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ABSTRACT

A simple easy and bio-based protocol has been implemented for the synthesis of ZnO Nanoparticle’s (NP’s) by
utilizing the stem of Tinospora Crispa plant as a reducing agent. ZnO NP’s were probed for both structural and
optical characterizations. Optical absorption maxima of the as-synthesized ZnO NP’s are observed at 350 nm which
indicates the smaller size of the NP’s. The XRD study revealed that ZnO NP’s are in the wurtzite phase and the
average size of the NP’s is around 29.1 nm. The shape and size of the NP’s are confirmed from TEM. FTIR
spectroscopy revealed the surface capping of the NP’s by alkaloid moieties present in the Tinospora Crispa stem
extract. A red shift in optical band gap (3.11 eV) compared with its bulk counterpart (3.37 eV) has been observed.
ZnO NP’s exhibited excellent photoluminescence properties with a sharp emission maximum at 510 nm due to the
oxygen vacancy surface states.
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INTRODUCTION

Nano-sized colloids exhibit excellent electrical, thermal, optical and catalytic properties'as compared to
bulk materials. Among the various oxide nanomaterials, ZnO is more preferable as wide band gap (3.37
eV at 300 K) semiconductor material which restrains interesting optical and electrical properties for
technological use. ZnO NP’s are used in UV light emitters, photocatalyst, as an antibacterial agent, gas
sensors, luminescent materials, as an additive in many industries, in solar cell fabrication, heat mirrors
and coating.*!°Additionally, ZnO has been subjected to a number of applications in chemistry and in
biochemistry.!!!The reason that among the metal oxide nanoparticles zinc oxide has given much
importance is due to its large binding energy, and high piezoelectric property leading to applications in
microelectronics, diagnostic and biomolecular detection. Different synthetic methodology has been
adopted for preparing ZnO NP’s. Conventional techniques explored to obtain ZnO NP’s are a chemical
reduction, laser ablation, solvothermal, inert gas condensation and sol-gel method.?** These techniques
require toxic chemicals, high pressure, laser radiation anduse of inert gases. Alternatively, green synthesis
is another technique where the potential of various plants are utilized and shown great interest in the
synthesis of zinc oxide NP’s*>-! in a simple, less toxic and cost-effective manner.
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Therefore the development of safe, reliable, clean and eco-friendly methods for the preparation of Zinc
oxide NP’s is essentially needed. Biological methods for the synthesis of ZnO NP’s are better methods
due to slower kinetics, they offer enhanced manipulation and control over crystal growth and their
stabilization. Plant-mediated synthesis of NP’s eliminates the cell culture maintaining process and also it
is more suitable for large-scale production of ZnO NP’s. Keeping all these factors in view, we have
prepared the bio-synthesized ZnO NP’s from warm water extract of Tinospora Crispaplant’s stem to
make use in photocatalytic, bio-sensing and solar cell applications. The prepared NP’s have been
characterized by various techniques, like XRD, UV-Visible, Photoluminescence, and FTIR spectroscopy
which shows smaller size, good crystallinity, stability and photoluminescence.

EXPERIMENTAL
Chemicals and synthesis
Zinc Acetate (purchased from Himedia chemicals) analytical grade and used as supplied.

Preparation of Tinospora Crispa’s Stem Powder Extract

The source plant material was collected locallyfrom Visakhapatnam, India.The stems of this plant were
finely cut into pieces and dried at 60° C keeping inside hot air oven for a span of one week. 100 gm of
dried stem powder was taken in a round bottom flask and 200 ml of distilled water was added to it and the
mixture was boiled for 30 min and cooled to room temperature. The cooled mixture was centrifuged at
3000 rpm for 10 min. The yellow color supernatant was obtained. It was collected stored and utilized in
the second step ofthe synthesis.

Synthesis of ZnO NP’s by Using Tinospora Crispa Plant Extract

In the typical biosynthesis of ZnO NP’s, 50 ml of plant extract was taken and mixed with 200 ml of Zinc
acetate solution of ImM and stirred at room temperature. The color change in the reaction mixture was
observed at first from light yellow to brown before addition of zinc-acetate and thereafter the solution
turned into white. The appearance of white color indicates the formation of ZnO NP’s by bio-reduction in
the completely benign reaction medium. The precipitate of NP’s obtained was washed with water and
centrifuged at 10,000 rpm for 15 min to remove the impurities and dried to get the powder form of the
NP’s.

Instrumentation

Synthesized ZnO NP’s were first characterized by UV-Visible Spectroscopy by measuring the absorption
of the aqueous solution of the as prepared NP’s at room temperature using UV-Visible spectrophotometer
(Schimadzu UV-Vis Spectrophotometer) between the wavelengths of 300-700 nm. The XRD
measurement of ZnO powdered NP’s was carried on (XPERT-PRO) XRD setup operated at 40 kV and
current 30mA with Cu Ka radiation (A = 1.5404) and the 26 scanning range was 0-90° at 20 min™'. FTIR
studies were performed using Schimadzu FTIR Spectrometer by preparing a sample with KBr pellets and
measured at 400 to 4000 cm™! wavelength range.

TEM was recorded using a high-resolution analytical TEM (Phillips, Netherland Model: Technai20)
microscope. For this analysis, the sample was suspended in sterile water & ultrasonically dispersed to
separate individual particles & few drops were deposited onto carbon-coated copper grids and dried under
an infrared lamp and finally the copper grid was used for scanning.

A fluorescence spectrum was recorded on a Schimadzu Spectrofluorimeter. The optical path was 1 cm
and spectra were collected at a resolution of five data points per nanometer. The synthesized ZnO-NP’s
were dispersed in the aqueous solution to study the photoluminescence activity using an excitation-
emission matrix (EEM), which displays fluorescence data.

RESULTS AND DISCUSSION
Characterization of ZnO NP’s
The formation of ZnO NP’s by reduction of Zinc acetate is observed visibly from the color change
observed during synthesis. The plant extract was mixed with Zinc acetate solution and continuously
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stirred for18-24 hours until the color changes from pale brown to white. Figure-1 shows the color change
of the plant extract from yellow to brown to white. It provides the confirmation of the reaction between
Zinc acetate and plant’s stem powder towards the formation of ZnO NP’s.

Zn acetate . I l
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Fig.-1: The Synthesis of ZnO NP’s from Tinospora Crispa Stem Extract, at First, Color of the Extract changed from
Yellow to Light Brown and after18-24hrsof Stirring the Color of the Solution changed to White.

UV-Visible Spectroscopy

Figure-2a depicts the UV-Visible absorption spectra of ZnO NP’s. A smooth and narrow absorption band
at 350 nm was observed which is characteristic of small size zinc oxide NP’s, as the bulk ZnO absorption
peak will appear at 380 nm. The absorption peak shows broadening and slightly moved to the long
wavelength region, indicating the formation of ZnO NP’s with large size distribution. The position and
shape of absorption spectra of ZnO nanoclusters are strongly dependent on the surface-adsorbed species,
dielectric medium and particle size.
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Fig.-2a: UV-Visible Absorption Spectra of ZnO NP’s. The Absorption Maxima of ZnO NP’s is at 350 nm.

ZnO0 is a direct band gap semiconductor.Hence, to calculate the band gap energies of ZnO NP’s from the
absorption edge Tauc equation has been used. The absorption coefficient of the direct band gap material
can be written as:

((th)2:A (hv-Eg) (1)

Where, a is absorption coefficient, A is constant, hv is photonenergy in eV and Eg is direct bandgap. The
allowed direct band gap could be calculated from the absorbance values by plotting (ahv)® verses hv,
which is shown inFig.-2b.

The optical band gap determined by extrapolating the linear portion of the Tauc plot (Fig.-2b) to the axis
intercepts. The band gap determined to be 3.11 eV which corroborates with the value given in the
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literature. The calculation of band gap* suggested that there is a red shift in optical band gap (3.11eV)
compared with its bulk counterpart (3.37 eV).
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Fig.-2b: Direct Band Gap Studies Using Tauc Equation, by Plotting Optical Absorption Coefficient against Photon
Energy of Absorbed by ZnO NP’s

TEM

Figure-3 shows the Transmission Electron Microscopy (TEM) image of ZnO NP’s. The average grain
size of the ZnO NP’s was calculated to be around~ 30 nm. The shape of the NP’s is hexagonal as
observed from a transmission electron microscopic image displayed in Fig.-3. ZnO NP’s are scattered
over the surface and no aggregates were observed in the TEM image. This indicates NP’s are stable
however the size distribution of the NP’s is broad.

e wrer—|

Fig-3: Transmission Electron Microscopic Image of ZnO NP’s. The Bar Marker Represents 40 nm.

XRD

Figure-4 shows the XRD pattern of ZnO NP’s obtained using Tinospora Crispa plant stem extract
prepared in the solid powdered state. XRD study revealed that ZnO NP’s are in wurtzite*® phase. The
diffraction peaks appeared at20 = 31.78, 34.43, 36.3, 47.54, 56.53, and 62.8 which correspond to (100),
(002), (101), (102), (110) and (103) planes respectively (JCPDS card (36-451). According to Scherrer’s
equation, the average crystallite size calculated using the highest peak of 36.3 is found to be 29.1 nm,
which is in good agreement with particle size obtained from the TEM image.
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Fig.-4: XRD of ZnO-NP’s Synthesized by Tinospora Crispa Stem Extract
FTIR Studies

Fourier-transform infrared spectroscopy (FTIR) was carried out to investigate the surface functional
groups present in the plant extract which act as a stabilizer in the green synthesis method. FTIR spectra of
the green synthesized ZnO NP’s has been shown in Fig. 5. The different peaks were observed at different
wave numbers such as 3483, 1956-1795, 1372-1250, 1080 cm™ (Fig.-5). The broad peak at 3483 cm1 is
due to stretching vibration of hydroxyl groups of alkaloids in the plant extract. The bands observed 1795
cm’!, 1372 cm™ and 1080 cm™ are associated with double bonded carbon, amines and -C=0 stretching
vibrations coming from polysaccharides and reducing sugars present in the plant extract. These show the
possible biomolecules responsible for capping & efficient stabilization of the NP’s restricting further
growth.
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Fig.-5: FT-IR Spectra of Tinospora Crispa mediated ZnO NP’s.

Photoluminescence Studies

Photoluminescence (PL) of zinc oxide NP’s is of prime interest in application point of view of this
material. PL is a well-recognized tool for optical characterization of the semiconductor materials for
elucidating near band gap emission or defect level emission which may accompany radiative
recombination processes. Hypothetically, in pure semiconductors, native defects and defects related to
impurities are presently leading to localized defect levels between the band gap.The decay of PL emission
Intensity by radiative transitions could be due to the defect levels or near band gap emission. The position
and nature of PL spectra give clear idea associated with the transition to identify the specific defects. The
Photoluminescence spectroscopic studies carried out at room temperature with our synthesized zinc oxide
NP’s show emission which is shown in Fig.-6. The sharp luminescence observed in the visible regions
(511 nm) is not due to near band gap emission rather associated with intrinsic excitonic defects present in
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the grains of the ZnO nanocrystals. To explain the luminescence of ZnO NP’s many** theoretical
explanations has been given by many researchers. Luminescence may arise due to the presence of an
impurity, or zinc vacancy or oxygen vacancies, interstitial zinc ions etc present in the crystal lattice.> We
propose the emission in green synthesized ZnO NP’s is purely due to oxygen vacancy defects. The
recombination of a photogenerated hole with the singly ionized charge state of the defects present in the
surface of the NP’s is responsible for PL emission. This defects might not be passivated by surface
capping as no additional stabilized is used in this method. However, the smooth and steady
photoluminescence peak observed at 511 nm after excitation at 474 nm makes this bio-synthesized ZnO
NP’s an interesting and potential material for various luminescent-based applications such as biosensing,
photo catalyst and solar cells. The future work in this direction is in progress.
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Fig.-6: Photoluminescence Spectra of ZnO NP’s. The NP’s were excited at 474nm, and Emission Maxima observed
at511 nm.

CONCLUSION

Plant-mediated luminescent ZnO nanoparticles have been synthesized which is simple and easy scale-up
process than chemical methods with less toxic chemicals and solvents. Synthesized ZnO nanoparticles
were characterized by UV-Vis spectroscopy, TEM, XRD, FTIR, and Photoluminescence spectroscopy.
The interesting characteristic of ZnO NP’s is that a redshift of optical band gap obtained is 3.11eV which
is red-shifted compared to bulk. ZnO NP’s exhibit high photoluminescence originated from oxygen
vacancies present in the crystal lattice. FTIR spectra provide information of surface capping which is
responsible for high photoluminescence. This highly luminescent bio-ZnO NP’s could be useful for
photocatalytic and solar cell applications.
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