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Abstract
In the current study, we have built up a novel, green approach technique for the synthesis of silver nanoparticles (Ag 
NPs) from Rauvolfia tetraphylla leaves extract. The synthesized nanoparticles were thoroughly characterized using differ-
ent analytical techniques like X-ray diffraction, Fourier transform infrared spectroscopy, UV–Vis spectroscopy (UV–Vis), 
scanning electron microscopy, energy-dispersive X-ray spectroscopy and transmission electron microscope analysis. It 
is confirmed as a cubic phase with average particle size about 40 nm with a spherical shape. Further, the characterized 
material was inspected for the photocatalytic degradation of most common environmental pollutants (carcinogenic 
organic dyes) like Methylene blue (M.B), Rhodamine B (Rh. B) and Rose bengal (R.B) with degradation efficiency of 81, 55 
and 80% respectively. In addition, it was examined by optical property (photoluminescence) with blue emission by the 
excitation at 370 to 400 nm, which is useful for blue LEDs (light emitting diode). Furthermore, it also shows the superior 
anti-bacterial activity against gram-positive bacterias such as Pseudomonas aeruginosa, Escherichia coli and Klebsiella 
aerogenes and gram-negative bacteria Staphylococcus aureus. Ag NPs synthesized using Rauvolfia tetraphylla leaf extract 
exhibited a good photocatalytic and antibacterial activity. Hence, it’s a first to report the synthesis of Ag NPs using natural 
reducing agent Rauvolfia tetraphylla leaf extract for Luminescence and Dye degradation applications.
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1  Introduction

In recent years, the improvement of efficient green chem-
istry methodology for synthesis of MNPs (metal nano-
particles) has attracted in the consideration of numerous 
researcher scholars. Continued work is being completed in 
order to discover eco-accommodating techniques for the 
creation of fine characterized NPs. Furthermore, the con-
straint to the utilization of these NPs is being addressed 
by a powerful novel method of generation that will create 
indistinguishable shape and size of NPs, and also particles 
with fractional or no poisonous quality to human wellbe-
ing and the aerosphere. Dissimilar to chemically synthe-
sized NPs, bio-synthesized MNPs depends on the green 
chemistry propose to authorize restricted presentation to 
the atmosphere and are relatively biocompatible. Green 
union involves numerous promising methodologies for 
the synthesis of MNPs with wanted properties [1]. Plant 
materials available in nature are widely used for green syn-
thesis of metal nanoparticles. Till date, hundreds of plant 
extracts have been used in nanotechnological applica-
tions. The advancement in nanotechnology has come up 
with effective and nontoxic medication delivery mecha-
nisms, less side effects, etc. [2, 3].

The term ‘nano’ initiates from the Greek word ‘nanos’ 
which means dwarf; and indicates a dimension on the 

scale of 10−9 (one-billionth) of a meter in size [4]. There have 
been enormous advances in the field of nanotechnology, 
with numerous established methodologies to synthesize 
NPs with particular form and size. They have been com-
puted for particular needs. Additionally, new applications 
for NPs and nanomaterials are growing extremely; while 
the acknowledgment of compelling nanomaterials has 
driven a massively enhanced appreciation of bioscience 
[5–11]. Numerous chemical and physical procedures are 
currently utilized to produce MNPs, which enable one to 
achieve particles with the chosen characteristics. In any 
case, these manufactured procedures are more expensive; 
works escalated and are possibly unsafe to the earth and 
living life forms [12, 13]. Accordingly, there is a conspicuous 
basic requirement for an option, financially savvy, safe and 
ecologically solid method for nanoparticle generation [14, 
15]. Through the preceding examinations, it has been set 
up that numerous biological frameworks with green plants 
and green algae [16], yeast [17], bacteria [18], human cells 
[19], fungi [20], and diatoms [21] can change over inorganic 
metal ions into MNPs through the reductive capacities of 
the metabolites and proteins existing in these living beings.

Rauvolfia tetraphylla L. (Apocynaceae family) is a little, 
bush or tree that reaches six feet in stature. Plant leaves are 
spiral, average to shady green in color, arise in gatherings 
of four similarly sized leaves at every node and developed 
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on a business (commercial) scale. Rauvolfia tetraphylla is a 
monetarily critical therapeutic plant due to the presence 
of numerous indole alkaloids in its individual parts [22]. In 
this report we are employing green method utilizing plant 
derived components for the green-synthesis of Ag nano-
particles using aquatic extract of Rauvolfia tetraphylla plant 
leaves as a fuel. The green-synthesized Ag NPs were charac-
terized by X-ray diffraction (XRD), UV–Vis, Fourier transform 
infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM), energy-dispersive X-ray spectroscopy (EDX) and trans-
mission electron microscope (TEM) studies. Additionally, the 
green-synthesized Ag NPs were subjected for assessing the 
photoluminescence and photocatalytic properties.

2 � Experimental

2.1 � Materials used

All chemicals used were of analytical grade. AgNO3 (Sil-
ver nitrate) was purchased from Merck, Mumbai, India. 
Rose bengal, Rhodamine B and Methylene blue dye were 
bought from S.D fine chemicals limited, Mumbai, India 
then utilized without further purification. Rauvolfia tetra-
phylla plant was collected from Devarayanadurga forest, 
Tumakuru, Karnataka, India.

2.2 � Collection and preparation of leaves extract

The leaves of Rauvolfia tetraphylla (Fig. 1) plant was col-
lected and washed methodically with tap water to 

eliminate the dirt and dust particles and after that washed 
with distilled water. Rauvolfia tetraphylla leaves (20 g) were 
taken in 100 mL double distilled water and placed on heat-
ing mantle maintained at 60 °C for 20 min with stirring. 
Afterwards the mixture was cooled to ambient tempera-
ture, and then filtered through Whatman filter paper No.1. 
The resulting light green colored leaves extract was used 
as reducing and capping agent in green-synthesis method 
[23].

2.3 � Phytochemical analysis

Rauvolfia tetraphylla leaves extract revealed the pres-
ence of bioactive secondary metabolites such as poly-
phenols in highly appreciable amount. Polyphenols 
contains more than 500 phytochemicals, which are nor-
mally happening micronutrients in plants. These classes 
of compounds act as great reducing agent during the 
green synthesis of NPs. The results of phytochemical 
screening of Rauvolfia tetraphylla leaves extract was 
subjected for the determination of polyphenol content, 
which revealed the presence of alkaloids in consider-
able amount. Also, our results clearly mention another 
important class of secondary metabolites of flavonoids, 
may also act as great source of reducing agents [24]. 
Some other phytochemicals constituent presence in 
minute or trace amounts; those are amino acids, ter-
penoids, flavonoids, tannins, phenols, saponins and 
cardiac glycosides (Table 1) [25]. These outcomes rec-
ommend that the Rauvolfia tetraphylla leaves extract 
is one of the best potential sources of bioactive sec-
ondary metabolites, which could effectively perform 
the role of reducing agents throughout the synthesis 
of Ag NPs.

Fig. 1   Photographic image of Rauvolfia tetraphylla plant

Table 1   Quantitative phytochemical constituent of Rauvolfia tetra-
phylla 

+++, appreciable amount; ++, medium presence; +, presence in 
trace amount; −, negligible amount or completely absent

S. no. Phytochemicals constituent Result

1 Alkaloids +++
2 Flavonoids ++
3 Phenols +
4 Tannins +
5 Cardiac glycosides +
6 Saponins +
7 Anthraquinones −
8 Amino acids +
9 Oxalate −
10 Terpenoids +
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2.4 � Characterization techniques

Absorbance of Ag NPs were recorded using Agilent 
Technologies-Cary 60 UV–Vis spectrophotometer. X-ray 
diffraction (Rigaku Smart Lab) measurement was used to 
study the phase and purity of the sample. FTIR (BRUKER-
ALPHA) was used to detect the possible functional 
groups of bio-molecules present in the compound. EDAX 
(OXFORD XMX N) determines the elemental analysis. 
Morphological distribution was examined using SEM 
(JEOL Model JSM-6390LV) and TEM (Jeol/JEM 2100). Pho-
tocatalytic dye degradation studies were carried out by 
Heber-Scientific Photoreactor. PL (Photoluminescence) 
studies were recored by Agilent technologies-Cary 
Eclipse Spectroflourimeter.

2.5 � Photocatalytic activity

The Photo-catalytic activity of the green synthesized Ag 
NPs were assessed by considering the dye degradation of 
Methylene blue (MB), Rhodamine B (Rh B) and Rose bengal 
(RB) in an aqueous solution at ambient temperature utiliz-
ing a 300 W visible light as radiance source. 20 mg of cata-
lyst (Ag NPs) was mixed with 100 mL of 5 ppm Methylene 
blue, Rhodamine B and Rose bengal separately and solu-
tion was unceasingly stimulated in the dark chamber for 
about 30 min to attain adsorption–desorption equilibrium 
[26]. Further, the visible light was switched on. 2 mL of 
aliquot withdrawn for every 1 h interval. The samples were 
centrifuged using micro centrifuger for 10 min in order to 
segregate Ag NPs. Spectrophotometric evaluations were 
carried out by utilizing a quartz cell having a path length 
of 0.3 cm. Absorbance was recorded at a fixed wavelength 
using the UV–Vis spectrophotometer. The percentage deg-
radation of the dye has been determined by the following 
equation.

where Ci: initial concentrations of dye solution in ppm and 
Cf: final concentrations of dye solution in ppm respectively.

2.6 � Detection of OH· radicals

OH· (Hydroxyl radicals) are the major reactive species in 
Photo-catalytic degradation reaction. The rate of develop-
ment and identification of hydroxyl radicals throughout 
the degradation reaction can be estimated by a photo-
luminescence method using coumarin as an analysis 
molecule. In this procedure, 50 mg of Ag was dispersed 
in 100 mL of 0.5 mM aqueous coumarin solution in a glass 
jar. Coumarin solution was allowed for 10 min, past to 

(1)% of degradation = (Ci − Cf)∕Ci × 100

irradiation. This reaction was illuminated under the visible 
light of intensity 300 W/m2 as a light source [27].

2.7 � Synthesis of silver nanoparticles (Ag NPs)

The aqueous solution (5 mM) of silver nitrate (AgNO3) were 
prepared and used for the synthesis of Ag NPs. The synthe-
sis of Ag NPs was carried out at room temperature for 24 h 
and stored in dark to prevent agglomeration. Rauvolfia tet-
raphylla leaves extract (10 ml) was added to the AgNO3 
(90  ml) solution and placed on a magnetic stirrer for 
10 min. The stirred mixture was allowed to undergo slow 
reduction into Ag NPs (Fig. 2) for 24 h to obtain complete 
bio-reduced silver ions. The obtained Ag NPs was purified 
by repeated centrifugation at 8000 rpm for 15 min using 
Remi Cooling centrifuge C-24. Further, the synthesized Ag 
NPs were dried and stored for further examination [28].

3 � Results and discussion

The crystal size, structure, surface and applicability of the 
Ag NPs have been studied and examined in detail through 
different physicochemical methods like PXRD, UV–Vis, 
FTIR, SEM, EDAX, TEM and PL.

Fig. 2   a Plant extract, b AgNO3 solution, c mixture solution, d Ag 
NPs
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3.1 � Powder X‑ray diffraction

Figure 3 shows the PXRD pattern, which is primary tool 
for the characterization of Ag NPs. The diffraction peaks 
at 2θ = 38°, 44°, 64° and 77° were indexed with the planes 
(111), (200), (220) and (311) for the resultant particles with 
cubic phase. The structure of obtained data well matches 
with the JCPDS card no. 1-1167 [29]. Plotted PXRD pat-
tern indicates the formation high purity of the Ag NPs 
and there are no impurity peaks were observed. Further, 
using Debye–Scherrer’s equation, average crystallite size 
(D) was calculated [30]. This calculation reveals that the 
average crystallite size of Ag nanopowder was found to 
be 15.06 nm.

where K value 0.94, λ is wavelength, β is the full width at 
half maxima and D is the crystallite size.

Figure  4a shows the lattice parameter of Ag NPs 
synthesized by Rauvolfia tetraphylla leaves extract was 

(2)D = K�∕� cos �

calculated by utilizing Rietveld refinement examination. 
The analysis was performed by utilizing the software 
FULLPROF assuming Fm-3m (225) space group for cubic 
type structure [31]. Pseudo–Voigt function was used in 
order to fit the few parameters to the data point: one 
scale factor, one zero shifting, four background, three 
cell parameters, five shape and width of the peaks, one 
global thermal factor and two asymmetric factors [27]. 
The Refined Parameters such as occupancy, atomic 
functional positions for Ag nanoparticles was summa-
rized in Table 2. The diamond software was used for 
Rietveld refinement parameters the possible packing 
diagram which are shown in Fig. 4b. The fitting param-
eters: Rp, Rwp and χ2 indicates a good agreement 
between the refined and observed PXRD patterns for 
the cubic Ag phase.

3.2 � UV–Vis spectroscopy

Figure 5a shows the room temperature UV–vis spectrum 
of the Ag nanoparticles synthesized using Rauvolfia tet-
raphylla leaves extract. The maximum absorbance was 
obtained at 463 nm (confirming the formation of Ag nano-
particles) due to surface plasmon absorption. Past inves-
tigations recommended that a SPR peak located between 
400 and 500 nm has been watched for Ag NPs and might 
be attributed to spherical structured nanoparticles [32]. A 
Figure 5b show the obtained band gap value was 2.74 eV; 
this value has been confirmed by indirect calculation from 
the absorption spectra using Tauc’s equation:

where α is the absorption coefficient, hν is the photon 
energy, Ecb is the conduction band energy, and B is a 
constant.

(3)(�h�)2 = B
(

h� − Ecb
)
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Fig. 3   PXRD pattern of the Ag NPs

Fig. 4   a Rietveld refinement of 
Ag NPs, b packing diagram of 
Ag NPs
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Calculated band gap of Ag NPs is useful for the photo-
catalytic activity for the degradation of organic dyes [33, 
34].

3.3 � Fourier transform infrared spectroscopy

Figure 6 shows the FT-IR spectrum of the Ag NPs synthe-
sized using Rauvolfia tetraphylla leaves extract. In this 
spectrum, a strong peaked at 3444 cm−1 is attributed 
to stretching vibration of –OH, respectively, the peak at 
1632 cm−1 is associated with N–H bond and is assigned 
to amide-I bond of proteins presents in the extract [35]. 
The peaks at 1389 cm−1 and 1123 cm−1 are possibly the 
N–O symmetry stretching typical of the nitro compound 

of leaves extract and C-N stretching of amines, respec-
tively. The band at 1040 cm−1 corresponds to C–F alkyl 
halide stretch vibration of proteins. These results rec-
ommended that the biological molecules conceivably 
perform twin function of synthesis and stabilization of 
Ag NPs [36].

3.4 � Scanning electron microscopy

Figure 7a–c show the SEM images of Ag NPs examined 
using SEM analysis, the result exhibit morphology 
of Ag NPs and it evidently displays that particles are 
agglomerated crystals with almost uniform spherical 
shape [37].

3.5 � Energy‑dispersive X‑ray spectroscopy

Figure 8 shows the standard EDAX spectrum of Ag NPs, 
which describes the elemental analysis of the mate-
rial. This shows a strong silver peaks together with weak 
carbon [38], oxygen, nitrogen and chlorine peaks, these 
peaks probably representing surface biomolecule capping 
structures originating from the Rauvolfia tetraphylla leaves 
extract [39].

3.6 � Transmission electron microscope and selected 
area electron diffraction

Figure  9a shows the TEM image of Ag NPs, which are 
almost spherical in shape with average particle size of 
40 nm (Fig. 9d). HRTEM image (Fig. 9b) of Ag NPs reveals 
that interplanar spacing of 0.14 nm corresponds to grow-
ing direction of Ag along (111) [40]. Selected area electron 
diffraction (SAED) pattern indicates the presence of (111), 
(200) and (220) planes in Ag NPs (Fig. 9c) are in consistent 
with the PXRD result (Fig. 3) [41].

Table 2   Rietveld refined structural parameters for Ag NPs

Ag NPs Ag (JCPDF No.:4-783)

Crystal system Cubic
Space group Fm-3m (225)
Lattice parameters (A°)
a = b = c 4.0866
α = β = λ 90O

Unit cell volume (A°3) 68.247
Atomic coordinates
X 0.0000
Y 0.0000
z 0.0000
Refinement parameters
RP 20.5
RWP 27.4
RExp 22.0
χ2 1.55
GoF 1.2
RBragg 10.9
RF 8.25
Density (g/cc3) 10.498

Fig. 5   a UV–Vis spectrum of 
Ag NPs, b band gap energy of 
Ag NPs
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3.7 � Photocatalytic dye degradation

3.7.1 � Degradation of Methylene blue

Methylene blue (MB) is a  thiazine dye and it is known 
as  methylthioninium chloride. The photocatalysis of 

Methylene blue dye was carried using synthesized Ag NPs 
at varying time intervals in the visible region. Figure 10 
shows that the rate of absorption band of Methylene 
blue from UV–Vis spectrophotometer at 663 nm. So, it is 
observed that the 5 ppm/100 mL of MB undergo 81% in a 
period of 5 h as shown in Fig. 14.

3.7.2 � Degradation of Rhodamine B

Rhodamine B (Rh B) is a basic dye and it has two molecular 
forms of cationic and zwitterionic form. Cationic dyes are 
considered as toxic colorants and can cause harmful 
effects such as skin irritation, allergic dermatitis, cancer 
and mutations. Figure 11 shows the degradation of Rho-
damine B using the UV–Vis spectrophotometer at 553 nm 
(n → π* transition of C=N, C=O groups). So, it was observed 
that 5 ppm/100 mL of Rh B undergo degradation up to 
55% in a period of 18 h (Fig. 14).

3.7.3 � Degradation of Rose bengal

Rose bengal (RB) is a rose-colored anionic dye. Figure 12 
shows the UV–Vis spectrum of Rose bengal. So, it was 
observed that 5 ppm/100 mL of RB dye degraded up to 
80% with the expense of 4 h (Figs. 13, 14).   
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Fig. 6   FTIR spectrum of Ag NPs

Fig. 7   a–c SEM images of Ag NPs

Fig. 8   EDX spectrum of synthe-
sized Ag NPs
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3.8 � Catalyst recycling

To assess the stability of the photocatalyst, recycled experi-
ments for the photocatalyst was tested again MB, Rh B and 
RB dyes. These experiments were carried out with 20 mg 

of catalyst with 100 mL of 5 ppm dye for 4 h. The degrada-
tion efficiency of MB, Rh B and RB were almost the same for 
6 cycles. Figure 15 clearly represents that RB degrades nearly 
81%, MB degrades almost 77% and Rh B degrades closely 

Fig. 9   a TEM image, b HR-TEM 
image, c SAED image, and d 
histogram show the range of 
particle size distribution
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Fig. 10   Degradation of Methylene blue in the presence of synthe-
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17% efficiencies for all six cycles. The efficiency of degrada-
tion is due to stable spherical shaped Ag NPs.

3.9 � Mechanism

Photocatalytic dye degradation of MB, Rh B and RB dye in 
the presence of Ag NPs is shown in the three steps reaction 
mechanism (Scheme 1).

3.10 � Detection of OH· radicals

Figure 16 shows that Hydroxyl radicals respond with Cou-
marin at 460 nm with exceedingly formed fluorescent 
compound (7-hydroxyl Coumarin) [43]. It clearly indicates 

Ag + hv → Ag
(

h
+
vb
+ e−

cb

)

OH−
ads

+ h+
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→ OH⋅
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Fig. 12   Degradation of Rose bengal in the presence of synthesized 
Ag NPs

Fig. 13   Structure and colour of organic dyes Methylene blue (MB), Rose bengal (RB) and Rhodamine B (Rh B)
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that, these Hydroxyl radicals (OH·) are responsible for the 
photocatalytic degradation of MB, Rh B and RB dyes.

3.11 � Photoluminescence (PL) studies

The photoluminescence of noble metals could be viewed 
as an excitation of electrons from occupied d bands into 
states above the fermi level. Subsequent electron–pho-
non and hole-phonon scattering processes led to energy 
loss and finally photoluminescent recombination of an 
electron from an occupied sp band with the hole. Fig-
ure 17 shows the photoluminescence spectrum of Ag 
NPs recorded at room temperature. In Fig. 17a show 
that excitation spectrum of Ag NPs, which has shown 
the strong excitation peak at 390 nm with the emission 
wavelength 484 nm. Figure 17b reveals the emission 
spectrum of Ag NPs with the excitation wavelengths 

Scheme 1   Schematic mecha-
nism for the dye degradation
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Fig. 17   a Photoluminescence excitation spectrum of Ag NPs: emission centred at 390 nm and b Emission spectrum of Ag NPs: excited at 
370, 380, 390 and 400 nm
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of 370, 380, 390 and 400 nm and obtained the emis-
sion peaks at 458, 473, 484 and 496 nm, respectively. 
As the excitation wavelength increases, the emission 
peaks were red shifted towards the higher wavelength 
with slightly more intensity. Upon increase in excitation 
wavelength of Ag NPs, the two peaks obtained for the 
excitation at 370 nm was gradually merge at 484 nm and 
form a single peak [44].

The purity in color of any photoluminescent material 
was expressed in terms of chromaticity coordinates. For 
Ag NPs, it was calculated from the emission spectrum 

using the CIE (Commission International De I’Eclairage) 
system. The CIE chromaticity diagram of Ag NPs under 
excitations at 370, 380, 390 and 400  nm was shown 
in Fig. 17b. The corresponding CIE colour coordinates 
(x and y) obtained were given in inset of Fig. 18. It is 
cleared from the CIE diagram that pure Ag NPs emits 
broad blue light, which is the average of all the emission 
peaks. As the excitation increases, the colour chroma-
ticity shifted towards green edge in CIE diagram, this is 
due to the emission peaks shifted towards higher wave-
length [45].

3.12 � Antibacterial assay

The mechanism of antibacterial activity of Ag NPs has 
been testified by numerous researchers, the cell death 
and leakage of cell membrane is because of the dis-
charge of Ag+ ion and generation of reactive oxygen spe-
cies (singlet oxygen, superoxide anion radical, hydroxyl 
radical and hydrogen peroxide) the smaller size particles 
gives a more reactive surface zone to interact with the 
bacteria enhancing a superior anti-bacterial ability. Pro-
duction of the reactive oxygen species on the surface 
of the Ag nanoparticles when the light causes oxida-
tive stress in the bacterial cell wall, eventually leading 
to the death of the cells. Ag with a positive charge and 
cell membrane with negative charge mutually attract. 

Fig. 18   CIE diagram for Ag NPs

ROS
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Cell membrane disrup	on
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Scheme 2   Mechanism of antibacterial activity
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Further, Ag+ enters into the cell membrane and reacts 
with the thiol groups present on the cell membrane and 
destruction it leading to the death of the cells. Consider-
ing the above facts, the possible schematic diagram is 
shown in Scheme 2 [46].

The significant antibacterial properties of Ag NPs were 
assessed by taking Gram positive Staphylococcus aureus 

and Gram-negative Pseudomonas aeruginosa, Klebsiella 
aerogenes and E-coli bacteria by disc diffusion method 
[47]. In disc diffusion method, the Ag nanoparticles shows 
significant anti-bacterial action on all the 4 bacterial strains 
(Fig. 19). The measured zone of inhibition was mentioned 
in Table 3.

Fig. 19   Zone of inhibition of a 
Escherichia coli, b Pseudomonas 
aeruginosa, c Klebsiella 
aerogenes and, d Staphylococ-
cus aureus in presence of Ag 
NPs synthesized using leaves 
extract of Rauvolfia tetraphylla 

Table 3   Antibacterial activity 
of Ag NPs on pathogenic 
bacterial strains

Values are the mean ± SE of inhibition zone in mm

NA symbols represent no antibacterial activity was found in this work

*P < 0.01 as compared with the control group

S. no. Treatment Escheri-
chia coli 
(mean ± SE)

Pseudomonas 
aeruginosa 
(mean ± SE)

Klebsiella 
aerogenes 
(mean ± SE)

Staphylococ-
cus aureus 
(mean ± SE)

1 Control NA NA NA NA
2 Plant extract 2.19 ± 0.33* 1.41 ± 0.31* 0.92 ± 0.42* 0.87 ± 0.33*
3 Ag NPs (500 µg/µL) 7.00 ± 0.00 5.23 ± 0.33* 5.53 ± 0.31* 6.75 ± 0.33*
4 Ag NPs (1000 µg/µL) 7.51 ± 0.43* 6.24 ± 0.33* 6.37 ± 0.17* 7.00 ± 0.00
5 Standard 9.30 ± 0.54* 11.16 ± 0.33* 11.33 ± 0.12* 11.15 ± 0.37*
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4 � Conclusion

The present work illustrates a facile green method for the 
synthesis of Ag NPs using aqueous Rauvolfia tetraphylla 
leaves extract. Further, this method offers numerous 
advantages like cost effective, low temperature, non-
toxic, eco-friendly, simple, quick and the effortlessness 
for the synthesis. The phyto-components effectively act 
as reducing agents and lead to the synthesis of Ag NPs. 
PXRD pattern shows that the Ag NPs are cubic phase 
structure, with an average crystallite size (D) of 15.06 nm. 
DRS spectrum show the band gap value was 2.74 eV for 
green synthesized Ag NPs. TEM image confirms the for-
mation of Ag NPs with almost spherical in shape. Theses 
nanoparticles show more stability and virtuous Photo-
catalytic activity toward the photodegradation of Meth-
ylene blue (MB), Rhodamine B (Rh B) and Rose bengal 
(RB). The photo-luminescence band in the visible lumi-
nescence range resulting from the higher surface inter-
stitial defects reduces the electrons/holes recombination 
and consequently increases the photocatalytic activity. 
Finally, the green synthesized Ag nanoparticles exhibit 
significant bactericidal activity against S. aureus, E. coli, 
K. aerogenes and P. aeruginosa using the disc diffusion 
method. In summary, the study fruitfully proves that facile 
green-synthesis of multifunctional Ag NPs was achieved 
by naturally occurring plant parts.
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