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Abstract
Green synthesis nanoparticles were considered as an alternative effective resource instead of chemically 
engineered metal oxide nanoparticles. Using leaf extracts for green synthesis, essential for the reduction 
and oxidation process of the metals. Phyllanthus niruri (L.) and Aristolochia indica (L.) leaf extracts 
were used to synthesize yellowish brown coloured silver (Ag) and white coloured zinc oxide (ZnO) 
nanoparticles. Synthesized green nanoparticles characterized by different spectroscopic analysis (XRD, 
XPS, FTIR, PL) and TEM. Characterization results confirmed the particles morphology, size, structure 
and also their optical and photonic properties. Three different concentrations of Ag and ZnO NPs were 
analysed against three (gram positive) and five (gram negative) bacteria. Increased levels of green 
synthesized Ag and ZnO NPs showed increased zone of inhibition than amoxicillin (positive control). Our 
study proved that the green synthesized Ag and ZnO NPs showed similar unique physical and chemical 
properties with metal oxide nanoparticles but less toxic while their discharge into the ecosystem.
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INTRODUCTION
 Nanotechnology is a newly emerging 
branch of science with efficient techniques which 
gained lots of researcher attention as well as 
environmentalist due to their immense role in 
various fields1. In worldwide, the utilization of 
nanoparticles in various sectors has increased 
from 225,060 to 584,984t with 21.1% annual 
growth rate2. Based on their shape and structure, 
nanoparticles exhibited unique properties. 
Engineered chemical nanoparticles (NPs) were 
extensively utilized in cosmetics, medicine, food 
and biological sciences3 resulted in high incidence 
of discharge into the ecosystem either accidently 
or intentionally4. Deposition of engineered 
chemical NPs in the environment cause serious 
health ailments to the biota including humans5,6.
 Silver (Ag) and zinc (Zn) nanoparticles 
belongs to the metal oxide nanoparticles category7. 
Ag nanoparticles considered as noble metal 
nanoparticles due to their good compatibility and 
target oriented interactions and generally used 
as cell compound delivery vehicle. Ag NPs also 
acts as an efficient antibacterial agent5. Rubber 
production, LCD and solar cells manufacturing 
and LCDs, as a whitener in pigment productions, 
electronics, chemical fibers and textiles8,9, 
antifouling paints10 whereas bulk ZnO were 
increasingly altered by ZnO NPs due to its potent 
antibacterial activities11.
 N o w a d ay s ,  g r e e n  sy n t h e s i s  o f 
nanoparticles has gained researchers attention 
due to their non toxic or less toxic properties 
which has the similar unique properties. Plant 
extract-mediated nanomaterials synthesis is one 
of the most stable and suitable alternatives than 
compared to physical, chemical and microbial 
method productions. Leaf extracts were used as 
an alternative source for raw materials by using 
less energy and toxic chemicals. Green synthesis 
provided a hygienic environment with more stable 
compounds and lesser waste products12.
 The plant Phyllanthus niruri (L.) belongs 
to the family Phyllanthaceae, commonly seen in 
tropical countries and widely used in Ayurveda 
treatments to cure various chronic ailments in 
liver, kidney, spleen and stomach13. The plant 
Aristolochia indica (L.) belongs to the family 
Aristolochiaceae, their roots were used to prepare 
anti-venom drugs, enzyme inhibitors14. 

 Fourier Transform Infrared (FTIR) 
spectroscopy and X ray diffraction (XRD) 
characterization techniques were performed for 
the nanoparticles identification, size structure, 
composition elucidation through spectrum and 
elemental mapping15-17. Transmission Electron 
Microscopy (TEM) revealed nanoparticles 
morphology18.
 Present work is framed to produce Ag 
and Zn nanoparticles through green method using 
Phyllanthus niruri and Aristolochia indica leaf 
extracts. The synthesized nanocomposites were 
characterized by XRD, TEM, X-ray photoelectron 
spectroscopic (XPS) studies and Photoluminescence 
spectroscopy. Different concentrations of green 
synthesized nanoparticles antibacterial activities 
were studied on various gram positive and gram 
negative bacteria.

MATERIALS AND METHODS
Green synthesis of Ag and Zn nanoparticles
 The plants Phyllanthus niruri (L.) and 
Aristolochia indica (L.) were collected from Jamal 
Mohamed College (Tiruchirappalli, Tamil Nadu, 
India). Plant leaves were cleaned with tap water 
and then with distilled water. Finely chopped 
leaves (10gm) mixed with 100ml deionized water 
and boiled (10mins) at 80°C and 50-60°C for P. 
niruri and A. indica leaves respectively. By using 
Whatman (No. 1) filter paper, extraction was 
filtered and the filtrate was collected, kept at room 
temperature. 
 10ml of Phyllanthus niruri leaf extracts 
mixed with 90mL of AgNO3 (0.01M) at room 
temperature. Ag NPs reduction was clearly 
observed within 10mins. Simultaneously, 100ml 
of Aristolochia indica leaf extracts mixed with 
Zn(NO3)2.6H2O (0.1M) salt and green reducing 
agents19 which forms white coloured homogenous 
solution and kept in stirrer for 4-6hrs at 80˚C and 
the precipitate was calcined at 800˚C for 5hrs20.
Nanoparticles characterization: FTIR, XRD, XPS, 
TEM & Photoluminescence studies
 Green synthesized silver and zinc oxide 
nanoparticles characterized by X’PERT PRO 
PANalytical model - X-ray diffractometer and in 
the ranges of 30°-80° and 20°-80° for Ag and ZnO 
NPs samples with monochromatic wavelength of 
1.54Å, the diffraction patterns were recorded21. 
The Carl Zeiss XPS instrument with ultra high 
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vacuum and 250W Al Kα excitation used for XPS 
measurements. Nanoparticles morphology was 
analyzed by TEM (Carl Zeiss Ultra 55 FESEM)22. 
Nanoparticles FTIR spectra were recorded in the 
range of 400-4000cm-1 by using Perkin-Elmer 
spectrometer23. Photoluminescence spectra of the 
green synthesized nanoparticles were taken using 
spectrometer Perkin Elmer-LS 14 within the range 
between 200-1100nm. 
Antibacterial assay
 By  wel l  d i ffus ion method 24,  the 
antibacterial activities of Ag and ZnO NPs 
were investigated. The following gram positive 

(Staphylococcus aureus, Streptococcus pneumoniae 
and Bacillus subtilis) and gram negative bacteria 
(Klebsiella pneumonia, Eischerichia coli, Shigella 
dysenteriae, Proteus vulgaris and Psuedomonas 
aeruginosa) were cultured on Mueller Hinton agar 
(MHA). The plates were inoculated with 0.1ml of 
log phase of respective bacterial culture. After 
inoculation, disc loaded with 40, 50 and 60μg/
mL of Ag and ZnO NPs respectively placed on the 
bacterial inoculated plates, amoxicillin (10μg/mL) 
used as the positive control. After 24 hrs (37˚C) 
incubation, inhibition zone around the disc in 
plates were measured.

Fig. 1. XRD patterns of green synthesized Ag and ZnO NPs using Phyllanthus niruri and Aristolochia indica leaf extracts
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Fig. 2. XPS wide spectra of Ag and ZnO NPs green synthesized by leaf extracts

RESULTS AND DISCUSSION
  Various researchers reported 
the interactions of leaf phytocompounds with 
metallic salts or ions during ZnO NPs green 
synthesis25-28. During synthesis, plant antioxidants 
chelated the Zn ions which forms metal complex 
by thermoreduction process metal complex 
converted into ZnO NPs29. Rafique et al.19 reported 
green synthesis of ZnO NPs by using Syzygium 
cumini extracts. During biosynthesis, plant extracts 
act as stabilizing and capping agent and finally zinc 
acetate reduced into ZnO NPs.

X-ray diffraction patterns 
 XRD patterns for green synthesized Ag 
and ZnO NPs were shown in Fig. 1. The standard 
diffraction peaks showed the center faced cubic 
phase of silver NPs (confirmed by JCPDS data card 
no: 89-3722) and hexagonal wurtzite structure 
for zinc NPs (JCPDS data card no. 36-1451). By 
using Scherer formula, the average Ag and ZnO 
NPs size were calculated as 35.36nm and 45nm 
respectively.
 Vidya et al.30 reported the leaf extracts 
of Calotropis gigantea used green synthesised 
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ZnO NPs. XRD patterns showed spherical nano 
crystallites with average size as 30-35nm. Thema 
et al.31 reported the ZnO NPs green synthesis 
along with Agathosma betulina plant extracts XRD 
analysis showed quasi-spherical nanoparticles 
with average size 15.8nm. Selim et al.32 reported 
green synthesized ZnO NPs and confirmed the 
average size as 15.22nm by using TEM, FTIR, XRD 
and UV spectroscopy.
X ray photoelectron spectroscopy (XPS) analysis
The XPS wide spectrum of Phyllanthus niruri leaf 
extracts mediated Ag NPs showed oxidation state of 
C1s and Ag 3d state. In Ag NPs, traces of leaf extract 

responsible for the C (1s) signals. In Gaussian 
fitting, XPS spectra of ZnO showed asymmetric 
O (1s) signals contains three symmetrical signals 
namely O1s1, O1s2 and O1s3. The Aristolochia 
indica leaf extracts synthesized ZnO NPs results 
showed three signals O1s1 at 531.49eV, O1s2 at 
533.24eV and O1s3 at 534.65eV due to the O2- ion 
in Zn2+ ion (Fig. 2) 
 These results were evidenced by De la 
Rosa et al.33, Remashan et al.34 and Armelao et al. 
35 reported adsorbed H2O and lattice oxygen on the 
ZnO surface, Zn-O-Zn surface and Zn-OH surface 
respectively. 

Fig. 3. FTIR spectra of Ag and ZnO NPs
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Fig. 4. Photoluminescence spectrum of Ag and ZnO NPs.

FTIR spectroscopic studies
 Functional groups in Ag and ZnO NPs 
were conferment by FTIR analysis15. FTIR spectra 
for Phyllanthus niruri leaf extracts synthesized Ag 
NPs (Fig. 3) showed the presence of phytochemical 
components like steroids phenols, glycosides, 
tannins, triterpenoids, flavonoids, saponines 
and glycerides. The Ag metal peak observed at 
424cm-1 for silver NPs by Phyllanthus niruri leaf 
extracts and the C-H bending vibration observed 
at 839cm-1 for silver nanoparticles. FTIR spectra of 
green synthesized ZnO NPs by Aristolochia indica 
showed the O-H stretching band at 3428cm-1, 
asymmetric C-H stretching at 2904cm-1, C=O 
symmetric stretching at 1458cm-1, O-H asymmetric 

stretching at 1022cm-1, Zn-O stretching 440cm-1 for 
ZnO NPs (Fig. 3).
 The medicinal plant extract are act as dual 
role like reducing and capping agent36. FTIR spectra 
of Anigozanthos manglesii green synthesized 
Ag NPs with broad absorption band at 3448cm-1 
and hydroxyl (-OH) group present in the bio-
macromolecules on leaf extract37. FTIR spectra of 
biosynthesis Ag NPs vibration frequency observed 
at 1381cm-1 and corresponding to –NO3 stretching 
whereas the peak at 692cm-1responsible for the 
reduction and capping during the synthesis of Ag 
NPs36,38. Zandi et al.39, Munoz-Hernández et al.40 
and Xiong et al.41 reported results evidenced our 
ZnO NPs FTIR results.
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Photoluminescence (PL) spectroscopic studies 
 B y  u s i n g  p h o t o l u m i n e s c e n c e 
spectroscopy, synthesized nanoparticles optical 
and photonic properties were studied. Ag NPs 
excitation wavelength observed at 42nm. Three 
peaks observed as blue, blue-green and green 
emission spectrum at 484, 486 and 529nm 
respectively. Luminescence emission peaks 
observed at 440 and 600nm due to presence of 
antioxidant compounds in Phyllanthus niruri leaf 
extracts while the green emission peak observed 
at 529 nm due to organic matrix bound to silver 
nanoparticles. 
 Whereas photoluminescence spectra of 
Aristolochia indica leaf extracts green synthesized 
ZnO NPs excitation wavelength observed at 
350nm. The emission spectra showed four peaks 
at 398, 408, 419 and 434nm. A peak observed 
at 398nm due to the radiative recombination of 
collision process during ZnO NPs green synthesis 
(Fig. 4). Fan et al.42 reported two violet emission 
bands at 408 and 419nm due to the electron 
transition between the Zn at interstitial with 

the high incidence ones. Mishra Sheo et al.43 
also reported blue emissions peaks at 434nm, 
where strongly ascribed due to singly ionized Zn 
vacancies.
TEM analysis
 TEM images showed morphology of green 
synthesized Ag NPs by Phyllanthus niruri extract as 
spherical shape and their average size was 30nm 
(Fig. 5). TEM images of green synthesized ZnO NPs 
by Aristolochia indica extract showed spherical 
shaped particles with average size of 30-60nm 
(Fig. 6). Suresh et al.44 reported Phyllanthus niruri 
mediated AgNO2 NPs where the average particle 
size found as 30-60nm. 
Antibacterial activities
 Three different concentrations of green 
synthesized Ag and ZnO nanoparticles antibacterial 
activities were tested against three gram positive 
and five gram negative bacteria such as S. aureus, 
S. pneumoniae, B. subtilis and K. pneumoniae, 
E. coli, P. aeruginosa, P. vulgaris, S. dysenteriae 
respectively. Table 1 showed zone of inhibition 
results of green synthesized Ag and ZnO NPs 

Fig. 5. TEM images of Ag NPs

Fig. 6. TEM images of ZnO NP
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with control amoxicillin in culture plates. Ag NPs 
showed high antibacterial activities to the all 
the bacterial types than compared to amoxicillin 
whereas increased concentrations of Ag NPs 
showed increased zone of inhibition. The inhibition 
of bacterial cells was due to the disruption of 
bacterial lipopolysaccharide layers with the green 
synthesized Ag and ZnO NPs. This interaction 
developed ROS in the bacterial cytoplasm leads 
to the disintegration of membrane potential and 
reduced cell growth. These results were evidenced 
by similar reports observed from Jung et al.45, 
Santhoshkumar et al.46 and Tong et al.47 Albizia 
procera leaf extract mediated Ag NPs showed high 
antibacterial activities against gram positive and 
gram negative bacteria48. Khalid et al.49 reported 
the significant antibacterial activity of Cu NPs 
against gram positive and gram negative bacteria. 

CONCLUSION
 Phyllanthus niruri (L.) and Aristolochia 
indica (L.) leaf extracts were used to synthesize 
Ag and ZnO nanoparticles. Green synthesized 
nanoparticles morphology, structure, size, 
optical and photonic properties were studied by 
various characterization analysis. Three different 
concentrations of Ag and ZnO NPs were tested 
against various gram positive and negative 
bacteria. Increased concentrations of green 
synthesized Ag and ZnO NPs showed increased 
zone of inhibition. Our study proved that the green 

synthesized Ag and ZnO NPs showed similar unique 
physical and chemical properties with metal oxide 
nanoparticles. Plant leaf extracts mediated Ag 
and ZnO NPs were non toxic to the non targeted 
species and became a non threat during their 
discharge into the aquatic ecosystem.
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Table 1. Zone of inhibition (in mm) observed in various bacteria treated with green synthesized Ag and ZnO NPs

No. Tested Amoxicillin*  Green Synthesised   Green Synthesised
 microbes 10μl (mm)   Ag NPs   ZnO NPs

   40μl 50μl 60μl 40μl 50μl 60μl
   (mm) (mm) (mm) (mm) (mm) (mm) 

1. S. aureus 15 11.5 12.8 13.2 11.1 12.5 12.9
2. S. pneumoniae 16 10.3 11.5 12.7 9.9 11.1 12.4
3. B. subtilis 15 12.6 13.1 13.9 12.1 12.8 13.2
4. K. pneumoniae 16 13.9 14.3 14.9 13.7 14.0 14.4
5. E. coli 18 10.1 11.9 13.5 9.8 11.6 13.4
6. P. aeruginosa 16 10.5 11.8 13.1 10.2 11.4 12.8
7. P. vulgaris 16 12.6 13.8 14.6 12.2 13.3 14.2
8. S. dysenteriae 15 11.0 12.1 12.8 10.7 11.8 12.4

1-3: Gram positive bacteria; 4-8: Gram negative bacteria; *Positive control
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