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Abstract  

Unlike chemical synthesis, biological synthesis of nanoparticles is gaining tremendous 

interest, and plant extracts are preferred over other biological sources due to their ample 

availability and wide array of reducing metabolites. In this project, we investigated the 

reducing potential of aqueous extract of Artemisia absinthium L. for synthesizing silver 

nanoparticles (AgNPs). Optimal synthesis of AgNPs with desirable physical and 

biological properties was investigated using ultra violet-visible spectroscopy (UV-vis), 

dynamic light scattering (DLS), transmission electron microscopy (TEM) and energy-

dispersive X-ray analysis (EDX). To determine their appropriate concentrations for 

AgNPs synthesis, two-fold dilutions of silver nitrate (20 to 0.62 mM) and aqueous plant 

extract (100 to 0.79 mg mL-1) were reacted. The results showed that silver nitrate (2 mM) 

and plant extract (10 mg mL-1) mixed in different ratios significantly affected size, 

stability and yield of AgNPs. Extract to AgNO3 ratio of 6:4 v/v resulted in highest 

conversion efficiency of AgNO3 to AgNPs, with the particles in average size range of 

less than 100 nm. Furthermore, the direct imagining of synthesized AgNPs by TEM 

revealed polydispersed particles in the size range of 5 to 20 nm. Similarly, nanoparticles 

with the characteristic peak of silver were observed with EDX. This study presents a 

comprehensive investigation of the differential behavior of plant extract and AgNO3 to 

synthesize biologically stable AgNPs.  
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1. Introduction 

Nanoparticle synthesis and characterization is an area of immense interest due to its 

broader applicability in the fields of medicine, biology, physics and chemistry [1]. Silver 

nanoparticles (AgNPs) are gaining particular attention due to their desirable properties, 

including their high surface to volume ratios, catalytic properties and antimicrobial 

effects [2]. However, most techniques used for the synthesis of nanoparticles are 

expensive and may adversely affect the environment and biological systems.  Green 

synthesis, on the other hand, offers comparatively safer and eco-friendly approach for 

nanoparticles synthesis. During the last five years, attempts have been made to develop 
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various greener and cheaper strategies for nanoparticles biosynthesis (Rauwel et al. 

2015). Plants provide a highly desirable system for nanoparticles synthesis due to their 

ability to produce a wide range of secondary metabolites with strong reducing potential. 

Since plants are less sensitive to metal toxicity compared to algae and bacteria, they offer 

a green alternative for the biosynthesis of AgNPs [3]. Medicinal plants are of special 

concern since they control the size and shape of nanoparticles by providing capping 

layers to nanoparticles (Rauwel et al. 2015). 

Plant secondary products provide rich resources as potential drugs, nutraceuticals, 

and food additives. Plant polyphenols are one of the largest groups of natural antioxidant 

secondary metabolites [4]. The reduction properties of these antioxidant metabolites can 

be linked with the higher potential ability of plant extracts to synthesize nanoparticles 

with improved characteristics [5].  The genus Artemisia in the Asteraceae family consists 

of many diverse species that produce many medicinally valuable secondary metabolites 

including the widely used antimalarial drug artemisinin [6].  Artemisia absinthium is an 

important medicinal herb, naturally found in the foothills of Himalayas in the Indian 

subcontinent. Due to its health protective effects, this species was considered a general 

remedy for many diseases [7]. Various biological activities attributed to this herb include 

neuroprotective [8, 9], hepatoprotective [10, 11], anticancer [12], antiplasmodial [13, 14] 

and antioxidant [15-17]. The strong antioxidant activity and the biosynthetic potential of 

this species for phenolics and flavonoids [18-21] may be considered as potential factors 

for reducing Ag+ to AgNPs. Previously, biological synthesis of AgNPs by using A. 

pallens [22], A. capillaris [23] and A. annua [24] was reported. However, to the best of 

our knowledge, there are no reports aimed to synthesize AgNPs by using A. absinthium 

as biological substrate. Therefore, as a novel study, the present work was aimed to 

evaluate the differential potential of  A. absinthium aqueous extract and silver nitrate to 

synthesize biologically stable silver nanoparticles.  

 

2. Materials and Methods 

2.1. Plant material and preparation of extract 
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Green house-raised A. absinthium L. plants were dried at room temperature and used for 

AgNPs synthesis. Plant extract was prepared by boiling 100 to 1000 mg of the dried 

powdered leaves of A. absinthium in 10 ml deionized water for 5 minutes. The aqueous 

extract was cooled down to room temperature (25 ˚C), filtered through a 0.45 um filter 

(Millex ®) and stored at 4˚C until used for further analysis.  

2.2. Synthesis of silver nanoparticles 

For the synthesis of silver nanoparticles, AgNO3 (2 mM) and aqueous plant extract (10 

mg mL-1)  were mixed in different ratios. Briefly, 100 µl of plant extract was mixed with 

900 µl of AgNO3 (1:9 ratio). The subsequent mixtures were prepared by increasing plant 

extract and decreasing AgNO3 volumes by 100 µl, until the final ratio of 9:1 was attained. 

Furthermore, appropriate  concentrations of AgNO3 and plant extract for optimal AgNPs 

synthesis were determined in a series of reactions, containing mixtures of  equal volumes 

of two-fold serial dilutions of AgNO3 (20 to 0.62 mM) and plant extract (100 to 0.79 mg 

mL-1).  These mixtures were prepared either in 1.5-mL Eppendorf tubes by mixing 500 µl 

of each reactant or in 96-well microtiter plates (cat# CC7672-7596, www.CytoOne.com) 

by mixing 100 µl of each reactant.  The reactions were allowed to progress at room 

temperature for different time periods.  

2.3. UV-vis spectrometry and Dynamic Light Scattering (DLS) 

AgNPs synthesis was monitored by recording UV-vis spectra (λ 300-600 nm) using 

either a NanoDrop 2000C Spectrophotometer (Thermo Fischer Scientific, USA) or the 

Synergy H1 Hybrid multi-mode microplate reader (BioTek©).  Unreacted AgNO3 and 

plant extracts were removed by pelleting and washing AgNPs as follows. One mL of 

each reaction mixture was centrifuged at 14,000xg for 10 minutes at room temperature. 

Supernatants were discarded and the AgNPs pellets were resuspended in one mL 

deionized water followed by centrifugation at 14,000xg for 10 minutes. This process was 

repeated five times. The resulting AgNPs were resuspended in deionized water, and used 

for characterization.  The particle size and ζ-potential of all samples were measured by 

pipetting one mL of each AgNP sample in UV-vis DLS cuvettes and were analyzed with 

Zetasizer Nano-ZS90 (Malvern Instruments). The ζ-potential was automatically 

calculated by determining electrophoretic velocity.  
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2.4. Transmission Electron Microscopy (TEM) and Energy Dispersive X-ray (EDX) 

For TEM and EDX analyses, 2 µl aqueous suspensions of AgNPs were pipetted onto 400 

mesh carbon-coated copper grids. Samples were allowed to evaporate and dry in a hood.  

TEM images were collected with FEI Technai F30 transmission electron microscope. 

Elemental analyses of the AgNPs were performed using the same Technai F30 TEM 

using an Energy Dispersive X-ray (EDX) detector. 

2.5. Ag+ to AgNPs Conversion efficiency calculation 

Conversion efficiency of AgNO3 to AgNPs by plant extract was determined as 

follows.  Ten mL AgNPs suspensions were washed five times as described 

above.  Washed pellets were completely dried in a speed-vac and weighed.  Percent 

conversion efficiency (CE) was calculated using the following formula:  

CE = (AgNPs/Ag) x 100, where “AgNPs” is the output weight of AgNPs formed and 

“Ag” is the input weight of Ag+ ions.  

 

3. Results  

3.1. Synthesis kinetics and characterization of AgNPs by UV-vis Spectroscopy 

 The change in the color of reaction mixture to yellowish brown or dark brown 

after mixing a plant extract and silver nitrate is a general characteristic of silver 

nanoparticles biosynthesis.  In our initial experiments assaying A. absinthium aqueous 

extract with AgNO3, reaction mixtures started turning brown within 30 minutes and it 

continued turning darker with time (Figure 1a). The reaction mixture with 1:1 (v/v) ratio 

of each reactant turned darker more rapidly, compared to the rest of reaction mixtures. 

However, no color change was observed with the plant extract or AgNO3 alone under the 

same conditions.  

Next, the effect of relative ratios of plant extract and AgNO3 on AgNPs synthesis 

was analyzed using UV-visible spectroscopy.  In preliminary experiments, when mixed 

in a 1:1 (v/v) ratio, the plant extract and AgNO3 showed an increase in UV-vis spectrum 

above 350 nm, with the most pronounced increase in the 400 to 500 nm range (Figure 
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1b).  These analyses showed different intensities of surface plasmon resonance peaks in 

the range of 435-445 nm with different plant extract:AgNO3 ratios. In general, intensities 

of absorbance maximums increased with an increase in plant extract from 10 to 50%, 

whereas absorbance maximums decreased with a decrease in plant extract from 60 to 

10%. Highest absorbance with comparatively narrow peak was observed when both 

reactants were used in 1:1 (v/v) ratio. However, the mixture with 9:1 (v/v) ratio of plant 

extract and AgNO3 did not show the characteristic peak for silver nanoparticles.  

Time-course analysis of UV-vis data of plant extract:AgNO3  (1:1 v/v) mixture 

showed accumulation of AgNPs within an hour of the reaction start time (Figure 2a).  

Typically, AgNPs in colloidal solutions display maximum absorption in the λ 400-500 

nm range.  To capture yield of most AgNPs in this range, statistical analyses were 

performed with the sum of λ 400-500 nm. A scatter plot of the time-response UV-vis data 

indicated that AgNPs synthesis exhibited typical chemical kinetics. Curve fitting revealed 

that AgNPs synthesis fitted an exponential model with excellent goodness-of-fit 

parameters (R2=0.96, Sy.x = 0.61). AgNPs synthesis increased exponentially with a time 

constant (τ) of 4.13 hours (3.17 to 5.9, 95% confidence intervals) and a half life of 2.86 

hours (2.1 to 4.1, 95% confidence intervals) (Figure 2b and Figure S1). AgNPs synthesis 

leveled off at 24 hours after the start of reaction with little or no increase afterwards.  

3.2. Titration analysis for optimum synthesis of AgNPs 

To determine an appropriate concentration of AgNO3 for optimal AgNPs synthesis, a 

range of AgNO3 concentrations (512 to 0.0156 mM) were tested.  Bar graph plots 

indicated that dose-response (AgNO3 concentration-AgNPs synthesis) data formed a bell-

shaped curve.  Indeed, the data fitted a bell-shaped curve with excellent goodness-of-fit 

parameters (R2= 0.98, and Sy.x =0.57) (Figure 3a).  From the bell-shaped curve fits, we 

could calculate that AgNO3 in the range of 2 mM to 16 mM resulted in optimum AgNPs 

synthesis.  Optimal average AgNPs yields of 96.7, 122.7, 120.6, 104.1 µg mL-1 were 

obtained with 2, 4, 8 and 16 mM AgNO3, respectively.  Similarly, in this concentration 

range, Ag+ to AgNPs conversion efficiencies (AgNPs output/Ag+ input) were also higher, 

reaching approximately 90% with 2 mM AgNO3 (Figure 3b).  Next, we investigated the 

effect of the concentration of plant extract in the reaction mixture on AgNPs synthesis at 
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constant AgNO3 concentrations (1 and 2 mM).  Similar to the effect of AgNO3, dose-

response data with plant extract also fitted bell-shaped curves, indicating that AgNPs 

synthesis is optimal at intermediate levels of plant extracts (Figure 3c, 3e and 3g). 

Similarly, conversion efficiencies with different concentrations of plant extract also 

followed bell-shaped curves (Figure 3d, 3f and 3h).  These analyses indicate that optimal 

AgNPs synthesis occurs at specific ratios of plant extract and AgNO3.  These results were 

further verified in a 2x2 factorial experiment, which consisted of 6 and 8 two-fold serial 

dilutions of AgNO3 (20 to 0.62 mM) and plant extract (100 to 0.79 mg mL-1), 

respectively.  Visual examination of the reaction mixtures at different time points after 

the start of reactions showed that at higher plant extract and AgNO3 concentrations, 

AgNPs agglomerated and sedimented instead of staying in colloidal state (Figure S2a).  

UV-vis data of these experiments also showed that optimal AgNPs synthesis is dependent 

on the relative concentrations of plant extract and AgNO3 (Figure S2b).  

3.3. Size distribution and ζ-potential of AgNPs 

Hydrodynamic size distribution of AgNPs was analyzed using dynamic light scattering 

(DLS).  DLS analysis revealed a wider hydrodynamic size range, approximately 5 to 200 

nm radius, with different ratios of plant extract and AgNO3 (Figure 4a-h, left panel).  In 

general, the average hydrodynamic sizes of AgNPs increased with increasing plant 

extract concentration (Table 1).   

Absolute ζ-potential values measure stability of nanoparticles in suspension form. 

In this study, ζ- potential of AgNPs synthesized with different plant extract:AgNO3 ratios 

were evaluated. ζ-potentials ranged from -32.4 and -40.4 mV.  With plant extract:AgNO3 

ratios of 4:6, 5:5, 6:4, 7:3 and 8:2, absolute ζ-potential values decreased, which were -

40.4 mV, -34.6 mV, -34.5 mV and -32.4 mV, respectively (Figure 4i-p, right panel).  

However, at plant extract:AgNO3 ratios of 1:9, 2:8 and 3: 7, ζ- potential values were -

39.6mV, -39.8mV and -38.9mV, indicating that plant extract:AgNO3 ratios do not affect 

ζ-potentials substantially. 

3.4. TEM and EDX analyses of AgNPs 

The shapes and sizes of AgNPs were analyzed using TEM.  Multiple TEM images 

revealed different shapes and sizes of AgNPs with most in the range of 5 to 20 nm 
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diameter.  Although, most particles did not agglomerate, several particles appeared to be 

enrobed in irregularly shaped substances (Figure 5a, arrows).  High-resolution TEM 

images showed characteristic lattice fringes and fringe width (0.23 nm) of Ag (Figure 

5b).  Furthermore, these images also showed that most AgNPs were round shaped and 

polydispersed.  Most particles displayed multiple-twinned crystalline planes, indicating 

that they consist of several differentially oriented crystals (Figure 5b).  

Chemical composition of AgNPs was determined using local EDX micro analysis of 

several individual particles.  EDX spectra revealed major energy peaks corresponding to 

Ag, N, C and Cu (Figure 5c).  Several peaks were observed around the Ag main peak 

indicative of different valency states of Ag in the particles.  Peaks corresponding to Cu 

and C are routinely observed in samples deposited on C-coated copper grids.  

 

4. Discussion 

Due to its nontoxic nature for human use, silver metal has been utilized for various 

purposes since a long time [25]. AgNPs synthesized using biological substrates are used 

in different areas of basic and applied research.  Recent reports have demonstrated that 

AgNPs produced with plant extract have excellent antibacterial, antioxidant and 

cytotoxicity activities [26-28]. In this study, we showed that A. absinthium plant extract 

has strong potential for synthesizing AgNPs, which will likely display antibacterial 

activity. The reduction of AgNO3 in the presence of antioxidant metabolites, phenolics 

and flavonoids results in a characteristic shift in surface plasmon resonance, which 

indirectly indicates the presence of AgNPs [29-31]. In general, peaks at longer 

wavelengths indicate an increase in particle size, whereas peaks at shorter wavelengths 

represent smaller particle size [32, 33].  Consistent with these observations, we observed 

absorption in the shorter spectrum from 380–450 nm, depending on the shape and size of 

the NPs.  Similarly, spectrum width at half maximum of a peak was also broad (Figure 1 

and Figure S1) suggesting that AgNPs synthesized in this study are polydispersed.  This 

notion was supported by mixed populations of particles observed in several independent 

TEM images (Figure 5). Polydispersity may be the result of tremendous variability of 
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various secondary metabolites with potentially different reduction properties, which may 

affect AgNPs nucleation and growth.    

Size and charge are very important parameters for the bioactive properties and 

stability of nanoparticles. Titration assays showed that synthesis of AgNPs that were very 

well dispersed in colloidal solutions with characteristic UV-vis spectra required 

appropriate relative concentrations of A. absinthium extract and AgNO3.  These results 

are further supported by the bell-shaped curves of dose-response data in Figure 3, which 

are consistent with reactions that are dependent on relative concentrations of reactants. 

Mechanistically, these results indicated that the reaction of Ag+ with an unknown plant 

metabolite(s) may not be a simple redox reaction between two compounds, but it might 

also involve a protein catalyst with binding sites for Ag+ and plant metabolites.  This 

scenario is reminiscent of some enzymes they are stimulated at lower substrate 

concentrations but inhibited at higher substrate concentration and therefore follow bell-

shaped kinetics [34].  Testing this hypothesis, however, would require extensive 

experimentation in future studies.  At higher concentrations of AgNO3 and/or A. 

absinthium extracts, larger clusters of particles formed, which could have resulted due to 

a very high localized concentration of reducing reagents in the solution.  These larger 

clusters appeared as irregularly shaped precipitates, which were resistant to dispersing 

into a colloidal solution with vigorous vortexing.  They were, however, dispersed into a 

colloidal solution with sonication, suggesting that they are held together by non-covalent 

weak forces.  DLS analyses showed that the hydrodynamic size (diameter) of the 

particles increased from 78.2 nm to 160.6 nm with an increase in plant extract. The 

increase in particle size might be due to the agglomeration of particles in response to 

higher concentration of reducing metabolites in the plant extract.  In fact, in TEM images 

large aggregates of nanoparticles embedded in an amorphous substance were observed 

(Figure 5).  These large substances might be the larger hydrodynamic particles detected 

in the DLS studies. In previous studies, larger sizes of silver nanoparticles (329 nm) and 

gold nano particles (300 nm) determined by DLS were actually due to agglomeration, 

which were verified in TEM images [35, 36].  Future studies that focus on determining 

the chemical composition of amorphous substances could shed light on their origin and 

role in providing stability to AgNPs. 
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Zetasizer studies, aimed at determining surface charge, dispersion, and stability of 

AgNPs synthesized in this study, revealed that A. absinthium extract is well suited for 

synthesizing AgNPs.  Due to the presence of various secondary metabolites, we expected 

differences in the ζ-potential of AgNPs synthesized with different concentrations of plant 

extracts.  With a decrease in surface plasmon resonance from 440 nm to 435 nm, the 

corresponding ζ-potential values increased from  -40.4 mV and -34.6 mV, and 

corresponding particle sizes increased from 93.8 nm to 103.40 nm.  Since higher absolute 

ζ-potential values indicate higher NP stability, these results indicate that more stable 

nanoparticles were formed when the surface plasmon resonance shifted to a greater 

wavelength. Our results are consistent with a previous study where it was found that for 

minor changes in the ζ-potential value from -31.42 to -29.10 mV there was a 

corresponding notable increase in the hydrodynamic diameter from 108.6 to 144.6 nm 

[37].  Also, there was not a change in the UV-vis or ζ-potentials of AgNPs stored at room 

temperature as colloidal solution in water after at least one year of synthesis, suggesting 

that AgNPs reported in this study are highly stable. 

5. Conclusions 

In conclusion, in this study we showed that A. absinthium mediated AgNPs 

biosynthesis is strongly dependent on the relative concentrations of plant extract and 

AgNO3. The higher concentration of plant extract or AgNO3 resulted in bigger sized 

nanoparticles which sediment down the gravity due to higher agglomeration. 

Furthermore, almost equal volumes of plant extract and AgNO3 resulted in comparatively 

smaller sized and stable nanoparticles. This study will be helpful as an optimization 

protocol for biological synthesis of AgNPs by using other medicinal plants.   
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Figure Legends 

Fig 1. Synthesis of AgNPs using Artemisia absinthium extract. (a) Eppendorf tubes 

showing reaction mixtures of Artemisia absinthium aqueous extract and silver nitrate 

(AgNO3) in different ratios indicated on the top (v/v). Extract and silver nitrate solutions 

alone are indicated by a ‘+’ sign. (b) UV-vis absorbance profiles (300-600 nm) of the 

above reaction mixtures after 24 hours of incubation.  

Fig 2.  Synthesis kinetics of AgNPs.  Reaction mixtures consisted of A. absinthium  

aqueous extract and silver nitrate (AgNO3) mixed in a 1:1 (v/v) ratio.  (a) UV-vis 

spectrum profiles are shown for the indicated time points after the start of reaction.  (b) 

Scatter plot displaying AgNPs yield (measured as the sum of λ 400-500 nm) vs. reaction 

incubation time.  Curve represents fit of the data to exponential model.     

Fig 3. Titration kinetics of AgNPs synthesis: AgNPs synthesis in response to: (a) 

different concentrations of AgNO3 at the constant (10 mg mL-1 ) plant extract 

concentration, (c) different concentrations of plant aqueous extract at constant AgNO3 

concentrations of 1.0 mM (e) 2.0 mM AgNO3, and (g) Plant extract (10 mg mL-1) and 

AgNO3 (2 mM) mixed as; from100 µL: 900 µL (1:9 v/v) to 900 µL: 100 µL (9:1 v/v), 

respectively, on the x-axis. (b, d, f, h) Corresponding silver nitrate conversion 

efficiencies [(weight of input Ag+/weight of output AgNPs)x100] of the above reactions 

are shown in the panels on the right side. Y2-axes in panels a, c, e and g are AgNP 

quantities in µg mL-1, whereas Y1-axes show the sum of λ 400-500 nm, which 

corresponds to AgNP quantity measured in arbitrary optical units. 
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Fig 4. Physical characterization of AgNPs. Dynamic Light Scattering (DLS)-based size 

distribution (left panel) and ζ-potential (right panel) of AgNPs synthesized after reaction 

of A. absinthium extract and silver nitrate mixed in the following ratios: (a) 1:9 (b) 2:8 

(c) 3:7 (d) 4:6 (e) 5:5 (f) 6:4 (g) 7:3 (h) 8:2.  

Fig 5. Transmission electron microscopy and EDX analysis of AgNPs. (a, b) 

Transmission electron microscopy (TEM) images of AgNPs synthesized with A. 

absinthium extract and AgNO3 (2 mM)  mixed in a 1:1 (v/v) ratio. Inset shows 

characteristic lattice fringes and fringe width (0.23 nm, indicated with arrows) of Ag. (c) 

EDX spectra of AgNPs showing the characteristic peak for Ag.  Peaks of N, C and Cu, 

which result from carbon-coated copper grids and biological specimens are also shown.  
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Table 1: Synthesis formulation and the average sizes of synthesized silver nanoparticles 
(AgNPs)  

Plant extract (10 mg 
mL-1) + AgNO3 
(2mM) 
 

Plant extract : 
AgNO3 ratios (v/v) 

AgNPs 
average size 
(r.nm) 

100 µl + 900 µl 1:9 40.03 
200 µl + 800 µl 2:8 39.12 
300 µl + 700 µl 3:7 39.71 
400 µl + 600 µl 4:6 46.90 
500 µl + 500 µl 5:5 51.70 
400 µl + 600 µl 6:4 76.92 
300 µl + 700 µl 7:3 71.57 
200 µl + 800 µl 8:2 80.34 
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