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Abstract
This study aimed to evaluate the concept of green synthesis of metallic nanoparticles (silver nanoparticles, AgNPs) by 
plant extracts without using any toxic or hazardous materials. Alchemilla vulgaris (AV) and Helichrysum arenarium (HA) 
are used as capping and reducing agents to synthesize AgNPs (as coded AV-AgNPs and HA-AgNPs). Both synthesized 
AgNPs were characterized by UV–visible spectrophotometry, Fourier transform infrared spectroscopy (FT-IR), X-ray dif-
fraction (XRD), and transmission electron microscope (TEM). The results of characterization exhibited that AgNPs were 
successfully synthesized. They are highly well-dispersed, mostly spherical shape with an average size 15–20 nm. Catalytic 
reduction of methylene blue (MB) and 4-nitrophenol (4-NP) was assessed using synthesized AgNPs as nano-catalysts in the 
presence of  NaBH4. The catalytic activity of the synthesized AgNPs revealed significant results in terms of degradation of 
MB and 4-NP to 4-AP (4-aminophenol). The reduction reactions of MB and 4-NP happen within 6–7 min using synthesized 
AV-AgNPs and HA-AgNPs in the presence of  NaBH4. According to the reusability analysis, synthesized AgNPs demon-
strated excellent degradation performances by the more than 94% removal efficiency maintained after five reuse cycles. In 
addition, antibacterial activities of AgNPs were investigated against Escherichia coli (E. coli; Gram-negative bacteria) and 
Staphylococcus aureus (S. aureus; Gram-positive bacteria) by using quantitative well-diffusion method and the inhibition 
zones were determined using Mueller–Hinton agar (MHA) media. AV-AgNPs and HA-AgNPs showed strong antibacterial 
activities against E. coli with in inhibition zone diameters 25.5 and 25 mm, respectively. AV-AgNPs and HA-AgNPs were 
also extremely effective on S. aureus with high inhibition zone values of 22 and 24 mm, respectively. Finally, the fabricated 
silver nanoparticles could be excellent candidates for the separation of hazardous materials.
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1 Introduction

Metal nanoparticles (mNPs) of varying sizes demonstrate 
unique electronic, magnetic, catalytic, and optical properties 
that are different from those of bulk metals. They have many 
fascinating properties, the size-dependent metal to nonmetal 
transition being an important one [1–5]. Thus, they have 
been used in many interesting different applications like 
optoelectronics, chemical and biochemical sensors, cataly-
sis, and biomedical sciences [6, 7]. Bare metal nanoparticles 

can be prepared by employing physical and chemical meth-
ods for a long time [8]. However, the development of effi-
cient methods has been investigated in order to find an eco-
friendly technique for the fabrication of well-characterized 
mNPs. Biosynthesis of mNPs is an environmentally friendly 
method without the need for any toxic chemicals. In this 
context, bacteria, yeast, fungi, algae, actinomycetes, and 
plants are used for bioreduction of metals [9]. Among these 
organisms, plant extract has received more attention as a best 
candidate to other bioreduction agents [10, 11]. Because, 
using plant extracts is a very cost-effective method and valu-
able alternative for the production of mNPs in the absence of 
chemicals [12]. Combination of biomolecules (e.g., amino 
acids, polysaccharides, proteins, enzymes, vitamins, and 
organic acids) found in plant extracts plays important roles 
in both stabilization and reduction of metals. This procedure, 
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called green synthesis, has shown great potential in genera-
tion of mNPs [13]. This technique mainly fabricates nano-
particles using reducing and capping agents present in plant 
extracts [14, 15].

Silver nanoparticles (AgNPs) are well-known in nano-
techonology due to their remarkable optical, electrical, and 
antimicrobial properties [16, 17]. Silver compounds have 
been applied as antimicrobial agents since ancient times. 
They are preferable for their broad-spectrum antibacterial 
activity against Gram-positive and Gram-negative bacteria, 
fungi, protozoa, and certain viruses [18]. Moreover, AgNPs 
are widely used for photodegradation process as catalysts 
with high large surface area to volume ratio [19].

Mass release of hazardous substances into the environ-
ment is a rising problem with the development of indus-
trialization. It has resulted in a significant rise in dyes, 
insecticides, phenols, and other organic contaminants with 
potentially toxic by-products. Nitrophenols are considered 
one of the most ubiquitous pollutants in wastewaters [20, 
21]. Similarly, a cationic diazine dye such as methylene blue 
(MB) is widely used in various industrial applications [22]. 
Therefore, efficient strategies are the current international 
need for extracting these toxins from industrial wastewater 
[23]. Chemical techniques such as oxidation and reduction; 
physical methodologies such as precipitation, adsorption, 
and reverse osmosis; and biological methods such as aero-
bic and anaerobic intervention have all been often applied 
to clean organic pollutant containing wastewaters. Photo-
catalytic degradation is one of the methods for water purifi-
cation. Nowadays, biosynthesized nano-catalysts are widely 
used for the effective removal of contaminants [24, 25].

In this perspective, the novelty of this work appeared on 
present fabrication AgNPs using plant extracts via green 
synthesis process, as an eco-friendly nano-catalyst for 4-NP 
and MB degradation. For this purpose, we used the extracts 
from Alchemilla vulgaris and Helichrysum arenarium to 
synthesize AgNPs (namely coded as AV-AgNPs and HA-
AgNPs). The reaction conditions such as temperature, pH, 
and time on the synthesis of AgNPs were investigated by 
using a UV–Vis spectrophotometer. The synthesized nano-
particles were analyzed using transmission electron micros-
copy (TEM), X-ray diffraction (XRD), and Fourier transform 
infrared (FT-IR) spectroscopy. AgNPs fabricated in this 
work were used as such to investigate the catalytic potential 
in the reduction of methylene blue (MB) and 4-nitrophenol 
by  NaBH4. Moreover, the antibacterial activities of synthe-
sized AgNPs were also investigated. Thus, the newly synthe-
sized nanoparticles not only remove organic pollutants from 
waste water but also hinder the growth of bacteria in water.

2  Experimental

2.1  Materials

All chemicals in this work were used as received and with-
out further purification. Water used for all experimental 
preparations was Milli-Q grade (18.2 MΩ at 25 °C). Silver 
nitrate was purchased from Sigma-Aldrich, 4-nitrophenol 
from Fluka, and sodium borohydride from Sigma-Aldrich. 
NaOH (analytical reagent grade) was purchased from Sigma-
Aldrich used to prepare 4-NP solution. Alchemilla vulgaris 
(AV) and Helichrysum arenarium (HA) were purchased 
from herbal market in Konya, Turkey.

2.2  Synthesis of AgNPs

In the first stage, plant extracts were obtained to synthe-
size silver nanoparticles by green synthesis method. Alche-
milla vulgaris (AV) and Helichrysum arenarium (HA) were 
washed with distilled water until impurities were removed. 
Ten grams of plants were weighed and immersed in 100 mL 
of distilled water in Erlen-Mayer, were heated to 60 °C dur-
ing 20 min. After this step, the plant extract solutions were 
mixed using magnetic stirrer at room temperature for 24 h. 
Then, plant extracts were filtered by using filter paper and 
supernatants were collected and kept at 4 ◦C for the synthesis 
of nanoparticles.

In the second step of the synthesis process, certain plant 
extracts were added to 0.01 M  AgNO3 solution under contin-
uous stirring at room temperature to obtain HA-AgNPs and 
AV-AgNPs. Stirring was performed until the visible color 
changing was occurred. Then, the precipitated AgNPs were 
separated by centrifugation method from aqueous medium. 
Synthesis of AgNPs was determined by using UV–visible 
spectrophotometer. This experimental section gives a con-
firmation data about the characteristic absorbance of AgNPs 
around 400–450 nm.

2.3  Characterization of AgNPs

TEM analysis was carried out for the confirmation of AgNPs 
size and shapes, and elemental mapping and compositional 
analysis were done by EDX. TEM images were used to gen-
erate size distribution histograms of AgNPs using ImageJ 
software, and the resulting histograms were created in Orig-
inPro 2018. Fourier transformed infrared (FT-IR) spectra 
of active functional groups were detected with Bruker Ver-
tex-70 Fourier transform infrared spectrophotometer. The 
data were recorded in the range of 4000–400  cm−1. Effects 
of the parameters on the formation of AgNPs were inter-
preted by using UV–visible spectrophotometer. UV–visible 
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analysis was performed between 200 and 800 nm. Addi-
tionally, both HA-AgNPs and AV-AgNPS were examined 
by X-ray diffractometer (Bruker D8 Advance) operated at 
40 kV and 35 mA by means of Cu Kα radiation.

2.4  Optimization of AgNPs synthesis parameters

The synthesis of nanoparticles is very sensitive and depends 
on important parameters. These parameters can be men-
tioned as follows; reaction time, pH, and temperature of the 
reaction medium. Since these parameters affect the nano-
particle size, shape, and agglomeration of the particles, we 
have tried to optimize the parameters for efficient synthesis 
of AgNPs. For the optimization of pH, pH of the solutions 
was adjusted to 5, 7, and 9 by keeping  AgNO3 and plant 
extract volume in the ratio of 1:1. Different time durations, 
i.e., 1 min, 10 min, 30 min, 1 h, 2 h, 3 h, 5 h, 6 h, 24 h, were 
applied to optimize the reaction time (keeping the param-
eters as follows:  AgNO3 and plant extract volume in the ratio 
of 1:1, room temperature, pH: 5). Besides this, various tem-
perature conditions (25℃, 40℃, and 60℃) were performed 
by keeping other parameters fixed for synthesis reaction.

2.5  Catalytic reaction

The UV–visible spectrophotometer was used to moni-
tor the progress of catalytic degradation of MB and 4-NP. 
The degradation of MB and 4-NP was observed via the 
absorption spectra obtained using spectrophotometer. The 
catalytic behavior of synthesized AgNPs (HA-AgNPs and 
AV-AgNPs) was investigated for MB and 4-NP, separately. 
This analysis was performed using the reduction of 4-NP to 
4-AP (4-aminophenol) as a model reaction in the presence 
of  NaBH4 as a reducing agent.

Catalytic reducing reaction was carried out under specific 
circumstances in two sets. In the first set, 1 mL of 0.01 M 
 NaBH4 was mixed with 1 mL of 0.002 M MB solution in 
the absence of AgNPs and UV–vis spectra have been used 
at orderly interval of time. For the second set, 5 mg of HA-
AgNPs and AV-AgNPs were added to the solutions men-
tioned as before. Similar procedure was employed to monitor 
the degradation of 4-NP. Methylene blue has an absorption 
peak at 665 nm with a shoulder at 610 nm. 4-NP solution 
mixed with  NaBH4 presents an absorption peak at around 
400 nm.

Reusability of synthesized AgNPs was evaluated by per-
forming a recycling experiment. AgNPs were centrifuged 
and separated after degradation processes and washed with 
DI water thoroughly. These cleaned and dried AgNPs were 
reused in degradation processes and degradation perfor-
mances were calculated after each cycle.

2.6  Antibacterial activities of AgNPs

Antibacterial activities of AgNPs were investigated against 
Escherichia coli ATCC 25922 (Gram-negative bacteria) 
and Staphylococcus aureus ATCC 25923 (Gram-positive 
bacteria) by using quantitative well-diffusion method. The 
inhibition zones were determined using Mueller–Hinton 
agar (MHA) media. In particular, fresh bacterial cultures 
 (108 CFU/mL) were applied on the surface of media. Then, 
HA-AgNPs and AV-AgNPs (0.10 mg/mL) were added and 
allowed to diffuse for 1 h and incubated at 37 °C for 24 h. 
Finally, diameters of inhibition zones for each AgNPs were 
determined in three replicates [26].

3  Results and discussions

3.1  TEM analysis

The dimensions and physical appearances of synthesized 
AgNPs were confirmed by TEM analysis. The particle size 
of generated HA-AgNPs was found in the range of 5–40 nm. 
As seen in Fig. 1, the average particle size is around 20 nm 
for HA-AgNPs. Similarly, the particle size of fabricated AV-
AgNPs was measured in the range of 1–40 nm and can be 
reported that average size is around 15 nm. Figure 2 shows 
the detailed images of synthesized AV-AgNPs.

The representative images of HA-AgNPs and AV-AgNPs 
showed the morphology of the nanoparticles were found to 
be roughly spherical in shape. Huang et al. has reported that 
the mNPs with spherical shape show well thermodynamic 
stability due to the protection by a sufficient amount of bio-
molecules [27, 28]. Additionally, it can be suggested that 
these fabricated AgNPs, having small sizes and monodis-
persed structures, can be used in waste water treatment.

The size distribution was analyzed using ImageJ software 
package. For this purpose, first images of Fig. 1 and Fig. 2 
obtained from TEM analysis (inset images in Fig. 3) were 
chosen to create size distribution histograms of HA-AgNPs 
and AV-AgNPs, respectively. It is observed that HA-AgNPs 
have a good dispersion with calculated average particle size 
diameter of 18.79 nm. It is noticeable that the size and dis-
tribution of the AV-AgNPs are not uniform as HA-AgNPs. 
According to this result, stirring step of AV-AgNPs synthesis 
process can be prolonged to obtain more homogenous struc-
ture for further studies.

3.2  FT‑IR analysis

The FT-IR spectra of HA-AgNPs and AV-AgNPs were 
depicted in Fig. 4 a and b respectively. This analysis was 
carried out to procure the chemical composition of the 
surface of the AgNPs and the molecular composition of 
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the capping agents on the nanoparticles [29]. FT-IR results 
of AgNPs showed that the band at around 3350  cm−1 cor-
responds to –OH stretching vibration caused by phenol 
compounds. The band at 2958  cm−1 corresponds to the 
C-H stretching vibration. The carbonyl group was detected 
at 1715  cm−1. The carbonyl groups showed the presence 
of flavanones or terpenoids that are adsorbed on the sur-
face of metal nanosized particles [30]. Carboxyl groups 
attached to the amide band can be explained with the band 
at 1645  cm−1 [31]. The band at 1363  cm−1 showed the 
vibrations of aromatic amines.

The band at 1072  cm−1 shows C–N stretching vibra-
tions of aliphatic amines [32]. Investigation of the chemi-
cal components of the surface of the synthesized AgNPs 
specified the existence of amides, carboxyl, amino groups, 
and poly phenols in HA-AgNPs and AV-AgNPs. These 
mentioned organic components in plant extracts can attrib-
ute to the reduction of  AgNO3 and the stabilization of 
AgNPs by the surface bound by the organic molecules. 
Consequently, FT-IR analysis confirmed that plant extracts 
have a capability for the reduction of  AgNO3 and the sta-
bilization of AgNPs [30].

3.3  X‑ray diffraction

This analysis was performed to evaluate the crystal struc-
tures of synthesized AgNPs. Figure 5 shows the XRD pat-
tern of HA-AgNPs and AV-AgNPs. A number of Bragg 
reflections with 2θ values of 39.40, 44.51, 62.22, and 
76.10 matching to the (111), (200), (220), and (311) set 
of lattice planes, respectively, in Miller indices. The result-
ing structures are compared with the standard silver XRD 
pattern reported by joint committee for powder diffraction 
set (JCPDS Card No: 04–0783), confirming a face centered 
cubic geometry of silver. The presence of sharp struc-
tural peaks in pattern demonstrates that generated AgNPs 
were nanocrystalline structure. These XRD results are in 
agreement with previous reports of synthesized AgNPs 
using green methods [33–37]. Then, the Debye–Scherrer 
equation was applied to probe the crystalline structure of 
AgNPs. The calculated average particle size is 15–30 nm 
for synthesized AgNPs.

Fig. 1  TEM images of HA-AgNPs
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3.4  Optimization of reaction parameters

As shown in Fig. 6, effects of the different pH values, vari-
able time, and temperature intervals were examined in this 
part of the study. In the optimization of the synthesis reac-
tion of AgNPs using plant extracts, it was demonstrated that 

the pH of solutions, reaction time, and temperature have a 
remarkable effect on the characteristic absorbance indicat-
ing the formation of silver AgNPs, which agrees with other 
previously reported studies [38–40].

The effect of pH on the absorbance profile of  AgNO3-plant 
extract solution is shown in Fig. 6 a and b. The pH adjustment 

Fig. 2  TEM images of AV-AgNPs
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significantly influenced the reduction of  Ag+ ion to Ag indicat-
ing the color change to dark brown. The progress of synthesis 
process depends on the role of phyto chemicals in reaction 
medium that affected by the pH. Moreover, pH of medium 
affects the AgNPs synthesis by changing the charges of bio-
molecules [41]. The absorbance peak at 412 nm increased with 
the decrease of pH for both AgNPs formation. pH:5 was suit-
able value for the efficient synthesis of AgNPs.

Figure 6 c and d shows the results of effect of the reac-
tion time on absorbance profiles of reduction process to Ag. 
As seen from the figure, the resonance plasmon occurred at 
approximately 400–420 nm with increasing reaction time 
for both reactions. As a result of the applied time interval, 
24 h and 6 h were suitable for HA-AgNPs and AV-AgNPs, 
respectively. The increase of intensity of the peak was 
observed without a change in position, which shows that 
the nucleation process was still going until 24 and 6 h for 
HA-AgNPs and AV-AgNPs. Due to the slightly shift of 
the absorbance band of AV-AgNPs, 6 h was adequate for 
synthesis. Because, the observation of widening or shift of 
the plasmon band explains that there may be an agglomera-
tion or increase in nanoparticle size [15, 38]. Furthermore, 
temperature plays an important role in the production of 
AgNPs. As seen from the Fig. 6 e and f, 25℃, 40℃, and 
60℃ were applied during the synthesis reaction. The high-
est intensity peak was observed at 60℃ for HA-AgNPs and 
AV-AgNPs. This absorbance pattern is in good agreement 
with the reported profiles in the literature for the AgNPs 
synthesized by green methods [42, 43].

3.5  Catalytic applications

3.5.1  Catalytic degradation of MB

Catalytic activities of HA-AgNPs and AV-AgNPs for the 
degradation of MB were monitored using UV–visible 
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spectrophotometer. The results for MB degradation were 
presented in Fig. 7. MB has an absorption peak at 665 nm 
with a shoulder at 610  nm. MB degradation was also 
observed by color change and recorded as picture inset Fig. 7 
b. In first step, the degradation of MB was experienced using 
 NaBH4 in the absence of AgNPs. As seen from the Fig. 7 
a, the degradation process is almost not observed without 
using AgNPs. The absorption peaks were slightly decreased 
after 60 min. However, the absorption spectrums showed 
the decreased peaks upon different time intervals for AV-
AgNPS and HA-AgNPs as seen in Fig. 7 b and c. Degrada-
tion of MB is known from the gradual decrease of absorb-
ance curve approaching the base line [44]. The characteristic 
peak of MB was completely disappeared after 6–7 min in 
the presence of AgNPs. AgNPs were catalyzed the degrada-
tion process successfully as reported in previous studies [41, 
45]. Furthermore, peaks at around 400 nm can be concerned 

with absorbance bands of AgNPs for both absorbance pro-
files. Additionally, catalytic reduction leads to convert MB 
into Leuco-methylene blue which is colorless and less toxic 
product. The production of Leuco-MB, was occurred via the 
transformation of C = N bonds of the MB molecule into the 
NH bonds by the electrons on the AgNPs [46, 47].

Moreover, reusability is a very important criterion for 
determining the practical application of nanoparticles. The 
degradation percentage of each cycle was calculated based 
on Eq. (1).

where Co is the initial concentration and Ct is the concen-
tration at the termination stage [48]. The efficiency of each 
cycle was determined at termination time of 10 min. Fig-
ure 7d shows the reusability performances of AgNPs for 
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Co
.%100

0

0.5

1

1.5

300 400 500 600 700 800

)u.a(ecnabrosbA

Wavelength (nm)

HA-AgNPs 

pH(5)
pH(7)
pH(9)

-0.5

0

0.5

1

1.5

2

300 400 500 600 700 800

)u.a(ecnabrosbA

Wavelength (nm)

HA-AgNPs

T: 60 °C
T: 40 °C
T: 25 °C

0

0.4

0.8

1.2

1.6

2

300 400 500 600 700 800

Ab
so

rb
an

ce
 (a

.u
)

Wavelength (nm)

AV-AgNPs

T: 60 °C
T: 40 °C
T: 25 °C

0

0.5

1

1.5

300 400 500 600 700 800

)u.a(ecnabrosbA

Wavelength (nm)

HA-AgNPs

24 hours
6 hours
5 hours
3 hours
2 hours
1 hour
30 min
10 min
1 min

0

0.4

0.8

1.2

1.6

2

300 400 500 600 700 800
Ab

so
rb

an
ce

 (a
.u

)
Wavelength (nm)

AV-AgNPs

24 hours
6 hours
5 hours
3 hours
2 hours
1 hour
30 min
10 min
1 min

0

0.5

1

1.5

2

2.5

300 400 500 600 700 800

Ab
so

rb
an

ce
(a

.u
)

Wavelength (nm)

AV-AgNPs

pH(5)
pH(7)
pH(9)

(a) (b)

(c) (d)

(e) (f)

Fig. 6  Optimization of the HA-AgNPs and AV-AgNPs synthesis reaction parameters



 Biomass Conversion and Biorefinery

consecutive cycles. The recycled nanoparticles showed 
satisfying photocatalytic activities up to five cycles with 
high efficiencies under the same reaction conditions. The 
percentages for both AgNPs remain above 96% up to cycle 
three, and it has been concluded that the efficiencies were 
still high for the 5 cycles with 94% degradation percentage. 
These results demonstrate that synthesized AgNPs protect 
their catalytic activities up to five cycles without losing their 
performances.

3.5.2  Catalytic degradation of 4‑NP

In recent years, the catalytic degradation of 4-NP to 4-AP by 
 NaBH4 in the presence of mNPs has turn out to be of great 
concern [49]. Here, synthesized AV-AgNPs and HA-AgNPs 
were utilized as catalysts for 4-NP degradation reaction. Fig-
ure 8a shows the degradation of 4-NP using  NaBH4 in the 
absence of any AgNPs. As seen from the figure, there is a 
negligible shift in absorbance after 60 min. The spectrum 
demonstrates that the original absorption spectrum did not 
alter significantly after one hour. Though the reduction of 
4-NP by  NaBH4 is a thermodynamically possible reaction, 
without a catalyst, it is kinetically limited [50]. In Fig. 8 
b and c, decreased absorbance peaks were recorded in the 

presence of AV-AgNPs and HA-AgNPs prominently. With 
the introduction of small amount of AgNPs, the absorption 
intensities of 4-NP at around 400 nm diminished rapidly 
with increasing time. This catalytic phenomenon was also 
observed through the naked eye as the yellow color of the 
solution turned colorless after 6 min (Fig. 8 c). As we men-
tioned in previous section, the absorption peaks tend to 
approach to the base line as seen in the absorbance graph, 
when the reduction proceed to the end. As shown in figure, 
the characteristic peaks were completely disappeared after 
6 min for AV-AgNPs and HA-AgNPs. Absorption peaks 
around 300 nm indicate the formation of 4-AP for both deg-
radation profiles [51–53].

Furthermore, Fig. 8 d shows the reusability performances 
of AgNPs for consecutive cycles. The percentages for both 
AgNPs remain above 96% up to cycle three, and it has been 
concluded that the efficiencies were still high for the 5 cycles 
with 93% degradation percentage. AgNPs showed effective 
photocatalytic activities up to five cycles with high efficien-
cies under the same reaction conditions. The reusability pro-
files of AV-AgNPs and HA-AgNPs were recorded similarly 
to the reusability results of MB degradation.

Consequently, the reaction times found for the degrada-
tion of MB and 4-NP were very similar and significantly 
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lower than in earlier reports [41, 52, 54–57]. AV-AgNPs 
and HA-AgNPs have high rate of catalytic reduction capa-
bilities, with a reaction time less than 5 min. It can be 
reported that almost complete degradation of MB and 
4-NP happened at the time of 7 min with both AgNPs. 
In terms of reusability, the performance of HA-AgNPs 

was measured to be slightly higher in MB degradation, 
while the performance of AV-AgNPs was observed to be 
higher in 4-NP degradation. Based on these results, it can 
be concluded that synthesized AgNPs in present study can 
take a role as efficient photocatalysts in dye degradation 
processes.
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3.6  Antibacterial activities of AgNPs

The antibacterial activities of newly synthesized silver nano-
particles (HA-AgNPs and AV-AgNPs) were assessed against 
both S. aureus and E. coli bacteria by an agar well-diffusion 
method. The experiments were carried out in triplicate and 
the average values were evaluated and illustrated in Fig. 9.

The synthesized AgNPs had impressive antibacterial 
activities against the two bacteria under study. Zone diam-
eters of inhibition were measured versus different concen-
trations of AgNPs. The zones of inhibition against E. coli 
bacteria were found to be 9, 11.2, 15, 23, and 25.5 mm for 
HA-AgNPs; 7, 9.8, 13, 22, and 25 mm for AV-AgNPs with 
0.05, 0.2, 0.4, 0.8, and 1 mL AgNPs concentrations. The 
diameter of inhibition zones of S. aureus bacteria were 
determined to be 7, 10, 13.9, 23, and 24 mm for HA-AgNPs; 
5, 7.5, 12, 20, and 22 mm for AV-AgNPs in the same nano-
particles concentration range. As seen from the results, anti-
bacterial activities of AgNPs increased with an increase in 
AgNPs concentration, which could be attributed to a more 
significant quantum of nanoparticles available to kill the 
microorganisms [15]. Similarly, antibacterial inhibition zone 
diameter for plant-based AgNPs was reported as 17–18 mm 
in literature [58].

According to our best knowledge, increased surface area 
of smaller AgNPs are successful in attaching to the surface 
of bacteria cell wall [59]. Besides, smaller AgNPs with 
large surface area give more bacterial effect than the larger 
AgNPs. Several studies propose that it is also possible that 
AgNPs not only interact with the surface of membrane, but 
can also penetrate inside the bacteria [60, 61]. This phe-
nomenon is compatible with the results obtained from our 
experiments. It can be claimed that HA-AgNPs show a more 
homogenous structure consisting smaller particles than AV-
AgNPs. Similar results are reported in literature [26, 59]. 
Based on these results, AgNPs fabricated in this work, can 
be used in antibacterial applications without losing high 
efficiency.

4  Conclusions

In this study, we have demonstrated that a concept to fab-
ricate AgNPs via green synthesis method. Two different 
AgNPs were successfully synthesized using Alchemilla vul-
garis and Helichrysum arenarium extracts. This green syn-
thesis method is considered a simple, cost-effective, fast, and 
eco-friendly method to generate metallic nanoparticles. Syn-
thesized AgNPs were characterized by using UV–Vis spec-
troscopy, X-ray diffraction, FT-IR, and TEM. The obtained 
results showed the presence of chemical groups that could 
take a role as either reducing agents or capping agents for 
enhancing the properties of AgNPs. Regarding to TEM and 

XRD results, it can be concluded that both HA-AgNPs and 
AV-AgNPs are highly well-dispersed, mostly spherical with 
an average size 15–20 nm. After that, catalytic reduction of 
MB and 4-NP was assessed using synthesized AgNPs as 
nano-catalysts in the presence of  NaBH4. The catalytic activ-
ity of the synthesized AgNPs revealed significant results in 
terms of degradation of MB and 4-NP to 4-AP. The reduc-
tion reactions of MB and 4-NP happen within 6–7 min using 
synthesized AV-AgNPs and HA-AgNPs in the presence of 
 NaBH4. According to the reusability analysis, synthesized 
AgNPs demonstrated excellent degradation performances 
by the more than 94% removal efficiency maintained after 
five reuse cycles. In addition, in terms of antibacterial activ-
ity behavior, both HA-AgNPs and AV-AgNPs were tested 
against Gram ( +) and Gram ( −) bacteria. The outcomes of 
this analysis confirm a more significant antibacterial effect 
of the synthesized AgNPs. When the inhibition zone diam-
eters are examined, HA-AgNPs displayed much better anti-
bacterial acitivity than AV-AgNPs with a small difference. 
Ultimately, both HA-AgNPs and AV-AgNPs are promising 
candidates for the application in catalytic degradation of 
organic pollutants from wastewater.
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