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Abstract Abstract 
In the present investigation, silver (Ag) and copper (Cu) nanostructured particles were synthesized from 
Eremurus plant by means of an environmentally benign methodology in which plant extracts served as 
both reducing and stabilizing agents. The resultant nanostructured particles were subjected to 
characterization techniques, including X-ray diffraction (XRD), Fourier-transform infrared spectroscopy 
(FTIR), field-emission scanning electron microscopy (FESEM), and energy-dispersive X-ray spectroscopy 
(EDXS). XRD analysis confirmed development of Ag nanostructured particles with face-centered cubic 
(fcc) structure and also Cu nanostructured particles with cubic form. Moreover, the average crystallite 
dimensions obtained for Ag and Cu were 18.3 nm and 65.7 nm, respectively. FESEM images disclosed 
spherical-shaped morphology of Ag alongside cubic form of Cu. The optical characteristics were 
scrutinized via UV-Visible spectroscopy, which revealed distinctive absorption peaks at 205 nm for Ag and 
230 nm for Cu where Ag demonstrated a superior extinction coefficient, thereby indicated enhanced 
optical activity. 

The antibacterial performance of Ag and Cu nanostructured particles was assessed against Escherichia 
coli (E. coli) and Staphylococcus aureus (S. aureus) employing the colony-forming unit (CFU) 
methodology. Ag nanostructured particles exhibited remarkable antibacterial efficacy, achieving a 
reduction exceeding 99.99999% against E. coli and over 99.999% against S. aureus at a concentration of 
8 mg/mL. Cu nanostructured particles similarly manifested substantial antibacterial effects, diminishing 
E. coli populations by over 99.99999% and S. aureus by greater than 99.98% at a concentration of 0.3 mg/
mL. The augmented antimicrobial properties of Ag and Cu nanostructured particles underscored their 
prospective applications in biomedical, environmental, and antimicrobial coating domains. 
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Abstract

In the present investigation, silver (Ag) and copper (Cu) nanostructured particles were synthesized from Eremurus 
plant by means of an environmentally benign methodology in which plant extracts served as both reducing and sta
bilizing agents. The resultant nanostructured particles were subjected to characterization techniques, including X-ray 
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), field-emission scanning electron microscopy 
(FESEM), and energy-dispersive X-ray spectroscopy (EDXS). XRD analysis confirmed development of Ag nano
structured particles with face-centered cubic ( fcc) structure and also Cu nanostructured particles with cubic form. 
Moreover, the average crystallite dimensions obtained for Ag and Cu were 18.3 nm and 65.7 nm, respectively. FESEM 
images disclosed spherical-shaped morphology of Ag alongside cubic form of Cu. The optical characteristics were 
scrutinized via UV-Visible spectroscopy, which revealed distinctive absorption peaks at 205 nm for Ag and 230 nm for 
Cu where Ag demonstrated a superior extinction coefficient, thereby indicated enhanced optical activity.

The antibacterial performance of Ag and Cu nanostructured particles was assessed against Escherichia coli (E. coli) 
and Staphylococcus aureus (S. aureus) employing the colony-forming unit (CFU) methodology. Ag nanostructured 
particles exhibited remarkable antibacterial efficacy, achieving a reduction exceeding 99.99999 % against E. coli and 
over 99.999 % against S. aureus at a concentration of 8 mg/mL. Cu nanostructured particles similarly manifested sub
stantial antibacterial effects, diminishing E. coli populations by over 99.99999 % and S. aureus by greater than 99.98 % at 
a concentration of 0.3 mg/mL. The augmented antimicrobial properties of Ag and Cu nanostructured particles under
scored their prospective applications in biomedical, environmental, and antimicrobial coating domains.

Keywords: Silver nanostructured particles, Copper nanostructured particles, Green synthesis, Antibacterial activity, 
Optical properties, E. coli, S. aureus 

1. Introduction

N anotechnology has fundamentally trans
formed multiple scientific disciplines, 

including but not limited to medicine, environ
mental science, and materials engineering, by 
facilitating the synthesis and utilization of nano
particles possessing distinctive physicochemical 
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attributes. Among the diverse array of nano
materials, metal and metal oxide nanoparticles 
have attracted considerable scholarly interest due 
to their exceptional antibacterial properties, 
biocompatibility, and prospective applications in 
industries, healthcare section, and environmental 
remediation [1—4]. Silver (AgNPs) and copper 
(CuNPs) nanoparticles are among the most 
extensively investigated nanomaterials, which is 
attributed to their potent antimicrobial character
istics, economic viability, and the feasibility of their 
synthesis through environmentally sustainable 
methods [5,6]. The prevalence of bacterial 
infections, particularly those instigated by multi- 
drug-resistant (MDR) strains, constitutes a signifi
cant global health challenge, thereby necessitating 
the formulation of alternative antimicrobial agents. 
The efficacy of conventional antibiotics has been 
diminished due to the rise of MDR bacteria, leading 
to comprehensive investigations on nanomaterials 
as potential antibacterial alternatives [7]. Ag and Cu 
nanoparticles have exhibited remarkable antibac
terial efficacy against different Gram-positive and 
Gram-negative bacteria, for instance E. coli, S. 
aureus, Pseudomonas aeruginosa (P. aeruginosa), and 
Staphylococcus epidermidis (S. epidermidis), which 
could make them promising candidates for 
biomedical applications [8,9]. Nevertheless, there 
exists a paucity of comprehensive comparative an
alyses regarding their antibacterial effectiveness 
when employing a green synthesis methodology.

In spite of their drawbacks for instance being 
time-consuming, loss of part of the extract, and the 
contamination of the resulting product with organic 
solvents, the green synthesis of nanoparticles en
tails the utilization of phytochemical extracts, mi
croorganisms, or alternative biological systems as 
reducing and stabilizing agents, thereby presenting 
an environmentally benign alternative to traditional 
chemical and physical synthesis methodologies. 
Moreover, it diminishes the reliance on hazardous 
and toxic chemicals and fosters biocompatibility, 
rendering it a sustainable option for the fabrication 
of nanoparticles [10,11].

Numerous plant extracts are endowed with 
bioactive constituents, including polyphenols, fla
vonoids, and alkaloids, which facilitate the reduc
tion of metal salts into nanoparticles while 
concurrently augmenting their stability and bio
logical efficacy [12,13]. The green synthesis tech
nique has been extensively employed for the 
generation of Ag and Cu nanoparticles character
ized by high purity and regulated physicochemical 
properties, factors that can significantly affect their 
antibacterial performance [14,15]. In this regard, 

Assad and his co-workers prepared AgNPs by 
means of the polar extract of Cotoneaster nummu
larius leaves and their optical and antimicrobial 
properties were examined using various tech
niques. The presence of the absorption band 
related to surface plasmon resonance (SPR) of 
AgNPs in their ultraviolet (UV-Visible) spectrum 
and also the peak showing AgNPs in their FTIR 
spectrum supported their successful fabrication. 
The synthesized nanostructures exhibited potent 
antimicrobial activity against several bacterial and 
fungal strains, which resulted in their comparable 
wound healing results with commercial Sufre 
tulle® dressing [16]. In another study, CuNPs were 
prepared by means of the root extract of Withania 
somnifera and their antibacterial activities were 
examined against Escherichia coli (E. coli) and 
Staphylococcus aureus (S. aureus). The resulting 
CuNPs revealed higher antibacterial activity 
against S. aureus compared to E. coli. Moreover, in 
accordance with antioxidant activities results ob
tained from DPPH assay, the inhibition percentage 
of NPs was 62 % at the concentration of 400 μg/mL 
[17].

AgNPs are renowned for their potent antibacte
rial properties, which arise from various mecha
nisms, including disruption of cell membranes, 
induction of oxidative stress, and interaction with 
bacterial proteins and DNA [18]. These mechanisms 
underpin the efficacy of AgNPs against both gram- 
positive and gram-negative bacteria, thereby 
rendering them invaluable for antimicrobial appli
cations [19]. Furthermore, AgNPs demonstrate a 
broad spectrum of antimicrobial activity, limited 
development of resistance, and promising applica
tions in medical coatings, wound dressings, metal 
ion sensing, and water purification systems [20—22]. 
CuNPs as well as AgNPs exhibit significant anti
bacterial capabilities mainly attributable to their 
propensity to generate reactive oxygen species 
(ROS), ability to release ions, and contact killing 
properties [23]. ROS species generated by NPs 
include oxygen-containing radicals and non- 
radicals. Some of the negative ROS, for instance 
OH-are inclined to have interaction with positively 
charged membranes of microbial cells. On the other 
hand, neutral ROS are prone to penetrate the cell 
membranes. The ability of nanoparticles to release 
ions is another reason behind their antimicrobial 
activity. The ions transported and delivered by NPs 
could penetrate membrane of the bacterial cells and 
influence their DNA, RNA, and transcriptional re
sponses. Unlike two aforementioned mechanisms 
where NPs indirectly involve in destruction of the 
microbial cells (either by generated ROS or release 
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of ions), in contact killing, NPs directly interact with 
membrane of the cells and penetrate into them [23].

The antimicrobial applications of CuNPs have 
been extensively explored, particularly in the con
texts of coatings, packaging materials, and 
biomedical devices [24]. In comparison with AgNPs, 
CuNPs are deemed more economically viable and 
offer additional advantages, including potential 
antifungal and antiviral attributes [25]. Nonethe
less, disparities in their antibacterial efficacy, 
toxicity profiles, and stability necessitate further 
examination to ascertain their appropriateness for 
diverse applications [26].

Notwithstanding the comprehensive in
vestigations into silver and copper nanoparticles, a 
direct comparative evaluation of their antibacterial 
characteristics utilizing a green synthesis method
ology remains insufficiently examined. This research 
endeavors to synthesize silver and copper nano
structured particles employing Eremurus plant ex
tracts and assess their antibacterial efficacy against 
E. coli and S. aureus. Using Eremurus extract possesses 
several advantages, one of which is that it is natural. 
In addition to its antibacterial characteristics, it 
shows antioxidant, cytotoxic, and antidiabetic prop
erties, which could provide a wider range of appli
cations. Moreover, it has traditionally been used for 
treatment of different health issues [13].

The physicochemical attributes of the nano
structured particles are characterized utilizing X- 
ray diffraction (XRD), Fourier-transform infrared 
spectroscopy (FTIR), field emission scanning elec
tron microscopy (FESEM), and energy dispersive X- 
ray spectroscopy (EDXS). Furthermore, their optical 
characteristics are scrutinized through UV-Visible 
spectroscopy. The antibacterial effectiveness is 
evaluated employing the colony-forming unit 
(CFU) methodology to ascertain their potential as 
alternative antimicrobial agents. We expected that 
synthesized Ag and Cu nanostructured particles 
from Eremurus plant would exhibit high antibacte
rial activities against E. coli and S. aureus. Hence, the 
outcomes of this investigation would yield signifi
cant insights into the comparative performance of 
silver and copper nanostructured particles, thereby 
contributing to their prospective applications in 
biomedical, environmental, and antimicrobial 
technologies.

2. Experimental section

2.1. Green synthesis of silver nanostructured particles

The fabrication of Ag nanostructured particles 
was executed utilizing an environmentally benign 

methodology involving an aqueous extract derived 
from Eremurus (Isfahan, Iran). Initially, 50 gr of 
Eremurus were meticulously ground and subse
quently dissolved in 200 mL of deionized water. 
This resultant mixture was permitted to stand for a 
duration of 24 h, after which the extract was 
segregated from the solid residues. The resulting 
solution was subjected to continuous stirring and 
heating at 80 ◦C for a period of 1 h, followed by 
filtration to eradicate any remaining particulates.

Thereafter, 0.1 moles of silver nitrate (AgNO3) 
were dissolved in 100 mL of deionized water. The 
previously prepared Eremurus extract was then 
incrementally introduced into the AgNO3 solution 
under sustained stirring, thereby promoting the 
formation of a precipitate. The reaction mixture was 
allowed to mature at ambient temperature for 6 h, 
culminating in the emergence of a brown precipi
tate, which is indicative of Ag nanostructured par
ticles formation. The resultant precipitate was 
subsequently filtered and rigorously washed 
several times with deionized water and ethanol to 
remove any residual impurities. Ultimately, the 
purified precipitate was subjected to drying at 60 ◦C 
in preparation for ensuing characterization 
analyses.

2.2. Green synthesis of copper nanostructured particles 
using aqueous extract of Eremurus

The eco-friendly synthesis of Cu nanostructured 
particles was executed utilizing an aqueous extract 
derived from the Eremurus plant. In this regard, 50 g 
of Fresh Eremurus was carefully chopped and sub
sequently, amalgamated with 200 mL of deionized 
water. Then, the resultant mixture was allowed to 
repose for 24 h to facilitate the extraction of bioac
tive compounds. The extract was subsequently 
agitated at a moderate temperature for 1 h to 
augment the extraction efficiency.

After that, the resultant solution underwent 
filtration using filter paper to eliminate solid resi
dues. The aqueous extract was incrementally 
introduced into a copper nitrate (Cu(NO3)2) solu
tion under continuous agitation until a discernible 
color change and precipitate formation were noted.

The reaction mixture was permitted to stand for 
6 h to guarantee the completion of precipitation. 
The precipitate was isolated via centrifugation at 
7000 rpm and subsequently subjected to multiple 
washings with deionized water and ethanol to 
eliminate impurities. Finally, the purified precipi
tate was dried at 60 ◦C and further subjected to 
annealing under a medium vacuum (40 Torr) within 
a temperature range of 350—400 ◦C to eradicate 
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excess organic constituents and yield the final Cu 
nanostructured particles.

The synthesized nanostructured particles were 
then characterized employing various analytical 
techniques to assess their structural, morphological, 
and antibacterial properties.

2.3. Characterization analyses

The crystal structures of the prepared Ag and Cu 
nanostructured particles were scrutinized with an 
EQUINOX 3000 Intel X-ray diffractometer using 
Cu-Kα radiation (λ = 0.15418 nm). For investigation 
of the organic and inorganic bonds inside the syn
thesized nanostructured particles, a Bruker Alpha 
Fourier transform infrared (FT-IR) spectrometer 
was adopted. The morphology as well as chemical 
composition of Ag and Cu nanostructures were 
respectively studied by means of FESEM instru
ment (Tescan Mira 3-LMU, 15 kV) and an energy 
dispersive spectrometer (EDS) mounted on it. The 
UV-Visible measurements were performed by 
Perkin Elmer Lambda 45 spectrometer.

2.4. Antibacterial activity assessment

Two bacterial strains, consisting of E. coli 
ATCC25922 and S. aureus ATCC 6598 were chosen 
for the analysis of antibacterial activity of Ag and 
Cu nanostructured particles. Both bacteria were 
cultured in the medium of the Müller-Hinton-agar, 
followed by incubating for 24 h at 37 ◦C. The bac
terial suspension of each strain was adjusted at 0.5 
McFarland and a consistent volume of 1 mL of each 
strain was used to inoculate nutrient agar plates.

3. Results and discussion

3.1. Characterization analyses

Figure 1 demonstrates the XRD patterns of Ag 
and Cu nanostructured particles taken in the 2θ

ranging from 10 to 80◦. The crystallographic study 
of nanostructured particles is typically carried out 
by means of XRD spectroscopy. Moreover, the 
crystalline size of the nanostructures can be deter
mined with the aid of this technique.

According to XRD pattern of Ag nanostructured 
particles, the main peaks found at 2θ of 38.1, 44.3, 
and 64.4◦ are attributed to the crystal planes of 
(111), (200), and (220), respectively (JCPDS file No. 
04-0783). The aforementioned XRD peaks demon
strate the face-centered cubic ( fcc) structure of Ag 
nanostructured particles [1,4]. No other peak except 
for the ones seen in the XRD pattern of Ag can be 

found, meaning that our fabricated nanostructured 
particles lack of any contaminant and possess high 
purity. The crystalline size of Ag nanostructured 
particles was estimated using the following for
mula, known as Debye—Scherrer's equation [5,27]: 

D=
K λ

ß cos θ
(1)

Where D signifies the mean size of the nano
structured particles, K indicates the Scherrer con
stant (K = 0.98), λ denotes the wavelength of X-ray 
equal to 1.541 Å, and β demonstrates the full width 
at half maximum (FWHM). By taking the sharpest 
peak at 38.1◦ into account for calculation of average 
crystalline size of Ag nanostructured particles, a 
value of 18.3 nm is obtained for this sample.

For the Cu nanostructured particles (Figure 1), 
three diffraction peaks can be detected at 2θ of 43.4, 
50.4, and 74.1◦. Based on JCPDS file No. 04-014-0265, 
the aforementioned peaks are indications of Miller 
indices of (111), (200), and (220), respectively, which 
suggest a cubic structure for our prepared Cu 
nanostructured particles [6,28]. By employing 
Equation (1), an average crystalline size of 65.7 nm 
is estimated for Cu nanostructured particles. FTIR 
technique is another characterization analysis hired 
to structurally examine the fabricated Ag and Cu 
nanostructured particles. FTIR is advantageous 
because of its capability to scrutinize the functional 
groups available within the prepared nano
structured particles.

Based on references, the Ag nanostructured par
ticles synthesized from plant extract contain 
different functional groups for example amines, 
alcohols, and so on [29]. In this direction and in 

Fig. 1. The XRD patterns of Ag and Cu nanostructured particles within 
the range of 10—80◦.
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accordance with Figure 2 showing the FTIR spec
trum of Ag nanostructured particles, a broad peak 
can be detected at about 3200 cm− 1, which corre
sponds to stretching mode of O—H functional 
group within alcohols or N—H in amines [7,29]. The 
O—H absorption band can also be originated from 
the presence of water molecules [1]. Another well- 
defined peak is seen at 1562 cm− 1, which is perti
nent to the stretching mode of C=O overlapped 
with amine-bending vibration [5,30]. The peaks 
found at the wavenumbers of 1382 and 1014 cm− 1 

are arisen from the primary amide groups and C—O 
in ethers, respectively [7].

In terms of FTIR spectrum of Cu nanostructured 
particles (Figure 2), the broad peak at 3424 cm− 1 

corresponds to stretching vibration of O—H in 
alcohol and phenols [6,8]. The pronounced peak at 
1577 cm− 1 is relevant to the stretching mode of 
C=O [10]. The peak at 1054 cm− 1 is related to C—O 
in ethers [6].

To evaluate morphology of the prepared Ag and 
Cu nanostructured particles, FESEM is adopted. 
According to references, Ag nanostructured parti
cles prepared from plant extract typically appear in 
the form of hexagonal, spherical or triangular [31]. 
As shown by FESEM image of Ag nanostructured 
particles (Figure 3a), a mass of spherical-shaped 
nanostructured particles of silver are evident whose 
size is approximately in the range of 50—100 nm 
(Figure 3b). For the Cu nanostructured particles, the 
cubic-shaped species dispersed within an inter
connected network are observed (Fig. 3c and d), 
which are correlated to copper particles. The size of 
Cu nanostructured particles is estimated at about 
500 nm.

EDXS is employed to probe the elemental 
composition of fabricated Ag and Cu nano
structured particles. According to Figure 4a exhib
iting the EDXS pattern of Ag nanostructured 
particles, the two characteristic peaks of Ag element 
found at about 3 keV are arisen from the silver 
particles. For the Cu nanostructured particles, the 
pronounced peaks of Cu element at approximately 
0.9, 8, and 8.9 keV (Figure 4b) testify the presence of 
copper particles.

3.2. Optical behavior investigation

In order to investigate optical properties of Ag 
and Cu nanostructured particles, UV-Visible ab
sorption spectroscopy is adopted. Figure 5a illus
trates the UV-Visible spectra of Ag nanostructured 
particles. Accordingly, a sharp absorption peak can 
be detected at approximately 205 nm for this sam
ple, which is located in the UV region. Like Ag, the 
UV-Visible spectrum of Cu nanostructured parti
cles demonstrates only one absorption peak, which 
is centered at about 230 nm (Figure 5a). Compared 
to Ag, the absorption peak of Cu nanostructured 
particles shifts toward higher wavelength, meaning 
that a redshift is observed.Fig. 2. The FTIR spectra of Ag and Cu nanostructured particles.

Fig. 3. The FESEM images of (a,b) Ag and (c,d) Cu nanostructured 
particles at various magnifications.
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In order to obtain the energy band gap of Ag and 
Cu nanostructured particles, their Tauc's plots are 
plotted (Figure 5b). For this purpose, the straight 
line acquired from plotting (αhν)2 versus photon 
energy (hν) is extrapolated to horizontal axis, by 
which an estimated energy band gap (Eg) can be 
obtained. In this regard, α demonstrates the ab
sorption coefficient of the material, h indicates the 
Planck's constant, and ν signifies the frequency of 
the light [12,32].

The energy band gap calculated for Ag and Cu 
nanostructured particles respectively is 5.6 and 
3.8 eV. The lower energy band gap means the 
shorter distance between the valance band and 
conduction band, which simplifies the transition of 
electrons between two bands. The transmittance 
spectra of Ag and Cu nanostructured particles as a 

function of wavelength are shown in Figure 6. The 
transmittance percentage (T%) was calculated by 
means of the following equation [33]: 

T%=100× 10− A (2)

Where A shows absorbance. Accordingly, the peaks 
at 205 nm for Ag and at 230 nm for Cu nano
structured particles found in their absorbance 
spectra (Figure 5a) are also observed in their 
transmittance spectra. Moreover, the redshift seen 
for the Cu nanostructured particles in their absor
bance spectrum is also detected in their trans
mittance spectra. Compared to Cu, Ag 
nanostructured particles exhibit less transmittance, 
which is consistent with absorption spectroscopy 
where they showed higher intensity.

Fig. 4. The EDXS patterns of (a) Ag and (b) Cu nanostructured 
particles.

Fig. 5. (a) The absorbance spectra and (b) energy band gap of Ag and 
Cu nanostructured particles.
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Figure 7 demonstrates the extinction coefficient 
versus wavelength curves for Ag and Cu nano
structured particles. Equation (3) is adopted for 
calculation of extinction coefficients (K) of the 
samples [34]: 

K=
αλ

4π
(3)

In Equation (3), α is the absorption coefficient and 
λ demonstrates the wavelength. In accordance with 
Figure 7, Ag nanostructured particles show higher 
extinction coefficient compared to Cu, implying 
higher capability of Ag in absorbing the light.

In addition to extinction coefficient, the refractive 
indexes (n) of Ag and Cu nanostructured particles 
versus wavelength are obtained, which are 

demonstrated by Figure 8. The calculation of 
refractive indexes is carried out by means of 
Equation (4) [30]: 

n=
1
Ts
+

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1

Ts
2 − 1

√

(4)

Where T denotes transmittance. Accordingly, the 
refractive index exhibited by Ag nanostructured 
particles is about 0.05, which is lower than the one 
obtained for Cu, which is 0.45. Lower refractive 
index means the property of a material in reducing 
the reflection of light. Higher extinction coefficient 
and lower refractive index of Ag nanostructured 
particles in comparison with Cu are in a well 
agreement with their higher absorption and lower 
transmittance, which make them appropriate for 
optical activities. Higher capability of Ag compared 
to Cu in absorbing the light can be arisen from their 
smaller dimension, as confirmed by XRD and 
FESEM analyses, which provides larger surface-to- 
volume ratio.

3.3. Antibacterial activities

The antibacterial activities of Ag and Cu nano
structured particles are examined against E. coli and 
S. aureus bacteria where colony forming unit (CFU) 
parameter, which determines the number of viable 
bacteria in a sample, is adopted for this purpose. 
Figs. 9 and 10 respectively demonstrate antibacte
rial activities of control sample (negative-type) and 
silver nanostructures against E. coli bacteria as a 
gram-negative bacterium. Besides, the CFU values 
acquired for the control sample and also Ag 

Fig. 6. The transmittance spectra of Ag and Cu nanostructured 
particles.

Fig. 7. The extinction coefficient of Ag and Cu nanostructured particles.
Fig. 8. The refractive index versus wavelength curves for Ag and Cu 
nanostructured particles.
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nanostructures before and after 24-h contact are 
brought in Table 1.

In this direction, the CFU value shown by control 
sample before contact is 1.78 × 105 mL. On the other 
hand, and after 24-h contact, this value reaches 
3.22 × 108 mL, showing that no reduction is seen in 
the number of E. coli bacteria and the control 
sample exhibits no antibacterial activity (Figure 9).

Regarding Ag nanostructures, the CFU value of 
1.78 × 105 mL is obtained before the contact. But 
and after 24-h contact, the number of E. coli bacteria 
decreases to less than 10 mL corresponding to a 
reduction of >99.99999 %, attesting that Ag nano
structures manifest significant antibacterial activity 
against E. coli (Figure 10).

In addition to E. coli, the antibacterial activities of 
control sample as well as Ag nanostructures were 
examined against S. aureus as a gram-positive bac
terium. In this regard, the control sample reaches a 
CFU value of 3.1 × 105 mL before contact (Table 1). 
However, this value increases to 1.8 × 106 mL after 
24-h contact, demonstrating that no reduction seen 
in the number of S. aureus bacteria and the 
control sample exhibits no antimicrobial activity 
(Figure 11). Ag nanostructures show considerable 
antibacterial activities against S. aureus bacteria. In 
this regard, the CFU value of the Ag nanostructures 
before contact is 3.1 × 105 mL (Table 1).

After 24-h contact with Ag nanostructured parti
cles, CFU declines to less than 10 mL and a reduc
tion of >99.999 % is observed in the number of S. 
aureus bacteria (Figure 12). As a consequence, Ag 
nanostructured particles possess high antibacterial 
activities against both E. coli and S. aureus bacteria.

Accordingly, the CFU value obtained for the 
control sample before contact with E. coli bacteria is 
1.78 × 105 mL. On the other hand, this parameter 
increases to 3.22 × 108 mL after 24-h contact; 

Fig. 9. Antibacterial activity of control sample against E. coli bacteria 
after 24-h incubation.

Fig. 10. Antibacterial activity of Ag nanoparticles against E. coli bac
teria after 24-h incubation.

Table 1. Antibacterial activities of Ag nanostructures against E. coli and S. aureus bacteria.

Microorganism Sample CFU (mL) 
(before contact)

Sample 
Concentration (mg/mL)

CFU (mL) 
(after 24-h contact)

Reduction (%)

Escherichia coli Ag 1.78 × 105 8 <10 >99.99999
Control 8 3.22 × 108 —

Staphylococcus aureus Ag 3.1 × 105 8 <10 >99.999
Control 8 1.8 × 106 —

Fig. 11. Antibacterial activity of control sample against S. aureus 
bacteria after 24-h incubation.
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therefore, no decrement is seen in the number of E. 
coli bacteria and the control sample exhibits no 
antibacterial activity (Figure 13).

However, Cu nanostructured particles demon
strate high antibacterial activities against E. coli 
bacteria. Accordingly, the CFU value before contact 
with Cu nanostructured particles is 1.78 × 105 mL 
(Table 2). After 24-h exposure with Cu, the CFU 
decreases to less than 10 mL, which corresponds to 
a reduction of more than >99.99999 (Figure 14).

The antibacterial activity of Cu nanostructured 
particles is also examined against gram-positive 
bacterium of S. aureus. In this regard, the control 

sample demonstrates no antibacterial activity 
against S. aureus (Figure 15). The CFU values ob
tained for the control sample before and after 24-h 
contact respectively are 3.1 × 105 and 1.8 × 106 mL 
(Table 2); thus, no reduction occurred in the num
ber of S. aureus bacteria.

However, exposure of S. aureus bacteria to Cu 
nanostructured particles gives rise to a significant 
decrement in their number (Figure 16).

According to Table 2, the CFU value before 
contact is 3.1 × 105 mL. After 24-h contact, this 

Fig. 12. Antibacterial activity of Ag nanostructured particles against S. 
aureus bacteria after 24-h incubation.

Fig. 13. Antibacterial activity of control sample against E. coli bacteria 
after 24-h incubation.

Table 2. Antibacterial activities of Cu nanostructures against E. coli and S. aureus bacteria.

Microorganism Sample CFU (mL) 
(before contact)

Sample Concentration (mg/mL) CFU (mL) 
(after 24-h contact)

Reduction (%)

Escherichia coli Cu 1.78 × 105 0.3 <10 >99.99999
Control — 3.22 × 108 —

Staphylococcus aureus Cu 3.1 × 105 0.3 3.8 × 102 >99.98
Control — 1.8 × 106 —

Fig. 14. Antibacterial activity of Cu nanostructures against E. coli 
bacteria after 24-h incubation.

Fig. 15. Antibacterial activity of control sample against S. aureus 
bacteria after 24-h incubation.
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value decreases to 3.8 × 102 mL, which corre
sponds to a reduction of >99.98 %. As a result, Cu 
nanostructures show high antibacterial activities 
against both gram-negative and gram-positive 
bacteria. The comparison between Tables 1 and 2
shows that Ag outperforms Cu against gram-pos
itive bacteria, which originates from several 
mechanisms, including direct contact to the 
membranes of the bacteria and their destruction, 
production of ROS species, denaturation of en
zymes in bacteria, interruption in cellular redox 
reactions in bacteria, and damages to critical 
cellular components of bacteria for instance DNA 
and RNA [35,36]. However, both Ag and Cu re
veals excellent antimicrobial activity. As evidenced 
by XRD spectroscopy, both Ag and Cu demon
strated high crystallinity, which could result in 
their high antibacterial activity due to presence of 
negligible amorphous phases. Moreover, in 
accordance with FESEM images, Ag and Cu 
appeared in nanometer size, which could provide 
higher surface-to-volume ratio and subsequently, 
more active size for release of their corresponding 
ions [37,38].

4. Conclusions

In this work, Ag and Cu nanostructured particles 
were synthesized from plant extract and their op
tical properties and also antibacterial activities were 
scrutinized by means of various analyses.

As all the characterization tests of XRD, FTIR, 
FESEM, and EDXS corroborated, Ag and Cu nano
structured particles were successfully prepared. In 
accordance with XRD technique, Ag and Cu respec
tively showed face-centered cubic ( fcc) and cubic 
structure. Both samples revealed different morphol
ogies where spherical-shaped nanostructured 

particles and cubic-shaped species were respectively 
observed for Ag and Cu. In EDXS patterns of Ag and 
Cu nanostructures, the peaks of silver and copper 
elements were detected, which confirmed further our 
case-study samples. Although Ag nanostructured 
particles showed higher energy band gap compared 
to Cu nanostructures, they were found to be more 
effective in optical behavior examinations. In this 
regard, Ag nanostructured particles manifested 
higher absorption, lower transmittance, more 
extinction coefficient and less refractive index in 
comparison with Cu. High optical properties of Ag 
nanostructures were related to their smaller di
mensions. Both Ag and Cu nanostructured particles 
took advantage of excellent antibacterial activities 
against both gram-negative and gram-positive bac
teria where Ag showed better antibacterial activity 
against gram-positive bacteria compared to Cu.

Our findings suggest that Ag and Cu nano
structured particles are potential for photocatalytic 
applications, including environmental remediation 
applications, energy conversion uses, and green 
synthesis of chemicals. Additionally, both can be 
used to overcome the health issues generated by E. 
coli and S. aureus bacteria.
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