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Abstract

Silver (Ag) nanoparticles (NPs) are perceiving remarkable progress during the past few
periods due to its exclusive properties in many applications. Recently, green synthesis
method of NPs is racing against traditional chemical and physical methods by avoiding the
use of many toxic chemicals, and expensive devices. Accordingly, in this study, dry and fresh
Portulaca-oleracea L. leaf extract has been employed for producing AgNPs as a reducing, cap-
ping and stabilizing agents. This process is simple, eco-friendly and green. UV–vis spectra
showed the formation of AgNPs represented by the change of a colorless liquid to brown-
ish solution. The crystallinity of the AgNPs, was confirmed by X-ray diffraction (XRD).
The contribution of the available functional groups of the leaf extract in the reduction and
capping process of NPs was demonstrated using Fourier transform infrared spectroscopy
(FTIR). This study showed that fresh Portulaca-oleracea L. leaf extract provides better NPs
in terms of stability, purity, degree of crystallinity and spherical shape. The biosynthesized
AgNPs from both procedures were coated on the indium tin oxide (ITO) glass substrates
to enhance the reflectivity property. It has been shown that the utilized AgNPs, from fresh
Portulaca-oleracea L. extract, has smaller size and negligeable agglomeration, consequently
lower light transmittance.

1 INTRODUCTION

The field of nanotechnology is one of the supreme important
field of investigation in recent material sciences [1]. Nanotech-
nology is a field that is emerging progressively, creating an
impression in the entire sector of human life and generating
a rising intelligence of delight in the life sciences, particu-
larly biomedical procedures and biotechnology [2]. The term
“nanoparticles” is utilized to define a particle with size in the
range of 1–100 nm [3]. Based upon their type, size, shape, and
structure, nanomaterials reveal a variety of inimitable electri-
cal, optical, mechanical, magnetic, and antimicrobial properties,
which have led to numerous fascinating industrial applications
[4, 5]. Nowadays, metallic NPs have fascinated countless scien-
tific attentiveness owing to their exclusive optoelectronic and
physicochemical features with their requests in areas such as
molecular diagnostics [6], drug carriage [7], imaging [8], solar
cell [9], catalysis [10], and sensing [11].
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In recent years, interest in silver nanoparticles (AgNPs) and
their applications has increased dramatically as a result of
their imperative properties [12]. In addition, AgNPs are one
of the most talented harvests in nanotechnology manufactur-
ing. AgNPs have some possible applications, such as indicative
biomedical optical imaging [13], and medical request [14] such
as wound bandages [15], clinical devices [16], food packag-
ing [17], therapeutic applications [18], dental applications [19]
and numerous key-purchaser belongings manufacturers that
even now manufacture household substances that operate the
antibacterial properties [20].

NPs synthesis is typically conducted by means of three
main approaches: physical, chemical, and biological/green
approaches [21]. Each of these methods possesses identifi-
able exclusive properties. Physical and chemical approaches
are well thought out to be superior methods, especially in
attaining steady nanostructures of identical dimension, how-
ever, they do not meet the purpose of obtaining longstanding
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sustainability [22, 23]. Additionally, large-scale NP production
can be achieved through the use of physical and chemical pro-
cesses, but these approaches come at a significant cost because
they demand a lot of energy. [24, 25]. Bearing in mind the
restrictions of these approaches in nanomaterial synthesis, eco-
logical approaches need to be settled utilizing procedures that
are unpolluted, non-hazardous, and eco-friendly [26]. In other
words, the production of NPs by physical and chemical methods
requires the use of hazardous materials, advanced equipment,
and has a negative impact on the environment. This has accom-
panied the development of “green nanotechnology” as a novel
field. Biomanufacturing is a vital element of the green approach
since it utilizes active organisms or biological parts as a replace-
ment for costly physical or chemical approaches and delivers an
ecologically harmless, and inexpensive technique for the synthe-
sis of NPs. Biological or eco-friendly synthesis has been utilized
as a green synthesis method for various range of NPs including
metals, semiconductors, and quantum dots [27–29].

Phytochemicals or phytonutrients, are typically minor
metabolites of plants with an extensive collection of chem-
ical constructions, for example, alkaloids, saponins, indoles,
phytosterols, phenolic acids, isothiocyanates, and phyto-
prostanes/furanes, proteins, and enzymes [30]. These metabo-
lites are not indispensable for the growth and improvement of
the plant, however, they are originated to be useful for human
well-being and controlling illness [31, 32]. These phytochemi-
cals, which can behave as a reducing and capping in addition to
stabilizing agent for NP synthesis. Nevertheless, the mechanism
of green synthesis methods is yet extremely arguable.

The biological synthesis of NPs involves of utilizing natural
ingredients, including plants and microorganisms, which con-
tain bacteria, algae, fungi, and yeast [33]. Microorganisms are
essential platform that are able to accumulate and purify heavy
metals due to the presence of various reductase enzymes that
are able to reduce metal salts to metallic NPs [34]. The syn-
thesis of NPs by bacteria has not yet been well investigated,
although studies to date have shown that nanoparticles pro-
duced by bacteria have very good dispersion and stability and
have significant lethal activity against various pathogens [35].
Algae is an extensively dispersed organism and its availability is
abundant; an added advantage is their growth under laboratory
conditions. These organisms can help with large-scale produc-
tion at a low cost. Algae-mediated synthesis of NPs, along with
the use of different capping agents, can help in modulating the
stability and size of the NPs [36]. Fungi and yeast represent
excellent frames for synthesizing NPs since they are very effec-
tive secretors of extracellular enzymes and a number of species
grow fast [37]. Therefore, culturing and keeping them in the lab-
oratory are very simple. Also, they are able to produce metal
NPs via reducing enzymes intracellularly or extracellularly [38,
39]. Nevertheless, the available phytochemicals in plant extracts
own an extremely extraordinary capacity for reducing metal
ions in a limited period compared with bacteria, fungi, algae,
and yeasts, which requires a longer growth time [40]. Accord-
ingly, plant extracts have been prominent as a noticeable basis
for synthesizing metallic NPs [41]. Moreover, the plant-refereed
synthesis process for producing NPs is a primary procedure

above the microorganism route owing to its effortlessness,
quickness, and culture maintenance anticipation [42]. Also, plant
extractions own an important status owing to comprising a great
amount of phytochemicals, for instance, flavonoids, glycosides,
polyphenol, terpenoids, and enzymes, which behave as reduc-
ing, capping, and stabilizing agents [43]. Furthermore, biological
synthesis offers an ecofriendly construction of NPs of diverse
dimensions and natures [44–46].

The biosynthesizing NPs initially started using dry plants as
reducing and capping agents [47, 48]. The advantage of utiliz-
ing dried plants is that the plant can be stowed for a long time
at ambient temperature till required. However, the fresh plant
ought to be stowed at 20◦ below 0◦C to avoid degradation [49].
Also, the dried plant is more desirable owing to variances in
water content inside the plant tissues [50]. Similarly, the impacts
of periodic variants, which cause deviations in plant ingredients
are excluded by means of dried ingredients. Oikeh et al. [51]
stated that fresh plant extract contains more and active phyto-
chemicals than the dried plant extracts. Indeed, there are several
parameters affecting the size, morphology, and number of cre-
ated NPs. Among these parameters; plant extract and metal
slat concentration, in addition to modifying the pH, reaction
temperature, and time [52].

With the intention of resolving the energy shortage and envi-
ronmental pollution issues, the actual use of solar energy has
become extremely significant. Since the energy density of sun-
light is low and uneven, increasing the absorption and efficiency
of sunlight is important for the efficient conversion of solar
energy. Numerous methods and materials have been industrial-
ized to operate more sunlight. Amongst them, surface plasmon
resonances of nanometals have concerned abundant consider-
ation since their procedure is easy, reproducible, and effective
route and can be used in large scale construction [53]. In this
study, an effective technique was used to coat Ag NPs on indium
tin oxide (ITO) glass using the spin coating method.

The novelty of this study is that Ag NPs can be synthesized
from an easy reaction without using any external stabilizing and
reducing agent, which is not possible through traditional proce-
dures. This study also is rare and distinctive, and it demonstrates
that the process of NPs formation is not clear and there are
many parameters affecting the structural, chemical and optical
properties of the NPs. Therefore, this study which is a contin-
uation of our recent works [47, 54–63] originally conducted to
compare the impact of dried and fresh leaf extracts of Portulaca
oleracea L. on structure, size, morphology, purity, degree of crys-
tallinity and optical properties of Ag NPs. Finally, this study was
aimed to utilize Ag NPs, from fresh and dry P. oleracea L. leaf
extracts, to enhance light reflective properties of ITO glass.

2 MATERIALS AND METHODS

2.1 Fresh and dry P. oleracea L. leaf Extract

In this study, P. oleracea L. has been selected since this plant has
been qualified as a unique food of future. It is remarkable that
no sign of notable toxicity of this plant has been reported yet
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FIGURE 1 Preparation process of (a) fresh, (b) dry Portulaca oleracea L. leaf extract and (c) Ag NPs from fresh and dry Portulaca oleracea L. extracts.

[64]. P. oleracea L. is a rich source of α-linolenic acid, omega-
3 fatty acids, ascorbic acid, β-carotene, α-tocopherols, phenolic
alkaloids, glutathione and many other components. Accordingly,
this plant is contains reducing, capping and stabilizing agent.
Five grams of fresh P. oleracea L. leaves were carefully washed
in distilled water, cut into sufficient fragments then saturated
in a flask contained 100 mL distilled water. The mixture was
heated at 50◦C for 30 min (Figure 1a). The extract was permit-
ted to turn cold at room temperature and then clarified using
filter paper to eliminate undesirable organic ingredients.

Five grams of dry P. oleracea L. were saturated in a flask
enclosed 100 mL of distilled water. The mixture was heated at
50◦C for 30 min (Figure 1b). The extract was permitted to calm
down to room temperature and then clarified with filter paper
to eliminate undesirable organic ingredients.

2.2 Synthesis of silver nanoparticles

The quantity of 0.25 g of silver nitrite was liquefied in 50 mL
double distilled water and reserved stirring for 20 min at 60◦C.

This ratio is a standard silver solution for Ag NPs preparation
[65]. Then, 50 mL of both fresh and dry P. oleracea L. extract
solutions were drop wise added to the liquefied silver nitrite
individually. The last mixtures were put on the hotplate, heated,
and stirred at 70◦C for 40 min till the colour of the mixtures
altered to a brownish colour (Figure 1c). The acquired ingredi-
ents were disconnected from the combination by centrifugation
at 7000 rpm for 25 min and later heated at 500◦C in muffle
furnace for 40 min by means of an oven to eliminate all of the
contamination and organic ingredients nearby the Ag NPs.

The biosynthesizing process of Ag NPs could be discussed
as follows: first, the reduction of silver metal salt ions into sil-
ver metal atoms; second, the growth and nucleation of Ag NPs
with a specific size and shape; third, the steadiness step, wherein
the phytochemicals cover and prevent NPs from aggregation by
secondary metabolites of plant extraction, and finally the calci-
nation of the Ag NPs to remove all unwanted impurities around
the Ag NPs. Figure 1c represents the graphical representation of
the Ag NPs formation using fresh and dry P. oleracea L. extract.
This approach can be extended to prepare other noble metal
NPs, such as Au and Pt.
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FIGURE 2 UV Spectrum for (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.

2.3 Samples characterization

To explore the crystal structure of arranged Ag NPs, X-ray
diffraction (PAnalytical X’ Pert PRO, Cu Kα = 1.5406 Å) was
used. The scanning level was 1◦/min in the 2θ range from
20◦ to 80◦. In addition, the visual characteristics of the Ag
NPs samples were also investigated through the double beam
UV–vis (Super Aquarius Spectrophotometer-1000) with a deu-
terium and tungsten iodine lamp in the range of 200 to 900 nm
at room temperature. The morphology of the samples was
studied through field emission scanning electron microscopy
(SEM Quanta 450). The elemental configuration of the Ag
NPs nanostructures was determined by energy-dispersive X-ray
spectroscopy (EDX) implemented in the SEM instrument. The
composition and organic molecules around the growth of Ag
NPs nanostructures were analysed by means of Fourier trans-
form infrared (Perkin Elmer FTIR) spectrophotometer in the
acquisition assortment of 400–4000 cm−1.

3 RESULTS AND DISCUSSION

3.1 Characterization of plant extracts

3.1.1 UV–vis spectra of dry and fresh P. oleracea
L. leaf extracts

UV–vis method is at the same time qualitative and quantitative
analysis. It is a rapid, initial, and important step for determining
the ability of a plant to prepare the NPs. Numerous phyto-
chemicals are available in plant extracts that result in metal ion
reduction and the formation of NPs. These phytochemicals are,
also, contributing to the formation, capping, and stabilization of
NPs [66]. Reducing agents reduce the metal ions to metal zero,
while capping agents stick to the NPs surface through either
covalent bonds or interaction. Capping agents protect NPs from
aggregation. Normally, the UV–vis absorption range between
200–400 nm is the optimum range for phytochemicals screening
in plant extracts. For instance, flavonoid possesses two absorp-
tion maxima in the ranges of 230–285 nm and 300–350 nm [67].
Comparable consequences were found in a previous investiga-
tion [68] stating that the UV-Vis spectrum of leaf extract in the
absorption range of 270–340 nm.

FIGURE 3 Chemical construction of flavanone and flavone.

Figure 2 shows the UV–vis spectra of fresh and dry P. oleracea
L. leaf extracts. This investigation showed that the phytochemi-
cals in fresh leaf extract of P. oleracea L. possess a maximum UV
peak at 297 nm (Figure 2a). Zhu et al. [69] stated that flavonoids
are one of the leading energetic components of P. oleracea L.
Therefore, this peak is more likely to belong to flavanone.

Flavanone is a type of a type of flavonoids, is an aromatic
and colourless ketone consequential from flavone that fre-
quently arises in plants as glycosides [70]. It can be noticed from
Figure 2b that the highest UV peak, for the dry P. oleracea L. leaf
extract is shifted from 297 to 320 nm. This is, perhaps, due to
the availability of flavone instead of flavanone (Figure 3).

The alteration of flavanone to flavone affects the formation
of nanoparticles in a very many-sided manner. This is verified by
the disturbance of the pairing of the arrangement, which leads
to the perturbation of the acidity and thus the acceptance of the
hydrogen bond and the donating capacities of the OH groups,
which are alcoholic in flavanones and phenolic in flavones, pos-
sibly both of which are related to flavonoids [71]. As stated by
Donkor et al. [72] the flavonoid spectra predominantly involve
two absorption UV maxima, the first one between 200 and
299 nm and the second one between 300 and 350 nm. Rani et al.
[68] stated that the UV–vis range of leaf extract in general is in
the absorption assortment of 270–340 nm.

3.1.2 FTIR spectra of dry and fresh P. Oleracea
leaf extracts

To study the functional groups of P. oleracea L. leaf extracts, a
FTIR investigation was conducted and the spectra is shown in
Figure 4. The FTIR spectra of dry and fresh P. oleracea L. leaf
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FIGURE 4 FTIR spectra of dry and fresh Portulaca oleracea L. leaf extracts.

extracts exhibit absorption peaks positioned between 4000 and
500 cm−1. The most intense and broad peak in both spectra is
positioned at 3446 cm−1, which matches the O─H stretching.
This peak in the fresh leaf extract of the P. oleracea L. plant is
comparable to the corresponding peak in the dry leaf extract of
P. oleracea L. plant. This is more likely due to the similar O─H
groups in both flavanone and flavone compounds. The peak
positioned at 2823 cm−1 is belong to the C─H stretching. This
peak indicates the available capping agents in the plant extract.
Capping agents are accountable to impede uncontrollable NPs
from growing, controlling agglomeration, and solubility in vari-
ous solvents. It can be perceived, from Figure 4, that this peak is
broader in the fresh extract of P. oleracea L. than the dry extract
of P. oleracea L. plant. It can be stated that the capping agents not
only govern the particle dimension, agglomeration, and mor-
phology but also the steadiness of NPs over time [73]. The band
at 1637 cm−1 is allocated to C═C vibration group. This peak is
identifying the reducing agents available in the fresh and dry
extracts of P. oleracea L. The key role of the reducing agent is

offering the electrons for the available ions to form zero valent
atoms. Then these atoms will combine together to form a NP.
The located group at 1004 cm−1 belongs to the C─O stretching.
This peak represents the stabilizing agent in the plant extract.
The FTIR range of the fresh extract of P. oleracea L. has more
details than the dry extract of P. oleracea L. This is most prob-
ably due to the fact that, throughout the dehydration process,
the plant extract will lose some volatile phytochemicals and the
chemical composition of the plant will change [74]. This, in turn,
affects directly the structure, morphology, optical properties,
and the size of biosynthesized NPs.

3.2 Characterization of Ag NPs

Numerous functional factors, including microbial source, reac-
tion temperature, pH, pressure, incubation time, and metal salt
concentration, affect the synthesis of the NPs. Optimization of
these parameters is required for the synthesis of NPs with accu-
rate size, morphology, and chemical compositions. After the
synthesis of NPs, purification before their use in any application
is also essential. Typically, repeated washing and high-speed cen-
trifugation are performed to separate and enrich the produced
NPs and to eliminate unreacted bioactive molecules [75].

3.2.1 UV–vis spectrum of the green synthesized
Ag NPs

UV–vis spectroscopy is one of the significant description
methods to investigate the optical characteristics of NPs.
This method agrees to confirm the NPs formation through
assessing the surface plasmon resonance (SPR) [76]. UV–vis
spectroscopy can offer evidence regarding the size, band gap,
steadiness, and agglomeration status of the NPs [77]. The wave-
length range between 200 and 700 nm is commonly utilized to
describe the metal and metal oxide NPs. Ag NPs, normally, dis-
play an explicit absorption peak among 400 and 450 nm [78].
Figure 5 displays the UV–vis spectrum of biosynthesized Ag
NPs using fresh and dry extract of P. oleracea L. It can be realized,
from Figure 5, that the Ag NPs have been formed using both

FIGURE 5 UV–vis spectra of Ag NPs synthesized from (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.
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FIGURE 6 Energy band gap of Ag NPs synthesized from (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.

extracts. However, the maximum absorption peak appeared at
440 nm using fresh P. oleracea L. extract and 450 nm using dry
P. oleracea L. extract. It can be noticed that these standards are
inferior than those of bulk Ag particles, which normally appear
at 520 nm [62]. Another remarkable point one can deduce from
Figure 5 is that in both cases, the UV–vis peaks are broad indi-
cating to the polydisperse Ag NPs which can be further clarified
in the SEM section. It is generally accepted that, biological syn-
theses of NPs utilizing plant extracts yield polydisperse NPs
through various features that are not easy to control from the
organic perspective [62, 79, 80]. According to our best knowl-
edge, the concentration and type of the utilized plant extract, the
amount and nature of the utilized salt, pH, reaction time, and
reaction temperature all affect the degree of generating macro-
molecules during the nucleation period, which affects directly
the degree of mono/polydispersity of NPs and later decreases
the synthesizing rate [81]. Since, in this investigation, all the
steps to obtain Ag NPs were fixed except for the observation of
the effect of using fresh and dry P. oleracea L. leaf extract, there-
fore the polydispersity state was comparable. It can be stated
that the polydispersity of NPs is significant from a practical
point of view where NPs size variation is required [82, 83]. In
some circumstances, the impact of polydispersity might be use-
ful, particularly, for discriminating the adsorption of tiny species
[84].

3.2.2 Band gap energy of the green synthesized
Ag NPs

Band gap possesses a vital role in the electrical and optical
characteristics of nanomaterials. Nanomaterials possess wide
requests owing to their wide-ranging band gaps. It can be
noticed that as the particle dimension reduces, the number of
atoms or molecules in the NPs drops, hereafter, the orbitals
overlapping will decrease. This, in turn, makes the valence and
conduction bands narrower [85]. Accordingly, for NPs, once the
width of the valence and conduction bands drops, the band gap
amongst the valence and conduction bands will increase [86].
In other words, once the band gap is increased, the electron
movement is restricted and the quantum confinement becomes
obvious [87]. In metallic NPs, the conduction electrons are not

completely free as in the bulk construction, alternatively, some
of the electrons are held by the distinct atoms and more or
less are free and can move amongst atoms to make metallic-
bonds that strengthen the metallic NPs [88]. Once these metallic
NPs are subjected to the ultraviolet (UV) light, the conduction
electrons practice intra-band quantum excitations outside the
Fermi-energy level, from which the conduction band of metallic
NPs is distinct [89]. The energy band gap of the green synthe-
sized Ag NPs from fresh and dry P. Oleracea leaf extract was
found from the Tauc plot by inferring the rectilinear relation
of the UV–vis curvature (Figure 6). The data are taken from
Figure 5, the x-axis represents the wavelength, and is converted
to the energy using Planck’s equation, that is, E = hc/λ and plot-
ted in Figure 6. Where h is Planck’s constant = 6.62 × 10−34

J/s, c is the speed of light = 3 × 108 m/s and λ is the wave-
length. While the absorbance, the y-axis in Figure 5, is converted
to (αhv)2 in Figure 6, where α is the absorbance and v is the
frequency v = c/ λ. It can be perceived, from Figure 6, that
the biosynthesized Ag NPs from fresh P. oleracea L. leaf extract
possesses higher band gap, 2.51 eV, than the biosynthesized
Ag NPs from dry P. oleracea L. leaf extract, 2.48 eV. This is
more likely owing to the NPs size effects, as the Ag NPs size
using fresh extract is smaller than the Ag NPs size using dry
extract of P. oleracea L. Normally, smaller NPs size lead to fewer
numbers of atoms and hence the attraction force between the
conduction electrons and metallic ions becomes smaller. Thus,
the energy band gap increases with decreasing the particle size
[90]. Equally, bigger NPs size contain bigger number of atoms,
therefore the attraction force between the conduction electrons
and metallic ions becomes bigger. Thus, the energy band gap
decreases with increasing particle size [91]. The band gap incre-
ment in Ag NPs undoubtedly have potential applications in
progressive optoelectronic equipment, thermal requests, batter-
ies, and sensors [92]. The outcomes of this investigation are
comparable to the previously reported investigations [93, 94].

3.2.3 FTIR spectra of biosynthesized Ag NPs

The FTIR spectroscopy was conducted to classify the proba-
ble biomolecules that are in charge for reducing, capping and
stabilizing agents of the biosynthesized Ag NPs using fresh
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FIGURE 7 FTIR spectra of Ag NPs biosynthesized from (a) fresh and
(b) dry Portulaca oleracea L. leaf extracts.

and dry P. oleracea L. leaf extract. The strong broad band, in
Figure 7, at 3352 cm−1, using fresh P. oleracea L. leaf extract, and
3476 cm−1, using dry P. oleracea L. leaf extract, are owing to the
O─H stretching mode. It can be noticed, from Figure 7, that
this peak is broader using fresh P. oleracea L. leaf extract than the
dry P. oleracea L. leaf extract due to having more hydroxyl group
groups in the fresh plant extracts. The wide absorption band
at 3326 cm−1 was also found by Senthil et al. [95] to the O─H
group using pure fenugreek leaf extract. In addition, the peaks at
2875 cm−1, using fresh P. oleracea L. leaf extract, and 2951 cm−1,
using dry P. oleracea L. leaf extract, is more likely as a result of
the aldehydic C─H stretching mode. Comparable results were
found by He et al. [96] using hrysanthemum morifolium Ramat.
extract at room temperature. The lonely band at 2358 cm−1,
only appeared using fresh P. oleracea L. leaf extract, is possibly
resulting from the distortion vibration C─H delimited in the
acetyl collection [97]. The peaks at 1655 cm−1, using fresh P.
oleracea L. leaf extract, and 1648 cm−1, using dry P. oleracea L. leaf
extract, match up with the N─H bend primary amines. A simi-
lar interpretation has been stated by Mallikarjuna et al. [98] once
they synthesized Ag NPs from Ocimum leaf extract. The peaks
that appeared at 1305 cm−1, using fresh P. oleracea L. leaf extract,
and 1421 cm−1, using dry P. oleracea L. leaf extract are associ-

ated with N═O regularity stretching, which is representative of
nitro multifaceted [99]. Moreover, the peaks at 1025 cm−1, uti-
lizing fresh P. oleracea L. leaf extract, and 1117 cm−1, using dry
P. oleracea L. leaf extract, are related to C─N and C─C stretch-
ing, signifying the existence of protein amines [22]. Generally,
the protein attachment to the Ag NPs sustains the steadiness of
Ag NPs significantly over performing as capping and stabiliz-
ing agents and accordingly defending them from agglomeration
[22]. To end with, the peaks at 628 cm−1, using fresh P. oleracea
L. leaf extract, and 575 cm−1, using dry P. oleracea L. leaf extract,
is attributed to C─Br stretching, which is characteristic of alkyl
halides [100]. Additional studies stated that peaks at insignificant
field in the range 400–700 cm−1 imitated the metallic behaviour
of any inspected sample, Ag NPs in this study [101]. As indi-
cated previously, these purposeful groups, as an over-all rule,
possess a starring role in the stabilizing and capping of Ag NPs,
as described in numerous investigations [102–105].

3.2.4 XRD analysis of biosynthesized Ag NPs

Investigation over X-ray diffraction was conducted to approve
the crystalline behaviour of the Ag NPs biosynthesized from
both fresh and dry P. oleracea L. leaf extract. Figure 8 displays the
X-ray diffraction configuration for the fresh and dry P. oleracea L.
Ag NPs. It can be perceived, from Figure 8, that the XRD peak
locations for fresh and dry P. oleracea L. The diffraction peaks
at 38.01◦, 44.34◦, 65.52◦, and 77.30◦ are linked to the (111),
(200), (220), and (311) planes, in that order. These diffraction
peaks, of a cubic crystal system (a = 4.0686 Å) have been coor-
dinated with the typical JCPDS card No. 65–2901to monitor the
purity and crystalline degree of Ag NPs from both sources. It
can be seen, from Figure 8a, that unlike utilizing dry P. oleracea L.
leaf extract no extraneous Bragg reflections were detected in the
configuration, with utilizing fresh P. oleracea L. leaf extract, owing
to crystallographic contaminations in the sample, which shows
the existence of 100% unadulterated metallic Ag NPs in the
sample [106]. This is a respectable pointer that, unlike the dry
P. oleracea L. extract, fresh P. oleracea L. extract, yields unadulter-
ated, high-quality, and steady NPs. Another point from Figure 8
that attracts our consideration is that the (111) plane is pre-
dominant in both cases since it displays high intensity. This is a
clear indicator that the alignment of the crystal growth is mainly
lengthwise the (111) plane. Narrowing of the diffraction peak
reveals the formation of pure crystalline Ag NPs [107]. The
correlation between XRD analysis (Figure 8) and FTIR analysis
(Figure 7) indicates that the smaller abundance of the OH group
in the dry P. oleracea L. extract leads to the formation of exotic
peaks in the XRD spectrum. These exotic peaks, indicated by
the red arrows, are more likely belong to AgNO3 rather than
the formation of Ag NPs.

The Debye–Scherrer equation consistent with the XRD pat-
tern (Figure 8) was utilized to compute the crystalline dimension
of the Ag NPs:

D = 0.94 𝜆
𝛽 cos 𝜃
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FIGURE 8 XRD configuration of Ag NPs synthesized from (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.

FIGURE 9 SEM descriptions of Ag NPs synthesized from (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.

where D is the regular crystallite dimension of the NPs, the
wavelength of the incident X-ray, that is λ is 0.154 nm, θ is
the Bragg’s angle, and β is the full width at half maximum
(FWHM). It can be stated that, the narrow FWHM, is a clear
sign of the availability of a high crystalline construction of NPs.
The regular crystalline dimension, Debye Scherrer equation, of
the Ag NPs using fresh and dry P. oleracea L. leaf extract was
around 45 and 50 nm, respectively. Analogous consequences
have been obtained by other investigators [108, 109]. In gen-
eral, the crystalline dimension is comparatively slighter than the
grain dimension, which might be attained through the scanning
electron microscope (SEM) [62].

3.2.5 SEM and EDX analysis of green
synthesized Ag NPs

The morphological investigation of the green synthesized Ag
NPs was inspected through scanning electron microscopy
(SEM) technique. The SEM descriptions of the Ag NPs, using
fresh and dry P. oleracea L. leaf extract is presented in Figure 9.
It can be realized that the majority of Ag NPs, of both sys-

tems, possess nanoscale size, distinct structures and obvious
spherical morphology. In addition, the grain dimension of the
green synthesized Ag NPs by means of fresh P. oleracea L. leaf
extract is relatively smaller than the Ag NPs via dry P. oleracea
L. leaf extract. This is expected since the dehydration process
is directly affecting the performance of the plant extract and, as
stated before, the plant might lose some volatile phytochemi-
cals that affect the NPs formation process [110]. Moreover, the
agglomeration status of the Ag NPs using fresh P. oleracea L.
leaf extract, is considerably lower than the dry P. oleracea L. leaf
extract case. This is, most probably, due to existence of more
protein, acting as capping agents, in the fresh extract rather than
dry extract which directly reduce the agglomeration state during
the NPs formation [111]. On the other hand, as indicated in the
UV–vis and FTIR investigation, using dry plant extract causes
a non-uniform nucleation procedure and therefore creating the
agglomerated bunches. Alternatively, agglomeration is typically
due to the extraordinary surface energy per unit volume pro-
portion, which exists in the majority of the green synthesized
NPs [112]. Also, the reactivity and agglomeration of NPs are
mostly dependent on their particle size. It is well known that the
process of agglomeration will happen at slower rates in smaller
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FIGURE 10 EDX analysis of Ag NPs synthesized from (a) fresh and (b) dry Portulaca oleracea L. leaf extracts.

particles [113]. The correlation between structural, XRD, anal-
ysis (Figure 8) and morphological, SEM, analysis (Figure 9)
indicates that the Ag NPs synthesized by fresh P. oleracea L. leaf
extract possess a higher degree of crystallinity than the Ag NPs
synthesized by dry P. oleracea L. leaf extract. Thus, the foreigner
peaks, which belong to AgNO3 rather than the formation of
Ag NPs, are responsible for irregular nucleation and growth
processes, and hence increasing the degree of agglomeration.

The elemental exploration of the green synthesized Ag NPs
was studied through energy dispersive X-ray (EDX) analysis.
The EDX ranges (Figure 10) display a robust indication in the
Ag region, that is, 3 keV, and approve the creation of Ag NPs
and its elemental behaviour. This indicator was formed owing
to the excitation of surface plasmon resonance of the biosyn-
thesized Ag NPs. More or less of the feeble indicators from
gold were noticed. These indications were shaped as a result
of coating the Ag NPs with a 100 Å layer of Au to improve the
SEM images quality. Figure 10, also, displays the pureness of
the green synthesized Ag NPs, consuming both fresh and dry
P. oleracea L. leaf extract, which comprises merely metallic Ag
without contamination from the other substances. The higher
intensity from the fresh P. oleracea L. leaf extract is clear evidence
that fresh P. oleracea L. leaf extract produces purer Ag NPs. This
analysis agrees with the XRD analysis. Similar outcomes have
been initiated by earlier studies [109].

3.3 Enhancing light absorption properties
of indium tin oxide (ITO) coated glass

After biosynthesizing Ag NPs from fresh and dry P. oleracea L.
leaf extracts, it has been used through the spin-coating method
and accumulated on the indium tin oxide (ITO) coated glass.
The size of the ITO coated glass was 1 × 4.5 cm in order to
be placed in the UV–vis cuvette place. The Ffirst 2 mg of Ag
NPs, synthesized from fresh and dry P. oleracea L. leaf extracts
independently, were mixed with 25 mL of ethanol and magnet-
ically stirred at 40◦C for 1 h till the mixture became an entirely
monochrome solution. The ITO glass substrate was cleaned in
acetone using an ultrasonic bath cleaner. Then the substrates
were cleaned with double distilled water and then dehydrated

FIGURE 11 Transmittance spectra of bare and coated ITO glass using
biosynthesized Ag NPs.

at ambient temperature. The dried substrate was stabilized on
the spin coater disk. 1 mL of precursor solvent was added to
the ITO glass substrate through injection at ≈3000 rpm for 1
min. Subsequently, the deposited film was dehydrated at 100◦C
for 2 min on the hot plate in order to remove any left behind
components. Lastly, the prepared films were annealed at 300◦C
for 10 min in the oven to achieve a crystalline film. Then, the
sample experienced gentle cooling at ambient temperature. This
method is a time and cost-effective method to produce arbitrar-
ily dispersed Ag NPs on the top of ITO glass, which can increase
the absorption of ITO glass in the visible range of light.

Figure 11 shows the transmittance spectra of bare and coated
ITO glass using biosynthesized Ag NPs from fresh and dry
P. oleracea L. leaf extracts. It can be noticed, from Figure 11,
that coating Ag NPs on the top of the ITO glass reduces the
transmittance and hence enhancing the absorbance.

Consistent with the theory of localized surface plasmon res-
onance (LSPR), once Ag NPs are excited by incident light,
they show cooperative oscillations of their conduction electrons
that cause both absorption and scattering of the incident light
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[114]. Accordingly, the transmittance of Ag NPs on ITO glass
decreased from ≈90% to 55%, for dry P. oleracea L. leaf extract,
and 45%, for fresh P. oleracea L. leaf extract, compared to bare
ITO glass. This noticeable difference between Ag NPs synthe-
sized from fresh and dry P. oleracea L. leaf extracts, is due to
the fact that the LSPR phenomena is evidently rely upon the
size and distribution of Ag NPs. Otherwise stated, the utilized
Ag NPs, from fresh P. oleracea L. leaf extract, possesses smaller
size as well as lower agglomeration, thus lower light transmit-
tance. The anticipated process can be employed in constructing
surface plasmonic resources with selective light absorption.

4 CONCLUSION

In this investigation Ag NPs were effectively produced by
means of green, environmentally friendly, easy, and cost-
effective method. Fresh and dry P. oleracea L. leaf extracts have
been utilized as reducing, capping and stabilizing agents. Diverse
description methods were employed to explore the morphology,
pureness, degree of crystallinity, structural, and optical charac-
teristics of the green synthesized Ag NPs. This study showed
that fresh P. oleracea L. leaf extract is a better medium to produce
NPs that possess higher purity, stability, degree of crystallinity,
and spherical shape. This is probably owing to the truth that
throughout the drying procedure, the plant extract might lose
some of the phytochemicals or convert them to another form,
such as flavone to flavanone, that participating in reduction, cap-
ping, and stabilization processes. The biosynthesized Ag NPs
from both mediums were coated on the ITO glass substrates
to improve the reflection of ITO glass. It has been shown
that the utilized Ag NPs, from fresh P. oleracea L. leaf extract,
possesses smaller size as well as lower agglomeration, thus
lower light transmittance. Finally, this process can scale up eco-
nomic viability with high-quality products of different tunable
bandgap.
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