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Hydrothermal Synthesis and Characterization of GO-PANI
Nanocomposites for Energy applications

M. Drupa Unnikrishnan, Ninju Paul, Tijin Thomas, V. G. Sreeja and R. Reshmi ?

Optoelectronic and Nanomaterial’s Research Laboratory, Department of Physics, Union Christian College, Aluva,
Kerala, India-683102.

a)Corresponding author: rreshmi@gmail.com

Abstract. Graphene oxide-Polyaniline (GO-PANI) nanocomposites are widely studied due to its electrical properties for
energy storage applications. Graphene oxide (GO) is synthesized by exfoliating the Graphite oxide prepared by modified
Hummers method. Polyaniline is synthesized by chemical oxidation polymerization method. GO-PANI nanocomposites
are prepared by hydrothermal synthesis method by varying the PANI to GO ratio. XRD and FTIR analysis of the sample
confirms the composite formation. SEM analysis shows that GO has sheet like and PANI has cluster like structure. GO-
PANI composite forms cluster of PANI scattered on GO sheets. Electricalchemical studies on the composite are under
investigation.

INTRODUCTION

Graphene based materials finds wide range of applications in the fields of energy storage due to its properties such
as large surface area, good chemical stability, promising electrical conductivity etc. Graphene can be prepared using
various methods such as chemical vapor deposition, mechanical exfoliation and epitaxial growth. ! Polyaniline, a
conducting polymer is widely studied due its attractive properties like ease of synthesis, interesting electrochemical
behavior, environmental stability etc. Conducting PANI can be prepared by chemical oxidative polymerization or by
electrochemical oxidative polymerization. > PANI is composited with Graphene to enhance its technological
applications. This arises since GO-PANI nanocomposites formed is expected to have large specific area, high
conductivity, good biocompatibility and high performances. They have applications in various fields such as
rechargeable batteries, sensors, electro chromic display devices etc. >

In this work, we prepared the GO-PANI nanocomposites using the method of hydrothermal synthesis by varying
PANI to GO ratio. Synthesis of GO is done by exfoliating graphite oxide and PANI synthesized by chemical oxidative
polymerization. The obtained samples are studied using XRD, SEM and FTIR spectroscopy.

MATERIALS AND METHODS

Synthesis of Graphene oxide (GO): 5gm of graphite and 2.5gm of sodium nitrate were stirred with 115ml
of H2SO4. The mixture was cooled in an ice bath. With vigorous stirring, 15gm of KMNOy was then added over a
period of 2 hour. Then the reaction mixture was allowed to reach room temperature in 4 hours. Then it was heated to
35 °C for 30 minutes. Then it was poured in to a flask containing 250ml of deionised water and heated to70 °C for 15
minutes. The above solution is now poured into 11 of deionized water. Then the non-reacted KMNO4 and MnO were
removed by the addition of 3% of H,O,. Then the reaction mixture was allowed to settle down and decanted. The
graphite oxide obtained was when purified by repeated centrifugation and re dispersing in distilled water in order to
remove any acidic part remaining. Obtained graphite oxide slurry was then dried in vacuum over at 15 °C for 48 hours.
Exfoliation of graphite oxide was carried out in order to get graphene oxide by dispersion of the former in distilled
water (3mg per/ml) followed by ultrasonification for 3 hours. The yellowish brown dispersion obtained, was further

The 3rd International Conference on Optoelectronic and Nano Materials for Advanced Technology (icONMAT 2019)
AIP Conf. Proc. 2082, 030012-1-030012-4; https://doi.org/10.1063/1.5093830
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Hydrothermal synthesis M0oO3-GO nano composites for
Energy Storage Application

Tijin Thomas!, Jitty Jiji', Liya Joy', Alex Mathew' and R. Reshmi '

'Optoelectronic and Nanomaterial’s Research Laboratory
Department of Physics, Union Christian College, Aluva, Kerala, India-683102.

 Corresponding author: rreshmi@gmail.com

Abstract. Molybdenum trioxide-graphene oxide nano composite is synthesized by hydrothermal synthesis technique in
hot air oven with the lowest time of synthesis. The characterization study using XRD, Raman Spectroscopy, SEM,
FESEM and FTIR are done to confirm the structure, composite formation, morphology and optical properties of the
sample. Electrochemical characterization is done to study the properties of the material for its application in energy
storage battery.

INTRODUCTION

Nano-composites of one dimensional (1D) and two dimensional (2D) materials have attracted attention because
to their application in the energy storage devices due to high efficiency and life time. Transition metal oxide 1D
nanostructures such as nano rods, nanowire, nano flakes, nanotubes etc., due to their higher surface area and high
surface to volume ratio are known for their applications in the fields of gas sensing, field emission transistors, and
energy storage devices such as super capacitors and Li-ion batteries.! TiO; and MoOs are two well-known materials
of this class. Among these MoOs3 is a promising candidate because of its low cost, good structural stability, high
electrochemical activity> and less toxic than other transition metal oxide materials. Because of the fast degradation
of performance, low specific capacitance, low conductivity, poor cycling performance and limited scalability during
the synthesis the application of MoO; in energy storage devices is limited. To overcome this problem the
introduction of 2D Graphene based materials to form composite with MoOs, achieving higher surface area, charge
mobility, carrier concentration and mechanical flexibility.* For the electrochemical energy storage, the rechargeable
lithium-ion batteries (LIBs) are the effective technologies with relatively high energy and power densities.®

We report the synthesis and characterization of the MoO3-GO nano composite by the simple hydrothermal
technique at 180°C for 2 hours in hot air oven which is the lowest reported time of synthesis. The electrochemical
properties are investigated and the results suggests their potential application in lithium ion batteries as anode
material.

MATERIALS AND METHODS

The synthesis of the graphene oxide is done by modified Hummer’s method.? 0.5g of graphite powder and 2.5g
sodium nitrate are mixed with 115ml concentrated H2SO4. The mixture is mechanically stirred for 2 hours and 15¢g
of KMnOy is added to it in different steps. The reaction is slightly exothermic and hence ice bath is used. The
mixture then cooled to room temperature and further heated at 35°C for 30 minutes. The mixture is then heated at
700C for 15 minutes after adding 250ml distilled water. Then llitre distilled water and 50ml hydrogen peroxide
(H202) are added to the mixture. The mixture is allowed to settle down for 24 hours. Then the solution is
centrifuged and then dried in oven at 60°C for 48hours to obtain fine graphite oxide powder. The GO powder is

The 3rd International Conference on Optoelectronic and Nano Materials for Advanced Technology (icONMAT 2019)
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Influence of post annealing on the properties of a-MoQO;
nano rods grown on glass Substrate by thermal evaporation.

Tijin Thomas, Alex Mathew and Reshmi R*

Optoelectronic and Nanomaterial’s Research Laboratory, Department of Physics, Union Christian College, Aluva-
683102, India

% Corresponding author: rreshmi@gmail.com

Abstract. In the present study we report the changes in the microstructural, optical and electrical properties of the a-
MoO; nano rods deposited on glass substrate using vacuum thermal evaporation and annealed for different temperatures
post deposition. The structural studies using X-ray diffraction shows that a-MoQs films are amorphous up to 250°C and
starts to crystallize with a preferred orientation (0 k 0){k=2,4,6) from 300°C. The morphological characterization reveals
the formation of aligned nano rods with onset of crystallization. The absorption studies shows a blue shift in the
absorption edge for crystalline samples. The temperature dependent conductivity in planar mode shows semiconducting
nature for crystalline samples but with lower conductivity. The room temperature conductivity shows no notable changes
with respect to annealing temperature. The significant changes in the properties of a-MoO3 nano rods are observed with
the increase in the annealing temperature which underlines the importance of post deposition annealing and its
optimization for various application in the fabrication of transparent optoelectronic device configurations more
economically.

INTRODUCTION

The wide range of application and ease of synthesis of the transition metal oxides has attracted the attention of
the researchers globally. Among these MoO; is one of the most promising candidate as it is non-toxic in nature, easy
for thermal evaporation, and have a good energy level matching [1]. The layered orthorhombic a-phase of MoO;
which is one of the stable phase is mostly studied for their application in the field of gas sensing, photochromic and
electrochemical energy storage devices [2]. The one dimensional nano rods, nano wires [3, 4] etc. of a-MoOs are
fabricated for attaining greater surface areas and surface to volume ratios for their applications in sensing and field
emission. Synthesis of nano rods by physical methods [3, 4] is preferred mostly because of their greater stability and
repeatability compared to chemical methods. There are reports on deposition of a-MoO; by physical deposition
techniques such as vacuum thermal evaporation [3, 5], RF sputtering [4, 6], electrodeposition [1] etc. for the
deposition of the nano rods. The as deposited films were amorphous and showed detrimental properties. Hence there
is a need for post deposition treatments because such studies is crucial for their application in gas sensing, FET etc.
where specific morphology requirements are important. Several groups reported [1,4,6] the studies on the effect of
post deposition annealing treatment of MoQ; films but there are a few reports on the one dimensional a- MoO;
nano rods grown on commercial glass substrates.

In the present study we report the influence of post deposition annealing temperature in the properties of the a-
MoO; nano rods deposited by vacuum thermal evaporation on commercial glass substrates. The microstructural,
optical and electrical studies are investigated with respect to the post annealing temperature.

DAE Solid State Physics Symposium 2018
AIP Conf. Proc. 2115, 030116-1-030116-4; https://doi.org/10.1063/1.5112955
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Effect of Polyethylene Glycol (PEG) on the Structural and
Optical Properties of Europium Doped CaS Nanophosphors
Synthesized by Wet Chemical Method.

S. Rekha!? and E.I. Anila >
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2Optoelectronic and Nanomaterials’ Research Laboratory, Department of Physics, Union Christian College, Aluva-
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Abstract. Europium doped CaS nanophosphors capped with polyethylene glycol (PEG) have been synthesized by a low
temperature wet chemical coprecipitation method. Multiple characterization techniques including X-ray diffraction, field
emission scanning electron microscopy, transmission electron microscopy (TEM), photoluminescence (PL) and UV-Vis
absorption spectroscopy were employed to study the structure, morphology and luminescence properties of CaS:Eu
nanophosphors. The PL emission was obtained in the yellow region with peaks attributed to *Do - 'Fy (J= 0,1,2,3....)
electronic transitions of Eu** ions incorporated into the CaS host lattice. Hence PEG capped CaS:Eu nanoparticles could
be used as a potential luminescent material for various optoelectronic applications.

INTRODUCTION

Among alkaline earth sulfides, CaS is a promising candidate for various luminescence applications owing to its
wide bandgap (4.5 eV) and size-tunable optical properties'=>. Doping with rare earth or lanthanide ions provides an
effective way of tailoring the optical properties of CaS. Recently investigations on trivalent lanthanide ions doped
semiconductor nanophosphors have gained great interest due to their applications in diverse fields such as
optoelectronics, lighting technology, flat panel displays and luminescent biolabels*>. CaS is an excellent host material
for lanthanide ions since it has a wide band gap and the ionic radii of Ca?" ion are nearer to that of lanthanide ions.

Though various routes have been employed to synthesize CaS nanomaterials most important among them are sol-
gel, coprecipitation, alkoxide, microwave, and solid-state diffusion methods®!°. Coprecipitation is an economically
viable and simple method for the preparation of nanoparticles at low temperatures. Here we report the synthesis of
europium doped CaS nanophosphors by wet chemical coprecipitation method using polyethylene glycol (PEG) as
capping agent. PEG is biocompatible and biodegradable, and hence it is widely used for the synthesis of nanoparticles
for biological applications. Capping agents are used for nanoparticle synthesis since they form a layer around the
nanoparticles and prevent aggregation of the nanoparticles. In addition to this, capping agents reduces the size and
toxicity of the nanoparticles and provides them with better stability. The structural and optical properties of the
prepared samples were analyzed using various techniques.

EXPERIMENTAL

Europium-doped CaS nanophosphors capped with PEG were synthesized using wet chemical coprecipitation
method. The starting materials used were calcium chloride [CaCl,. 2H,0, 97% Merck], sodium sulfide [NasS. x H,O,
Merck], europium acetate [Eu(OOCCH3)3, Alpha aesar 99.9%] and PEG-200. A 0.5 M solution of CaCl, and Na,S
each were prepared in 50 mL of 2-propanol separately. The required molar concentration of europium acetate was
also prepared in 2-propanol and added to calcium chloride solution. The capping agent PEG( 3 mL) was added to
Na,S solution, and this solution is added dropwise to the mixture of CaCl, and Eu(OOCCH3);. A detailed description
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Abstract. The synthesis of undoped ZnS and Cu doped ZnS have been carried out by wet chemical method at room
temperature. The as-prepared ZnS and ZnS:Cu nanoparticles are characterized using X-ray diffraction, UV-Vis
spectrophotometer and photoluminescence spectroscopy. The size of the synthesized nanoparticles is found to be in 2.5
nm range. The band-gap is found to be higher indicating blue shift compared with that of the bulk ZnS which is attributed
to quantum size effect. Room temperature photoluminescence spectrum of the undoped sample exhibits a blue emission
peaked at 430 nm whereas Cu doped sample exhibits the blue emission of ZnS and a green emission peaked at 520 nm
under the same UV excitation.

INTRODUCTION

Semiconductor nanoparticles have attracted great deal of attention in the past few decades due to their novel
unique properties and potential applications. The structural and optoelectronic properties of semiconductor
nanoparticles differ from those of their corresponding bulk form due to quantum confinement effects. Among the
II-VI semiconductors, ZnS is an important semiconductor compound with excellent physical properties and wide
bandgap energy of 3.65 eV. Among the doped ZnS nanoparticles Mn and Cu doped ZnS nanoparticles are prominent
phosphor materials for display and lightning. For the application of ZnS:Cu nanoparticles as phosphor materials,
extensive research work is going on to tune their emissions by varying doping concentration in ZnS, by passivating
the nanoparticles surface with different organic capping agents. The capping agents used for surface passivation in
the synthesized nanoparticles may introduce unintended luminescent centers. Thus, the energy transfer mechanism
for photoluminescence (PL) emission process becomes more complex. Hence, it is advantageous to obtain efficient
PL emission from uncapped ZnS:Cu quantum dots.

In view of this, we have prepared ZnS:Cu nanoparticles through simple wet chemical method in aqueous
medium without any capping agent and investigated structural and optical properties .

EXPERIMENTAL

ZnS and ZnS:Cu nanoparticles have been prepared by wet chemical method using zinc acetate [Zn(CH3COO)s],
copper nitrate [Cu(NO3),] and sodium sulphide [Na,S]. De-ionized water was used as the reaction medium in all the
synthesis steps. In a typical synthesis, 25 ml of IM Zn(CH3COO), and 25 ml of 0.001M Cu(NO3), were mixed with
continuous stirring. Subsequently, 1M Na,S (25 ml) solution was added drop wise to the above mixture under
continuous stirring for 20 min. at room temperature. The resulting white colloidal suspension was filtered, and the
filtrate was washed with de-ionized water and dried by keeping in an oven at 70 °C for 1 day.
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Abstract. Cadmium Zinc Sulphide (Cd: Zn)S thin films were prepared by chemical bath deposition method for different
molar concentrations of Cd under the same conditions of temperature, pH and deposition time. Structural, optical and
morphological properties of the films were investigated. All the films showed nanocrystallinity with hexagonal structure
and the average grain size was found to decrease with increase in Cd concentration. Tunable band gap has been observed
with controllable concentration of Cd atoms in to ZnS lattice. The photoluminescence spectra showed broad and
asymmetric emission due to the combination of near band edge emission and emission from intrinsic point defects.

INTRODUCTION

The semiconducting thin films of CdS, ZnS and their ternary alloys are promising materials due to their
application in photovoltaics, photoconductors and photo electrochemical energy conversion.( Cd:Zn)S films have
been widely used as a wide band gap window material in hetero junction solar cells and in photoconductive devices
12 CdZnS films exhibit fundamental absorption edges that can be varied from green to UV*. In solar cells where
CdS films have been demonstrated to be effective, the replacement of CdS with the higher band gap CdZnS alloys
has led to a decrease in window absorption loss and increase in short circuit current’. Since their properties can be
tuned by changing their constituent stoichiometries, these semiconducting materials are extensively researched
recently. The CdZnS thin films have been prepared by various methods such as vacuum evaporation, screen
printing, physical vapour deposition, Spray pyrolysis electro deposition, chemical bath deposition etc.?>%. Among
these chemical bath deposition is the cheapest and simplest method.

EXPERIMENTAL

The CBD solution contains 20 ml each of x (x= 0.06, 0.08, 0.10, 0.12) molar CdSo,, (1-x) molar ZnSo, and 2

molar thiourea as sources of Cd?" , Zn2" and S~ ions. Two drops of TEA and few drops of ammonium hydroxide
were added to the bath to make the pH atl10. All the solutions were mixed well and then heated to a temperature
of 60 + 2°C. The solubility products of the metal sulphides are very small Ksp (ZnS) = 102, Ksp (CdS) = 10-*’ and
therefore formation of complex ions is essential to control the immediate precipitation of the cation precursors. If L
represent the complexing agent, the metallic complexes of Zn and Cd ions can be represented as [ZnL,] > and [CdL,
]** .These metallic complexes dissociate to give corresponding metal ions. Cadmium and zinc ions on dissociation
from their complexes combine with the available sulphide ions in the solution to form (Cd: Zn) S. The general
reaction can be expressed as, [CdL,]*" + [ZnL,]*" +S** — (Cd:Zn)S + waste’. Since the stability constant (K) of the

complex ions [Zn(NH3)4]2+is more than [Cd(NH3)4]2+, the growth rate of CdS is more rapid than ZnS %°°.The X-
ray diffraction of samples were done by Bruker AXSD8 advance X-ray diffractometer with copper Ko (A=1.5406
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Abstract. Fluorine doped tin oxide (FTO) thin films were prepared by chemical spray pyrolysis method on glass substrates
for different substrate temperatures and their structural, optical and electrical studies were investigated. X-ray diffraction
(XRD) study showed polycrystalline nature of the films with mixed phase of both tetragonal and orthorhombic structures
of tin oxide. The grain size (D) of the thin films calculated using Scherrer’s formula and W-H plot are in the range 13 nm
to 21 nm. The FESEM images revealed that the films have smooth and homogeneous surface morphology with thin granular
grains distributed throughout the surface. The sample synthesized at 420°C has maximum values for transmission
percentage in the visible region, conductivity and mobility of 95%, 631.6 Siemens /cm and 4.54 cm?V-'s"1 respectively.

INTRODUCTION

Flourine doped tin oxide (FTO) is a good candidate for applications requiring TCO because of its ability to adhere
strongly to glass, chemical stability, resistance to physical abrasion, high optical transparency in the visible region and
electrical conductivity. High-quality FTO could be prepared via physical vapor deposition (PVD), ! chemical vapor
deposition (CVD), 2 electron beam evaporation, * magnetron sputtering, * pulsed laser deposition, ° chemical spray
pyrolysis etc. ¢

In the present work, FTO thin films have been prepared by spray pyrolysis technique at substrate temperatures in
the range 360- 420 °C using stannous chloride (SnCl>.2H,0) and ammonium fluoride (NH4F) as precursors. The aim
of this work is to study the effect of substrate temperature on the crystal growth orientation and some physical
properties of FTO thin films deposited by spray pyrolysis technique, such as the structural, optical and electrical
properties.

EXPERIMENTAL

The FTO thin films were deposited on ultrasonically cleaned glass substrate. Required amount of SnCl,.2H>O to
make 0.2 molar solution was initially dissolved in 5 ml of concentrated hydrochloric acid (HCI) followed by heating
at 90 °C for 10 minutes. This mixture was then diluted by adding distilled water to make 50 ml solution. For fluorine
doping, 10wt.% ammonium fluoride (NH4F) (99% purity, Merck) dissolved in doubly distilled water (50 ml) was
added to the starting solution. The spray solutions were magnetically stirred for 1 h before spraying on the substrate.
Samples were prepared for substrate temperatures 360 °C, 380 °C, 400 °C and 420 °C. Samples were also synthesized
on quartz substrate for optical analysis.

The structural characterization of the FTO thin films were carried out using X-ray diffraction analysis (XRD) on
a Rigaku D-Max Geigerflex X-ray diffractometer using CuKa radiation source (A=1.5418 A) for 260 values between
20° and 70° at room temperature. The optical characterization of the FTO thin films were studied using Shimadzu
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Abstract. This paper reports the Fluorescence Resonant Energy Transfer (FRET) mechanism observed in fluorescein dye
doped ZnO nano composite which is due to the electron transfer between the acceptor and the donor resulting in the
fluorescence quenching of the donor. The Fluorescein Isothiocynate (FITC) encapsulated multifunctional ZnO
nanocomposite can be used as smart nanostructures for cell imaging and cancer therapy. During FRET the energy transfer
between the donor and acceptor takes place non-radioactively. This result is of great use in the quantitative analysis of
molecular dynamics in biophysics and microbiology. We have observed FRET efficiency as high as 76% in the studied
composite by varying the doping level of ZnO nanoparticles with Fluorescein dye. We have confirmed the potential of this
composite for cancer treatment and cell imaging. These results are also reported.

INTRODUCTION

Fluorescence Resonant Energy Transfer (FRET) is an important non radiative electro dynamical phenomenon
having wide range of applications including bio imaging, development of optoelectronic devices, dye lasers and thin
film devices and so on. Biosensors based on FRET open a cost effective and user friendly method in medical sciences.
' FRET also helps us to understand how molecular interactions occur at the nanometer range. It reveals structural
information regarding the donor — acceptor pair. %3 Many researches on FRET of two different dye molecules are
reported but of late the interaction between nanoparticles and dyes have gained significance as the light matter
interaction can be modified by positioning the nanoparticles in the vicinity of dyes. *° ZnO NP are of particular
interest due to their biocompatibility, less toxicity and very high chemical stability and they are already used in medical
diagnostics. ® 7 The Fluorescein iosthiocynate (FITC) encapsulated multifunctional ZnO nanocomposite can be used
as smart nanostructures for cell imaging of the cancerous cells and studies reveal that ZnO nano particles induce
cytotoxicity in cancer cells. ®? In the present work we have investigated the FRET between ZnO NP and Fluorescein
at different concentrations ratios where we have observed FRET efficiency as high as 76% also the composite is used
for cell imaging and cancer studies.

Synthesis of ZnO NPs was done using the hydrothermal growth method. * Formation of ZnO NPs render white
colour to the solution. SEM imaging shows the NP size to be of the order of 50 nm. The absorption spectrum exhibits
single peak at 302 nm. Composites of the prepared ZnO NPs with fluorescein were prepared at various ratios by

volume. For fluorescence measurement the excitation wavelength was chosen to be 300 nm and the emission peak of
ZnO NP is obtained at 407nm.
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Rakhy Raphael and E I Anila®

Optoelectronic and Nanomaterials Research Laboratory,
Department of Physics, Union Christian College, Aluva, Kerala-683102.

“Corresponding author: anilaei@gmail.com

Abstract.Gallium oxide thin film was deposited by spray pyrolysis method using aqueous solution of gallium nitrate at
substrate temperature 350°C. X ray diffraction peaks of the prepared thin film match with that of monoclinicB-Ga,O3
phase. The filmexhibit transmission percentage greater than 90% in the visible region. The band gap of the thin film is
found to be 4.69¢V.The photoluminescence spectrum of the thin film show a broad emission in the UV- blue region
originating from oxygen and gallium vacancies present in the lattice. The sheet resistance of the film is estimated to
be34kQ.

INTRODUCTION

Gallium Oxide (Ga,03) is a n-type semiconductor with a wide band gap in the range 4.6eV-5eV.Although
Ga,0Osexists in five crystallographic phases o, 3, 6,y and €, only B phase is stable at high temperatures up
to1800°C[1]. n-type conductivity of the Ga,O5 originates from the presence of oxygen vacancies in the lattice[2].
Recent research papers report the potential of Ga,O; in applications such as high power electronic devices,
luminescent devices and UV detectors etc. Ga,O; is also a good transparent semiconducting oxide when doped with
suitable elements and can be used as oxygen sensors at temperatures above 900°Cand reducing gassensors at
temperaturesbelow 700°C[3].More research work should be done in this area to exploit different interesting
properties of Ga,0Os.

Gallum Oxide is a potential material suitable for high-power, high-temperature electronic
deviceapplications.This is due to its high critical field (8§ MV/cm), along with aBaliga figure of merit of 3444[4].
Thetheoretical prediction of f-Ga,O; thin films with p-type conductivity is not realized so far due
topolarons which causes holes to be localized in self-traps.

Gallium oxide thin films have been grown by various techniques such as sputtering, vacuum evaporation,
chemical vapor deposition,and atomic layer deposition etc. In the present work, we adopted spray pyrolysis
deposition which is a lowcost simple method, ideal for large area deposition. The important parameters of the spray
deposition such as substrate temperature, concentration of the starting solution, distance from spray nozzle to the
substrates,carrier gas pressure and time of deposition are carefully optimized to obtain smooth thin films.

EXPERIMENTAL

In this present work, Gallium oxide thin films were deposited by spray pyrolysis method using aqueous solution
of gallium nitrate at a substrate temperature 350°C. The concentration of the starting solution was 0.1M. The spray
flow rate and time of deposition were 2ml/minute and Sminutes respectively. The structural characterizationof the
thin films was done usingRigaku D MaxC X-ray Diffractometer with Cu Ko radiation as the source. For optical
characterisation, UV-Visible spectroscopic measurements were taken using Schimadzu UV-2600 double beam
spectrophotometer JEOL 6490(LA) model scanning electron microscope was used for morphology (SEM) and
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Effect of Electrolyte Concentration on Fabrication and
Characterization of Iron Oxide Nanostructures

Julie Ann Joseph!, Aijo John K!, Stephen K Remillard? and Rachel Reena Philip' ®

"Thin Film Research Lab, U.C. College, Aluva, Kerala, India
’Department of Physics, Hope College, Holland, MI 49423, USA

9Corresponding author : reenatara@gmail.com

Abstract. This work shows the effect of electrolyte concentration on the formation of iron oxide nanostructures that are
fabricated by a simple and cost effective method of anodization. The iron oxide nanostructures are synthesized in ethylene
glycol solution containing ammonium fluoride and deionized water with Ti foil and iron foil as electrodes. Morphological,
structural, optical, electrical and compositional characterizations are performed with field emission scanning electron
microscopy (FESEM), X-ray diffraction (XRD), diffuse reflectance spectroscopy (DRS), Keithley 2450 and Rutherford
back scattering spectra (RBS). Room temperature electrical conductivities of the samples are also calculated.

INTRODUCTION

Iron is one of the most abundant element in earth’s crust. It can have different oxidized states such as FeO, Fe,03,
Fe304 and FeOOH. Among the various phases of Fe,Os3, hematite (a- Fe»O3) and maghemite (y- Fe,O3) are widely
investigated due to their potential applications in gas sensing, photocatalysis, magnetic storage and electrodes in
lithium ion batteries. '* Of these, hematite nanostructures are better candidates for device applications due to their
higher surface to volume ratio, stability and optimal band gap of about 2.1- 2.8 eV which falls in the visible range. 3

Iron oxide nanostructures can be prepared by various methods such as solvothermal, template replication,
electrochemical anodization and sol gel methods. *° Among these, anodization is an attractive method for the
formation of ordered nanostructures. The formation of nanostructures by anodizing iron foil in different types of
electrolytes are studied by various researchers. & 7> 1% I Albu et al has developed nanoporous iron oxide films in
solutions containing ammonium fluoride and water in ethylene glycol electrolytes. '?

Understanding the dependence of the morphological and optical properties on growth conditions is of crucial
importance for the fabrication of devices using iron oxide nanostructures. In the present work we have focused on
characterization of hematite nanostructures prepared by changing the electrolytic concentration during anodization.
Field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), Rutherford back scattering (RBS),
diffuse reflectance spectra (DRS) analyses are used to morphologically, structurally, compositionally, electrically and
optically characterize the nanostructures fabricated at two different electrolytic concentrations.

EXPERIMENTAL

Prior to anodization, iron foils are degreased by silicon carbide papers and then ultrasonically cleaned in acetone
and deionized water for ten minutes. Anodization is carried out in a two electrode system with iron foil as anode and
titanium foil as cathode dipped in an electrolyte containing ammonium fluoride (NH4F) and deionized water in
ethylene glycol solution. Here, fabrication is carried out in the electrolyte of two different concentrations (a) 0.5wt %
NH4F and (b) 0.7wt % NH4F in 2 vol % deionized water and ethylene glycol solution keeping the voltage at 40 V.
The time period for anodization is fixed as thirty minutes and current density variation with time (J-t) is noted. The
surface deposited nanograss is removed by ultrasonic cleaning in deionized water for 15 seconds. The cleaned samples
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Methods: Preparation of gold nanobiosensor includes functionalization of gold nanorod with Banana bunchy top virus
antibody. Seed mediated growth method was followed for synthesis gold nanorod (GNR). The characterization of GNR
was done by recording the absorption spectrum at the wavelength of 200nm-1100nm. The GNR biosensor for BBTV
detection was tested by direct interaction with antigen and in TAS- ELISA.

Results: Development of pink color indicates the formation of GNR. The absorption spectrum of synthesized GNR
was taken consecutively for seven days. Two peaks viz., longitudinal plasmon band (LPB) and transverse plasmon band
(TPB) were observed in the absorption spectrum and it remained stable for seven days which shows the stability of the
synthesized GNR. The GNR biosensor in direct addition could detect antigen dilution up to 1:100. It is an effective
simple technique for field level detection of BBTV. In TAS- ELISA, addition of GNR probe gave positive reaction up
to 1:1000 antigen dilutions where as monoclonal antibody gave only up to 1:100 antibody dilution. This shows the
enhanced sensitivity by the use of GNR biosensor in TAS-ELISA.

Keywords: Banana bunchy top virus, TAS-ELISA, Gold nanobiosensor, Virus detection
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ANTIOXIDANT POTENTIAL IN RELATION TO PHENOLICS AND PIGMENTS ISOLATED FROM
SOME SELECTED LANDRACES OF DIOSCOREA ALATA L.

Sajna Nizar, Vishnu M.R, Anumol Jose and M Anilkumar
Department of Botany, Union Christian College,Aluva

Background: Dioscoreaalata L. is an underutilized and poorly studied tuber crop cultivated by local farmers of Ker-
ala. The present study dealt with the nutritional and antioxidant property of four selected land races of D. alata whose
flesh color ranges from white to yellow, pink and purple.

Methodology: The total phenol, flavonoid, anthocyanins and carotenoids were estimated from the tuber flesh as per
standardized protocols. DPPH and FRAP assay were performed to evaluate the antioxidant property of the tubers. The
results obtained were statistically tested using correlation coefficient analysis.

Results: Yellow and purple fleshed tubers contained higher amount of phenols and flavonoids compared to white
and pink colored tubers. In the case of anthocyanins purple fleshed tubers showed significantly higher amounts when
compared to all other tubers. Yellow tubers contained maximum carotenoids and that contributes to its characteristic
colour. Purple and yellow fleshed tubers showed significantly higher antioxidant activity than all other tubers. Phenol
and flavonoids revealed very high positive correlation with antioxidant properties.

Conclusion: The present investigation revealed that yellow and purple landraces of D. alata are nutritionally more
superior to the commonly used white fleshed yams.

Key words: Antioxidant, D. alata , land races, phenol
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STABILITY AND COLOR CHARACTERISTICS OF ANTHOCYANINS, ISOLATED FROM DIOSCOREA
ALATA L., AS ANATURAL FOOD COLOURANT

Anumol Jose and M Anilkumar
Department of Botany, Union Christian College,Aluva, Ernakulam-683 102, Kerala

Background: Kerala is a rich repository of yams diversity and purple fleshed Dioscoreaalata .L is one among them
which faces gradual loss of diversity due to underutilization. Different landracesof purple yams with distinct gradation
in purple colour are available in Kerala. Being a source of acylated anthocyanin they can be considered as a potential
alternative source of natural food colourant.

Methodology: Total anthocyanin content of purple yams and their colour characteristics were quantified by spectros-
copy. Identification of anthocyanins in purple yam was done by LC-MS analysis. Influence of temperature and pH
on anthocyanin stability wasalso studied. Colour characteristics of food products with purple yam anthocyanin were
quantified using CIE L a* b* coordinates.

Results: An efficient solvent system was standardized for the isolation of anthocyanins from purple yams. Among
three landraces of purple yams ‘Chorakachil’ showed higher total anthocyanin content and five distinct acylated an-
thocyaninswere identified from it. At boiling temperatures purple yam anthocyanin showed higher pigment retention
percentage.According to the shift in pH, colour characteristics of yam anthocyanins changes from red to yellow. Colour
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Methods: Preparation of gold nanobiosensor includes functionalization of gold nanorod with Banana bunchy top virus
antibody. Seed mediated growth method was followed for synthesis gold nanorod (GNR). The characterization of GNR
was done by recording the absorption spectrum at the wavelength of 200nm-1100nm. The GNR biosensor for BBTV
detection was tested by direct interaction with antigen and in TAS- ELISA.

Results: Development of pink color indicates the formation of GNR. The absorption spectrum of synthesized GNR
was taken consecutively for seven days. Two peaks viz., longitudinal plasmon band (LPB) and transverse plasmon band
(TPB) were observed in the absorption spectrum and it remained stable for seven days which shows the stability of the
synthesized GNR. The GNR biosensor in direct addition could detect antigen dilution up to 1:100. It is an effective
simple technique for field level detection of BBTV. In TAS- ELISA, addition of GNR probe gave positive reaction up
to 1:1000 antigen dilutions where as monoclonal antibody gave only up to 1:100 antibody dilution. This shows the
enhanced sensitivity by the use of GNR biosensor in TAS-ELISA.
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flesh color ranges from white to yellow, pink and purple.
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standardized protocols. DPPH and FRAP assay were performed to evaluate the antioxidant property of the tubers. The
results obtained were statistically tested using correlation coefficient analysis.

Results: Yellow and purple fleshed tubers contained higher amount of phenols and flavonoids compared to white
and pink colored tubers. In the case of anthocyanins purple fleshed tubers showed significantly higher amounts when
compared to all other tubers. Yellow tubers contained maximum carotenoids and that contributes to its characteristic
colour. Purple and yellow fleshed tubers showed significantly higher antioxidant activity than all other tubers. Phenol
and flavonoids revealed very high positive correlation with antioxidant properties.

Conclusion: The present investigation revealed that yellow and purple landraces of D. alata are nutritionally more
superior to the commonly used white fleshed yams.
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Background: Kerala is a rich repository of yams diversity and purple fleshed Dioscoreaalata .L is one among them
which faces gradual loss of diversity due to underutilization. Different landracesof purple yams with distinct gradation
in purple colour are available in Kerala. Being a source of acylated anthocyanin they can be considered as a potential
alternative source of natural food colourant.

Methodology: Total anthocyanin content of purple yams and their colour characteristics were quantified by spectros-
copy. Identification of anthocyanins in purple yam was done by LC-MS analysis. Influence of temperature and pH
on anthocyanin stability wasalso studied. Colour characteristics of food products with purple yam anthocyanin were
quantified using CIE L a* b* coordinates.

Results: An efficient solvent system was standardized for the isolation of anthocyanins from purple yams. Among
three landraces of purple yams ‘Chorakachil’ showed higher total anthocyanin content and five distinct acylated an-
thocyaninswere identified from it. At boiling temperatures purple yam anthocyanin showed higher pigment retention
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Method: In the present work, we investigate the crystal structure and photoluminescence properties of double per-
ovskites Ba,Ln,  TeO, (Ln =Y, Gd —Lu). The compounds are prepared by Solid state ceramic route. The crystal sym-
metry is identified using Raman and IR spectroscopy. The optical properties were characterized by diffuse reflectance
spectroscopy and photoluminescence spectroscopy.

Results: X-ray diffraction patterns indicate a pseudo-cubic structure with rocksalt ordering of B- site cations; however
tolerance factor values indicate lowered symmetry possibly due to octahedral tilting. Unlike in cubic perovskite sys-
tems with only four Raman and four IR active modes, Ba,Ln, ,;TeO, possess more than four Raman and IR modes which
point out the lowered symmetry from cubic. In accordance with observed number of modes and group theoretical
predictions the most likely symmetry of Ba, Ln, , TeO, is monoclinic with the space group P2 /n. The crystal symmetry
is further confirmed by the Rietveld refinement of the XRD patterns. The band gap energy of all the compounds are de-
termined. The band gap of Ba,Y,, TeO, is estimated to be 4.8 eV which corresponds to wavelength of absorption in UV
region. Thus, inorder to investigate the photoluminescence properties, Eu®* is substituted in the Y3* site at five different
concentrations (2.5, 5, 10, 15 and 20 mol %). The luminescence spectra monitored at an excitation of 270 nm show an
emission maximum centered at 592 nm that corresponds to the *D,-’F, electric dipole transition of the Eu’* ions. This
confirms that Eu®* ions occupies a symmetric B-site with an inversion center. Chromaticity coordinates are calculated
and show emission colour in the orange —red region of visible spectrum.

Conclusions: The photoluminescence characteristics show that the phosphor can act as a red emitting component in
WLED applications.

Keywords: Double perovskites, Raman modes, Crystal symmetry, Red phosphors.

11-40

IN VITRO CYTOTOXICITY ANALYSIS OF CALCIUM SULFIDE NANOPARTICLES

S. Rekha and E.I. Anila
Department of Physics, Maharaja’s College, Ernakulam, Kerala, India.
Optoelectronic and nanomaterials’ research laboratory, Department of Physics,
Union Christian College, Aluva - 683102, Kerala, India

Background: Semiconductor nanoparticles have gained considerable interest among researchers owing to their wide
range of applications in biomedicine. Widespread use of the nanomaterials for medical and commercial applications
leads to exposure of these materials into the environment, ecosystem, water, food supplies, and the human body. For the
safe use of nanoparticles in biomedicine a detailed understanding of the toxicity of the nanoparticles in the human body
is necessary. Our objective was to determine the biocompatibility of undoped Calcium sulfide (CaS) nanoparticles
on 1929 human fibroblast cell lines using MTT [3 (-4,5-Dimethylthiazol-2-y1)2,5- diphenyltetrazolium bromide] and
Lactate dehydrogenase (LDH) release assay.

Methods: Undoped highly luminescent CaS nanoparticles capped with Triethanolamine were synthesized by an
eco-friendly wet chemical coprecipitation method. Cytotoxicity analysis of undoped CaS nanoparticles was carried out
in human fibroblast cell lines using MTT assay and LDH release assay.

Results: MTT assay analysis method revealed that viability of the cells was more than 90% in all the samples tested
which is well above the 70% cut off for cytotoxicity as recommended by ISO 10993-5:2009. LDH release assay method
showed that the nanoparticles were less toxic at lower concentrations (up to 25 pg/mL) and the toxicity increases at
higher concentrations. The IC50 value for the CaS nanoparticles was found to be 710 pg/mL.

Conclusions: The surface modified CaS nanoparticles are biocompatible across a wide range of concentrationswhich
makes them a suitable candidate for various biomedical applications. Cytotoxicity studies are preferred pilot project
test as it is simple, fast and has high sensitivity. Multiple techniques must be adopted, carefully assessed and applied
to the nanomaterial system before its widespread use in various fields.

Keywords: nanoparticles; cytotoxicity; optical density; viability; assay.
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EFFECT OF ELECTROLYTE TEMPERATURE ON ALUMINIUM DOPING OF TIO,
NANOTUBES BY ELECTROCHEMICAL ANODISATION

Sinitha B. Nair!, Aijo John K, Hilal Rahman', Julie Ann Joseph!, Shinto Babu?,
V. K. Shinoj?, Rachel Reena Phiip'
"Thin film Research Lab, Department of Physics,Union Christian College, Aluva, Cochin, 683102, Kerala, India
2Optics and Spectroscopy Lab, Department of Physics, Union Christian College, Aluva,
Cochin, 683102 Kerala, India
Corresponding author Email address: reenatara@gmail.com

Background: TiO, nanotubes has been extensively studied as a novel material in various applications including
dye-sensitized solar cells (DSSCs), photocatalysis and sensors because of its photochemical properties, biocompati-
bility and low-cost.Eventhough the wider bandgap of TiO, is desirable for certain applications, it shows poor response
to visible light absorption and hence limits its photocatalytic applications. Also the low electrical conductivity of TiO,
adversly affects its use in optoelectronic devices. To enhance the electrical and optical properties, metal ions are select-
ed to dope into the TiO, structure.

Method: Here a simple two electrode system is used to fabricate Al doped TiO, nanotubes using ‘two step anodisation’
process.

Results: FESEM shows that even with Al doping, the tubular structure of the TONTSs remain intact. The temperature
reported here (40°C) is the lowest temperature reported so far for the preparation of crystalline TONTS. EDAX spectra
show that Al concentration increases as the electrolyte temperature increases and that it contributes to increase in elec-
trical conductivity of the doped TONTS, an observation very useful in DSSC applications. DRS analyses shows that
Al doping decreases the band gap from 3.10 eV (pure TiO,) and it reduces from as the bath temperature of electrolyte
increases form 2°C to 28°C thereafter an enhancement in bandgap is observed

Conclusions: Low fabrication cost, improved crystallinity, and tuned optical and electrical properties are the major
advantages of this study and hence it is very much relevant in energy and environmental applications such as photoca-
talysis and DSSCs.

Keywords: Titanium dioxide, Nanostructures, Electrochemical anodization, Al doping, Crystallization.
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BIOCOMPATIBLE LUMINESCENT EUROPIUM DOPED FLUORAPATITE FOR IMAGING
APPLICATIONS

T K Krishnapriya, R Anjana, A S Asha and M K Jayaraj
Cochin University of Science and Technology, Kalamassery, Kochi, Kerala 682022

Background: The difficulties such as poor solubility and poor biocompatibility make fluorescent quantum dots like
CdS, CdSeetc less applicable in the field of bioimaging. Apatites are a group of biocompatible phosphate minerals and
fluorapatite (FAp) have higher luminescence than hydroxyapatites. The luminescent FAp crystal can be effectively used
for bioimaging applications.

Method: In this work biocompatible luminescent Eu’* doped fluorapatite (FAp:Eu®") was successfully synthesized by
both coprecipitation and hydrothermal methods as an efficient bioimaging probe which can also be used for targeted
drug delivery.X ray diffraction (XRD), photoluminescence (PL), fluorescence microscopy and energy dispersive spec-
troscopy (EDS)were respectively used for the structural analysis, luminescence studies and compositional analysis of
the sample.

Results: The doping concentration of Eu** for bioimaging applications is optimized to be 15 at%.The XRD and PL pat-
terns showed that material is crystalline and shows luminescence corresponding to the D — F transitions in europium
on UV excitation. Fluorescent microscope images of the as prepared and annealed sampleshow the luminescent nature
of the material, making it suitable for bioimaging applications. The effects of doping on composition was inferred from
the EDS data.

Conclusions: The fluorescent microscope images of the Eu** doped FAp implies that it can be effectively used as a
biological probe, both for targeted cell imaging and targeted drug delivery, to deliver chemotherapy molecule like
doxorubicin to the cancer cells.

Keywords: Bioimaging, Fluorapatites, Biocompatible, Luminescence
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Rock Art in Kerala: Emerging Facets and Certain New
Interpretations
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Abstract: We come across regional rock art traditions in different parts of the Old world. The increasing presence of rock
art reported within Kerala in the southwest coast of India has to be seen in this different cultural context. The emerging facets
bring forth primarily two aspects. Rock art is so far the most widespread evidence for prehistoric human interactions in
Kerala particularly in the Western Ghats. The increasing presence of rock art thus strongly invalidates Foote’s hypothesis of
geographical isolation of Kerala due to the Ghats and incessant rains. Though the hypothesis was modified by Subbarao in his
personality of India in the 1950s, this ideology seemed to have curbed the growth of prehistoric archaeology in Kerala. There
was no serious search for prehistoric sites in Kerala as it was thought to be futile and this situation continued for the next
twenty five years. Now, the prehistoric sequence in Kerala is drawn up from the lower Palaeolithic to the Neolithic
(Rajendran 1975, 1977, 1978, 1979, 1981, 1983, 1984, 1986, 1989, 1990). In comparison to the prehistoric map of India, the
sites and tool assemblage many not be that impressive and in this context, the repeated discoveries of painted rock shelters
from the Western Ghat region is promising.

Introduction

The rock art tradition in Kerala also speaks of continuity from the prehistoric to the historic periods. If
we seek type-sites for rock art, then probably we could take the Edakkal- Tovari group of site
representing the petroglyphs or rock engravings and the Anchunad group of sites representing the
petrographs or paintings. Can rock art claim an objective existence? It has to be situated in a wider
cultural context. While grouping the rock art sites of Kerala for classificatory studies, we come across
broadly three historical phases of rock art closely spaced in time. The common denominator in
grouping is its location and not its age. Thus, a rock art site represents different time traditions.
Systematic academic inquiries can be highly illuminating but rock art studies in Kerala are now in the
documentation phase.

Often most rewarding academic exercise has been comparing what an archaeological site offers with
another comparable site usually in the same group. Though this has been attempted in most sites in
Kerala, they have not been very rewarding. All this leaves the students as well as scholars both baffled
by the confusion this leads to. This negates all the known purposes of archaeology and our approach to
rock art site assemblages has to be redefined. Similarly, not all meanings and motifs can be named or
identified. Motif taxonomy also will fail if rock art is seen as objectively existing independent of other
actors. The recent discussions at the International Conference on Rock Art organized by IGNCA in 2012
discussed the futility of such arbitrary motif taxonomies and wondered why so much of time is wasted
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