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a b s t r a c t

In the developing nanotechnology world, numerous attempts have been made to prepare the nobel
metallic nanoparticles (NPs), which can improve their applicability in diverse fields. In the present work,
the biosynthesis of silver (Ag) NPs has been successfully achieved through the medicinal plant extract
(PE) of G. resinifera and effectively used for the catalytic and antibacterial applications. The size
dependant tuneable surface plasmon resonance (SPR) properties attained through altering precursor
concentrations. The X-ray and selected area diffraction pattern for Ag NPs revealed the high crystalline
nature of pure Ag NPs with dominant (111) phase. The high-resolution TEM images show the non-
spherical shape of NPs shifting from spherical, hexagonal to triangular, with wide particle size distri-
bution ranging from 13 to 44 nm. Accordingly, the dual-band SPR spectrum is situated in the UVeVis
spectra validating the non-spherical shape of Ag NPs. The functional group present on the Ag NPs sur-
face was analysed by FT-IR confirms the capping and reducing ability of methanolic PE G. resinifera.
Further, the mechanism of antimicrobial activity studied using electron microscope showed the
morphological changes with destructed cell walls of E. coli NCIM 2931 and S. aureus NCIM 5021 cells,
when they treated with Ag NPs. The Ag NPs were more effective against S. aureus and E. coli with MIC
128 mg/ml as compared to P. aeruginosa NCIM 5029 with MIC 256 mg/ml. Apart from this, the reduction of
toxic organic pollutant 4-NP to 4-AP within 20 min reveals the excellent catalytic activity of Ag NPs with
rate constant k ¼ 15.69 s�1.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Nanoscience and nanotechnology are now becoming the
mainstream of the developing world, through upscaling and
modernizing the fabrication, design and physicochemical assets of
atil), ashokdchougale@gmail.
nanomaterials [1,2]. The use of nanomaterials reached skyrocket in
daily life, as they found numerous applications in the field of food,
chemical industries, catalyst, optoelectronics, environmental
health, energy science, drug delivery, cosmetics, biomedical sci-
ences and so on [3e10]. However, some properties of nano-
materials limit their applicability and usage in a different field,
hence the developing multifunctional nanomaterials are always
been a challenging task. Recently different metal and metal oxides-
based nanomaterials such as nanoparticles (NPs), nanotubes, den-
drimers have emerged as the potential multifunctional
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nanomaterials [11e13]. Among them nobel metal NPs like silver
(Ag), gold, palladium and platinum have proved their applicability
in different fields like antibacterial, SERS, catalysis, supercapacitor,
gas sensing, etc. For Ag NPs several emerging applications in paints,
as an antioxidant, an anticoagulant in thrombolysis besides as the
larvicidal agent have been reported [14e16]. Additionally, it was
anticipated that biogenic Ag NPs can induce apoptosis, generate
reactive oxygen species (ROS) and switch on the apoptotic signal-
ling pathway in the cancerous cell, which has also widened their
scope in the anticancer agents and drug delivery systems [17e21].

Concerning antimicrobial activity, finding the antibiotic resis-
tance strategy is highly important and is the primary challenge for
the research community. Recent studies show that some metal
NPs maintain antimicrobial activity and give less toxicity, over-
coming the resistance along with a lower cost [22,23]. Therefore
compared to the small antibiotic molecule, they can last longer in
the body and thus be useful for sustained therapeutic effects [24].
Ag ions are susceptible to yeast, fungi, viruses and a wide range of
anaerobic, aerobic, gram-positive and gram-negative bacteria. The
term used for silver ‘oligodynamic’ reveals that the small amount
is sufficient for its action [25]. Consequently, Ag NPs are also
referred to as the most powerful nano-weapon combating bacte-
rial infections.

Environmental pollution is also one of the major issues, due to
industrial effluent. Nitrophenols are one of the organic pollutants
largely found in agriculture and industrial waste. Hence, the
degradation of the 4-NP to 4-APmakes it safer and startingmaterial
for the pharmaceutical and dye industry. Some chemicals having
nitro, chloro groups or derivatives of phenols e.g. p-nitrophenol
(PNP, 4-nitrophenol, 4-NP) intensify their toxicity to the human
being for the occurrence of phenol group [26]. The PNP can have
diseases like cyanosis, inflammation allergies. Thus, it is necessary
to find a solution to the degradation of industrial effluent. Recently
different NPs based catalysts have been successfully introduced for
the reduction of industrial effluents owing to their high surface to
volume ratio, high selectivity and improved structural properties
[27e30]. In catalyses also, Ag NPs have received significant atten-
tion owing to their excellent catalytic activity designed for chemical
reductions, which also includes the reduction from 4-NP to 4-AP
[31e36].

So, to use these Ag NPs in various applications different syn-
thesis techniques have been developed [37]. However, compared
with chemical and physical methods of synthesis, biogenic syn-
thesis of metal NPs using medicinal plant extracts or microorgan-
isms is an eco-friendly solution. Besides, one can also use the
naturally available abundant agro-waste or arthropods resources
during synthesis, as they consist of a large number of active bio-
molecules like proteins, phenols, flavonoids and metabolites which
may act as capping and reducing agents during synthesis process
[38e41]. Green route is the kind of bottom-up process inwhich the
oxidation and reduction reactions are used to produce NPs where
the plant extract itself acts as a stabilizing agent. For materials
synthesis, the green synthesis of NPs has become a significant
method [42]. The essentiality of the green route arose due to
expensive and toxic chemicals used during the synthesis process.
Frequently during chemical synthesis, the presence of some toxic
chemicals gets absorbed on the surface which is not ideal for the
medical application of NPs. The awareness about the environment
leads to an emphasis on the green route, using non-toxic chemicals,
renewable materials, eco-friendly reactions. The Ag NPs synthe-
sized using medicinal plant extracts can serve as cargo for deliv-
ering active compounds of the plants with enhanced stability and
intestinal permeability. To date, few medicinal plants have been
used for the synthesis of Ag NPs which are biologically active
against MDR pathogens [43e46].
Herein we report, the successful green synthesis of Ag NPs from
the medicinal plant extract (PE) of G. resinifera and its different
applications. In this work, the methanolic PE of G. resinifera has
been used along with silver nitrate as a precursor for producing Ag
NPs. The G. resinifera is a key plant from a medicinal point of view.
The nature of the capping agent plays a vital role in the antimi-
crobial performance of Ag NP. Here, G. resinifera itself acted as a
capping and reducing agent. The size and shape dependent tunable
SPR properties are explored in detail. Besides, the preparation,
characterization and size-shape specific antimicrobial efficacy
along with the catalytic activity of Ag NPs are reported. A facile,
one-pot green synthesis for the generation of Ag NPs over a wide
size range has been achieved by altering different preparative
parameters.

2. Experimental methods

2.1. Preparation of plant extract

The gardenia leaves were gently washed initially under tap
water and then deionized (DI) water. The washed leaves were dried
at 40 �C with the help of the oven and further converted to powder
form. The 5% extract was prepared using methanol (100 mL) and
G. resinifera powder (5 gm). Finally, methanolic extract was stored
at room temperature for further use.

2.2. Biosynthesis of silver nanoparticles

Silver nitrate (AgNO3) is one of the best-known sources of ionic
silver. Reduction of Agþ to Ag0 was carried out by mixing 50 mL
gardenia leaf extract dropwise in 50 mL of 10 mM AgNO3 with
stirring at 200 rpm for 5 h in dark at room temperature. The impact
of Agþ ion concentration on the formation of Ag NP was estimated
by changing the concentration of AgNO3 to 1, 5 and 10 mM. The
green-colored solution of AgNO3 and PE changes to dark brown and
further to dark black after time intervals. The change in color in-
dicates the formation of Ag NPs. The reduction kinetics was
observed in the visible range by UVeVis absorption spectroscopy.
The AgNPs were collected after centrifugation (10,000 rpm, 2hr)
process. It was further washed to remove excess PE and unreacted
precursor. The concentrated solution of Ag NP was then dried at
40 �C and was used for further study.

Further detailed information about the part of the applications
is provided in the supplementary information.

3. Result and discussions

3.1. X-ray diffraction study

The surface to volume ratio and the crystallographic structures
of NPs plays an important role in determining the activity of Ag NPs
[47]. The diffraction spectra of Ag NPs prepared at different con-
centration is shown in Fig. 1. As can be seen in the figure the
orientation and growth of crystals differ with precursor concen-
trations. Besides, the crystallinity of NPs gets strongly influenced by
the initial precursor concentrations. The prepared Ag NPs exhibits
fcc crystalline structure, at lower concentrations the (1 2 2) and (2 3
1) planes have their predominant nature, whereas at higher con-
centrations (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes shows strong
intensity peak at respective 2q values coinciding with data sheet
04e0783. The similar diffraction peaks for Ag NPs were also
observed by Prasannaraj et al. [48]. Some unidentified crystalline
peaks at 46.02� and 57.19� were also observed, these unidentified
crystalline peaks are also obvious in many works in the relevant 2q
range due to the organic compounds present in the plant extract



Fig. 1. XRD spectra of Ag NPs synthesized at different precursor concentrations.
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[49e51]. The wider peaks with smaller intensity and some strong
peaks indicate the altered particles size with the increase in pre-
cursor concentrations. Further the size and shape of Ag NPs were
confirmed with HR-TEM studies.
3.2. Morphology analysis

The size and morphology of Ag NPs were examined by HR- TEM.
Fig. 2(a)e(c) shows lowmagnification TEM images and Fig. 2(d)e(f)
shows highmagnification images of Ag NPs synthesized at different
precursor concentrations. It was observed that the size of the Ag
NPs found to increase with increased precursor concentration
Fig. 2(a)e(c). The increased precursor concentration might have
caused the agglomeration of NPs giving rise to the increased crys-
talline size which is consistent with diffraction data. The NPs size
histogram obtained from Fig. 2 is represented in Fig. S1. At low
concentration, the average NPs size is about 13 nm, whereas it
augmented to 40 and 44 nm at 5 mM and 10 mM concentrations
respectively. The high magnification images of Ag NPs revealed
uneven morphology, fluctuating from very small spherical shape to
larger non-spherical shape, especially hexagonal then to triangular
shape Fig. 2(d)e(f) respectively. The conventional Ag NPs growth
typically involves the rapid reduction of precursors Agþ ion through
a heat process, resulting in spherical or pseudospherical NPs such
as cuboctahedrons and icosahedrons [52]. However present work
involved the clean and non-toxic approach for synthesizing Ag NPs
lacking the external heating processes. This factor might influence
the room temperature growth of Ag NPs resulting in the size and
shape fluctuations. The selected area electron diffraction (SAED)
pattern of Ag NPs obtained from HR-TEM images exhibited
concentrated rings which suggest the increased crystallinity with
precursor concentration showing the polycrystalline nature which
is consistent with the XRD results Fig. 2(h)e(i). However, in case of
the first sample i.e. at a low concentration of AgNO3 (1 mM) it was
difficult to examine the SAED pattern since it can be seen in Fig. 1
the diffraction peaks have low intensity defining low crystallinity.
Except for the planes (1 1 1), (2 0 0) and (2 2 0) rest of the planes
coincides with the fcc structure of Ag NPs find in XRD. The most
effective geometry of Ag NPs towards antimicrobial efficacy has
been non-spherical i.e. truncated triangular shape [23,33], which
was used for further study in the antibacterial application. The zeta
potential was also measured to evaluate the particle surface charge
and shown in Fig. S2. The synthesized Ag NPs with a 5 mM con-
centration surface carries the Zeta potential of e 13.9 mV.
3.3. SPR analysis

In the present study, the fixed concentration 5% of the PE of
G. resiniferawas added to the 1, 5 and 10 mM AgNO3 precursors. As
the extract was added in precursor the initial green color of the
reaction mixture immediately turn in to dark brown and further to
the intense black. These visual changes are attributed to the fast
change of the SPR from Ag NPs, for the reduction of Agþ ions to
metallic Ag0 state or Ag NPs. Further, the UVeVisible spectroscopy
was used to illustrate the SPR properties of prepared Ag NPs. As the
appearance of an SPR band is the result of the interaction between
incident light from the NPs surfacewith the conduction electrons of
the metal [52]. The resonant frequency of superficial plasmons
strongly depends on the size and shape of NPs, giving an effective
way of evaluating optical properties.

Fig. 3 shows the UVeVisible spectrum of Ag NPs prepared at
different precursor concentrations. The spectrum shows two
distinct peaks around 363 and 426 nm. A vibrant SPR band at ~426
seen in the figure, which is the characteristic SPR peak for Ag, in-
dicates the successful synthesis of Ag NPs. This peak can be
assigned to the dipole resonance among Ag NPs. It can be seen that
the peak intensity decreases as a function of precursor concentra-
tion. For 1 mM AgNO3, the intensity is lowest whereas it is highest
for 10 mM concentration. The highest SPR intensity suggests that
the number of Ag NPs has reached the maximum, indicating the
completion of the reaction. At the same time, it should be noted
that no significant peak shift is observed for change in concentra-
tion. This behavior may indicate the rapid bioreduction of Agþ ions.
It is known that, when Ag clusters start to grow as a particle, they
develop an optical absorption band contingent to the SPR of their
free electrons and further give strong resonance for enhanced NPs
size [53,54]. Similarly, careful observation reveals shoulder at
~455 nm denoting the heterogeneous size distribution of Ag NPs. It
was observed that the SPR band occurs initially at 422 and after the
complete reaction, the SPR band stabilizes at 430 nm. This peak is
attributed to the presence of spherical shaped Ag NPs. The bump for
higher concentration and broadening of the peak width indicates
the aggregation of smaller NPs causing an increase in the NPs size.
Another SPR peak at 363 nm can be seen for all the cases, this SPR is
present in all cases irrespective of NPs size. The peak positions
remained constant and peak intensity found to increase with
increased precursor concentrations complies the increased NPs
size.

As per Mie's theory, only a single band is expected in the ab-
sorption spectra of spherical NPs. According to Kerry et al. [54], the
plasmon resonance depends strongly on the NPs shape. Sun et al.
[55] reported a strong SPR band at 430 nm for spherical NPs,
whereas three SPR bands at 350, 400 and 470 nm for cubic NPs
(having edge length ~ 80 nm). From these reports, it is clear that the
position and number of bands strongly depend on the size and
shape of the Ag NPs and hence verified in the present work. The
newly appearing peak can be thus assigned to non-spherical shape
and quadrupole resonance. Few reports suggest that the band at
~350 nm is due to transition involving higher multipoles of Ag NPs
[56,57]. This multipole transition becomes more prone to the NPs
having symmetry less than a sphere. According to Amendola et al.
[58], SPR of Ag NPs can be tuned and the number of peaks depends
on the shape of Ag NPs. It suggests a single SPR band for spherical
NPs, while two or more for reduced symmetry. Isolated Ag spheres
exhibit unique plasmonic resonance because of their symmetry,
nevertheless, additional resonances may appear when they are
ordered in small assemblies. The present work also validates the
proposed theory with different shapes from spherical to triangular.



Fig. 2. TEM images of Ag NPs synthesized at (a) 1 mM, (b) 5 mM and (C) 10 mM concentration, respective high resolution well-grown non-spherical shapes at (d) 1 mM, (e) 5 mM
and (f) 10 mM concentration and corresponding SAED patterns for (g) 1 mM, (h) 5 mM and (i) 10 mM concentration respectively.

Fig. 3. UVeVisible spectra of Ag NPs synthesized at different concentrations from
G. resinifera extract. Fig. 4. FTIR spectra of Ag NPs synthesized from G. resinifera.
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3.4. FTIR analysis

The dual role of PE as a capping and reducing agent along with
the presence of functional groups of Ag NPs was confirmed by FTIR.
Fig. 4 shows the FTIR spectra of Ag NPs.
The participation of these contents in the reduction and capping
were revealed by the FTIR analysis. In our previous work, a similar
G. resinifera plant extract was analyzed Fig. S3. The analysis
confirmed the existence of terpenoids-phenols, phenolic acids, and
aliphatic amines through the peaks for bending vibration of CeH,
stretching vibration of C]O and stretching vibration of CeN



Table 2
Susceptibility of Ag NPs.

Test Microorganisms Zone diameter (mm) MIC (mg/ml)

S. aureus
NCIM 5021

12 128

E. coli
NCIM 2931

13 128

P. aeruginosa NCIM 5029 11 256
P. aeruginosa PAW1 11 128
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bonds, respectively [59]. Further, the vacuum-dried Ag NPs were
subjected to FT-IR analysis and this study revealed different
stretching bonds at 3447.28 cm�1, 1635.28 cm�1, and 1379.79 cm�1.

The eOH groups present in the metabolites like carboxylic acids
were shown in the G. resinifera extract at 3300 cm�1 which gets
shifted to 3452.80 cm�1 in Ag NPs. The existence of the phenolic
groups in the PE and capping of the Ag NPs was confirmed by the
response between the 1315e1037 cm�1 and 1456e1600 cm�1 re-
gion. Existence of eNH group confirms by peak value at 1635 cm-1

which may be from flavonoids appears on the AgNPs surface. It was
observed that after the reduction of the Agþ the peak values were
shifted to higher values. A similar shift in the peaks was observed
by Anandalakshmi et al. [55]. The flavonoids, amides and phenolic
metabolites present in the methanolic extract of the G. resinifera
having the reducing power involved in the conversion of Agþ to
Ag0. The contents of the flavonoids and phenols of the methanolic
extract of G. resinifera were studied and are reported in Table 1.

Additionally, the EDAX spectra acquired for all the Ag NPs show
the peaks for the Ag, N, C, O elements (Figs. S4, S5, S6). The EDAX
spectra support the FT-IR analysis and confirm the existences besides
capping activity by amide and flavonoids group over the Ag NPs.

3.5. Antimicrobial activity

In general, the size and shape of NPs have a strong influence on
antimicrobial activity. More precisely, when Ag NPs have 10e15 nm
size they show better stability, biocompatibility and enhanced
antimicrobial activity [60,61]. The truncated triangular shaped Ag
NPs showed better antibacterial activity as compared to spherical
or rod-shaped [42,47]. Ag NPs have been proved effective against
over 650 microorganisms including bacteria (both gram-positive
and negative), fungi and viruses [62]. Besides, the environment
provided during activity can also have a significant impact on the
inhibition pathway. Since experiments under visible light could
enhance the anti-bacterial activity as the production of ROS is
sensitive to plasmonic excitation [63].

Bactericidal properties of metallic Ag are associated with its
slow oxidation and liberation of Agþ ions to the environment [64];
hence, it seems promising to use nano-silver drugs as a special class
of biocidal agents. In the present study, four microorganisms were
chosen for the test are shown in Table 2. The P. putida (PAW1), E. coli
and P. aeruginosa represent the gram-negative bacteria whereas
S. aureus refers to gram-positive bacteria. The Ag NPs attached to
the cell membranes cause a change in lipid bilayers which shows
increased membrane permeability, damage and cell death [65].
Both classes of bacteria displayed complete growth inhibition at
higher (>75 mg/ml) Ag NPs concentrations. The growth inhibition
studies of Ag NPs against both gram-positive and gram-negative
were carried out as shown in Table 2. Moreover, the digital
photograph of culture plates showing successful antibacterial ac-
tivity with inhibition zone is also shown in Fig. S7.

The inhibition zone against all the bacteria indicates the effec-
tual antimicrobial action. The Ag NPs were more effective against
S. aureus and E. coli with MIC 128 mg/ml as compared to
P. aeruginosa with MIC 256 mg/ml. Antibacterial action of Ag NPs is
more effectivewhenNPs have a size lesser than 50 nm [66]. It is due
to their superior penetration ability into the bacteria. El-Kheshen
et al. [67] reported MIC 125 mg/ml for the citrate capped Ag NPs
Table 1
Phenolic and flavonoid content of G. resinifera.

Solvents TPC (mg/g±SE) TFC (mg/g±SE)

Plant Methanol 41.58 ± 0.07 29.42 ± 0.05
Water 21.50 ± 0.04 28.18 ± 0.05
against E. coli ATCC 8739 strain for an initial bacterial concentration
of 105e106 CFU ml�1. The Ag NP colloidal suspension has also been
used by Taner et al. [68] for antibacterial purposes with a reported
MIC of >150 mg/ml against E. coli DH5a strain at ~108 CFU ml�1

initial bacterial concentration. Agnihotri et al. [69] reported MIC of
80e130 mg/ml against the S. aureus NCIM 5021 strain at
105e106 CFU ml�1 initial bacterial concentrations. The positive
surface charge of Agþ ion confers electrostatic attraction between
Ag NPs and negatively charged cell membranes of the microor-
ganisms, thereby facilitates Ag NPs attachment onto cell mem-
branes. The morphological changes become evident upon such
interaction and can be characterized by shrinkage and membrane
detachment finally leading to the rupture of the cell wall. The
consistent morphology changes results of untreated E. coli and
S. aureus cells as observed under FESEM was intact whereas after
treatment with Ag NPs was found distorted as shown in Fig. 5.

The studies showed the morphological changes when E. coli and
S. aureus cells were treated with Ag NPs. The E. coli and S. aureus
cells treated by Ag NPs were found to shrank with distorted cell
membranes as compared to untreated cells which were found to be
smooth and intact. These results are in accordance with previous
reports by Alsammarraie et al. [43] and Ali et al. [45]. The
completely disrupted cell membrane of E. coli after treatment with
Ag NPs has been reported by Raffi et al. [70]. The plausible mech-
anism for the antimicrobial action of Ag NPs is linked with four
well-defined steps [71]. As (a) adhesion of Ag NPs on the surface
cell wall and membrane; (b) penetration of Ag NPs inside the cell
and damage the intracellular structure; (c) induced Ag NPs cellular
toxicity and oxidative stress by reactive oxygen species (ROS) and
free radicals; (d) modulation of signal transduction pathways. The
inhibition of the growth in the case of S. aureuswas less remarkable
while E. coli was inhibited at low Ag NPs concentrations and
S. aureus was less susceptible than E. coli [72]. The antimicrobial
potential of Ag NPs is also influenced by the thickness and
composition of the cell wall of the microorganisms. The gram-
negative bacteria (such as E. coli) are more susceptible to Ag NPs
than gram-positive bacteria (such as S. aureus). Thicker cell wall and
negatively charged peptidoglycan leave Agþ ions stuck onto the cell
wall and hence gram-positive bacterium prevents the action of the
Agþ ions and renders more resistant to antimicrobial therapy of Ag
NPs [72]. The gram-negative bacteria consist of negatively charged
lipopolysaccharide (LPS) that promotes adhesion of Ag NPs and
makes bacteria more susceptible to antimicrobial therapy [47].
3.6. Catalytic activity

Along with the bacterial activity, the catalytic performance of Ag
NPs was also tested through a reduction reaction of 4-NP to 4-AP in
the presence of NaBH4. The Ag NPs provides the adsorption sites for
BH4 ions and hydrogen [64]. The Ag NPs catalyze the reduction
reaction by facilitating the electron transfer process from the donor
BH4 ions to the acceptor 4-NP as illustrated in Fig. 6.

The reduction of the 4-NP to 4-AP can be monitored by a
decreased absorption peak at 400 nm. The NaBH4 acts as a reducing



Fig. 5. Morphology of (a) untreated E. coli and (c) S. aureus (intact) cells, treated (b) E. coli and (d) S. aureus cells (distorted).

Fig. 6. Schematic mechanism of reduction of 4-NP to 4-AP.

Fig. 7. The catalytic activity of Ag NPs synthesized from G. resinifera.
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agent but the reduction rate is very slow and hence peak intensity
become unchanged for a longer time [73]. However, up on addition
of a small amount of Ag NPs, the reduction process occurred
instantaneously. At the same time, the yellow color of 4-
nitrophenolate changed to colorless, which also indicated the for-
mation of 4-AP [74]. The hydrogen from NaBH4 is adsorbed by the
Ag NPs and releases it during the reduction reaction. The addition
of catalyst accelerated the percentage of conversion of 4-NP to 4-AP
which was monitored every 5 min. The reduction in the intensity of
the absorption peak at 400 nm was observed which further dis-
appeared after 20 min as shown in Fig. 7.

Based on the reduction catalytic activity of the Ag NPs the rate
constant and half-life of reaction time was calculated using
equation (1) respectively and shown in Fig. S8. Equation (1) sig-
nifies the behavior of ln (A/A0) with respect to time:

ln(A/A0) ¼ �kt (1)

where Ao is the initial absorbance of the reaction system, A is the
absorbance at time t, and k is the rate constant of the reaction. From
equation (1) the reduction activity can be considered to be as
pseudo-first-order type. Since there is a relative decrease in the
intensity of characteristic absorption peak around 400 nm followed
by the time. The rate constant k (s�1) determined for reduction of 4-
NP to 4-AP is about k¼ 15.69 s�1. From this it can be concluded that
the green synthesized Ag NPswith variable shape can be a potential
catalyst candidate for the room temperature reduction of 4-NP.

In the perspective briefly.

a) the as-synthesized multifunctional (i.e. antimicrobial and cata-
lytic activity) Ag NPs may enhance its use in the wastewater
treatment as well as in biomedical applications. Progressively,
the Ag NPs will reduce the count of bacteria along with detox-
ifying the nitrophenols from the wastewater.
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b) The Ag NPs can be used in combination with antibiotics which
would enhance the activity and reduce the concentration of
each (low dosage) and hence reduce toxicity. These Ag NPs are
good candidates to treat wound infections and can be used in
wound dressings or gel formulations.
4. Conclusions

The field of nanobiotechnology is looking for eco-friendly, cost-
effective, green synthesis ofmedicinal plant extracted AgNPswhich
offer biomedical applications. For the first time, a facile one-pot
green approach to synthesize Ag NPs has been successfully done
usingG. resiniferawhich itself acted as reducing and capping agents.
The synthesizedAgNPshadnon-spherical shapes ranging from13 to
44 nm depending upon the precursor concentration. The UVeVis
spectra and TEM analysis supported the heterogeneous combina-
tion of shapes of AgNPs. The dual SPR band is an optical signature of
Ag NPs synthesized by usingG. resinifera signifies the tailored SPR of
Ag NPs. The phytochemical analysis of plant showed a higher con-
centration of phenolic and flavonoid content which involve rapid
reductionandcappingofAgNPs supportedbyFT-IRandEDAX. In the
application part, the Ag NPs were more effective against S. aureus
and E. coliwithMIC128 mg/ml as compared to P. aeruginosawithMIC
256 mg/ml. Ag NPs were found effective against PAW1 a clinical
wound isolates with MIC 128 mg/ml which confirm its potential
antimicrobial feature. Proving their multifunctionality the Ag NPs
shows enhanced catalytic activity with the conversion of toxic
organic pollutant 4-NP to 4-AP in the presence of NaBH4 within
20 min. The dual SPR band of Ag NPs synthesized by using
G. resinifera a medicinal PE can be an imperative solution within
biomedical applications of AgNPs. Thiswork opens the possibility of
studying the generation of Ag nanostructures in a one-step inex-
pensive synthesis and with the possibility of getting different
nonspherical morphologies at the same time.
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