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Abstract

The present study deals with rapid and large-scale synthesis of silver nanoparticles (AgNPs) by U. tomentosa leaves aqueous
extract at ambient temperature. Crystal growth of silver nanoparticles by this green route was formed within 5min at room
temperature. Synthesized AgNPs were characterized by Ultra-violet visible spectrophotometer (UV-vis), Fourier transform
infrared spectroscopy (FT-IR), Transmission electron microscopy (TEM) and X-ray diffraction (XRD). Silver nanoparticles
synthesized by green route showed better antibacterial activity. Copyright © 2018 VBRI Press.
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Introduction

Silver Nanoparticles (AgNPs) have given much attention
in research work due to its unique physical, chemical and
biological properties. Eco-friendly and non-toxic plants
extracts were used by different researchers for synthesis
silver nanoparticles such as Belgian endive; Cichorium
intybus L. var. sativus[1l], aqueous extract of Rubus
ellipticus leaves [2], Cassia auriculata flower extract [3],
Citrullus lanatus fruit rind extract[4], Eucommia ulmoides
bark [5], Lycium barbarum fruit extract [6], Carcia
papaya peel extract [7], Sesbania grandiflora leaf
extract[8], Solanum muricatum leaf extract [9],
Mussaenda erythrophylla leaf extract [10], Tamarix
gallica leaf extract [11], ), Ficus carica leaf extract [12],
Tephrosia purpurea leaf extract [13], leaf extract of
Grewia flaviscences[14], Atrocarpus altilisleaf extract
[15], Ixora coccinea leaves extract [16], Arbutus Unedo
leaf extract [17], Ocimum sanctum (Tulsi) leaf extract
[18], leaves of Stevia rebaudiana [19], Ficus
benghalensis leaf extract [20], leaves and green berry
extract of Solanum nigrum L.; Solanaceae: Solanales
[21],0lea europaea leaves extract [22], carob leaves
extract [23], loquat leaf extract [24] and leafy green
extract of Belgian endive (Cichorium intybusL. var.
sativus) [25]. U. tomentosa is deriving its name from
hook-like thorns that resemble the claws of a cat. The
leaves are elliptic with a smooth edge, and grow in
opposing pairs. Cat's claw is planted at the campus of
Royal Scientific Society, Amman, Jordan.

Herein, a novel green route is designed for synthesis
silver nanoparticles using U. tomentosaleaves aqueous
extract at room temperature at short time.

Copyright © 2018 VBRI Press

Experimental

Silver nitrate (AgNOs, > 99.8%) was purchased from
Riedel-de Haén, Germany and used without any further
purification. In all experimental work, de-ionized water
was used.

U. tomentosaleaves were collected from different
places at the campus of Royal Scientific Society, Amman,
Jordan. Leaves were washed with distilled water to
remove dust and then left to dry in our laboratory for one
week. Dried leaves were crushed and ground to fine
powder.

Aqueous extract of U. tomentosaleaves was prepared
by mixing 10g powder with 500ml de-ionized water and
boiled for 10min. A yellow aqueous extract, Fig. 1
obtained was separated by filtration on Whatman filter
paper No. 1. An aqueous extract of U. tomentosa leaves
was kept in a stopper bottle at room temperature for our
experimental work.

Fig. 1. Leaves of U. tomentosaand the vaqueous extract
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In a typical synthesis of AgNPS, 1.2g silver nitrate
(AgNO3) was dissolved in 100ml de-ionized water in
250ml conical flask with magnetic stirring at ambient
temperature. Afterwards, U. tomentosa leaves extract was
added drop wise to silver nitrate solution, the color
changed from colorless to yellow and after 2 min to deep
brown and after 5min to grey-black suspended particles.
UV -vis absorption spectroscopy (UV - vis) analysis
showed a strongSurface plasmon resonance (SPR) band at
432nm, indicating the formation of silver nanoparticles
(AgNPs). This typical synthesis was repeated several
times with changing the concentration of AgNO3 and the
volume of extract to develop large-scale synthesis.

Silver nanoparticles and U. tomentosa leaves extract
were characterized by different techniques: UV-vis
spectroscopy (Shimadzu UV-1601), X-ray diffraction
(XRD-6000), Fourier transform infrared (FT-IR,
IR-Prestige-21  Shimaduz), energy-dispersive  X-ray
spectroscopy (EDS) and  Transmission electron
microscopy (TEM, Hitachi 7600 machine).

Results and discussion

Silver nanoparticles synthesized by U. tomentosa leaves
extract, which acts as reducing and stabilizing agent was
monitored by the UV-vis spectrophotometry, Fig. 2. An
absorbance spectrum was observed in each spectrum at
432nm which is characteristic of silver nanoparticles. No
other peaks were observed in the spectrum, indicating the
high purity of the synthesized silver nanoparticles by this
fast and green method.

XRD pattern of synthesized AgNPs with the standard
(JCPDS No. 04-0783) confirmed the form of
nanocrystals, as evidenced by the peaks at 20 values of
38.18°, 43.96°, 64.18°, and 77.22° corresponding to
(111), (200), (220), and (311) Bragg reflections, Fig. 2. It
was found that the average size from XRD data using
Debye-Scherrer equation (Awwad et al., 2015) was about
8-12 nm. The peaks denoted by (*) indicated the presence
of crystalline bio constituents of U. tomentosa leaves
extract.
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Fig. 2. UV absorption spectra of synthesized silver nanoparticles.
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Fig. 2. XRD of synthesized silver nanoparticles by U.tomentosa.

FT-IR spectra of U. tomentosa leaves extract is
shown in Fig. 3. The U. tomentosa leaves extract displays
a number of absorption peaks, reflecting its complex
nature. Peak at 3383 cm™ results are due to the stretching
of -OH groups of alcohol and phenol compounds. The
strong absorption peaks at 2924 cm™ and 2850 cm™* could
be assigned to —CH stretching vibrations of —CH3 and —
CH; functional groups in aliphatic and aromatic
compounds. The shoulder peak at 1739 cm™ and strong
peak at 1612 cm indicated the fingerprint region of C=0
and N-H groups in amide (1) and amide (Il) of protein.
The intense band at 1442 cm™ and 1230 cm? can be
assigned to the C-N stretching vibrations of aliphatic
amines. The peak at 1064cm™ may be attributed to C-O-C
stretching mode of aromatic ether linkage group. The
peak at 621cm? indicates the —OH bending of the
phenolic groups. FTIR study indicated that the free
hydroxyl (-OH), carboxyl (-C=0), C-N and amine
(N- H) groups present in the structure of U. tomentosa
leaves extract are mainly involved directly in reduction of
Ag* to Ag° nanoparticles, Fig.4.
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Fig. 3. FT-IR of U. tomensota leaves extract.
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Fig. 4. FT-IR of synthesized silver nanoparticles.

Energy dispersive X-ray analysis (EDS) corroborated
the presence of elemental Ag in synthesized AgNPs using
U. tomentosaleaves extract, Fig. 5.
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Fig.5. Energy-dispersive X-ray (EDS) spectrum of synthesized AgNPs

Transmission electron  microscopy (TEM) analysis
investigated the morphology and size distribution of synthesized
silver nanoparticles. Fig. 6 showed that the synthesized silver
nanoparticles using U. tomentosa leaves extract at room
temperature are mostly spherical. The particles size measured
from the TEM images is from 5-20nm. However, relatively
bigger particles are below 20nm. The average particles size of
AgNPs is about 12nm.  Stabilizing of silver nanoparticles was
also observed under TEM micrograph. This stabilization might
be due to of presence of bio-organic compounds present in the
aqueous extract of U. tomentosa leaves.
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Fig. 6. Typical TEM image of the synthesized silver nanoparticles
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Antibacterial properties of synthesized AgNPs tested
against pathogenic bacteria, E. coli and S.aureus. It was
observed that silver nanoparticles have antibacterial activities at
concentration of 20ug/disc. Chloromphenical was used as a
control antimicrobial agent. It was observed that an increase in
AgNPS concentration increases the MZI and found that the MZI
value of Gram negative bacterium E. coli showed lesser activity
values by Gram positive bacterium S. aureus. Present study
observed results reveal that bio-reduced AgNPs showed a
significant antibacterial property compared with positive drug
control, it could be explained by large surface area of AgNPs,
which gives better contact with microorganisms thus alter the
microbial metabolism. The nanoparticles attached to the cell
membrane and penetrated inside the microorganisms.

U. tomentosa leaves extract can reduce silver ions to silver
nanoparticles and also act as stabilizing agent for the formed
silver nanoparticles and prevent them from aggregation. U.
tomentosa leaves extract contains bioactive compounds having
functional groups such as - C=0, -OH, -NH and C-N. The
mechanism of biosynthesis silver nanoparticles proposed, Fig. 7
on the presence of the bioactive constituents such as
polyphenols, flavonoids, alkaloids, and amino acids in U.
tomentosa leaves extract.
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Fig. 7. Schematic illustration of the silver nanoparticles growth.

Conclusion

Facile and green method for synthesis silver nanoparticles using
U. tomentosaleaves aqueous extract at room temperature (27°C).
U. tomentosaleaves aqueous extract act in the process of
synthesis as reducing and stabilizing agent. Further, the above
method, the concentration and molar ratio of U.t/Ag are critical
for the formation and large-scale of silver nanoparticles
synthesis at room temperature. AgNPs showed an effective
antibacterial activity. Application of AgNPs based on these
results may lead us to study the effect of these nanoparticles in
field of agriculture (Banana plant growth)
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