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1. Introduction 

In the last few decades, the Nanotechnology field has 
dealt with synthesis of leading, and fabricating 
nanomaterials, nanostructures, and nano devices with 
micromillimeter preciseness [1]. Size is amongst 
significant properties of nanoparticles. Its size within 
range of 10-100 nm is regarded ideal for biological and 
medical applications [2]. It is apparent that 
Nanomedicine is an area of biomedical application of 
nanotechnology within which synthesized and devised 
nanoparticles are utilized to treat illness [3]. ZnO 
nanoparticles show comparatively high 
biocompatibilityproperty which is ascribed due to 
semiconductor nature[4-5]. In the previous couple of 
years zinc oxide has upgraded itself as an engaging 
metal oxide material as a result of its distinctive 
properties like elevated chemical and mechanical 

stability, a varied range of radiation absorption, high 
catalysis activity, electrochemical coupling coefficient, 
nontoxic nature etc. [6]. The employment and big 
impact of nanomaterials in medical science is gaining 
plenteously response across the planet. The analysis 
focuses on the employment of varied nanostructured 
materials in several areas, like for drug delivery [7] and 
cancer treatments [8, 9]. 
FicusbenghalensisLinn.Syn. genus Ficus banyana 
Lorenz Oken. (Family Moraceae) is a giant evergreen 
tree found everywhere in India from the sub-
Himalayan region to the deciduous forest south India. 
F. benghalensis tree plays a lead role in native 
structure of drugs like Ayurveda, Siddha, Unani and 
Homeopathy. 
Aerial roots of F. benghalensis possess several 
properties like memory-boosting, antianxiety drug, 
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This paper emphasizes on the comparative studies of Ficus (Ficusbenghalensis) 
bounded zinc oxide nanoparticles using conventional and microwave heating 
methods. Zinc oxide can be called a versatile material due to its unique physical 
and chemical properties. The resultant synthesized nanoparticle prepared using 
the conventional heating method and microwave heating method was termed as 
A-ZnO and B-ZnO nanoparticles respectively. The current study investigates the 
possible utilization of aerial roots of Ficus for the preparation of ZnO 
nanoparticles using zinc chloride as source material and sodium hydroxide as 
precipitant which involves a self-sustained reaction in a homogeneous solution.
The resultant nanoparticles were characterized using UV-visible spectroscopy, 
Fourier Transform Infrared spectroscopy, X-ray diffraction, Dynamic Light 
Scattering, Zeta potential, Scanning Electron Microscopy with Energy Dispersive, 
X-Ray analysis and Transmission Electron Microscopy. ZnO nanoparticles 
prepared from both methods using conventional and microwave-assisted heating 
were compared. The prepared nanoparticles were characterized for their surface 
morphology. Further, the antibacterial activity of the extract and both ZnO NPs 
were evaluated against the standard and clinical strain of Gram-positive and 
Gram-negative bacteria by the agar well diffusion method. The results unveiled 
that the prepared ZnO NPs shows excellent antibacterial activity against the 
examined microorganisms. The overall study suggests that the root extract of the 
Ficus plant could work as an excellent bio-resource for producing ZnO NPs. 
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muscle relaxant, and seizure-modifying results [10]. 
They are usually utilized to cure styptic, syphilis, 
biliousness, infectious disease and inflammation of the 
liver. The aerial roots possess several flavonoids, 
terpenoids and steroids like bengalensinone, benganoic 
acid, lupanyl acetate, 3-acetoxy-9(11), 12-ursandiene, 
stigmasterol, 4-hydroxyacetophenone, 4-
hydroxybenzoic acid, 4-hydroxymellein and p-
coumeric acid [11, 12]. 
Green synthesis approaches are attracting a lot of 
attention due to comparatively lower costs and lesser 
practice of using poisonous chemicals and severe 
conditions for reduction and stabilization of 
nanoparticles [13]. Nanoparticles are environmentally 
friendly, supply fabrication and are less toxic, 
environmentally friendly and biocompatible which is 
why they are used in biological applications [14, 15]. 
Varied chemical ways are projected for the synthesis of 
ZnO NPs, like sol-gel combustion, chemical vapor 
deposition, sonochemical, micro-emulsion, freeze-
drying and optical device ablation, hydrothermal 
synthesis, precipitation technique etc. These 
techniques, however, suffer varied disadvantages as a 
result of the involvement of high temperature and 
pressure conditions and toxic chemicals [16]. The 
green synthetic method involving biological plant 
extracts is an extensively acclaimed process owing to 
its merits, like it needs no extra chemicals, is simple, 
eco-friendly, cheap, and is a single step synthesis 
technique [17-20].  
We have, in the present study reported the comparative 
studies of ZnO nanoparticles synthesis by conventional 
and microwave heating method utilizing F. 

benghalensis root extract as an efficacious reducing 
agent. The prepared ZnO NPs is tested for their 
morphological, structural and antimicrobial activity. 
 

2. Experimental details 

 

2.1. Preparation of extract 

      The aerial roots of F. benghalensis were collected. 
The material was cleaned thoroughly with tap water to 
eradicate any type of contamination. Washed aerial 
roots were air-dried in shade for 3 months. The aerial 
roots were powdered in a grinder and 250 g of powder 
and ethanol were filled in the soxhlet apparatus. The 
ethanolic extract was processed at 80-90 oC for 72 
hours. The extract was concentrated under reduced 
pressure at a low temperature (40-50 oC). 
 
2.2. Synthesis of nanoparticles 
     Before synthesis of ZnO NPs, the plant extract was 
thoroughly filtered by Whatman filter paper. Zinc 
chloride solution (25 %) was prepared in 100 mL 

deionized water. 5 mL of the above extract was slowly 
added with stirring in the 50 mL of 25% ZnCl2 solution 
and stirred for 1 h in the magnetic stirrer. After 1.5 h, 
50 mL 25% NaOH solution was added slowly into the 
solution containing ZnCl2 and plant extract. The white 
precipitate formed was allowed to settle for 48 h. 
White precipitate of ZnO nanoparticles were separated 
by high-speed centrifugation. The supernatant clear 
solution was drained and the remaining precipitate was 
cleaned with distilled water several times. Finally, the 
precipitate was filtered using the suction pump and 
dried in a hot air oven at150 OC for 4 h. This sample is 
designated as A-ZnO NPs. 
 In another 250 mL conical flask, 5 mL of the above 
extract was slowly added with stirring in the 50 mL of 
25% ZnCl2 solution and stirred for 1 h in the magnetic 
stirrer. After 10 min, the conical flask was heated for 2 
min with 800 W output into a microwave oven. After 2 
min, the conical flask was taken out from the 
microwave oven and stirred for 30 sec and kept in the 
microwave oven for 1 min with 800 W output. Finally, 
the irradiated solution was filtered using a Whatman 
filter paper and 25 % of NaOH solution was added 
slowly and the white precipitate formed was allowed to 
settle for 48 h. The further process was followed as that 
of A-ZnO NPs and designated as B-ZnO NPs. 

3. Characterization of ZnO nanoparticles 

 
3.1. UV-Vis Spectroscopy 

For UV-Visible spectroscopy, the resultant ZnO 
nanoparticles of the reactions were resuspended in 
equal amounts of sterile deionized water and spectrum 
scans were performed using Perkin Elmer Lambda 25 
UV-Visible spectrophotometer in the school of studies 
in chemistry and biochemistry Ujjain, in the 
wavelength range of 200-700 nm. 
 
3.2.Fourier Transform Infrared Spectroscopy 

FT-IR spectroscopy helps establish the identity of 
various phytochemical constituents used in the 
mitigation and stabilization of the nanoparticles. FT-IR 
spectrum of dried and powdered ZnO nanoparticles 
was attained using Perkin Elmer FTIR SP 10 STD 
from the school of studies in chemistry, DAVV, 
Indore, in the scale of 4000-400 cm-1. 
 
3.3.X-Ray Diffraction  

Completely dried samples of ZnO nanoparticles were 
taken for XRD analysis using Bruker D8 Advance X-
ray diffractometer using condition like CuKα radiation 
(λ = 1.5406 Å), 40 kV- 40mA, 2θ/θ scanning mode. 
Data was analysed for the 2θ range of 10 to 90 degrees 
with a step of 0.0202 degrees. 
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Scheme 1. The schematic representation of the preparation and characterization of both type of ZnO nanoparticals
 
3.4. Field Emission Scanning Electron Microscopy and 

EDX  

The morphology of the developed nanoparticles was 
examined using “FEI NoVANanoSEM 450” FESEM 
instrument operated at 18KV. The Energy Dispersive X
ray diffractive study was executed for both synthesized 
ZnO nanoparticles to determine elemental composition. 
Compositional analysis was made using “Bruker” made 
X-Flash 6130 EDX attachment and “Esprit” software.
 
3.5.Dynamic Light Scattering and Zeta Potential

DLS is an intensely and regularly used technique for 
hydrodynamic size distribution study. Using a zeta 
particle size analyzer NanoPlus-3 system, the 
hydrodynamic sizes and surface charges of 
bothsynthesized ZnO NPs were measured in deionized 
water as the suspension medium at pH 7 
  
3.6.Transmission Electron Microscopy  

The final shape of nanoparticles was studied by using 
TEM analysis. The ZnO NPs were mixed in sterile 
deionized water, sonicated for 20 minutesand diluted to 
produce a moderately turbid suspension. The suspension 
was then coated onto a copper grid and allowed to dry. 
TEM analysis of ZnO NPs was obtained using JEOL 
1230 TEM fitted with a GATAN ORIUS CCD camera.
 
3.7. Antibacterial Activity Study 

The antibacterial activity of extract and both ZnO NPs 
were evaluated against the standard and clinical strain of 
Gram-positive and Gram-negative bacte
strains: E. coli MTCC-1563, S. aureus MTCC

aeruginosa MTCC-4643, K. pneumoniae MTCC

and S. typhi MTCC-1253) by the agar well diffusion 
method. For the wet heat sterilization of culture medium 
and glassware, they were keptin an autoclave at 15 psi 
for 15-20 minutes at 121°C and then glassware was 
heated in a hot air oven at 160°C for about 2 h. One 
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3.4. Field Emission Scanning Electron Microscopy and 

The morphology of the developed nanoparticles was 
examined using “FEI NoVANanoSEM 450” FESEM 
instrument operated at 18KV. The Energy Dispersive X-
ray diffractive study was executed for both synthesized 
ZnO nanoparticles to determine elemental composition. 
Compositional analysis was made using “Bruker” made 

Flash 6130 EDX attachment and “Esprit” software. 

3.5.Dynamic Light Scattering and Zeta Potential 

DLS is an intensely and regularly used technique for 
hydrodynamic size distribution study. Using a zeta 

3 system, the 
hydrodynamic sizes and surface charges of 
bothsynthesized ZnO NPs were measured in deionized 

studied by using 
TEM analysis. The ZnO NPs were mixed in sterile 
deionized water, sonicated for 20 minutesand diluted to 
produce a moderately turbid suspension. The suspension 
was then coated onto a copper grid and allowed to dry. 

as obtained using JEOL 
1230 TEM fitted with a GATAN ORIUS CCD camera. 

The antibacterial activity of extract and both ZnO NPs 
were evaluated against the standard and clinical strain of 

negative bacteria (standard 
1563, S. aureus MTCC-3160, P. 

4643, K. pneumoniae MTCC-3040 

) by the agar well diffusion 
method. For the wet heat sterilization of culture medium 

utoclave at 15 psi 
20 minutes at 121°C and then glassware was 

heated in a hot air oven at 160°C for about 2 h. One 

litter of nutrient broth (HiMedia-
prepared by dissolving 13 g of commercially available 
nutrient broth in 1000mL distilled water and further 
agar-agar 1 (Lot GRM666) (20gm/1000ml) was added 
and boiled to dissolve the medium completely. The 
medium was sterilized by autoclaving at 15 lbs pressure 
(121ºC) for 15 minutes (Autoclave Model no: IS
Petri plates containing 20mLnutrient agar medium were 
seeded with 24h culture of bacterial strains. On the 
reaction glass plate, wells were cut in which 20
given sample (of different concentrations) were poured. 
The antibacterial activity was assayed by measuring the 
diameter of the inhibition zone formed around the well 
after incubation time for 24 hours at 37°C. Gentamicin, 
Ofloxacin and Azithromycin were used as the control. 
Antibacterial activity was evaluated by measuring the 
inhibition zone against the test microo
 
4. Result and discussion 

4.1. UV-Visible Spectroscopy 

The visual color change from half
is the preliminary visual indication of the transformation 
of the synthesis of ZnO NPs using freshly prepared 
extract. The absorption spectrum of both nanoparticles 
was recorded in the region 300-800 nm. For observation 
of spectrum, both nanoparticles powder was suspended 
in deionized water and placed in the cuvette. The UV
Visible spectra of A-ZnO NPs peak obtained at 370 nm 
and B-ZnO nanoparticles peak obtained at 374 nm
demonstrate the existence of absorption characteristics 
of both ZnO nanoparticles as shown in Fig.1.This data is 
crucial for understanding the optical properties of th
synthesized ZnO nanoparticles and can be used to 
correlate their size, structure, and electronic properties.
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- GRM666-500G) was 
prepared by dissolving 13 g of commercially available 

tilled water and further 
agar 1 (Lot GRM666) (20gm/1000ml) was added 

and boiled to dissolve the medium completely. The 
medium was sterilized by autoclaving at 15 lbs pressure 
(121ºC) for 15 minutes (Autoclave Model no: IS-4159). 

g 20mLnutrient agar medium were 
seeded with 24h culture of bacterial strains. On the 
reaction glass plate, wells were cut in which 20μL of the 
given sample (of different concentrations) were poured. 
The antibacterial activity was assayed by measuring the 
iameter of the inhibition zone formed around the well 

after incubation time for 24 hours at 37°C. Gentamicin, 
Ofloxacin and Azithromycin were used as the control. 
Antibacterial activity was evaluated by measuring the 
inhibition zone against the test microorganisms. 

The visual color change from half-white to grey-yellow 
is the preliminary visual indication of the transformation 

NPs using freshly prepared 
extract. The absorption spectrum of both nanoparticles 

800 nm. For observation 
of spectrum, both nanoparticles powder was suspended 
in deionized water and placed in the cuvette. The UV-

ZnO NPs peak obtained at 370 nm 
ZnO nanoparticles peak obtained at 374 nm 

demonstrate the existence of absorption characteristics 
of both ZnO nanoparticles as shown in Fig.1.This data is 
crucial for understanding the optical properties of the 
synthesized ZnO nanoparticles and can be used to 
correlate their size, structure, and electronic properties. 
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Fig. 1. UV-Vis spectra of A- ZnONPs and B- ZnONPs. 

4.2. FTIR analysis 

Fourier Transform Infrared spectroscopy of the extract 
powder of F. benghalensis and synthesized A-ZnO and 
B-ZnONPsasillustrated in Fig.2 which reveals the 
possible secondary metabolites present in the ethanol 
extract which is responsible for the mitigation of zinc 
ions and mechanism of ZnONPs formation. The FTIR 
spectra of ethanol extract showed the broad band’s due 
to −OH stretching frequency around 3444-3200 cm-

1[21].However, peaks at 2990 cm−1 and 2810 cm−1 are 
attributed to the asymmetric and symmetric stretching 
vibrations of the −CH2 group respectively [22].Fig. 2 
indicates the peak shifts after the reaction of ZnCl2 

solution with root extract. The 1730 cm-1 peak, results 
from C=O stretching from unsaturated aldehyde and 
ketone. The IR spectrum of Ethanol extract exhibits a 
band at 1612 cm-1 corresponding to the C=O 
(amide)[23], C=C stretching and NH3

+ asymmetric 
bending mode.Peak in the scale of 1541 and 1429 cm-1 
corresponded to C=C stretch in the aromatic ring and 
C=O stretch in polyphenols and C-N stretch of amide-I 
in protein [24]. Bands at 1289-1215 cm-1 correspond to 
C–N, C–O stretching and O-H bending vibration. 
Medium intensity band at 1185-1121 cm-1 is assigned to 
C–O–C linkage vibrations due to the existence of 
carboxylic acid and acid anhydrides like functional 
groups. The absorption peak at 1029 cm-1represents the 
stretching vibration of C–O group of primary and 
secondary alcohols (C–O), while smaller peaks at 900–
700 cm−1 were assigned to the aromatic bending 
vibration of C–H. Quite small peak obtained at 648.97 
and 578.67 cm-1 corresponded to the existence of C- 
alkyl chloride and hexagonal phase ZnO [25].In addition 
to the absorption bands of the biomolecules used as 
reduction and stabilization (capping agents), a sharp 
band at 490 cm-1 is observed which is characteristic of 
Zn-O stretching vibration of ZnO [26]. 

 
Fig. 2. Fourier transforms infrared spectra of F. benghalensis 

root extract, A-ZnONPs and B-ZnONPs. 

4.3. X-ray diffractometry 

From the X-ray diffraction data one can reveal the 
crystallinity and purity of the synthesized 
nanostructures. XRD patterns are the consequences 
ofdifferent crystallographic planes of the structure by 
the X-ray diffraction [27].The XRD data and analysis of 
A-ZnO and B-ZnO NPs are given in Table 1 and 2 
respectively. The diffractogram as shown in Fig. 3 has 
been compared with the standard powder diffraction 
card of JCPDS file No. 00-036-1451. A-ZnO NPs X-ray 
diffraction peaks obtained at 2θ values of 31.73, 34.31, 
36.23, 47.52, 56.56, 62.85 and 67.95 corresponded to 
the lattice plane (hkl) value(1 0 0), (0 0 2), (1 0 1), (1 0 
2), (1 1 0), (1 0 3) and (1 1 2) orientation respectively. 
B-ZnONPs X-ray diffraction peak obtained at 2θ values 
of 31.75, 34.49, 36.26, 47.59, 56.57, 62.89 and 
67.97degree in the experimental diffractogram have 
been identified to be due to zinc metal and 
corresponding to lattice plane (hkl) values (1 0 0), (0 0 
2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (1 1 2)   planes of 
zinc and are labelled in Fig.3. The details of these peaks 
are given in Table 1and 2. The XRD study has thus 
confirmed that the resultant particles in both the 
prepared samples were ZnO NPs having hexagonal 
structure.  
The average crystalline size D of both A-ZnO and B-
ZnONPs have been characterised from the observes 
diffractograms using the Debye-Scherrer formula,  

          � �	 �.��
�	
��

			                                             … (1) 

Where ‘λ’; wavelength of the X-rays used for diffraction 
and ‘β’; full width at half maximum (FWHM) of a peak 
[28].To estimate FWHM, each of the peaks was fitted 
with a Gaussian function [29].The average size of both 
synthesized nanoparticle A-ZnO and B-ZnO NPs were 
found to be 20.41 nm and 25.69 nm respectively. The 
measurement of interplanar spacing between the atoms, 
d, has been calculated using Bragg’s Law,  
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Where‘n’; the order of diffraction pattern. In the present 
case n is equal to 1.  

           � � ��� � � � �                                   … (3) 
 

 
The values of ‘d’ and lattice constant ‘a’ofboth A- ZnO 
and B- ZnONPs were obtained and are given in Tables 1 
and 2 respectively [29]. The absence of impurity peaks 
in the XRD pattern of the synthesized zinc oxide (ZnO) 
nanoparticles is a positive indication of the single phase 
and high purity of the ZnO NPs. 
  

Fig. 3. X-ray diffraction pattern of the obtained A-ZnO NPs 
and B-ZnO NPs.

Table 1. Represents calculated interplanar distance and lattice constant of A-ZnO NPs. 

S.No. 2 θ θ Cos  θ Sin  θ FWHM 

β 

degree 

FWHM 

β 

radian 

Size 

D 

Inter-plannar spacing 

‘d’ 

hkl 

1 31.73 15.86 0.96193 0.27328 0.38507 0.00671 21.48 2.81872 1 0 0 

2 34.31 17.15 0.95553 0.29487 0.30011 0.00523 27.77 2.61233 0 0 2 

3 36.23 18.11 0.95046 0.31084 0.42639 0.00743 19.63 2.47812 1 0 1 

4 47.52 23.76 0.91524 0.40290 0.43458 0.00757 20.02 1.91188 1 0 2 

5 56.56 28.28 0.88064 0.47378 0.49657 0.00866 18.18 1.62586 1 1 0 

6 62.85 31.42 0.85336 0.52130 0.46653 0.00813 19.88 1.47705 1 0 3 

7 67.95 33.97 0.82933 0.55875 0.60081 0.01047 15.96 1.37861 1 1 2 

           
 

Table 2. Represents calculated interplanar distance and lattice constant of B-ZnO NPs. 

S.No. 2 θ θ Cos  θ Sin  θ FWHM 

β 

degree 

FWHM 

β 

radian 

Size 

D 

Inter-

plannar 

spacing 

‘d’ 

hkl 

1 31.75 15.87 0.96188 0.27345 0.21717 0.00378 38.18 2.81696 1 0 0 

2 34.49 17.24 0.95507 0.29637 0.29934 0.00522 27.83 2.59911 0 0 2 

3 36.26 18.13 0.95035 0.31117 0.36892 0.00643 22.68 2.47549 1 0 1 

4 47.59 23.79 0.91503 0.40338 0.35102 0.00612 24.79 1.90961 1 0 2 

5 56.57 28.28 0.88064 0.47378 0.40628 0.00708 22.24 1.62586 1 1 0 

6 62.89 31.44 0.85318 0.52160 0.39425 0.00687 23.65 1.47680 1 0 3 

7 67.97 33.98 0.82923 0.55890 0.46881 0.00817 20.47 1.37824 1 1 2 
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4.4. FESEM and EDAX 

The effect of conventional and microwave
synthesis on the final shape of both nanostructures was 
studied by using FESEM and EDAX analysis. SEM 
images were seen in different magnification ranges like 
1µm- 10µm. A-ZnO NPs showed hexagonal tube
structures and the B-ZnO NPs prepared by microwave 
heating method shows agglomeration of particles are in 
different shapes viz. spherical, trigonal and irregular in
shape as shown in Fig. 4. The EDAX analysis confirmed 
the presence of metallic ZnO NPs. The composition 
obtained from EDAX analysis as shown in Fig.5. The 
EDAX analysis confirmed the presence and composition 
of ZnO nanoparticles. The EDAX spectrum A
showed peaks of zinc and oxygen elements 39.38 and 
17.65% proves ZnO nanoparticles prepared are 
essentially free from impurities. The EDAX pattern 
displayed of B-ZnO NPs shows that the developed 
products of the microwave heating method are made of 
 

 
Fig. 4. Field Emission Scanning Electronic Microscopy (FESEM) images

Fig. 5. Energy Dispersive Spectrum of A
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The effect of conventional and microwave-assisted 
synthesis on the final shape of both nanostructures was 
studied by using FESEM and EDAX analysis. SEM 

seen in different magnification ranges like 
ZnO NPs showed hexagonal tube-like 

ZnO NPs prepared by microwave 
heating method shows agglomeration of particles are in 
different shapes viz. spherical, trigonal and irregular in 
shape as shown in Fig. 4. The EDAX analysis confirmed 
the presence of metallic ZnO NPs. The composition 
obtained from EDAX analysis as shown in Fig.5. The 
EDAX analysis confirmed the presence and composition 
of ZnO nanoparticles. The EDAX spectrum A-ZnO NPs 
showed peaks of zinc and oxygen elements 39.38 and 
17.65% proves ZnO nanoparticles prepared are 

from impurities. The EDAX pattern 
ZnO NPs shows that the developed 

products of the microwave heating method are made of 

zinc and oxygen of 39.10 and 17.06 %. The EDX 
analysis confirmed the presence of the required zinc 
(Zn) and oxygen (O) phases in the synthesized ZnO 
nanoparticles. The EDX graph revealing the existence of 
carbon (C), chlorine (Cl) and sodium (Na) also provides 
information about the elemental composition of 
nanoparticles and the surrounding environment. The 
presence of carbon in trace amounts indicates the 
involvement of plant phytochemical groups in the 
decrement and capping of the synthesized ZnO NPs 
[30]. We have developed a conventional and microwave 
heating route for zinc oxide nanoparticle synthesis. 
However the processing of zinc oxide nanoparticles 
utilizing F. benghalensisisis eco-friendly and can have 
positive implications for both the environment and 
potential applications of the nanoparticles, as eco
friendly synthesis methods are increasingly valued due 
to their reduced environmental impact.

Field Emission Scanning Electronic Microscopy (FESEM) images of A-ZnOand B
 

. Energy Dispersive Spectrum of A- ZnONPs and B- ZnONPs. 
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4.5. DLS and Zeta Potential 

Dynamic light scattering (Photon Correlation 
Spectroscopy), is a powerful technique for probing 
particle sizes. The average size of particles, size 
distribution and polydispersity index of the synthesized 
both A-ZnO and B-ZnO NPs were determined by this 
technique. The A-ZnO and B-ZnO NPs average particle 
size was found to be 412.1 nm and 244.4nm 
respectively. The measured size of nanoparticles by 
DLS was moderately big size as compared to the SEM 
and TEM measurements since it determines the 
hydrodynamic radius of nanoparticles [30]. 
Polydispersity index was found 0.360 and 0.271 which 
indicates synthesized particles are monodispersed. The 
zeta potential of the both synthesized A-ZnO and B-
ZnO NPs were determined in water as a dispersant. The 
zeta potential of the A- ZnO and B-ZnO colloidal 
solution was found to be -29.66mV and -23.19 mV 
respectively. The negative potential value showed by 
biosynthesized ZnO NPs could be due to the presence of 
bioorganic components in the extract as a capping agent. 
DLS and zeta potential distribution have been 
represented in Fig.6. 

 

 
Fig. 6. DLS and Zeta Potential results of A- ZnONPs and B- 

ZnONPs. 

4.6. TEM analysis 

Transmission electron microscopy images give us 
information about the topography of the synthesized 
nanoparticles. TEM images of A-ZnONPs show a 
greater number of rod-like structures with a size range 
of 50-200 nm as shown in Fig.7and average nanoparticle 
size was 26.62 nm where as microwave-assisted ZnO 

nanoparticles revealed hexagonal structures with size 
range 50-100nm shown in Fig.7 and average 
nanoparticle size was 36.54 nm [31]. The microwave-
assisted synthesis plays a major role in the preparation 
of ZnO nanoparticles using F. benghalensis aerial roots 
powder as a surfactant material which is confirmed by 
the TEM images. After analyzing the TEM images, we 
can find that the ZnO nanoparticles are concentrated at 
particular positions which show their tendency to 
aggregate [32]. 

4.7. Antibacterial activity 

In vitro antibacterial activity of the aerial roots extract of 
F. benghalensis and synthesized A- ZnO and B-
ZnONPs were determined using the agar well diffusion 
assay.The antibacterial activity of aerial roots extract of 
F. benghalensis, A-ZnO and B-ZnO NPs were evaluated 
by measuring the zone of inhibition against the test 
organisms [33]. The sizes of the zones of growth 
inhibition are presented in Table 3. The results indicate 
that the aerial roots extract of F. benghalensis and 
synthesized A-ZnO and B-ZnO NPs showed effective 
antibacterial activity against all tested strains. Arial 
roots of F. benghalensis extract and synthesized A-ZnO 
and B-ZnO NPs using were better against P. aeruginosa 
than gentamycin. In the case of S. aureusandE. coli,the 
sizes of the zones were approximately similar. In the 
case of K. pneumoniae, the size of the zone was less 
than floxacin and in the case of S. typhi,the size of the 
zone was approximately similar to compared with 
azithromycin [34]. 

During agar well diffusion assay, extract and 
nanomaterials accumulate in the wells of bacterial 
culture inoculated plate, where nanomaterials unleash 
and diffuse ions from the wells into the surrounding 
agar, it can interact with the bacteria, inhibiting their 
growth and form a zone of inhibition, often seen as a 
clear halo around the wells. When Both ZnO NPs 
encounter bacterial cells, they release zinc ions (Zn²⁺ ) 
into the surrounding media which interfere with 
bacterial cell functions in several ways like disrupting of 
cell membrane and can also generate reactive oxygen 
species (ROS) such as free radicals when they come into 
contact with water and oxygen. ROS can cause 
oxidative stress within bacterial cells, damaging cellular 
components like DNA, proteins, and lipids. This 
oxidative stress contributes to cell damage and death. 
The combination of these mechanisms contributes to the 
antibacterial activity observed in the agar well diffusion 
assay (Fig.8). 
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Table 3. Zone inhibition of Extract and both ZnO NPs on different strains of  microorganism 
 
Microorganisms Zones of growth inhibition (mm) 

 

 Extract A-ZnO B-ZnO Gentamycin Ofloxacin Azithromycin 

S. aureus 

MTCC-3160 

12 16 19 21 - - 

E. coli 

MTCC-1563 

16 17 18 21 - - 

P. aerugenosa 

MTCC-4643 
20 21 22 19 

- - 

K. pneumoniae 

MTCC-3040 
10 13 17 - 

20 - 

S. typhi MTCC-

1253 
18 20 21 - 

- 22 

        
 

 

 
 

Fig. 7. Transmission Electronic Microscopy images of A- ZnOand B- ZnONPs. 
 

 
Fig. 8. The Schematic representation for the mechanism of antimicrobial activity. 
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5. Conclusion 

The present study focuses on synthesizing zinc oxide 
(ZnO) nanoparticles using a cost-effective and 
environmentally friendly approach. The source of the 
nanoparticles is the ethanol extract obtained from the 
roots of Ficus benghalensis. Two heating methods, 
conventional heating and microwave heating, were 
compared for their effectiveness in synthesizing ZnO 
nanoparticles. Microwave heating was found to be 
superior to conventional heating in terms of reaction 
time, distribution of heating, and speed. This resulted in 
the formation of ZnO nanoparticles with specific 
structural characteristics.The UV-Visible spectroscopy 
measurements showed maximum absorbance in the 
range of 370-374 nm, indicating successful synthesis of 
A-ZnO and B-ZnO nanoparticles. Fourier Transform 
Infrared (FTIR) spectra were used to identify 
biomolecules and functional groups involved in ZnO 
nanoparticle synthesis and stabilization. Both ZnO 
nanoparticles synthesized using F. benghalensis roots 
had an average particle size of 20.41 nm (A-ZnO) and 
25.69 nm (B-ZnO) as determined by XRD 
analysis.Scanning Electron Microscopy (SEM) analysis 
revealed tube-like structures in the nanoparticles, with 
larger particle sizes likely due to agglomeration of 
smaller particles. Energy Dispersive X-ray (EDX) 
analysis confirmed the presence of zinc oxide ions in the 
nanoparticles. A-ZnO nanoparticles had an average 
particle size of 412.1 nm, and B-ZnO nanoparticles had 
an average size of 244.4 nm. The polydispersity index 
indicated a relatively uniform size distribution. Zeta 
potential measurements were -29.66 mV for A-ZnO and 
-23.19 mV for B-ZnO, suggesting nanoparticle stability. 
The EDX analysis and elemental composition data 
support the involvement of plant phytochemicals in the 
nanoparticle synthesis process. For the 
nanoparticlesmorphology, Transmission Electron 
Microscopy (TEM) analysis displayed rod-like 
structures for A-ZnO nanoparticles and hexagonal-like 
structures for B-ZnO nanoparticles. Additionally, the 
study evaluated the antibacterial potential of the aerial 
root extract of F. benghalensis, A-ZnO nanoparticles, 
and B-ZnO nanoparticles against various bacterial 
strains. These nanoparticles showed antibacterial 
activity against S. aureus, E. coli, P. aeruginosa, K. 

pneumoniae, and S. typhi.The study overall establishes 
the potential of biogenically synthesized ZnO 
nanoparticles as antibacterial agents, particularly against 
multidrug-resistant bacteria. However, further 
investigation is required to fully understand the 
mechanisms underlying this antibacterial activity and to 
potentially develop these nanoparticles into effective 
therapeutic agents. 
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