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Abstract
To evaluate the photocatalytic and antibacterial activity of a biologically syn-
thesized AgNPs mediated by palm (Borassus flabellifer) water against human
pathogens. It is a potential candidate for preparing nanomedicine for consti-
pation. 1mM of AgNO3 is prepared and mixed with an appropriate volume of
Pathaneer and the reaction was made up to 100ml. The AgNPs were character-
ized by X-ray diffraction, FT-IR, UV-Vis analysis and HRTEM. The photocatalytic
property and the antibacterial activity were carried out for the prepared AgNPs.
The powder X-ray diffraction investigation reveals the FCC structure of AgNPs
with a crystalline size of 27nm and a lattice strain of 0.4283. FT-IR confirms the
presence of Ag+ from UV-Vis, the energy band gap was found to be 2.92 eV.
HRTEM was used to calculate the diameter of AgNPs as 5-10nm. In Borassus
flabellifer, the percentage degradation state of AgNPs was estimated as 87% at
180 minutes. AgNPs derived from Pathaneer have a large impact as antibacte-
rial in the biomedical field. Since the aggressive chemicals are not involved in
the preparation of AgNPs, it is used as an alternated biomedicine to reduce the
toxicity of AgNPs and the photo degradation efficiency is high hence suitable
for solar cells as well.
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1 Introduction

Silver-based nano compounds are used in chemical (1,2), physical (3,4) and biological pro-
cess (5,6). Vander Horst et al. (7) have reported electrochemical sensor application of sil-
ver nanoparticles. Green biosynthesis of AgNPs is applied as an antibacterial agent and
a catalyst (8) . In biological method, several parts of the plant are used as a reducing
agent to attain silver nanoparticles (9–13). Among various metal nanoparticles, silver has
attracted more attention because of their antibacterial activity.

Pathaneer obtained from the Palmyra sap usually involves tapping the top shoots and
collecting the saturated juice in hanging clay pots overnight from palm trees.These clay
pots are coated with calcium carbonate to reduce fermentation.
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This sweet water is called Pathaneer which is available only in summer. It is delicious, contains high nutrition, unfermented
juice from Palmyra palm tree reduces body heat. It is one of the excellent beverages for beating the summer heat. Pathaneer
contains nutrients like electrolytes, calcium, vitamin B, vitamin C, Phosphate, low calories, low fat etc.

In this work, the synthesized AgNPs from Pathaneer were characterized structurally and optically by X-ray, FTIR, Photo-
luminescence, Dynamic light scattering, Scattering electron microscope, Transmission electron microscope, UV-Vis, photolu-
minescence and photo catalytic process. Its antibacterial activities are also studied.

2 Experimental

2.1 Materials and Method

2.1.1 Materials required
Pathaneer were collected from the palm garden of Vaiyappamalai near Rasipuram, Namakkal District, Tamilnadu. AgNo3 were
purchased fromMercury’s scientific, Salem, Tamilnadu.

2.1.2 Preparation of extract
Pure Pathaneer were collected from the palm garden, then it was filtered with the help of filtration set and the filtered water was
collected and immediately used for synthesis.

2.1.3 Synthesis of silver nanoparticles
10ml of Pathaneer was taken into two different flask and 90ml of 5mM aqueous AgNPs was added carefully in each flask. It was
enclosed with aluminum foil and then the solution was heated in the water bath at 60oC for 30 min (14). After 30 min the colour
changed from white to dark brown. This indicates the formation of AgNPs (15).The supernatant was centrifuged for 20min and
the pellets were collected and kept in microwave oven at 60oC for 15 min in order to set AgNPs.

2.2 Characterization Methods

Thepurified silver nanoparticles were frozen, and dried to evaluate their crystalline structure, the crystallite size of the nanopar-
ticles using X-ray diffractometer (BrukerD8Advance, Germany) equippedwith CuKα radiation (λ = 1.5418Å) in the 2θ range
from 20o to 80o . The crystalline size of these silver nanoparticles was calculated by using the Debye Scherer’s equation. FT-IR
analysis of the material was carried out by JASCO 460 PLUS FT-IR spectrometer in the range of 4000–400 cm−1. The syn-
thesized AgNPs sample was dried and ground with KBr pellets and analyzed. The various modes of vibrations were identified
to determine the different functional groups present in the AgNPs. The particle morphology, shape and size of synthesized
AgNPs were analyzed by Field Emission Scanning electron microscope (SIGMA HV –Carl Zeiss with Bruker Quantax 200-
Z10 EDS Detector). In this experiment, the thin film of the sample was deposited on the carbon-coated copper grid. EDAX
was carried out to confirm the elements present in the biosynthesized silver nanoparticles. The surface morphology, shape and
size of the synthesized AgNPs were measured by HRTEM (Jeol/JEM 2100, LaB6, 200kV). The size distribution of bioreduced
silver nanoparticles was measured using DLS (Micromeritics, Nano Plus). Biosynthesized AgNPs were analyzed by using UV–
Vis spectrum recorded by Perkin Elmer Lambda35 in the range 190-1100nm. The fluorescence spectrum was measured on a
Perkin Elmer Lambda 45 in the range of 200-900 nm.

2.3 Antibacterial assay

The antibacterial activities of AgNPs were tested against both gram positive and gram negative bacteria. Medical isolates of
Staphylococcus aureus, Escherichia coli were sub-cultured in nutrient broth for 24h at 37o C. This study was carried out in agar
bywell diffusionmethod (16). AgNPs, AgNo3, Leaf extract wasmixedwithMilli-Qwater. For positive control standard antibiotic
Lysol (1%) was used and Negative control Milli-Q water alone used. After 24h of incubation at 37oC, the zone of inhibition was
determined.

2.4 Statistical analysis

Each value is the mean of three replications each (n = 3). Statistically, the means of the three experiments were not significantly
different (P< 0.05). Means in the same column with different letters are significantly different at (P< 0.05) in accordance with
Fisher’s least significant difference test. The statistical result shows that the synthesized silver nanoparticles are the potential
candidate for enhancing antibacterial property.
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2.5 Photo catalytic activity

The photo catalytic activities of synthesized AgNPs were evaluated using methyl blue under sunlight irradiation. 2.5mg of
prepared AgNPs was added to 100mL of a1mg/L MB aqueous solution. Stirring the solution for 30 min in a dark to bring the
AgNPs to constant equilibrium in the mixture. Then kept the mixture in sunlight for 2-2.30 h. The sample was collected at
regular intervals (for every 30 min). The collected sample were filtered and centrifuged to ensure photo of the dye.

3 Result and discussion

3.1 Structural and Morphological study

The crystalline nature of the newly prepared AgNPs was confirmed using powder XRD analysis as shown in Figure 1. There
were three intense diffraction peaks found at 2θ values 38.55◦ , 44.43◦ and 64.29◦ corresponding to (111), (200), and (220)
planes respectively, for the face entered cubic structures of silver (JCPDS, File no: 04-0783). The presence of other peaks at 2θ
values corresponds to (211), (122), and (231) diffraction peaks for orthorhombic structure of AgNo3(JCPDS, File no: 43-0649)
shows the presence of untreated AgNo3 as impurity. The powder XRD analysis pattern clearly shows that the synthesized silver
nanoparticles were crystalline in nature.

For FCC structure of the lattice parameter (a) can be calculated by the measured values of the d spacing of the (111) planes
using the following equation.

dhkl = a/
√

h2 + k2 + l2 (1)

Fig 1. Powder XRD pattern of synthesized AgNPs

Where, a is a lattice parameter h, k, and l are Miller indices of the crystalline graphic plane. The calculated value of a =
4.080´ is very well agreed with the standard JCPDS File no: 04-0783 for silver nanocrystal. The average crystallite size (D) was
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calculated using Debye-scherrer’s formula. The average crystalline size is around 27nm.

D = Kλ/β cosθ (2)

Fig 2.TheW-H plot of AgNPs

Willamson- Hall method (W-H) is suggested to calculate the microstrain of the prepared AgNPs using the modify Scherer’s
equation (17).

β cosθ = (Kλ/D) + (4 ∈ sinθ) (3)

The non zero slope of the strain ( Figure 2) shows that the presence of lattice strain, due to its strong dislocation density,
which enhances the properties of the material (18). The microstrain of AgNPs is found to be 0.4282 fromW-H plot.

3.1.1 Dislocation density (δ )
The dislocation density (δ ) is calculated using the relation.

δ = 1/ D2 (4)

The number of unit cells (n) is estimated from

n = (4/3) (D/2)3 (1/V ) (5)

Where V is the volume of the unit cell.

3.1.2 Morphology Index
The Morphology Index (MI) is calculated from full wave half width maxima [FWHM] of powder XRD. MI is obtained using
the relation (19).

MI = FWHMh / FWHMh +FWHMp (6)
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Where FWHMh was the greatest FWHM value achieved from peaks, FWHMp was the value of particular peak’s FWHM.
The calculated Morphology index values are given in Table 1.

3.1.3 Relative Percentage
The Relative Percentage Error (RPE) (19) is calculated by

PRE = (|ZH −Z|/Z) X 100 (7)

Where ZH is the experimental d-values in the XRD pattern and Z is the standard d-values in JCPDS data. The calculated
RPE values are shown in Table 1.

Table 1. X-ray Diffraction analysis of FCC Silver nanoparticles
2θo

degree
d-
spacing
(´)

Crystalline size
D (nm)

Dislocation Density
(x1014 lines/m2)

Number of
unitcells (x106)

Morphology
index (MI)

Relative Percentage
error (RPE)

38.55 2.3528 14.274 4.900 7.8824 0.5 0.7
44.43 1.9557 34.9156 8.911 11.8545 0.8364 0.1
64.29 1.5229 27.021 9.801 8.8294 0.6666 0.4

3.2 FTIR analysis

The stretching vibrations are generally absorbed in the spectral range of 3500cm-1 to500cm-1 by FTIR spectrum ( Figure 3).
In the present study a strong band at 3449cm-1 and 3392cm-1 are due to the stretching modes of –OH group. The band at
2359cm-1 indicates C-N stretching vibration of Nitriles (19). The band at 1696cm-1 indicates amide I bond of proteins due to
carbonyl group. The vibrational mode at 1498cm-1 originates from amide linkage. A strong peak at 558cm-1 are due to the
metallic bond Ag+ (20–22).

Fig 3.The FTIR spectrum of synthesized AgNPs

3.3 Morphology studies

FESEM shows the morphology of silver nanoparticles ( Figure 4 ).The obtained crystalline size is found to be 27nm, it is closely
agreed with powder XRD result. EDX ( Figure 5) shows the chemical composition present in the sample. HRTEM was used
to characterize the shape, surface morphology of AgNPs. The Figure 6(6a) shows that the particles are in spherical shape and
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the diameter of the particles are in the range of 5-10 nm and they are polydispersed. Figure 6 (6b) shows that selective electron
diffraction(SAED) pattern of AgNPs, whereas white spots indicate that the AgNPs are crystalline in nature.The average number
of atoms per nanoparticle was calculated by using the formula given below (23).

N = [πpD3)/(6M)] ∗NA
N = [(π(1.05x10−20)(11)3 )/(6(108))]∗6.022x1023 (8)
= 4.078x104 atoms/NP

Fig 4. FESEM image of AgNPs

Fig 5. EDX spectrum of AgNPs
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Fig 6. a. TEM image of AgNPs. b. SAED pattern of AgNPs

3.4 Fluorescence studies

The fluorescence spectrum of AgNPs were recorded in the range of 200 -900 nm. From the Figure 7, four emission peaks
obtained at 367,383,523 and 597 nm respectively. Out of the above peaks 367 and 383nm represent the high intensity emission
in the blue region and the 523,597 nm peaks are in green emission region. Over all the peaks lies in the visible region, the
material might be suitable for optoelectronic device fabrication (24).

Fig 7.The FTIR spectrum of synthesized AgNPs

3.5 Dynamic Light scattering studies (DLS)

Dynamic light scattering technique can be used to determine the average particle size of AgNPs. In the present work, the
synthesized silver nanoparticles are polydispersed in nature as shown in the Figure 8 with the average particle size of 12.4nm.
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Fig 8.The DLS pattern of synthesized AgNPs using pathaneer

3.6 Linear Optical studies

Optical properties of prepared AgNPs were examined using UV-Vis absorption spectrum ( Figure 9). The AgNPs absorption
strongly at 436nm. This excitation peak is due to the surface plasma resonance. The optical energy band gap is calculated by
using the following equation

αhν = A(hν −Eg)
n (9)

Where α is the absorption co-efficient, hν is the photon energy, Eg is the optical energy band gap and A is a constant.Where
n is the parameter involved in the transition process. If n=2, it will be for directly allowed transition and n=1/2 for indirect
transition. The calculated value of the energy gap is 2.92 eV which is lower compared with the result reported by Narental
Budhiraja et al. (4.27 eV), particle size decreases as the bandgap increases, it may be due to the quantum effect (25).

Fig 9.The UV-Vis Spectrum of AgNPs
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3.7 Photocatality Mechanism

Themechanisms of photo catalytic degradation of methyl blue under sunlight can be as shown in the Figure 10. Metal nanopar-
ticles carry electron from the donor to the acceptor, the absorbed photons excited the valance band electrons to conductions
band, due to the reduction of decomposition of the dyemolecules and hence conduction band electrons. On the other hand dur-
ing the process when the sunlight is absorbed and ROS (O2, OH-, H2O2) radicals are formed that leads to cleaning its surfaces
by itself. Photo catalytic activity of AgNPs was determined by deoxidation of MB under the natural energy resources sunlight
for 2 to 2.30 hrs. At first the degradation in the existence of silver nanoparticles was absorbed visually the intensity of colour
gradually decreases with increase in time, colour changes from dark blue to pale blue, the intensity peak absorbed at 647nm.
Thus the result shows ( Figure 8) that the effective catalytic degradation of AgNPs in the presence of sunlight is faster. It was
observed that the intensity of peaks decreases with increase in the natural resource sunlight irradiation time.The percentage of
degradation state of AgNPs was estimated as 87% at 180 minutes. Photo catalytic reaction mechanisms are as follows:

AgNPs (e-CB) + O2 → AgNPs + O2
H2O→H+ + OH
O2+H- →HO2
Silver nanoparticles (eCB) + HO2 + H +→H2O2
AgNPs (h+ν B) + dye→ degradation products
HO- +H+ →H2O2
HO2+ e - →HO2

-

This indicates that the silver nanoparticles possess high photo degradation efficiency.

Fig 10. Time dependent absorption spectra

3.8 Antibacterial activity

Antibacterial assay of synthesized AgNPs against gram +ve and gram-ve bacteria at different concentrations were showed a
strong properties of antibacterial agent for both tested microorganisms(Escherichia coli, Staphylococcus aureus) as shown in
the Figure 11. It was absorbed that as the concentration of silver nanoparticles were greater the growth of the bacteria was less
in both cases. Silver nanoparticles enhanced more antibacterial activity on gram-positive (Staphylococcus aureus) than gram-
negative ones (Escherichia coli). Silver nanoparticles have contact with the cell surface of various bacteria.Many researchers have
been reported the adhesion and accumulation of AgNPs to the bacteria surface. AgNPs can anchor to the bacterial cell wall and
penetrate it and causing structural change in the cell membrane, i.e. increase the permeability and finally leads to the bacteria
cell death. Karthi et al. (26) have reported that there have been electron spin resonance spectroscopy studies that suggested that
there is the information of free radicals with the bacterial action of AgNPs by the release of Ag+ ions penetrate the +ve charge
on the cell wall and ultimately leads to the cell death.The cells are made up of sulfur and phosphorus.The nanoparticles react to
the components and destroyed. The antibacterial activity of AgNPs and the fisher’s statistical reports are shown in Table 2. The
results indicated that the AgNPs synthesized from Pathaneer have stronger antibacterial activity than AgNo3 and the standard
antibiotic (Lysol). One of its high potential activities of Pathaneer is one of the alternates of tender coconut and it is also low-cost
nanomedicine for fatigue, hair fall, obesity, nanomedicine constipation, Gastric ulcer and dry skin etc.

Each value is themean of three replications each (n= 3). Statistically themeans of the three experimentswere not significantly
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Fig 11. a. Escherichia coli, b. Staphylococcus aureus (Platephotos of AgNPs using Pathaneer)

Table 2. Antibacterial activity of AgNPs using Pathaneer
Compound E.coli S. aureus
1-Lyzol (1 %) Nil 12b

2-Negative control Nil Nil
3-KM 9a 15a

4-SKM Nil Nil

different (P< 0.05). Means in the same column with different letters are significantly different at (P< 0.05) in accordance with
Fisher’s least significant difference test.

4 Conclusion
The synthesis of silver nanoparticles using Pathaneer was reported for the first time. In this synthesis no aggressive chemicals
were used as reducing agent. Crystalline size and the structural morphology of the sample were analyzed using several types
of instrumentation like XRD, Field Emission Scanning Electron Microscopy with Energy-dispersive X-ray spectroscopy and
Dynamic light scattering. From the FTIR analysis, AgNPs were formed due to the biomolecular interaction. HRTEM exhibits
the morphology distribution of AgNPs the optical band gap energy was derived from UV-Vis and fluorescence spectroscopy.
The prepared AgNPs were proved as an effective photo catalytic degradation of MB dye under sunlight irradiation. Then it is
found that the combination of Pathaneer with AgNPs enhances the antibacterial activity for Gram + ve and Gram –ve bacteria.
It can be used as nanomedicine for constipation and Gastric ulcer etc.
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