extracts, 

respectively, to silver nitrate solution. 

The color began to change after 24 

hours, and for 48 hour the color 

changed to the final color (Figure 2). 

This change in color indicates the 

formation of silver nanoparticles 

(AgNPs) due to the reduction of silver 

metal ions Ag
+
 into silver nanoparticles 

Ag
0
 via the active molecules present in 

the Rosemary officinalis methanolic and 

aqueous extracts. The silver 

nanoparticles were prepared using 

Rosemary officinalis methanolic and 

aqueous extracts. The biosynthesis of 

metallic nanoparticle using plant 

extracts in comparison with other 

bioreductants is more fruitful in terms 

of its ease (32). It is well known that the 

phytochemicals not only reduce the Ag
+
 

into Ag
0
 but also are responsible for its 

capping to make these nanoparticles 

highly stable (33-35). Plants possess 

different metabolites like phenols, 

terpenoids, alkaloids, flavonoids, 

proteins, carbohydrates etc. play a key 

role in stabilization and reduction of 

metallic silver into AgNPs (11, 17). The 

reduction rate and formation of 

nanoparticles can be increased further 

by increase the incubation time so the 

intensity of the color increased with 

increasing the time of reaction (36). 

Metal nanoparticles show different 

colors in solution due to their optical 

properties (37). The change in color is 

referred to excitation of surface plasmon 

Resonance (SPR) in metal 

nanoparticles. Silver nanoparticles 

exhibit interesting optical properties 

directly associated with localized 

surface plasmon resonance which is 

highly depends on the morphology of 

the nanoparticles (38). This result is 

agreed with Saliem et al. (36) and 

Thamer (39) they reported that 

reduction of silver ion into silver 

nanoparticles during exposure to the 

plant extracts could be followed by 

color change. Therefore, the 

characterization of AgNPs is important 

for evaluating the functional aspects of 

the synthesized particles. 
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 Figure (2): Color change of RAgNPs methanolic and aqueous extract after 48 hours 

 

UV-Visible spectroscopy  

UV–visible spectroscopy is a 

primary step in confirmation of the 

synthesis of Ag-NPs as well as the color 

change. When the Rosemary Officinalis 

extract was mixed with an aqueous 

solution of AgNO3, this resulted in a 

change of color.  This change in color is 

a result of the collective oscillation of 

free electron of silver nanoparticles in 

resonance with the light wave in silver 

nanoparticle synthesis and this 

oscillation gives a typical peak value. 

Figures (3, 4 and 5) showed UV- visible 

spectra of the plant extracts alone and 

with AgNO3 solution. The weak 

absorption peak at 200 nm indicates the 

presence of several organic compounds 

which are known to interact with silver 

ions (40-41). The surface plasmon 

resonance absorbance is exceptionally 

sensitive to the nature, size, and shapes 

of the NPs formed dielectric constant of 

the medium and temperature, and their 

inter particle distances (42). The 

absorption spectrum was recorded 

between 200 nm and 800 nm. It is 

observed that the silver surface plasmon 

resonance band centered at 234 nm in 

the (RAgNPs) methanolic extract and 

216 nm  in the aqueous (RAgNPs) 

extract, in comparison with UV Test for 

Rosemary officinalis methanolic and 

aqueous extract (224 and 279 ) nm 

respectively,  in addition to the UV test 

for silver solution (216) nm. 
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Figure (3): UV-Visible spectral analysis of (A): R. officinalis methanolic extract, (B): synthesized 

(RAgNPs) methanolic extract 

  

 

  

 

 

 

 

 
Figure (4): UV-Visible spectral analysis of (A): R. officinalis aqueous extract, (B): synthesized 

(RAgNPs) aqueous extract 

 
 

 

 

 

 

 

 

 

 

 
 

Figure (5): UV-Visible spectral analysis of (AgNO3) 
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Scanning electron microscope  

Scanning Electron Microscopy 

(SEM) is one of the widely used 

techniques for the characterization of 

the synthesized nanoparticles, and the 

shape and morphology of the green 

nanoparticles formed were analyzed by 

this microscopy. The observations 

confirm that the morphology of 

nanoparticles is highly variable with a 

variety of sizes and shapes.  The surface 

of Ag-NPs has been studied using a 

scanning electron microscope (SEM). 

The results of SEM analysis showed the 

particles are spherical in shape (this is 

for 2 types of synthesized 

nanoparticles), with nanometer in size 

for RAgNPs of the methanolic and 

aqueous extract (Figures 6 and 7). Large 

nanoparticles were seen due to 

aggregation. This aggregation took 

place due to the presence of cell 

components on the surface of 

nanoparticles and acts as a capping 

agent (43). This result was in agreement 

with Surega, (44) who observed the 

morphology of the synthesized AgNPs 

using aqueous leaf extracts of Tridax 

procumbens, Euphorbia hirtaand and 

Azardirachta indica through SEM. The 

observations revealed that the AgNPs 

were spherical in their shape and 

agglomerated. In a previous study for 

the synthesis of silver nanoparticles 

from Crocus sativus L extract, SEM 

analysis showed the average particle 

size of 20–30 nm as well as it is 

spherical in shape (39). SEM figure of 

the AgNPs synthesized by extract of 

Phyllanthus niruri under optimized 

physical conditions revealed that the 

AgNPs are around 100 nm in size with 

the mixture of many shapes i.e. triangle, 

rhombus, and spherical are clearly 

observed and spherical are predominant. 

SEM determination showed the 

formation of AgNPs, which were well 

dispersed and the aggregation of the 

particles could be seen (45). 

 

 

 

 

 

 

 

 

  

 

     Figure (6) SEM image showed the shape and size of RAgNPs methanolic extract 

 

 

 

 

 

 

 

 

 
 

Figure (7) SEM image showed the shape and size of RAgNPs aqueous extract 
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Atomic force microscopy (AFM) 

The results of AFM analysis 

showed both the two-dimensional and 

three-dimensional views of RAgNPs 

methanolic and aqueous extract were 

spherical in shape, single or in 

aggregates, AFM analysis also showed 

that the average size of particles was 

18.66 and 44.49 nm for RAgNPs 

aqueous and methanolic extract 

respectively (Figures 8 and 9). This 

finding was in agreement with 

Korbekandi et al. (46), they showed that 

the biosynthesized silver nanoparticles 

were almost spherical, single (25-50 

nm), or in aggregates (100 nm). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (8): Atomic force microscopy analysis of RAgNPs aqueous extract (A): Two-dimensional of 

RAgNPs aqueous extract, (B): Three-dimensional of RAgNPs aqueous extract, (C): AFM diagram 

of size range of RAgNPs aqueous extract. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (9): Atomic force microscopy analysis of RAgNPs methanolic extract (A): Two-dimensional 

of RAgNPs methanolic extract, (B): Three-dimensional of RAgNPs methanolic extract, (C): AFM 

diagram of size range of RAgNPs methanolic extract 

 

X-ray diffractometer  

X-ray diffractometer (XRD) is 

powerful technique for characterizing 

crystalline materials provides 

information on structures, phases, 

preferred crystal orientations, and other 

structural parameters, such as average 



Iraqi Journal of Biotechnology                                                     260 

       

 

grain size, crystallinity, strain, and 

crystal defects (47). 

The green synthesis of AgNPs 

was further supported by X-ray 

diffraction (XRD). Figure (10) recorded 

obvious diffraction peaks at 2θ values 

38.868, 44.116, 64.278, 77.250 for 

RAgNPs methanolic extract which were 

corresponded to 111, 200, 220 and 311 

planes of silver, and figure (11) showed 

diffraction peaks at 2θ values 37.922, 

47.842, 64.255, 77.215 of RAgNPs 

aqueous extract corresponded to 111, 

200, 220 and 311 planes of silver. 

XRD pattern clearly showed that 

the AgNPs formed by the reduction of 

Ag
+
 ions using Rosemary officinalis 

extracts are crystalline in nature. Some 

unassigned peaks were observed, it may 

be due to the bio-organic phase/ 

metalloproteins occurring on the surface 

of silver nanoparticles (11, 48) or it may 

be due to the fewer biomolecules of 

stabilizing agents such as enzymes or 

proteins in the plant extract (49-50). 

The average nanocrystalline size 

has been estimated by using well known 

Debye–Scherrer formula, D = kλ/βcosθ, 

where D is particle diameter size, k is a 

constant equal 1, λ is wavelength of x-

ray source (1.540 A°), β is the full width 

at half maximum (FWHM) = 0.23, θ is 

the diffraction angle for strongest three 

peaks. The average crystallites sizes 

according to Debye– Scherrer equation 

calculated are found to be 23.37 nm and 

31.43 nm for RAgNPs aqueous and 

methanolic extract respectively. This 

finding is agree with the study by 

Sathishkumar et al. (51) was involved 

synthesis of silver nanoparticle using 

aqueous extract of Cinnamon zylanicum 

bark, silver nanoparticles have shown 

clear peaks of cubic phases at 38.2 

(111), 44.5 (200), 64.5 (220) and 77.6 

(311). Many reports describe that the 

NPs synthesized by reacting AgNO3 

with biological solutions are face 

centered cubic with minor variations in 

peak values depending upon nature of 

extract; metabolites present and binding 

properties (52). Interestingly, most of 

researchers (53-55, 47) that synthesized 

the nanoparticles using plant extracts 

seem to obtained a similar crystal 

structure.  

 

 

 

 

 

Figure (10) The XRD pattern of RAgNPs methanolic extract 

  

 

 

 

                                  Figure (11) The XRD pattern of RAgNPs aqueous extract
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Energy Dispersive X-ray (EDX) 

Energy-dispersive X-ray (EDX) 

spectroscopy confirmed the presence of 

silver within the nanoparticles of the 

methanolic and aqueous extract of 

rosemary leaves; the EDX spectrum 

recorded a peak for silver at the level of 

3 kV, which confirms the presence of 

silver in nanoparticles (Figures 12 and 

13). These results agree with 

Jegadeeswaran et al. (56) as it was 

found that the nano-solution of Padina 

tetrastromatica extract recorded a sharp 

peak between 2.7 - 4 kV EDX spectrum, 

which confirms the presence of silver. 

EDX analysis detected the presence of 

elements within the selected area and 

found that the Ag was the major 

element with oxygen (O2), nitrogen (N) 

and sodium (Na), silicon (Si) in the 

sample

. 

  

 

 

 

 

 

Figure (12): The silver recording is shown at the kV energy level in the methanolic (RAgNPs) 

extract 

 

 

 

 

 

 

 

 

 

 
Figure (13): The silver recording is shown at the kV energy level in the aqueous (RAgNPs) extract 

 

Fourier transformation infrared 

spectroscopy (FTIR) 
Fourier transformation infrared 

spectroscopy (FTIR) analysis was 

employed to identify functional groups 

that may be responsible for the 

reduction/ bio-reduction of AgNO3 to 

Ag-NPs and their stabilization. FTIR 

spectroscopy is a technique used to 

measure the vibration frequencies of the 

bonds in molecules. It is used to 

confirm the presence of the functional 

groups of the active components in the 

synthesized AgNPs based on the band 

value in the region of the infrared 

radiation (57). The dual role of the plant 

extract as a bioreduction and capping 

agent was confirmed by FTIR analysis 

of the prepared AgNPs of Rosemary 

officinalis leaves extract. 

Fourier Transform Infra-Red 

(FTIR) spectrophotometers were used 

for recording spectra in the region 4000 

cm–1 to 670 cm–1 (2.5μm to 15 μm) or 
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in some cases down to 200 cm–1 (50 

μm). The results of the FTIR Spectra of 

the Rosemary officinalis methanolic and 

aqueous extracts revealed the presence 

of different functional groups such as 

Phenolic– OH group stretching, C-H 

stretching, N-H bend, C-C stretching 

and C-N stretching, and had prominent 

bands of absorbance at peaks (3367.71, 

2929.87, 1612.49, 1413.82, and 

1072.42) cm
-1

 for methanolic extract 

and (3365.78, 2929.87, 1606.7, 

1413.82, and 1080.14) cm
-1

 for aqueous 

extract respectively (Table 2). In 

addition, the FTIR Spectra of the 

AgNO3 which had prominent band of 

absorbance at peaks (1379.1) cm
-1

. 

Moreover, the FTIR spectroscopy 

showed that samples analysis had 

prominent bands of absorbance at peaks 

(1076.28, 1382.96, 1620.21 and 

3169.04) cm
-1

 for methanolic (RAgNPs) 

extract, and the absorption bands 

appeared at (1101.35, 1382.96, 1627.92, 

2926.01, and 3402.43) cm
-1

 for the 

aqueous (RAgNPs) extract (Figures 14 

and 15).  

The peak (1382.96) in the FTIR 

Spectra of the methanolic and aqueous 

(RAgNPs) extract, is the same peak 

found in the AgNO3 sample and it was 

not found in the Rosemary officinalis 

methanolic and aqueous extract, 

therefore, this indicates the formation of 

(AgNPs). Das et al. (58) and (59) 

mention the changes in the functional 

groups in active biomolecules might 

suggest their involvement in the 

synthesized of (AgNPs). 

Table (2): IR frequencies region for the functional groups of the R. officinalis leaves extracts 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

Figure (14): FTIR Spectra Pattern of Rosemary officinalis methanolic extract, (RAgNPs) 

methanolic extract and AgNO3 
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Figure (15): FTIR Spectra Pattern of Rosemary officinalis aqueous extract, (RAgNPs) aqueous 

extract and AgNO3 

Conclusion 
This study concluded that the total 

phenolic contained in Rosemary 

officinalis aqueous extract was more 

than methanolic extracts, as well as, the 

extracts of Rosmarinus officinalis leaves 

can be utilized as a good reductant for 

the non-toxic or green synthesis of 

metal silver nanoparticles. 
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