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Scope of Symposium
This symposium provides a perfect platform for academics, researchers, technologists and industrial players to meet and
discuss the latest developments in the area of novel routes of solution processing to fabricate advanced materials covering
polyscale crystals, particles, films, composites, nanostructures, patterned materials, etc. The symposium will focus also on
the in situ fabrication and intelligent engineering of functional materials, thermochemical modelling, reactions kinetics,
transport kinetics and crystallization kinetics.
Symposium Topics
•	Nature inspired, Biomimetic, Bio-inspired, Geomimetic Solution Processing. Geothermal reactors.
•	Solution processing - Conventional Methods and Novel Methods including CBD, Soft Solution Processing, Spray
Pyrolysis, Solution Plasma Processing, High Temperature Solution, Wet Chemical Processing, Hydrothermal,
Solvothermal, Supercritical Fluid Technology, Ammonothermal, Glycothermal, methods, Hydrothermal-epitaxy,
Direct write technology, etc.
•	Multi-Energy Solution Processing of Materials: Mechanochemical, Sonochemical, Microwave, Electrochemical, etc.,
in combination with conventional solution routes.
• In situ fabrication of functional products from Novel Solution Routes.
• Thermochemical modeling, Reaction Kinetics, Transport Kinetics, Crystallization Kinetics.
•	Solution processing of Technological Materials and their applications including semiconductor, ceramic, optoelectronic,
photonic, negative index, catalysis, treatment, sensors, biomedical and next generation display applications; Polyscale
Crystals - Bulk single crystals, Fine crystals, Nanocrystals; Thin Films; Fibers; Nanomaterials - nanotubes, nanosheets,
nanosphere, nanowires, nanoprobes, nanoscale films, nanocarriers, Composites – bulk to nano size, organic-inorganic
composites; Patterned materials, etc. Solution routes for recycling, green chemistry.
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A00069-01400

A00080-00322

Formation of Titania Nano-Layer on Upconversion
Emissive Ceramic Particles

Magnetic Properties and Magnetoelectric Effect
Measurement at Room Temperature in (x)
Ni0.5 Zn0.5 Fe2O4 + (1-x)PZT Composites

Tomohiro Aibara1; Kohei Soga1;2
1. Department of Materials Science and Technology,
Tokyo University of Science, Chiba, Japan
2. Polyscale Technology Research Center, Tokyo
University of Science, Chiba, Japan
TiO2 is known to generate active oxygen under ultraviolet
(UV) irradiation, which is biologically useful for the
purpose of sterilization. One of the applications of the
active oxygen is photodynamic therapy (PDT) of cancer. In
the conventional PDT, organic dyes are used for generating
the active oxygen to kill cancer cells. In this scheme, UV
irradiation is required. One of the problems for the PDT
photosensitizer is the shallow penetration depth of the
UV excitation light in a body due to the short wavelength.
The UV irradiation is also harmful to the part of the body
other than the cancer because of its high quantum energy.
Certain rare-earth-doped ceramics can convert infrared
(IR) into UV or visible light due to a phenomenon called
upconversion (UC). The authors have proposed a composite
device by combining the UC emissive ceramic particles
and the active oxygen generator. The active oxygen can be
generated by the agent to absorb a UV emission under an
IR excitation from the particles. Consequently, the device
can generate the active oxygen by irradiating the IR light.
The IR light has much less scattering and damages in a
body to solve the above problems of the conventional
PDT. The objective of this study is to form TiO2 thin layer
on Y2O3 particles as one of the typical host materials for
the UC emission. The required thickness for the layer is
less than the penetration depth of the UV light so that the
UV emission can come out from the particles to reach on
the outer surface of the TiO2 layer. A layer-by-layer (LBL)
method is known as a method to form a thin layer with
a several nm thickness on a substrate. Positively charged
poly(diallyldimethylammonium chloride) (PDDA) and
negatively charged titanium (IV) bis(ammonium lactato)
dihydroxide (TALH) can form a periodical layers of them
on a substrate so that the thickness of the formed layer can
be well controlled. These two materials are adsorbed on the
surface of the Y2O3 for four cycles. The formation of the
TiO2 layers was evaluated by measuring optical absorption
of the suspension of the particles. Also, acid resistivity test
supported the formation of the TiO2 layer on the surface of
the Y2O3 particles.
This work was supported by “Academic Frontier” Project for
Private Universities: Matching Fund Subsidy from MEXT
(Ministry of Education, Culture, Sports, Science and Technology),
2006-2010.

Lalasing R. Naik1; Bantesh K. Bammannavar1;
Geeta N. Chavan1; Baburao K. Chougule2
1. Department of Physics, Karnatak University,
Karnataka, India
2. Department of Physics, Shivaji University,
Maharashtra, India
The double sintering ceramic method was used to synthesize
(x) Ni0.5 Zn0.5 Fe2O4 + (1-x) Pb Zr0.8Ti0.2 O3 (Lead Zirconate
Titanate-PZT) magnetoelectric (ME) composite in which
x (mol %) varies between 0.0 ≤ x ≤1.0. The presence of
constituent phases namely ferrite, ferroelectric and their
composites were confirmed by X-ray diffraction studies.
The hysteresis measurements were used to study magnetic
properties such as saturation magnetization (MS) and
magnetic moment (µB). AC susceptibility studies reveal
the existence of single domain (SD) particle in the ferrite
phase and mixed (SD+MD) particle in the composites.
These single/multidomain particles are responsible for
high ME coefficient in the composites. The ME voltage
coefficient was measured as a function of applied DC
magnetic field and the effect of mol % of ferrite phase,
resistivity of composites and influence of magnetic field
on ME response has been studied.
A00085-00326
Electrical Properties and Magnetoelectric Effect
in Ni0.2Co0.8Fe2O4 + PbZr0.8Ti0.2O3 Particulate
Composites
Bantesh K. Bammannavar1; Lalasing R. Naik1;
Rangappa B. Pujar2; Baburao K. Chougule3
1. Department of Physics, Karnatak University,
Karnataka, India
2. Department of Physics, S. S. Arts College and T. P.
Science Institute, Karnataka, India
3. Department of Physics, Shivaji University,
Maharashtra, India
The magnetoelectric (ME) composites with composition
(x) Ni0.2 Co0.8 Fe2O4 + (1-x) Pb Zr0.8 Ti0.2O3 (PZT-Lead
Zirconate Titanate) were synthesized by a standard ceramic
method. The presences of single phase (x = 0.0 and x =
1.0) as well as two phases (x = 0.15, x = 0.30 and x = 0.45)
in composites were confirmed by X-ray diffraction studies
(XRD). The microstructural analysis was carried out by
scanning electron microscopy (SEM). DC resistivity in the
composites was measured as a function of temperature and
the variation of the dielectric constant (ε') and loss tangent
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(tanδ) was studied in the frequency range 20 Hz to 1 MHz.
The small polaron hopping model was used to explain
conduction phenomenon in composites and was confirmed
by AC conductivity measurements. Magnetoelectric
voltage coefficient (dE/dH)H was measured as a function of
DC magnetic field. The maximum value of ME conversion
factor was observed to be 0.78 mV/cm Oe for the x = 0.15
% of ferrite in the composite. The ME coefficient in the
composites was explained in terms of ferrite - ferroelectric
and its constituent phases.
A00223-00420
Precipitation Process Improvement of Ultrafine
CaCO3 Powders
Irinela Chilibon1; Carmencita Mateescu2;
Raluca Isopescu3
1. National Institute for Optoelectronics, INOE-2000,
Bucharest-Magurele, Romania
2. National Institute for Materials Physics, BucharestMagurele, Romania
3. University “Politehnica” Bucharest, Bucharest,
Romania
This paper presents some effects concerning the ultrasonic
field applied to the CaCO3 precipitation process, in order
to optimize the crystalline structure. Ultrasonic field
propagated into solutions yields caviational effects like:
enhancement of gas bubbles, mechanical effects, particle
size diminution, solids dispersion into liquids, and reactivity
increasing. The ultrasound on reactive crystallization
makes the homogeneous nucleation effect. Calcium
carbonate displays three main morphologies: rhombohedra
calcite, orthorhombic aragonite with whiskers appearance
and spherical vaterite Aragonite. Calcium carbonate high
pressure polymorph is becoming more interesting due
to its possible applications in biotechnology. Properties
like purity, morphology, dimensions and particle size
distribution, porosity, aggregation degree must be
carefully controlled. It is assumed that ultrasonic waves
can intensify heat transfer, nucleation rate and growth rate
of crystals. They influence particles size distribution and
agglomeration process. The influence of several additives
was investigated. The ultrasonic field was applied in the
precipitation step and at the end of the aging process,
in the aim of reducing particle size and agglomeration.
The ultrasonic field leads to the process optimization
determining a straight crystalline grain size distribution
with a significant fraction of nanometre size particles, and
concurs to the decrease of CaCO3 agglomeration.
Aragonite with sub-micron size particles was synthesized
in a liquid-liquid reaction by the controlled double jet
precipitation method. The population balance equation
describing the precipitation process was integrated using
the method of classes.

The kinetic parameters were estimated using a random
search optimization method. The results obtained were in
good agreement with experimental data and proved that in
the present working conditions nucleation and growth are
the main mechanisms while agglomeration is inhibited.
Very small amount of the precipitated particles were
agglomerated and the mean particle sizes were around
1µm. Aragonite polymorph forms in the ultrasonic field of
45 kHz are independent of the presence of additives. When
short chain alcohols are added in the reaction medium,
rod like particles of aragonite with 50-100 nm diameters,
gathered in bunches, are formed. Few polyhedral crystals
50-100 nm thick assumed to be calcite are present in the
precipitate.
The precipitation occurred into mixed vessel using a
magnetic stirrer and in ultrasonic field. The reagent solution
concentrations were varied between 0.1M and 1M. All
samples were characterized by FT-IR spectroscopy, XRD,
optical and electron microscopy, particle size distribution
by laser granulometer, microscopic measurements and
dynamic light scattering method. Organic additives
influence the particle size of the precipitate, but they
provide un-uniform distribution. Both kinds of particles
populations are formed one with nanometre size and
the other one micrometric size. Also, the ultrasound can
reduce or modify agglomeration and improves the product
handling.
A00231-00548
Synthesis of Ceramic Nanophosphors
Upconversion Bioimaging

for

Venkatachalam Nallusamy1; Yoshihito Okumura2;
Kohei Soga1;2
1. Polyscale Technology Research Centre, Tokyo
University of Science, Noda, Japan
2. Department of Materials Science and Technology,
Tokyo University of Science, Noda, Japan
3. Department of Materials Science and Technology,
Tokyo University of Science, Noda, Japan
Yttrium hydroxyl carbonate (Y(OH)CO3) precursor
nanoparticles were synthesized by the homogeneous
precipitation method with the presence of polyacrylic acid
(PAAc). Resultant precursor particle size is about 20-30
nm with narrow distribution whereas the particle size is
smaller than those acquired by the absence of PAAc. The
particle size of the precipitated precursor without the PAAc
addition has 230 nm with wide distributions. Adsorption
of carboxylic acid groups (COO-) on the surface of
precursor particles was evident from FT-IR and TG-DTA
analysis. We suggest that COO- groups adsorbed on the
Y3+ cations effectively suppress the diffusion of starting
materials which ultimately enhances the supersaturation
and the formation of larger number of nucleation sites
during the precipitation of Y(OH)CO3. Respectively,
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diffusion and agglomeration of the precipitated precursors
were also suppressed by the viscosity enhancement and
the adsorption of precipitated precursor particles on the
surface of polymeric chains with the presence of the
PAAc. Moreover, the effective decrease of Y(OH)CO3
particle size was found to be higher for the presence of
PAAc than other non-ionic polymers and surfactants. It
was demonstrated that calcination of precursor materials
at 1100 oC eventually removes the organic residues and
inorganic anions from the precursors and subsequently
provided well crystalline Y2O3 nanoparticles which was
evident from FT-IR, XRD, FE-SEM and TEM analysis.
The morphology and size of the Y2O3 nanoparticles are
almost unchanged before and after the calcination process.
Likewise, Er3+ doped Y2O3 nanoparticles obtained by the
above method gives bright green (550 nm) and red (660
nm) upconversion emission under 980 nm excitation
which are useful as bio-imaging probes.
A00233-00540
Morphological
Changes
in
Mesoporous
Titanium Dioxide with Variation in the Annealing
Temperature
Shweta Agarwala; G. W. Ho
Electrical and Computer Engineering, National
University of Singapore, Singapore
Titanium dioxide (TiO2) is an attractive material for
photovoltaic devices due to extraordinary optical and
electrical properties. High efficiencies in photovoltaics
have been demonstrated through formation of ordered
mesoporous titanium dioxide film. This comes from the
benefits of increased surface roughness, surface area and
uniform porosity. In addition, well ordered and crystalline
pores are supposed to provide good sunlight absorption and
low recombination path for charge carriers. However, it
remains a challenge to achieve high degree of crystallinity
while preserving the order of mesoporous structure.
Although much work has been carried out to address this
issue, there still remains a scope to better understand the
mechanisms and parameters involved.
In the present work, the role of calcination temperature and
time on morphology has been studied. Evaporation induced
self assembly (EISA) method was used to synthesize well
organized and highly crystalline mesoporous titanium
dioxide film on Si (100) substrate. Titanium ethoxide was
used as the inorganic precursor and triblock copolymer
Pluronic P123 as the organic template. To address the issue
of microstructure collapse, annealing time and temperatures
were optimized and their effects on the film morphology
were studied. Annealing temperature was varied between
300 to 550 °C. Optimized annealing at 430 °C for 15 min
gave a good crystalline film with ordered porous structure
verified by transmission electron microscope (TEM) graphs
and selected area diffraction pattern (SAED) data. The film
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was crack free with a mixture of anatase and rutile phases,
as demonstrated by X-ray diffraction (XRD). The diameter
of the titania particles in the film was estimated to be 1015 nm and pore diameter in 8-10 nm range, with a film
thickness of about 150 nm. 90% optical transmittance was
obtained in the visible region by UV-vis spectrophotometer.
Fourier transform infrared spectroscopy (FTIR) verified
the removal of organic template.
Hence, annealing temperature and time influence the
ordering and crystallinity of mesoporous titanium
dioxide film. These findings throw light on the behavior
of mesoporous titanium dioxide film morphology with
varying annealing temperature and time. This study makes
available the optimal temperature conditions required
for synthesizing ordered pores with good crystallinity.
Investigations of the consequences of these morphological
changes should lead to improved solar energy conversion
efficiencies.
A00290-00529
Novel Hydrothermal Synthesizing Process
and Characteristics Analysis of Nanosized Pt
Particles
Jeng-Shin Ma; Chung-Hsin Lu
Department of Chemical Engineering, National Taiwan
University, Taipei, Taiwan
Pt nanoparticles have attracted considerable attention to
apply to the electrode of dye-sensitized solar cell and fuel
cell because of their good catalytic activity. In this study, the
well-crystallized nanosized Pt particles were synthesized
successfully via the novel hydrothermal-microemulsion
method. Through the hydrothermal-microemulsion process,
the particle sizes of Pt particles were controlled with
different reaction conditions. The different morphology
was obtained with varied hydrothermal conditions.
The mechanism of the formation of Pt nanoparticles
with different morphology was discussed in this study.
In addition, in order to apply to the electrochemical
applications, the electrochemical properties of nanosized
Pt particles were also investigated.
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A00300-00546

Synthesis and Luminescence Characteristics of
Tin Oxide Phosphors
Fu-Shan Chen1; Cheng-Tao Lee1; Chung-Hsin Lu1;
Nai-Yun Liang2; Yeu-Jye Chien2
1. Chemical Engineering, National Taiwan University,
Taipei, Taiwan
2. Taiwan Textile Research Institute, Taipei, Taiwan
Europium-ion (Eu3+) doped SnO2 phosphors were
synthesized via a microwave-assisted solvothermal route
in this study. The effects of various preparing conditions
on the morphology and the luminescent properties of
SnO2:Eu3+ phosphors were further investigated. The
formation of obtained powders was analyzed via an X-ray
diffractometer (XRD) and a scanning electron microscope
(SEM). Well-crystallized tin oxide phosphors exhibiting
spherical morphology and enhanced luminescent intensity
were successfully synthesized through controlling the
solvents used and the pH conditions. A broad excitation
band of SnO2:Eu3+ phosphors ascribed to the host absorption
was observed in the range of 240-370 nm. The reddishorange emission of SnO2:Eu3+ phosphors was attributed to
the 5D0→7F1 transition of Eu3+ under 314 nm excitation.
A00302-00782
A Single-Step Route Towards Au/TiO2 Composite
Thin Films by Spray Deposition
Weiliang Wang1; Kevin Cassar2; Steve Sheard1;
Peter Dobson3; Peter Bishop2; Ivan Parkin4;
Simon Hurst5
1. Engineering Science, University of Oxford, Oxford,
United Kingdom
2. Johnson Matthey Technology Centre, Reading,
United Kingdom
3. Oxford University Begbroke Science Park, Oxford,
United Kingdom
4. Chemistry, University College of London, London,
United Kingdom
5. Pilkington European Technical Centre, Lathom,
United Kingdom
We have been developing noble metal nanoparticles
and nanocomposites for large scale application to glass
surfaces to modify the optical properties for window glass
products. The novel functionality of the nanocomposites,
such as photocatalysis, solar control etc, is attributed to
the properties of both the metal nanoparticles and matrix.
Here a single-step process to deposit Au-nanoparticles/
TiO2 nanocomposite thin films has been investigated by
spray deposition technique. A preformed gold colloid
and HAuCl4 were used as precursors respectively, along
with titanium precursor to deposit gold/titania composite
films onto glass. The spray deposition was controlled
through the precursor feeding rate and compressed air

pressure. The deposition temperature was varied from
200°C up to 550°C. For both cases of using preformed
gold nanoparticles and HAuCl4, UV-vis spectra of the
films showed the surface plasmon absorption maxima
were red-shifted with increasing substrate temperatures,
corresponding to a colour transition from red to blue in
transmission. X-ray diffraction detected crystalline gold
and titanium dioxide in the composite films. SEM imaging
showed Au nanoparticles are embedded and evenly
distributed in TiO2 matrix. Compared to the deposition
using preformed nanoparticles, the in-situ deposition
using HAuCl4 can attain a more intense colour with
higher HAuCl4 concentration. With increasing deposition
temperature, the size distribution of gold nanoparticles
formed in situ is broader, whereas for the case of using
preformed nanoparticles, the size distribution remains
the same. It has demonstrated a single process for spray
deposition using a stable dispersion containing both gold
(either preformed nanoparticles or compound precursor)
and titanium which can be deposited at a high temperature.
The optical properties of the composite films can be tailored
by varying the properties of metal nanoparticles and matrix
precursors as well as deposition temperature. The singlestep route leads to more homogeneous composite film and
controllable properties of precursors. This process, based
on spray technique, offers a simple, rapid and low-cost
approach to large area deposition.
A00342-00635
Chemical Epitaxy of PbSe and PbS – From
Nanocrystalline to Monocrystalline Thin Films
Yuval Golan
Materials Engineering, Ben-Gurion University, BeerSheva, Israel
Chemical deposition from solution offers a simple
and cost-effective route for fabrication of high quality
semiconductor thin films, and is useful for deposition
of a large variety of semiconductors. Lead selenide and
lead sulfide semiconductor thin films deposited using
chemical deposition can be obtained in a wide range
of morphologies, from nanocrystalline films, through
microcrystalline films with columnar grains, to epitaxial
monocrystalline films. This is achieved by carefully
controlling the active deposition mechanism during
growth. Strategies for improving material quality and for
controlling film orientation will be discussed. The benefits
of chemical solution deposition of nanocrystalline films on
micropatterned substrates will be highlighted.
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A00363-00664
Ultrathin Gold Nanowires Formed in Solution
Xianmao Lu1; Younan Xia2
1. Department of Chemical and Biomolecular
Engineering, National University of Singapore, Singapore
2. Department of Biomedical Engineering, Washington
University in St. Louis, St. Louis, United States
One-dimensional (1-D) Au nanostructures, especially
ultrathin nanowires (diameter <2 nm) with high aspect
ratios, are of great interest because of their unusual transport
properties and promising applications in nanoscale
electronics and sensors. Current preparation methods
for Au nanowires are mainly based on templateassisted
synthesis, assembly of nanoparticles, or surfactantmediated
growth. Those synthetic approaches usually give Au
nanowires with poorly defined morphologies, low yields,
and large diameters or low aspect ratios. Here we report
a facile method for preparing ultrathin Au nanowires
using [(oleylamine)AuCl] complex chains formed through
aurophilic attraction in an organic medium. Those ultrathin
nanowires hold great potential for both fundamental study
of their quantum properties and applications including
sensors and nanoconnectors in electronic devices.
A00391-01901
Growth and High Ultraviolet Photosensitivity
of ZnO Nanowires Grown by Aqueous Solution
Method: Role of Surface States and Defects in
Photocarrier Relaxation
Mrinal Dutta; Ashoke Bera; Durga Basak
Solid State Physics, Indian Association for the Cultivation
of Science, Kolkata, India
The novel routes of solution processing to fabricate
advanced materials starting from the polyscale to
nanostructured crystals have been very popular since by
applying relatively low temperature, thermal reaction
between the reactants in different solvents occurs which
lead to the formation of sufficiently crystallized materials
without calcination at higher temperatures. Besides this,
the benefits of utilizing a solution-based method have also
involved the considerable influence of reaction species on
the final size and morphology of the as-prepared samples.
ZnO is a very promising material because to its wide band
gap (3.37 eV), and large excitonic binding energy (60
meV). Thus the chemical solution method was found to be
one of the favorite methods to prepare nanostructured ZnO
which is already receiving a great deal of attention due to
its applications in field effect transistors, optically pumped
lasers, photodetectors and chemical and biological sensors
utilizing the nanowire (NW) morphology. Especially, the
use of ZnO NWs as ultraviolet (UV) photodetector is a
promising application in the field of optoelectronics when
the NWs are synthesized for nano-photonics devices
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on flexible substrates. Therefore, we synthesize ZnO
NWs by aqueous solution growth method (ACG) at ~
90 0C temperature using zinc acetate and hexamethylene
tetramine (HMT) in aqueous solution. Perfect hexagonal
shaped ZnO NW structures have been obtained which are
interestingly changed in shape and size when the HMT
concentration is changed. In the presence of a ZnO seed
layer, the NWs grow quasi-vertical along normal to the
substrate surface. Depending on the concentration of the sol
used to deposit the seed layer, the growth nature changes.
For the denser seed layer, longitudinal and for the less
dense layer, transversal growth of NWs has been observed
and these show a difference in the UV photoresponse
properties as well. The interfacial property due to the
surface states is a very important factor that controls the
UV photosensitivity in ZnO NWs due to the high surfaceto-volume ratio. The substrate influences the growth of the
ZnO seed layer. Therefore, we have grown ZnO NWs on
three substrates, quartz, glass and sapphire and compared
the UV photoresponse parameters. The NWs are shown
to have very high (photo to dark current ratio ~9x10 4-2
x105) and fast UV photodetection property. An interesting
phenomenon of carrier relaxation has been observed during
photoconduction. A detailed study on the photoconductivity
of the NWs grown on the quartz substrate has been done to
reveal the role of the surface states and native defects in the
photocarrier relaxation during steady illumination process
by investigating the photocurrent transients by exciting the
as-grown and annealed NWs with different light energies
and photocurrent spectroscopy. A probable model is
proposed to show the process involving the surface states
and native defects. Based on the experimental results, an
energy band diagram of ZnO is also proposed. These results
would enable one to tailor the photodetection properties of
the ACG grown NWs.
A00419-01373
Intracrystalline Oxidation of Inorganic Anions
Intercalated in Layered Double Hydroxides
Nygil Thomas; Michael Rajamathi
Department of Chemistry, St. Joseph’s College,
Bangalore, India
Layered double hydroxides (LDHs), also known as
hydrotalcite-like compounds (HTLCs) or anionic clays
are layered compounds that consist of positively charged
metal hydroxide sheets with intercalated anions and water
molecules in the interlayer region. The general formula
of LDHs is [MII(1-x)MIIIx (OH)2]An-x/n∙mH2O, where MII is
a divalent metal such as Mg, Co, Ni, Cu, Zn or Ca; MIII
is a trivalent metal such as Al, Cr, Fe or Ga; An- is anion
with a valency n; and x, defined as [MIII]/([MIII]+[MII]),
is usually between 0.25 and 0.33. A large variety of
anions have been incorporated into the interlayer region
of the LDHs. Intercalation reactions of layered solids are
important as these can change the chemical, electronic and
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magnetic properties of the host lattice. One of the major
features that govern the intercalation process and the
properties of the intercalated product is the orientation of
the guest species in the interlayer region. The orientation
of the intercalated anions depends on the hydroxide layer
and the charge, shape, hydrophilic or hydrophobic nature
and packing density of the anion in the interlayer region.
We have recently developed intracrystalline oxidation
of intercalated anions in LDHs as a method to control
the orientation of the interlayer anions. The interlayer
nitrite ions in the nitrite-intercalated LDHs could be
quantitatively oxidized to nitrate ions using H2O2. In the
LDHs thus obtained the nitrate ion lies flat with its c3axis parallel to the crystallographic c-axis (D3h symmetry)
in the interlayer region resulting in lower basal spacing
compared to the nitrate-LDHs obtained by coprecipitation.
The interlayer thiosulfate ions of zinc-aluminum LDH
could be quantitatively oxidized to tetrathionate ions
using iodine and sulfate ions using H2O2. While the former
reaction may be used to scavenge radioactive molecular
iodine the latter leads to carbonate-free LDHs.
A00472-01710
Hydrothermal Synthesis of TiO2(B), Anatase
and Rutile Photocatalysts using a Novel WaterSoluble Titanium Complex
Makoto Kobayashi1; Valery Petrykin1;
Masato Kakihana1; Koji Tomita2;1
1. Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University, Sendai, Japan
2. Department of Chemistry, Tokai University, Hiratsuka,
Japan
Titanium dioxide (TiO2) has been used for solar cells,
photocatalysts, gas sensors and many other applications.
In nature, TiO2 exists as a rutile, anatase or brookite.
Additionally, TiO2(B), which has a layered structure, can
be obtained artificially. Among these polymorphs, rutile
and anatase already found wide applications, because
they can be easily synthesized. Recently a few relatively
simple methods for preparing single phase nanocrystalline
brookite have been reported. On the other hand, synthesis
of single phase TiO2(B) still presents a challenge, and it
is based on the multi-step process including hydrothermal
treatment, ion exchange and soft dehydration.
We succeed in preparing TiO2(B) by a one-step hydrothermal
treatment of a novel water-soluble titanium glycolate
complex, which is soluble in neutral water and stable
even in basic and acidic solvents. Presence of appropriate
amount of H2SO4 is a key factor for synthesis of single phase
TiO2(B), and no other impurities were identified by XRD
and Raman spectroscopy when the samples were obtained
from a solution of titanium complex with glycolic acid
in the presence of 0.6 mol/dm3 H2SO4 after hydrothermal
treatment at 433 K for 24 h or at 473 K for 6 h. Without

addition of H2SO4, rutile with the trace amount of anatase
formed after hydrothermal treatment under the same
conditions. A prolonged treatment at 473 K for 24 h yielded
single phase rutile. With increasing amount of H2SO4, the
fraction of rutile gradually diminished and it disappeared
completely at 0.6 mol/dm3 H2SO4 concentration. At the
same time, anatase formed from the solutions with higher
H2SO4 concentration. Thus, anatase could be obtained as
a single phase product after hydrothermal treatment of
titanium glycolate complex aqueous solution with higher
than 2.0 mol/dm3 concentration of H2SO4 at 433 K for 24
h or at 473 K for 6 h.
Heating of the obtained TiO2(B) leads to its gradual
transformation into anatase at 873 K, while further
temperature increase above 1173 K resulted in single
phase rutile formation. TEM observation revealed that
the obtained TiO2(B) powders were consisted of ~10
nm spherical particles and crystalline nanosheets. Rutile
particles obtained from aqueous solution of titanium
glycolate complex with no additives at 473 K for 6 h
had 50 x 150 nm rod-like shape. The morphology of
anatase could be described as 20 nm spherical or square
nanoparticles.
We compared photocatalytic activities of anatase, rutile
and TiO2(B) obtained by the described technique in terms
of oxalic acid decomposition in an aqueous solution under
ultraviolet irradiation (λ = 300-400 nm). TiO2(B) and
anatase exhibited relatively high photocatalytic activity,
while rutile showed almost no activity. The activity of
anatase was higher than that of TiO2(B) though its specific
surface area (65.8 m2/g) was lower than surface area
of TiO2(B) (208.0 m2/g). One of the reasons for lower
photocatalytic activity of TiO2(B) may be connected with
its poor crystallinity.
A00476-01986
Low-Temperature Wet Chemical Precipitation
of YVO4:Bi3+,Eu3+ Nanophosphors via Citrate
Precursors
Satoru Takeshita1; Tetsuhiko Isobe1;
Tomohiro Sawayama2; Seiji Niikura2
1. Department of Applied Chemistry, Keio University,
Yokohama, Japan
2. SINLOIHI Co., Ltd., Kamakura, Japan
Invisibly printed luminescent materials emitting visible
colors under excitation of near-UV-light has attracted
much attention in the fields of security, art and lighting.
The solutions containing luminescent metal complexes
such as Eu3+ complexes are used for this purpose, although
practical applications are limited due to their low stability.
Inorganic nanophosphors are one of the most appropriate
candidates with invisibility and high stability.
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YVO4:Bi3+,Eu3+ with a high Bi3+ content up to ~ 15 at%
emits red through energy transfer from Bi3+ to Eu3+ under
near-UV-light excitation. However, to our knowledge,
no trial for doping Bi3+ ions into YVO4 host at such a
high concentration has been reported except for thermal
migration by conventional solid-state reactions. The
following points should be taken into consideration
on doping a high concentration of Bi3+ to YVO4 by wet
chemical processing: (i) a solid solution between BiVO4
and YVO4 is formed within a limited composition,
because their stable crystal structures are different. (ii) The
dissolution properties are different between both salts of
bismuth and yttrium. Here we report a low-temperature
wet chemical synthesis of YVO4:Bi3+,Eu3+ nanophosphors
with a high Bi3+ concentration by an aqueous precipitation
via citrate precursors using two types of Bi3+ sources.
We also discuss the influence of doping processes on
photoluminescent properties of the nanophosphors derived
from both Bi3+ sources.
An aqueous solution of (Y,Eu)(NO3)3 and a Bi3+ source
were added into the solution of sodium citrate, resulting in
a white suspension of citrate precursors. The transparent
colloidal solution of the YVO4:Bi3+,Eu3+ nanophosphors
was obtained by adding an aqueous solution of Na3VO4
to this suspension, followed by aging at 60 or 85 °C.
When bismuth citrate powder is used as a Bi3+ source, the
crystalline YVO4:Bi3+,Eu3+ nanorods of ~ 40 nm in length
are gradually formed from the amorphous gel particles
during aging at 60 °C. The Bi3+-rich by-product precipitates
are also formed during aging, and hence the Bi3+ content
of YVO4:Bi3+,Eu3+ nanorods gradually increases during
prolonged aging through ionic exchange between the
nanorods and the Bi3+-rich by-product precipitates by
repeating dissolution and precipitation processes, resulting
in decreasing the emission intensity because of the energy
migration among localized Bi3+ ions.
On the other hand, when an ethylene glycol solution of
Bi(NO3)3 is used as a Bi3+ source, YVO4:Bi3+,Eu3+ spherical
nanoparticles of ~ 20 nm in size crystallize during aging at
85 °C without any by-products. The Bi3+ content is close to
the nominal content and keeps constant during prolonged
aging, and hence the emission intensity reaches the constant
value. This result is explained by the improvement of the
Bi3+ homogeneity in the citrate precursor and the absence
of the Bi3+-rich by-products.
S.T. thanks the JSPS for the doctoral fellowship (DC1).
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A00479-00980
Controllable
Synthesis
of
Ferric
Oxide
Nanostructural Materials via Hydrothermal
Method
Dan Wang1; Ranbo Yu2; Zhenmin Li1; Dan Mao1;
Jun Li1
1. State Key Laboratory of Multi-phase Complex, Chinese
Academy of Sciences, China
2. Department of Physical Chemistry, University of
Science & Tecnology Beijing, China
The design and synthesis of nanostructural materials have
been among the important research topics of nanoscience
due to their unique structure, size and shape-dependent
phenomena. Therefore, systematic directions for synthetic
methods and an understanding of the mechanisms by
which the structure, size and shape of the nanostructural
material can be controlled are of particular interest.
Hematite (α-Fe2O3), as the most stable iron oxide with
n-type semiconducting properties (Eg = 2.1 eV) under
ambient conditions, is of great scientific and technological
interest. In this work, we report the shape evolutions of
ferric oxide nanomaterials utilizing a simple hydrothermal
method. We also examine the roles of parameters critical
to the size and shape guiding processes.
In a typical synthesis, the ferric solution and Na(OH)
aqueous solution were prepared at first, and then added
the ferric solution and additive to NaOH solution with
various concentrations under vigorous magnetic stirring.
Keep stirring for a while and then transfer the mixture to
a stainless steel autoclave. The crystallization were carried
out at 140-200 ºC for 3~20 h. The products with different
shapes were recovered by centrifuged and washing under
distilled water and ethanol, and dried in air at ambient
temperature. The products were characterized by XRD,
SEM, TEM, ED, IR, TG-DTA, and SQUID.
The XRD patterns of the as-prepared products were
shown that, all of the peaks can be easily indexed as
the rhombohedral α-Fe2O3, which are in agreement
with the reported values (JCPDS 33-0664). No other
peaks for impurities were observed. The SEM images
indicate all products are composed of a large number of
individual nanoparticles. The structure, size and shape of
nanostructures could be control by adjusting hydrothermal
conditions, such as pH value, concentration of reactants,
anions, additives.
In conclusion, we have demonstrated for the effective
synthesis of ferric oxide nanostructure via a simple
hydrothermal method. Such products have potential
applications in catalysis or lithium-ion batteries. Moreover,
this synthesis strategy may provide an opportunity to a
general method of preparing metal oxide nanostructures,
which is currently underway.
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Program” (No. 2005B20).

A00481-01894
Continuous Measurement of Carbon Dioxide
Concentration
in
Aqueous
Solution
as
Decomposition Products on Titanium Dioxide
Photocatalyst by Total Organic Carbon Analyzer
Hiroko Hase1; Norihisa Kawamura2;
Toru Nonami1
1. School of Information Science and Technology, Chukyo
University, Aichi, Japan
2. Department of Pharmacy, Kinjo Gakuin University,
Aichi, Japan
To examine whether carbon dioxide in the solution
produced in the process of resolving methylene blue(MB)
by titanium dioxide photocatalyst can continuously be
measured by the Total Organic Carbon (TOC) analyzer
(TOC-V CSH, SHIMADZU .Co) . The concentration of
carbon dioxide is measured by TOC analyzer. The MB
solution is carried to the combustion furnace filled with
the composite air through a tube from the outside of the
device. For continuous measurement membrane filter is
attached in the end of the tube in order to analyze after
titanium dioxide is separated. For the measurement per
once is needed only 3 minutes. The sample is heated up to
680° in the combustion tube where the platinum catalyst
is filled, and converted into carbon dioxide after complete
combustion. The converted carbon is detected as carbon
dioxide by the gas analysis part of non-dispersive infrared
(NDIR). The total amount of carbon (TC) in the solution
is calculated in comparison with estimated calibration
curve of the standard sample. The amount of inorganic
carbon (IC) in the solution can be detected as carbon
dioxide released bubbling with composite air after the MB
solution is brought to pH3 or less by adding phosphoric
acid. Therefore, the carbon dioxide concentration can be
converted to IC value.
The Photocatalyst Reaction System has a 27W UV light
(Sankyo Electric) fixed vertically and a beaker placed in
contact with the side of the UV light in handmade acrylic
box. The pigment change of MB is measured by the
spectrophotometer.
The experiment was taken place by adding 0.03% titanium
dioxide photocatalyst to MB solution of 10.0mg/L
(C16H18N3SCl∙ 3H2O MW = 373.90) in density and by
irradiating the UV light. 10mg/L MB solution contains
5.2mg/L as the TC theoretical value, and the measurement
of IC value was 0.40mg/L. After UV irradiation, TC value

decreased to 4.29mg/L in 60 minutes. The IC value had
increased from an initial value 0.45mg/L to 1.30mg/L in
60 minutes. As the control where UV light irradiated to
MB solution except titanium dioxide, TC initial value
was 5.24mg/L barely changed to 5.21mg/L, and IC value
was an initial value 0.40mg/L to 0.37mg/L in 60 minutes.
Absorbance of the MB solution and the TC value had
decreased, and IC value showed a gradual increase.
Therefore, it was suggested that the MB in solution
was resolved and carbon dioxide was generated, and a
continuous measurement of carbon dioxide with the TOC
analyzer was effective.
A00514-00939
Alkalinity, Sample Height and Annealing Effects on
the Structure and Electrical Properties of BiFeO3
Films on SrTiO3 Substrate by a Hydrothermal
Method
Alicia Huang; Santiranjan Shannigrahi;
Chee King Tan; Pallathadka Kumari Pramoda;
Gregory Kia Liang Goh
Institute of Materials Research and Engineering
Singapore, Singapore
Multiferroic BiFeO3 (BFO) thin films are successfully
synthesized on SrTiO3 (STO) substrates by a hydrothermal
method. Systematic studies of the effect of KOH
concentration along with sample height and annealing
conditions on structural properties, dielectric constant
(ε) and dielectric loss (tanδ), leakage current, remnant
polarization (Pr), and coercive field (Ec) of the films are
carried out. X-ray diffraction (XRD) analysis reveals
that the epitaxial BFO films can be prepared with a KOH
concentration of 9 M at a sample height of 5 mm and reaction
temperature and time of 200 oC and 6 h. HRXRD φ-scan
and high resolution transmission electron microscope selected area diffraction pattern (HRTEM-SAED) pattern
confirm the in-plane orientation epitaxial growth of the
BFO film on the STO substrate after annealing at 550 ºC in
N2 ambient for 10 min. The scanning electron microscope
(SEM) shows dense and mosaic-like morphology of BFO
films grown with a KOH concentration of 9 M without
the inclusion of BFO nanoparticles. The room temperature
values of ε and tanδ at 1 kHz for BFO films annealed at 550
o
C for 10 min in N2 ambient are 450 and 0.6 respectively.
The value of leakage current for the BFO films at an applied
field of 201 kV/cm is 6.11×10-11 A/cm2 and the values of Pr
and Ec are 10.9 µC/cm2 and 201 kV/cm respectively. The
demonstration of the dielectric, ferroelectric and leakage
current properties indicate the feasibility of growing
epitaxial BFO films on single-crystal or oriented films by
the low-cost hydrothermal method.
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A00516-02909

A00556-02331

Self-assembly of Metal Oxides -Liquid Phase
Patterning and Morphology Control-

Microwave
Assisted
Synthesis
of
Nanoparticles and its Characterization

Yoshitake Masuda
National Institute of Advanced Industrial Science and
Technology, Nagoya, Japan

Milind Deshpande1; Nilesh Pandya2;
Manoj Parmar3
1. Department of Physics, Sardar Patel University,
Vallabh Vidyangar, India
2. A.D.Patel Institute of Technology, New Vallabh
Vidyangar, India
3. Department of Physics, The H.N.S.B. Ltd. Science
College, Himatnagar, India

Liquid Phase Patterning (LPP) of metal oxide thin films
was developed to fabricate nano/microstructures of metal
oxide such as TiO2, Fe3O4, ZnO, Y2O3:Eu, etc. Several
conceptual processes for LPP using self-assembled
monolayers (SAMs) as templates were proposed, and
nano/micropatterns of ceramic thin films were successfully
fabricated. Molecular recognition of SAMs was effectively
used to achieve high site-selectivity. These processes can
be used for the fabrication of various metal oxide devices
under environment-friendly conditions.
We also developed a self-assembly process of particles
to fabricate desired patterns of colloidal crystals. A
micropattern of colloidal methanol prepared on a SAM
in hexane was used as a mold for particle patterning, and
slow dissolution of methanol into hexane caused shrinkage
of molds to form micropatterns of close-packed particle
assemblies. This result is a step toward the realization
of nano/micro periodic structures for next-generation
photonic devices by a self-assembly process.
Furthermore, metal oxides were synthesized in aqueous
solutions to form anisotropic nanostructures. Stand-alone
ZnO self-assembled films were, for instance, prepared
using air-liquid interfaces. The ZnO films had sufficiently
high strength to free-stand-alone and showed high c-axis
orientation. The films can be pasted onto desired substrates.
ZnO particles having a hexagonal cylinder shape, long
ellipse shape or hexagonal symmetry radial whiskers were
also prepared in aqueous solutions. The morphology was
controlled by changing the supersaturation degree. Anatase
TiO2 particles with high surface area of 270 m2/g were
prepared at 50 °C. The particles were assemblies of nano
TiO2 crystals covered with nanorelief surface structures.
The crystals grew anisotropically along the c-axis to
form acicular crystals. TiO2 films consisted of anisotropic
acicular crystals were also prepared. The films showed
high c-axis orientation. Acicular BaTiO3 particles were
prepared using morphology control of BaC2O4 • 0.5H2O.
They were prepared in aqueous solutions and annealed
with co-precipitated amorphous phase to form acicular
BaTiO3 particles.
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Fluorescent II-VI semiconductor nanocrystals have
attracted great interest during the past decade due to
their potential applications varying from light emitting
diodes to biological labels. Nanoparticles have electronic,
optical and mechanical properties different from those
of the bulk materials because of the large contribution of
surface atoms. Hence, the precise size, shape and surface
chemistry of nanoparticles may be expected to have major
effect on these properties.
In the present work, we report on the fast synthesis of ZnS
(Zinc Sulphide) nanoparticles in ethylene glycol medium in
macroscopic amount by varying molar ratios of Zn and S.
Elemental identification of the synthesized nanoparticles is
confirmed by EDAX where as lattice parameter and particle
size are evaluated by X-ray diffraction. UV-VIS absorption
spectra for all sample exhibits blue shift in comparison
to bulk samples and particle size is determined from this
spectra using well known Brus relation. Thermogravimetric
curves shows the stability of all these sample upto 600
°C. Transmission electron microscopy diffraction patterns
shows that the nanoparticles are crystalline in nature and
particle size obtained from it matches with the XRD and
UV-VIS spectra. The details of all the results and discussion
will be elaborated in the paper.
A00557-01298
Solvothermal Synthesis of Sulfides in Different
Organic Solvents
Kazumichi Yanagisawa1; Nan Li1; Haijun Tao1;
Wuxing Zhang1; Sumio Kamiya2; Tatsuo Shou2
1. Research Laboratory of Hydrothermal Chemistry,
Kochi University, Kochi, Japan
2. Toyota Motor Corp., Toyota, Japan
Sulfides (MoS2, RuS2, Rh2S3) were synthesized by
solvothermal reactions of solid sulfur and carbonyls
(Mo(CO)6, Ru3(CO)12, Rh6(CO)16) at 400 °C for 10h in
different organic solvents (tetrachloromethane, acetone,
benzene, toluene, xylene n-hexane, ethanol, n-propanol,
i-propanol, n-butanol, and 2-butanol). The starting
compositions were selected to be excess for sulfur (S/
Mo, S/Ru, S/Rh molar ratio: 3.0, 4.5, 2.25, respectively).
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The reactions in tetrachloromethane did not give any solid
products. Amorphous or very low crystalline products
were obtained in acetone. Among benzene, toluene and
xylene, xylene and toluene seems to be better solvents
for the solvothermal reaction, which gave rise to wellcrystallized sulfide particles in nanometer (for MoS2 and
Rh2S3) or micrometer (for RuS2) size with irregular shape.
As for benzene, the products often contain other phases
(for example, Rh17S15). The role of n-hexane in product
composition was similar to that of xylene and toluene.
Nanoparticles of MoS2 and Rh2S3 and sub-micrometer
sized RuS2 particles were obtained in n-hexane. Except
for ethanol, which often resulted in products contaminated
by metal or other phases, all the alcohols (n-propanol,
i-propanol, n-butanol, 2-butanol) benefited the formation
of the desired sulfides. These products were consisted
of spherical particles with narrow diameter distribution.
In general, the MoS2 spherical particles were larger than
others and the Rh2S3 spheres were the smallest. The TEM
observations show that the MoS2 spheres were formed
by highly aggregated curved thin layers. On the other
hand, the RuS2 and Rh2S3 spheres were consisted of fine
crystals, less than 10 nm in size. The sphericity and size
of the spheres were closely related to the solvents. The
sphere diameter could be controlled by selecting or mixing
the solvents. For example, the size of the MoS2 spheres
obtained in i-propanol and 2-butanol was in the range of
250-300 nm and 400-450 nm, respectively, and that of the
Rh2S3 spheres obtained in i-propanol and 2-butanol was in
the range of 50-60 nm and 70-90 nm, respectively.
A00574-01049
Static Ion Testing System(SITS)
Jimei Wang1; Zhijiang Ji2; Jing Wang2
1. Envionmental and Healthy Materials, China Building
Materials Academy, Peking(Beijing), China
2. Ecological Building Materials Association, China
Building Materials Federation, Peking(Beijing), China
Air ion both directly and indirectly impacts human
circulatory system. In clinical medicine, the air ion has
been practically applied and has achieved many successful
cases. The static ion testing syete(SITS) provides a
platform which can test air ion concentration conveniently
and accurately. The main components are collector, dataconversion device, data process software and output
terminal. SITS, as the first fully automated testing system
of the world, implements the non-dynamic systematic
operation. Without operation of people, the system can
automatically record the testing process, map variation
curve, and analyze test results. SITS already has obtained
two patents of invention since it came out. After nearly half
a century of development, international air ion research,
particularly in Asia, has reached a relatively high level.
It can be concluded that more and more attention will be
payed on this invention.

A00576-01050
Silica Nanocoating of Particles by Sonogel
Process
Quan Chen1; Chris Boothroyd2; Gim Hong Tan1;
Nelvi Sutanto2; Andrew Mcintosh Soutar1;
Xian Ting Zeng1
1. Surface Technology Group, Singapore Institute of
Manufacturing Technology, Singapore
2. Institute of Materials Research and Engineering,
Singapore
A modified aqueous sol-gel route was developed using
ultrasonic power for silica coating of indium tin oxide
(ITO) nanoparticles. In this approach, organosilane with
amino functional group was first used to cover the surface
of as-received nanoparticles. Subsequent silica coating was
initiated and sustained under power ultrasound irradiation
in an aqueous mixture of surface treated particles and epoxy
silane. This process resulted in a thin but homogenous
coverage of silica on the particle surface. Particles coated
by a layer of silica show better dispersability in aqueous
and organic media compared with the untreated powder.
Samples were characterized by high resolution transmission
electron microscopy (HRTEM), X-ray Photoelectron
Spectroscopy (XPS), and zeta potential.
A00601-01095
A Simple and Effective Process for Fabrication of
Mg4Nb2O9 Ceramics
Yi-Cheng Liou; Zong-Sian Tsai; Wei-Ting Li;
Ying-Jhih Wang
Department of Electronic Engineering, Kun Shan
University, Tainan, Taiwan
Mg4Nb2O9 with ordered corundum-type hexagonal
structure has attracted interest because of possible
application as microwave dielectric material due to their
low dielectric loss and high dielectric constant. Mg4Nb2O9
is also reported to show self activated photoluminescence
at room temperature. Besides, it has been investigated as a
suitable buffer layer material for fabrication of ferroelectric
memory devices. Ogawa et al. reported Mg4Nb2O9 with
dielectric properties: εr =12.4 and Q×f =194000GHz.
Mg4Nb2O9 ceramics prepared using a reaction-sintering
process was investigated in this study. The mixture of raw
materials was pressed and sintered into ceramics without
any calcination stage involved. Microstructure and the
dielectric properties were investigated.
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A00601-01097
Thermoelectric
Synthesis
of
Cu(Al,Fe)O2
Ceramics by a Reaction-Sintering Process
Yi-Cheng Liou; Hong-Chou Tsai; Wen-Chou Tsai;
Uang-Ru Lee
Department of Electronic Engineering, Kun Shan
University, Tainan, Taiwan
Synthesis of Cu(Al,Fe)O2 ceramics for thermoelectric
application using reaction-sintering process were
investigated in this study. Without any calcination
involved, the mixture of raw materials was pressed and
sintered directly. Sintering behavior and microstructure are
investigated in this study. The reaction-sintering process
has proven a simple and effective method in preparing
Cu(Al,Fe)O2 ceramics for thermoelectric application.
A00619-02021
Effect of Chemical Bath Deposition Techniques
on Size and Morphology of PbS Nanoparticles
Tapas Chaudhuri; Jayesh Patel; Chaturbhai Patel
Department of Nanostructures and Thin Films, Dr. K C
Patel Research and Development Centre, Gujarat, India
Nanoscale PbS is emerging as a novel material for
photovoltaic and optoelectronic devices, such as,
inorganic-organic bulk hybrid solar cells, sensitizers for
dye-sensitized solar cells, tunable near infrared detectors,
optical switches, etc. Bulk PbS is a IV-VI group of
semiconductor having a narrow direct energy band gap of
0.41 eV at 300 K. The band gap of PbS nanoparticles (NPs)
can be easily tuned to anywhere between 0.4 to 4 eV using
quantum size effect because of large Bohr radius of 18 nm.
Quantum dots also exhibit about 300 % quantum efficiency
due to multiple exciton generation and exceptional third
order nonlinear optical properties.
Application of PbS NPs for devices requires fabrication
techniques to control and stabilize the size. Chemical bath
deposition (CBD) provides means to tailor a particle to
desired size. Thus, NPs can be synthesized by conventional
chemical bath deposition (CCBD) and its variants, such
as sonochemical bath deposition (SCBD), microwaveassisted chemical bath deposition (MACBD) and cappingassisted chemical bath deposition (CACBD). This paper
reports the study on the effect of CCBD, SCBD, MACBD
and CACBD on the size and shape of PbS NPs. Methanolic
solution of Pb(CH3COO)2 - thiourea complex (0.05 M) was
used as the precursor solution. The deposition times were
6 h, 0.75 h, 45 s and 10 min. for CCBD, SCBD, MACBD
and CACBD respectively. The morphology of the particles
was studied by Scanning Electron Microscope (SEM)
and Transmission Electron Microscope (TEM). X-ray
diffraction (XRD) of particles confirmed the formation
of PbS. Electron microscopy revealed that CCBD and
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MACBD yielded particles which are nanostructured while
SCBD and CACBD resulted in nanoscale ones. CCBD
PbS particles were spherical of sizes 1.5 to 1.7 µm with
intricate network of flakes. The MACBD PbS was also
flaky particles of sizes 5 to 10 µm. The SCBD PbS particles
were either cubic or spherical having sizes of 190 to 210
nm. For CACBD of PbS, polyvinylpyrrolidone (PVP) was
added to the precursor solution at room temperature as
capping material. After 10 min. the solution became winered indicating the formation of PbS NPs. TEM shows that
the NPs are 5 - 10 nm in size. The absorption spectrum
PbS NPs stabilized with PVP exhibits a broad optical
absorption from about 650 nm of visible region to the UV
with absorption peaks at 400 and 590 nm corresponding
to 3.1 and 2.1 eV respectively. The significant shift in the
onset of absorption from ~3000 (bulk PbS) to 650 nm is
because of quantum size effect. It is concluded that size of
CBD PbS particles can be reduced from ~ 1.5 µm to about
5 nm by using PVP as capping material.
A00622-01127
Solvothermal Assisted Sol-gel Coating for Titania
Nanoparticles by Silica Shell
Ahmed M. El-Toni1;2; Shu Yin3; Tsugio Sato3
1. Advanced Materials Department, Central
Metallurgical Research and Development Institute, Cairo,
Egypt
2. King Abdullah Institute for Nanotechology, Riyadh,
Saudi Arabia
3. Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University, Sendai, Japan
Due to its excellent UV-light-absorbing properties,
titanium dioxide is used in many sunscreen products.
However, concern has been raised about a possible
photocatalytic activity of titanium dioxide on cosmetic
formulation. Its high photocatalytic activity, however,
facilitates the generation of reactive oxygen species,
which can oxidize and degrade other ingredients during
and after its formulation, raising safety concerns. To
reduce potential adverse effects, titanium dioxide used
in cosmetic preparations has to be coated. Silica coating
of titania by solvothermal assisted sol-gel process was
performed to attain maximum amount of precipitated silica
and thicker shell with lower microporosity which in turn
resulted in reasonable depression of photocatalytic activity.
Silica coated titania nanoparticles were characterized by
TEM, FT-IR, EDX and microporosity measurements. The
photocatalytic activity was measured for the coated powder
to evaluate the efficiency of silica coating as well.
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A00635-01143

Effect of Titanium on the As-cast Microstructure
of Hypereutectic High Chromium Cast Iron
Zhifu Huang; Jiandong Xing; Yimi Gao
School of Materials Science and Engineering, Xi’an
Jiaotong University, Xi’an, China
The effect of titanium element on the as-cast microstructure
of a hypereutectic high chromium cast iron (HCCI)
containing 4.0 wt.% C and 20.0 wt.% Cr was investigated
by means of optical microscopy (OM), scanning
electron microscopy (SEM) and energy dispersive X-ray
spectrometry (EDS). The results indicate that the primary
M7C3 carbides are refined with titanium element addition,
as well as TiC particles are formed in the microstructure.
Furthermore, through transmission electron microscopy
(TEM) analysis, TiC as a nucleus substrate for primary
M7C3-type carbides in hypereutectic high chromium
cast iron was testified. The results indicate that there is
an orientation relationship of (11-1) TiC || (01-10)M7C3,
[011]TiC || [0001]M7C3. In addition, the calculation result
of the lattice misfit is 1.32%, further explaining that TiC
may provides the effective nucleus substrate for M7C3-type
carbide nucleation to cause the refined carbides.
A00641-01153
High Performance Visible Light Responsive
Photocatalysts for Environmental Clean-up via
Solution Processing
Tsugio Sato; Peilin Zhang; Shu Yin
IMRAM, Tohoku University, Sendai, Japan
Recently, much attentions have been attracted on the
materials chemistry to support the sustainable development
of human being society. Photocatalytic reactions have
been received special attention because of their possible
application to pollution control, etc., without using fossil
energies. Until now so many photocatalyst have been
developed, however, only titania has been commercially
used because of the excellent catalytic activity and
chemical stability. The disadvantage of titania is, however,
the relatively large bandgap energy about 3 eV which does
not cover the main part of solar spectrum. Recently, it was
reported that the band gap of titania could be narrowed by
doping with nitrogen. In the present study, nitrogen iondoped titania and/or strontium titanate nanoparticles were
prepared via soft chemical reactions such as solvothermal
reaction and mechanochemical reaction, and their
photocatalytic performance for environmental clean-up
under visible light irradiation were evaluated. Solvothermal
synthesis: After dissolving nitrogen source compound such
as hexamethylenetetramine, urea, etc. and desired alcohol
in titanium trichloride aqueous solution, the solution
was heated at desired temperatures. Mechanochemical
synthesis: After placing nitrogen source compound and

titania or strontium titanate powder in zirconia pot with
zirconia balls, the powders were milled using a planetary
ball mill. Photocatalytic activity of the samples were
evaluated for the oxidative decomposition of NO and
acetoaldehyde in air atmosphere. Nitrogen-doped titania
and strontium titanate nanoparticles prepared showed
photocatalytic activity under visible light irradiation. The
photocatalytic activity could be improved by coupling
with different semiconductor powders to promote the
heterogeneous electron transfer and/or co-doping with
different ions to depress the lattice defect formation.
A00681-03129
Electrolytic Synthesis of Ru (III)-doped TiO2
Powder and Kinetic Study for the Degradation of
Indigocaramine Dye and Industrial Effluent
Meenakshi Pullangada Ganesh1;
Chaitanya Lakshmi Girigowda1;
Byrappa Kullaiah2; Ananda Sannaiah1
1. Department of Chemistry, University of Mysore, India
2. Geology Department, University of Mysore, India
The photocatalyst TiO2: Ru (III) composite was synthesized
by impregnating TiO2 nanoparticulates with Ru (III)
by electrolytic deposition method. The experiment was
carried out at different conditions of TiO2: Ru (III) ratio.
The prepared material was characterized by UV-Visible
spectroscopy, FT-IR, XRD, SEM and positron annihilation
lifetime spectroscopy (PALS). The effect of doping on
energy gap of TiO2 was calculated. The degradation of
indigocaramine dye and industrial effluent was studied both
in presence and absence of UV light. A comparison with
commercial TiO2 revealed the high efficiency of the TiO2:
Ru (III) composite. The observed decrease of chemical
oxygen demand (COD) value of the treated effluent and
indigocaramine dye showed a complete destruction of
organic molecules along with color removal.
A00684-01237
Extraction of Biomaterial from the Medicinal
Plant and Preparation of Ru-Biomaterial: A Study
of Biological Activity
Srilatha Bagivalu Rajannagowda1;
Chaitanya Lakshmi Girigowda1; Kullaiah
Byrappa2; Sannaiah Ananda1
1. Department of Chemistry, University of Mysore, India
2. Geology Department, University of Mysore, India
Medicinal plants have been used as source of novel
biomaterials with diverse biological activities. The
biomaterials were extracted from the medicinal plant
Mukia maderaspatana by soxhlet extraction method.
The biomaterial which acts as reducing agent was used
to prepare Ru-biomaterial complex. The prepared Ru-
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biomaterial was characterized by UV-Visible, FT-IR,
XRD and mass spectroscopy. The biological activities like
antioxidant properties, free radical scavenging activity,
hydroxyl radical scavenging activity and reducing power
were determined. The biological activities were compared
between the extracted biomaterial and Ru-biomaterial
complex. It is revealed that the biological activities were
enhanced for Ru-biomaterial.
A00685-01239
Synthesis of Ru (III) Doped Ag2O Nanocomposites
by Electrolytic Method and Degradation Study of
Acid-violet Dye and Industrial Effluent
Chaitanya Lakshmi Girigowda1;
Byrappa Kullaiah2; Ananda Sannaiah1
1. Department of Chemistry, University of Mysore, India
2. Geology Department, University of Mysore, India
Ag2O: Ru (III) composite photocatalyst was prepared
by impregnating Ag2O nanoparticulates with Ru (III)
by electrolytic deposition method. A varied ratio of
Ag2O:Ru(III) was considered under different experimental
conditions. The prepared Ag2O:Ru(III) composite was
characterized by UV-Visible spectroscopy, FT-IR, XRD,
SEM, and positron annihilation lifetime spectroscopy
(PALS). The effect of doping on energy gap of Ag2O was
calculated. The degradation of acid-violet dye and paper
industry effluent was studied in presence and absence of
UV light. The comparison of the degradation between
Ag2O and prepared Ag2O:Ru(III) revealed the high
efficiency of the title compound. The degradation reaction
was optimized with respect to the dye concentration and
catalyst amount. The reduction in chemical oxygen demand
(COD) revealed the mineralization of dye and industrial
effluent along with color removal.
A00686-01240
Electrolytic Synthesis of Ru (III)-doped ZnO
Powder and Kinetic Study for the Degradation of
Indigocaramine Dye and Industrial Effluent
Ananda Sannaiah1;
Chaitanya Lakshmi Girigowda1;
Byrappa Kullaiah2
1. Department of Chemistry, University of Mysore, India
2. Geology Department, University of Mysore, India
A new photocatalyst ZnO:Ru(III) composite was prepared
by impregnating ZnO nanoparticulates with Ru(III) by
electrolytic deposition method. A varied ratio of ZnO:
Ru (III) was considered under different experimental
conditions. The prepared ZnO: Ru (III) composite was
characterized by UV-Visible spectroscopy, FT-IR, XRD,
SEM and positron annihilation lifetime spectroscopy
(PALS). The effect of doping on energy gap of ZnO
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was calculated. The degradation of indigocaramine dye
and industrial effluent was studied in presence of UV
light and absence of UV light. The comparison of the
degradation between commercial ZnO and prepared
ZnO: Ru (III) revealed the high efficiency of the title
compound. The effect of various parameters such as initial
dye concentration, catalyst loading, pH of the medium and
intensity of illumination on the photocatalytic degradation
of dye using ZnO: Ru (III) was investigated. The paper
industry effluent has been considered for the degradation
using ZnO: Ru (III) powder. The reduction of chemical
oxygen demand (COD) value of the treated effluent
revealed a complete destruction of organic molecules
along with the color removal.
A00733-01297
Synthesis, Crystal Structure and NLO Properties
of a Mixed Crystal K1-x(NH4)xH2PO4 (x = 0.5)
Shanmugasundaram Parthiban;
Subbiah Meenakhsisundaram
Department of Chemistry, Annamalai University, Tamil
Nadu, India
A new mixed crystal K1-x(NH4)xH2PO4 (KADP) of
NH4H2PO4(ADP) system has been synthesized with
x = 0.5 by slow evaporation of the equimolar aqueous
solution of ADP and KCl at room temperature. Crystal
composition determined by single crystal X-ray diffraction
analysis reveals that it belongs to the tetragonal system
with noncentrosymmetric space group I-42d and it is
structurally similar to ADP crystals with the following
parameters: a = 7.418(3) Å; c = 7.2284(6) Å; v = 404.63(4)
Å3; z = 4. The substitution results in defect centers which
influence the physical properties. Mixed crystal has a
superior NLO activity, twice that of KH2PO4 (KDP), a
well known NLO material and the enhanced NLO activity
is rationalized. The structural analysis of KADP and the
influence of partial cationic substitution ions on the NLO
properties will be discussed.
A00792-01386
Silver Nanoplates: Synthesis, Growth Mechanism
and Functionality
Xuchuan Jiang
University of New South Wales, Australia
This work reviews our recent researches on the shapecontrolled silver nanoplates, covering synthesis, growth
mechanism, optical property and sensing application. We
proposed a facile and effective self-seeding co-reduction
method to prepare two-dimensional silver nanoplates
with size of 2±0.5 nm in thickness and 70±10 nm in
length at room temperature in aqueous solution. The
characteristics (shape, size, and size distributions) and
functional properties (e.g., surface plasmon resonance
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and ionic sensing properties) were investigated in detail
by various techniques such as TEM, AFM, XRD, and
UV-vis spectroscopy. In particular, molecular dynamics
(MD) method was applied in this study for fundamental
understanding of particle growth and shape transformation
at a molecule level. Furthermore, we found that the silver
nanoplates show unique surface plasma resonance in UVvis region, and they show high sensitivity and selectivity
toward inorganic ions in aqueous system, such as halides,
phosphates, thiocyanate and some cations. These findings
will be useful for synthesis of shape-controlled metal
nanoparticles with multi-functionalities.
A00810-03776
Polyscale Processing and Technology
Development of NIR Bioimaging System

for

Kohei Soga1;2; K. Byrappa3
1. Department of Materials Science and Technology,
Tokyo University of Science, Chiba, Japan
2. Polyscale Technology Research Center, Tokyo
University of Science, Chiba, Japan
3. Department of Studies in Geology, University of
Mysore, Mysore, India
Fluorescence bioimaging (FBI) is one of the most important
technologies in biomedical field to visualize the phenomena
in biological system by labeling the target substance with
fluorescent agents. Currently, serious problems of the FBI
is the color fading of the fluorescent agent, mostly dyes or
proteins, auto-fluorescence of the non-targeting substances
which causes the background illumination and shallow
observation depth due to strong scattering. The reason of
these problems is the use of short-wavelength (UV or VIS)
excitation light source. The authors have developed the
FBI system with NIR excitation to avoid all of the above
current problems. The technologies needed to achieve the
development explores from atomic scale technology into
macroscopic scale. We call this collaborative work with
series of the technologies in different scales as “polyscale
technology.” The term does not only mean “poly-scale” but
also poly-discipline and poly-stance. To develop the NIRFBI system, the project starts from the both side of the scales.
The needs are demanded from the end of the macroscopic
scales for the visualization of the biological phenomena by
the biologist. On the other hand, the proposals of the use
of NIR fluorescence are launched by the physicist based
on atomic technologies. In the intermediate scale, nano
scale, materials design and processing should be achieved
by the materials scientist with chemical knowledge. The
whole project can only be achieved by the exchange of
the information and collaboration among the researchers
in different academic disciplines and stances (designers,
producers or users). The major concept for developing the
NIR-FBI system is the use of rare-earth doped ceramic
nanophosphors (RED-CNP) for NIR fluorescence. The
development consists of atomic-scale design, nano-scale

fabrication, nano-scale surface modification of the REDCNP, micron-scale demonstration of the cell imaging and
macro-scale development of the imaging system for in
vivo imaging. In the present paper, we briefly review the
development and demonstrative works of the NIR-FBI
system. After that, we focus the polyscale fabrication of the
materials for the system by using solution processing such
as nano-sized fabrication and surface modification of the
RED-CNP. The fabrication of sub-micron sized liposome
type probe for the NIR-FBI will be also presented.
Acknowledgments:
This work was supported by “Academic Frontier” Project for
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(Ministry of Education, Culture, Sports, Science and Technology),
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A00863-01500
Bioinspired Synthesis of Nanocomposites Using
Self-assembling Block Copolymers
Yusuf Yusufoglu1;2; Yanyan Hu1;4;
Mathumai Kanapathipillai1;3;
Matthew Kramer1;2; Eren Kalay1;2;
Klaus Schmidt-Rohr1;4;
Surya Mallapragada1;3; Mufit Akinc1;2
1. Ames Laboratory, Iowa State University, Ames, United
States
2. Materials Science and Engineering, Iowa State
University, Ames, United States
3. Chemical and Biological Engineering, Iowa State
University, Ames, United States
4. Chemistry, Iowa State University, Ames, United States
In order to understand and mimic the natural bone, where
nucleation and growth of carbonated hydroxyapatite
(CO3HAp) is presumed to occur on collagen, block
copolymers based on the nonionic, zwitterionic, anionic,
and the peptide-conjugated polymers were employed
as templates for the growth of calcium phosphate and
zirconia from aqueous solutions. All block polymers used
in this study were thermoreversibly gelling at or above
room temperature. Calcium phosphate nanoparticles
were formed at the polymer-inorganic interface
presumably nucleated by the ionic interactions. Zirconium
precipitated as amorphous hydroxide. Nanocomposites
were characterized by solid state NMR, TGA, FTIR, and
X-ray scattering techniques. Nanocomposite formation
was confirmed by solid state NMR. Inorganic content
of the nanocomposite depends on the critical gelling
concentration of the polymer matrix employed. FTIR
spectra of calcium phosphate nanocomposite showed
characteristic features of organic matrix, phosphate, and
carbonate species. Hydroxyapatite was shown to grow
in the form of thin, elongated crystallites as evidenced
by electron microscopy. For the zirconia nanocomposite,
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crystallization by heat treatment suggests metastable cubic
phase formation before tetragonal ZrO2. The present work
offers routes for bioinspired bottom-up approaches for the
development of novel nanocomposites.
Acknowledgement:
This work was supported by the U.S. Department of Energy
through Ames Laboratory. Ames Laboratory is operated through
the U.S. Department of Energy by Iowa State University under
contract number DE-AC02-07CH11358.

A00967-01708
Bi-layer Ceramic Composite Components of
Different Porosity by PIM
Su Xia Zhang; Zi Yan Ong; Tao Li; Qing Fa Li;
Siew Fei Pook
Forming Technology Group, Singapore Institute of
Manufacturing Technology, Singapore
Multi-functional, layered and structured ceramic
components have been increasingly demanded by industry.
Examples are components for fuel cell applications which
require different porosity, dense and porous combination,
wear resistance and toughness combination. Traditionally,
manufacturing of these components must employ joining
methods such as glasses, metals and brazing. These
methods can work for certain applications but not for high
reliability joining strength especially for high temperature
applications as the bonding is either not possible or too
expensive. The bi-layer composite component made by
PIM is a novel way of processes which has good joining
interface and suitable for high temperature application. In
this paper, defect-free bi-layer components made by powder
injection moulding have been demonstrated. The ceramic
spinel materials of AR45 with coarse particle size and
AR20 with fine particle size are used. The microstructure
shows that continuously straight joining lines along
the interfaces of two materials are found. No crack and
delamination are observed in bi-layer components both
in cylindrical and rectangular shape. However, bending is
occurred in the rectangular shaped composite component
which is caused by shrinkage mismatch stress between two
materials during sintering process. The bending curvature
is closely dependent on sintering temperature and the
thickness ratio of two materials in each layer. The joint
bi-layer composite components have different porosity in
each layer sintered at lower temperature and porous/dense
combination sintered at high temperature.
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A00980-01838
Development of the Next Generation of Si, Ti, Nb
and Ta Precursors for Environmentally Benign
Synthesis of Nanophotoceramic Materials
Masato Kakihana1; Makoto Kobayashi1;
Yoshihito Suzuki1; Valery Petrykin1;
Koji Tomita2;1
1. Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University, Sendai, Japan
2. Department of Chemistry, Tokai University, Hiratsuka,
Japan
Synthesis of new generation of high performance nanoscaled photoceramic materials can not be performed by
the traditional methods relying on solid state reaction and
interdiffusion of solid components since high temperature,
needed for fabrication of materials, leads to a considerable
sintering and formation of grains beyond the acceptable size
range and with poor homogeneity. Advanced solution based
methods provide an obvious alternative to the solid state
reaction, and they have been widely used for preparation of
nanocrystalline materials in different systems. At the same
time environmental concerns and increasing significance of
the green chemistry synthetic strategies require utilization
of new non-toxic precursors compatible with neutral water
as a solvent. This objective is especially difficult to achieve
for Si and for the transition metals ions in their highest
oxidation state such as Ti, Nb and Ta due to the high
susceptibility of these cations to hydrolysis. Recently we
have developed a panel of new water soluble complexes of
these elements. The typical compound consists of a central
metal ion coordinated by a multidentate natural carboxylic
acid and by one peroxo group. Formation of five-member
rings and tight coordination of central ions together with
overall negative charge of the complex species hinder
hydrolysis and allows for application of these compounds
for synthesis as aqueous solutions. We developed a
highly selective hydrothermal synthesis of four TiO2
polymorphs, such as rutile, anatase, brookite and TiO2(B)
as single phase nano-crystalline products. By changing
conditions of hydrothermal treatment and utilization
of additives, it was possible to control morphology of
nanoparticles in the reproducible way. This development
allowed us to investigate photocatalytic properties of
different polymorphs of TiO2 and to study the effect of
morphology on the photocatalytic activity of titania. For
the first time it was demonstrated that pure brookite has
higher photocatalytic activity than widely used anatase
photocatalysts. Moreover, the photocatalytic activity
of rutile, usually considered as inactive material, can be
tremendously improved when it forms whiskers with large
fraction of (110) planes, and its activity may approach
one of the best commercial photocatalyst ST-01. The
newly developed complexes of Si, Nb and Ta were used
for synthesis of high performance fluorescent materials
such as (Y0.79Ce0.01Gd0.20)2SiO5, Zn2SiO4:Mn2+ or Ba2SiS4
by aqueous solution-based technologies. Preparation of
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phosphor materials with much higher homogeneity than
achievable by the conventional processing resulted in the
considerable improvement of fluorescent brightness. For
phosphor materials in particular, we developed an approach
for parallel synthesis of multicomponent oxides and sulfides
for efficient search for new materials and optimization of
their compositions. In this way a series of new phosphors
in CaxGayOz:Tm3+ and CaNbTiO:Eu systems having strong
blue and red emission were discovered. The new generation
of stable and water soluble Si, Ti, Nb and Ta precursors
opens multiple possibilities for the environmentally benign
synthesis of nanophotoceramic materials and development
of new materials with superior functional properties using
pure water as a solvent.
A01055-01831
Controlling the Fabrication of Nano-particles Using
Continuous Flow Spinning Disc Processing
Suk Fun Chin1; Karel Hartlieb1;
Swaminathan Iyer1; Martin Saunders2;
Colin Raston1
1. Centre for Strategic Nano-Fabrication, The University
of Western Australia, Western Australia, Australia
2. Centre for Microscopy, Characterisation and Analysis,
The University of Western Australia, Western Australia,
Australia
Spinning disc processing (SDP), is an instantaneously
scalable, continuous flow and high throughput flash nanofabrication technology. As an example, nano-particles of
silver can be prepared with remarkable control in size
(5 - 200 nm), shape (spheroidal, acicular or agglomerate
rosettes), surface characteristics, and phase (cubic versus
hexagonal), along with imparting defects for particles > 10
nm diameter. The control is associated with changing the
nature of the stabilising surfactant, including short strand
DNA, the concentration of the reactants, flow rates, speed
of the disc, and disc texture. Other nano-particles can be
fabricated using SDP, including Fe3O4 and ZnO, as well
as coating self assembled arrays of fullerene C60 with
silver, and decorating single wall carbon nano-tubes with
metal particles or coating them with metal (Ag, Pt, Au) at
the same time as slicing the carbon nano-tubes which is
associated with the intense shearing under SDP. SDP can
also be used to dis-assemble self organised systems such
as molecular capsules held together by a seam of H-bonds,
with re-assembly post SDP resulting in confining molecules
in the capsule space. The use of SDP in fabricating nanoparticles can address toxicology issues, scalability, effluent
treatment and hazardous work environment. SDP can also
be used to generate nano-particles for drug delivery.
Acknowledgement:
This work is supported by the Australian Research Council.

A01069-01860
Solution Processing of Functional
Nanowires, Nanotubes, and Thin Films

Oxides:

Nitin Padture
Department of Materials Science & Engineering, The
Ohio State University, Columbus/OH, United States
Functional properties, such as electrical-conductivity,
chemical-sensing,
ferroelectricity,
piezoelectricity,
optical-transparency, and magnetoresistance, of oxides are
influenced greatly by their size at the nanoscale. Oxides in
the form of heterojunction nanowires, all-oxide nanowires/
nanotubes, and continuous/patterned thin films provide
unique opportunities for studying size-effects on properties.
Furthermore, these nanoscale oxides may serve as building
blocks in the “bottom up” approach to creating multifunctional, densely-packed integrated circuits. In this talk,
novel oxide nanostructures and synthesis approaches will
be presented, together with results from characterization
of these oxide nanostructures. Results from oxidenanostructures device fabrication and functional-properties
measurements (electrical-conductivity, chemical-sensing,
ferroelectricity, piezoelectricity, optical-transparency,
magnetoresistance) will also be presented. Nanostructureproperty relations and potential applications of these novel
oxide nanostructures will be discussed.
A01124-01970
Synthesis and Properties of Nanoparticlemodified Polymers from Aqueous Solutions
Shamshiya Amerkhanova; Rustam Shlyapov;
Aitolkyn Uali
Chemistry, E.A. Buketov Karaganda State University,
Karaganda, Kazakhstan
Nanoparticles of noble metals possess special mechanical,
optical, electric, magnetic and other properties, and also
find potential applications in biology, optics, catalysis.
However, in a majority of cases obtained nanoparticles
are unstable. Immobilization of such nanoparticles on
the supports, such as polymer latex particles, alumina,
zeolite, carbon cages, and silica, to form appropriate
nanocomposites is of great interest. In current variety
of physical and chemical methods for the nanoparticles
obtaining, a «solution» synthesis is the most often used.
Technique of synthesis modified polymeric films consist
in hashing of aqueous solutions of AgNO3 and polyvinyl
alcohol with molecular weight (Mr=9188 g/mole) at the
presence of the agent (Na3Cit), as the reducing agent and
stabilizer simultaneously. Thus the degree of restoration
of silver ions depends on concentration citrate-anions, that
also is reflected in geometry of silver particles. The size
and form of the silver nanoparticles, formed at chemical
restoration of its cations in aqueous solutions of polyvinyl
alcohol, depend on affinity of polymer molecules to
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Ag+ ions, determining equilibrium structure of an
initial reactionary mix. The further restoration results in
consecutive formation of metal particles in a polymeric
grid.
A01124-02000
Solution Chemistry of 1-methyl-4-[diethylamido(4′-phenylthiazolyl -2′-amido) phosphono] Acetic
Aldehyde with Metal Ions of Biological Interest
Shamshiya Amerkhanova; Rustam Shlyapov;
Aitolkyn Uali
Chemistry, E.A. Buketov Karaganda State University,
Karaganda, Kazakhstan
Today researches of complex formation processes of
various organic compounds with metal ions are on a
new level for which the determining characteristic is
polyfunctionality or universality of organic substance,
including connection of reactionary ability with biological
activity, thermodynamic stability with a degree of linkage
of metal ions. It provides also practical application of these
compounds, hence, for understanding of deep processes of
biological and ecological character it is necessary to take
into account both structural and power features of various
systems. Presence in molecules of organic compounds of
atoms of phosphorus, nitrogen and sulfur causes their high
physiological activity, frequently resulting to decrease of
toxicity and also to display bronchilitic, antiviral, antiinflammatory, antineoplastic action. In work were used
water-organic solutions of CoCl2, ZnCl2, CuSO42-, NiCl2
and of 1-methyl-4-[diethylamido-(4′-phenylthiazolyl
-2′-amido) phosphono]acetic aldehyde. Stoichiometry
of solvent distilled water: ethyl alcohol was equal
[1:1]. Interaction of a preparation with d-metal cations
investigated at temperature 298-313 K by potentiometric
titration with the help of Cu2S, FeS2 electrodes. The
qualitative and quantitative estimation of complexing
abilities of a preparation in relation to transitive metal ions
was carried out. The optimum complexation conditions
were found and the stability constants of the metal
complexes were determined. Thermodynamic parameters
of formation reactions of complexes were calculated.
Influence of temperature on process of interaction of metal
ions with organic ligand is considered, and for 313 K
stability of complexes falls in follwinf order: Ni2+> Zn2
+> Co2+, and at 318 K opposite dependence was observed.
All above-stated speaks about prevalence of the enthalpy
contribution to Gibbs energy of hydration, reduction
of enthalpy to hydration, and, hence, and durability of
connection between a metal ion and solvent molecules
results in increase hydrated numbers. Thus, correlation
dependences between physical and chemical properties
of metal ions and thermodynamic parameters of complex
formation processes with phosphprous-containing ligands
were received.
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A01131-01939
Phosphonated Calixarene Tailoring of Very Small
Silver Nanoparticles
Karel Hartlieb1;2; Martin Saunders2;
Colin Raston1
1. Centre for Strategic Nano-fabrication, The University
of Western Australia, Crawley/WA, Australia
2. Centre for Microscopy, Characterisation and Analysis,
The University of Western Australia, Crawley/WA,
Australia
Calixarenes are a class of macrocycle formed by a
condensation reaction between a para-substituted phenol
and formaldehyde, and usually have a ring size between 4
and 8 monomer units. Replacing the p-substituents with
phosphonic acid groups renders these molecules water
soluble.
Phosphonated calixarenes template the formation of silver
nanoparticles with hydrogen as the reductant. Overall, this
is a simple and rapid synthetic procedure which adopts the
principles of green chemistry. Although silver cations
are easily reduced to the metal by numerous reductants,
reduction using hydrogen gas requires the presence of a
template, typically an anionic polymer. There are several
advantages to using hydrogen such as protons being the
only reaction byproduct, hydrogen can easily be added or
removed from the reaction, and hydrogen can essentially
be regarded as a renewable resource.
By heating a solution containing silver nitrate and
phosphonated calix[n]arene (n = 4, 5, 6, 8) with a pH = 9
- 12 to 70 – 90 oC and bubbling hydrogen gas, small silver
nanoparticles are formed. Average particle sizes range
from 2 – 15 nm depending on the ring size of the calixarene
present and pH. Given the ease of functionalizing
calixarenes, they are destined to be effective reagents for
stabilizing nanoparticles in general.
The authors acknowledge the facilities, scientific and technical
assistance of the Australian Microscopy & Microanalysis
Research Facility at the Centre for Microscopy, Characterisation
& Analysis, The University of Western Australia, a facility funded
by The University, State and Commonwealth Governments.

28

Symposium S - Novel Routes of Solution Processing
A01155-01988

Hydrothermal Growth of Well-aligned ZnO
Nanorod Arrays on Spinel (MgAl2O4) by using
Nanopattern Template
Hong Quang Le; Kia Liang Gregory Goh;
Soo Jin Chua; Jing Hua Teng; Ah Bian Chew;
Swee Kuan Lim
Institute of Materials Research and Engineering,
Singapore
Vertically aligned ZnO nanorods have a variety of
astonishing applications in electronics as well as
optoelectronic and electrochemical nano-devices. Growth
of aligned ZnO nanorods on spinel substrate has been
achieved at low temperature 900C by using hydrothermal
synthesis. Prior to the growth, ZnO seedlayer with the c-axis
texturing is epitaxially grown on the spinel substrate under
hydrothermal condition. A nano-pattern is then fabricated
on the ZnO seedlayer by using the interference lithography
method. By using this nanopattern, perfectly aligned ZnO
nanorods arrays could be grown with controllable size and
tunable pattern pitch. The crystallinity of the ZnO nanorods
characterized by the x-ray diffraction patterns shows the
strong (0002) diffraction peak. The optical properties of
the ZnO nanorods are significantly enhanced by using post
growth treatment methods which combine both thermal
treatment and plasma treatment. The photoluminescence
intensity of the UV emission peak is increased more
than 100 times after the post growth treatments. These
high quality well-aligned ZnO nanorods are suitable for
optoelectronic applications.
A01155-02061
Fabrication of Zinc Oxide Nanorods for Using in
Dye Sensitized Solar Cells
Swee Kuan Lim; Hong Quang Le;
Kia Liang Gregory Goh; Soo Jin Chua
Institute of Materials Research and Engineering,
Singapore
The Dye Sensitized Solar Cells (DSC) are promising devices
for inexpensive, large scale solar energy conversion. The
main part of this device is a thick nanoparticle film that
provides a large surface area for the adsorption of light
harvesting molecules. However, these nanoparticle DSCs
have limit device efficiency due to the trap limited diffusion
for electron transport. In order to overcome this issue, a
dense array of ZnO nanorods will be used to replace the
nanoparticle films. These nanorods were grown on ZnO
seed layer deposited on the ITO substrate by using the low
cost hydrothermal synthesis. In order to obtain high cell
efficiency, the nanorod array with high surface area (high
density and aspect ratio) and good quality are required. By
varying the growth parameters (chemical precursor, time,
temperature, pH) and adding polyethyleneimine (PEI) into

the growth solution, ZnO nanorods array with the aspect
ratio of 120 can be achieved. The quality of the nanorods
is also improved by using the post-growth treatment. The
crystalline and optical properties of the ZnO nanorods are
significantly enhanced by using both thermal treatment
and plasma treatment. The photoluminescence intensity of
the UV emission peak is increased more than 100 times
after the post growth treatments.
A01159-01978
Rational Hydrothermal Route to Functional Metal
Oxide Nanoparticles
Takaaki Taniguchi1; Tomoaki Watanabe2;
Masahiro Yoshimura1; Nobuhiro Matsushita1
1. Materials and Structures Laboratory, Tokyo Institute of
Technology, Yokohama, Japan
2. Department of Applied Chemistry, Meiji University,
Kawasaki, Japan
Recently, metal oxide nanoparticles with uniform shape
and narrow size distribution have found interesting uses in
advanced applications such as; chemiresistors, catalysis,
electroceramics, and in biological applications.
In order to tailor their physical and chemical properties,
the doping of metal oxides with various metal ions plays
a significant role due to the large influence on the crystal
structure and electronic properties. A number of chemical
approaches such as sol-gel, flame, and hydrothermal
methods have been employed for the preparation of
doped metal oxide nanoparticles. However, the resulting
nanoparticles are usually agglomerated in the sub-micron
size range and they are also not particularly dispersible in
most solvents due to the high surface energy of nanosized
particles. In order to overcome this drawback, thermal
decomposition methods have been intensively studied.
These methods can yield surfactant coated metal oxide
nanoparticles by non-hydrolytic condensation of metal salt
and/or metal-surfactant complex in an organic medium.
However, these routes cannot precisely control the chemical
composition. For example, the final chemical compositions
(Zr: Ti ratios) of the ZrO2-TiO2 solid solution synthesized
by thermal decomposition method significantly differ from
those of the precursors, owing to the higher reactivity of
titanium alkoxide and tetrachloride than the Zr reactants.
Therefore, the exploration of a novel synthetic route to nonagglomerated metal oxide nanoparticles with controlled
size- distribution and tailored chemical composition
remains an important task.
In the present study, an environmental-friendly and costeffective method has been developed to achieve the
synthesis of metal oxide nanoparticles with a controlled
size, surface, and chemical composition. The reaction
pathway to produce the oleate-passivated nanocrystals
can be described as follows. In the first step, the M
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(metal)-oleate complexes are formed by the addition of
a C17H33COONa aqueous solution to the Mn+ containing
solution. Subsequently, the Mn+ species are condensated by
the addition of precipitation reagent such as NH4(OH), and
finally leads to the formation of the oxydic nanocrystals.
In this step, it is possible to precipitate heterometal ions to
form solid solution with controlling the solubility of them.
Furthermore, the sizes of the nanocrystals are controllable
upon subsequent hydrothermal growth. During the overall
reaction involving the nucleation, crystallization and
growth processes, the products are dispersed by oleate
located at the terminal metal centers. Thus, final products
are highly dispersed in non-polar solvents. Here, we
demonstrate that this strategy is capable for the synthesis
of a wide range of functional materials such as catalytic
(Zr4+ doped CeO2) and magnetic (Fe3O4) nanoparticles.
A01164-03456
Flower-Shaped CuO Nanostructures Grown in
Solution: Structural, Photocatalytic and XANES
Studies
Mohammad Vaseem; Ahmad Umar; Sang Hoon Kim;
Yoon Bong Hahn
School of Semiconductor and Chemical Engineering,
Chonbuk National University, Jeonju, South Korea
Flower-shaped CuO nanostructures consist of triangularshaped leaves, having sharpened tips with the wider bases,
have been grown by the simple solution process at 100 °C
using copper nitrate, NaOH, and hexamethylenetetramine
(HMTA) for 3 h without the use of any complex reagents.
Detailed structural observations exhibited that the flower
shaped nanostructures are monodispersed in large quantity
and exhibit the nanocrystalline nature with monoclinic
structure. The flower-shaped morphologies are strongly
dependent on the concentration of HMTA, presence
or absence of NaOH and HMTA, and reaction time. In
addition, the photocatalytic activity of the nanostructures
was evaluated by examine the degradation of methylene
blue. The photocatalytic property of the as-grown structures
was probably due to the recycling of Cu1+ ion under light
on the CuO interface and large surface area of the flowerlike moieties. The XANES studies revealed that properties
of as-synthesized products are closer to that of CuO, rather
than those of Cu metal and Cu2O.
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A01164-03458
Synthesis and Characterization of ZnO/NiO
Composite Nanoparticles via Solution Process
Mohammad Vaseem; Dong Min Hong;
Yoon Bong Hahn
School of Semiconductor and Chemical Engineering,
Chonbuk National University, Jeonju, South Korea
Materials with nanometer size particles exhibit unique
chemical and physical properties. In particular,
nanocomposite materials composed of nanometric
metal and metal oxide particles embedded in vitreous
matrices, present a variety of interesting magnetic,
electric, and catalytic properties. We have reported, ZnO/
NiO composite nanoparticles prepared by using solution
process. The precursor of as synthesized composite
material was firstly mixed via solution process with
assistance of ultrasonication, and then by high temperature
calcinations at 450 oC were produces uniform 10-30 nm
ZnO/NiO composite nanoparticles. To check the effect of
calcinations on as synthesized composite products, we have
performed several experiment based on timed calcinations
i.e. 1h, 2h, and 3h. Interestingly, we have found that
timed calcinations have a prominent effect on size and
aggregation of as synthesized composite nanoparticles.
The ration of NiO and ZnO in ZnO/NiO composite
nanoparticles was confirmed by EDS spectra. Various
analysis techniques such as FESEM, X-ray diffraction
pattern (XRD), FTIR, UV-Vis, high-resolution TEM and
TGA/DTA were employed to investigate the structural and
optical properties of the as-grown composite ZnO/NiO
nanoparticles in detail.
A01169-01999
Epitaxial Growth of ZnO Nanorods on Spinel
Substrate by using Hydrothermal Synthesis
Laura-Lynn Liew; Hong Quang Le;
Gregory Kia Liang Goh; Soo Jin Chua
Institute of Materials Research and Engineering,
Singapore
Growth of well-aligned ZnO nanorods on spinel (111)
substrate has been investigated using hydrothermal synthesis
at 90oC. The nanorods have been epitaxially grown on the
spinel surface without using any seedlayer, having diameter
of 100 nm and high density (109 /cm2). High resolution
x-ray diffraction shows epitaxial ZnO nanorods with out
of plane orientation of ZnO <001>||MgAl2O4 <111> and
in-plane orientation of ZnO [110]||MgAl2O4 [-1-12] and
ZnO [-11-]||MgAl2O4[-110]. The photoluminescence (PL)
spectrum of as-grown ZnO nanorods presents a strong
UV emission peak at 3.28eV and a relatively weak deep
level emission peak at 2.10 eV. Systematical studies of the
effect of the growth parameters (precursor concentration,
growth temperature, pH, growth time) on the ZnO surface
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morphology and nanorods density have also been carried
out in order to understand the growth mechanism and
well-control the ZnO hydrothermal growth. By adding
the polyethylenimine (PEI) into the solution, the aspect
ratio of the ZnO nanorods can be varied up to 120. These
nanorods with high aspect ratio will be useful for single rod
characterization and nanostructure based dye sensitized
solar cell applications.
A01176-02012
Effects of Post Growth Treatments on the
Hydrothermally Epitaxied KNbO3 Thin Films
Albertus Denny Handoko; Gregory K. L. Goh
Materials Growth, Institute of Materials Research and
Engineering, Singapore
I:V perovskites especially KNbO3 (KN) is a promising
material class for applications such as optical waveguiding, frequency doubling, holographic storage and
surface acoustic wave devices due to the spontaneous
polarization it develops when it undergoes a series of
structural transitions during cooling. Epitaxial KN films
growth became popular since it is very difficult to grow
large, crack-free, single-domain crystals KN crystal. While
current methods for producing heteroepitaxial KN require
processing temperatures above 700°C and high vacuum
and/or metalorganic precursors, hydrothermal epitaxy
is a cost effective process that utilizes aqueous chemical
reactions that occur at low temperatures (≤200°C) to
form heteroepitaxial thin films on structurally similar
single crystal substrates. Here the electrical properties
of hydrothermally epitaxied KN films are studied and
presented. Proton related defects were detected via
deuterium labeling and different post growth treatments
were explored. It was found that a combination of oxygen
plasma treatment and thermal annealing was effective
in eliminating proton related defects and significantly
improving the properties of as grown epitaxial KN films.

A01192-02050
Time-varying Characteristic in Template Removal
from Single Crystal Mesoporous Silica by Solution
Plasma
Panuphong Pootawang1; Nagahiro Saito1;2;
Osamu Takai1;3
1. Materials, Physics and Energy Engineering, Nagoya
University, Nagoya, Japan
2. Molecular Design and Engineering, Nagoya
University, Nagoya, Japan
3. EcoTopia Science Institute, Nagoya University, Nagoya,
Japan
Solution plasma process, SPP, was firstly investigated
for eliminating the organic template in single crystal
mesoporous silica synthesis under controlled SPP
conditions. In this present study, ternary surfactants
system containing tri-block copolymer (P123), sodium
dodecylbenzene sulfonate (SDBS) and 1, 1, 2, 2, 3, 3, 4, 4,
4-nonafluoro-1-butane sulfonate (NFBS) was successfully
used to prepare single crystal mesoporous silica in the
spherical shape under strong acid conditions via simple
sol-gel method. To study the efficiency of SPP, the pH of
SPP solutions and the discharging time were scientifically
evaluated as a function of the acid-synthesized solutions.
The mesopore structures of obtained mesoporous silica
particles were dependent on the acid-synthesized solutions.
The disordered worm-like structure was transformed to
the ordered 2D hexagonal structures by decreasing the
acid-synthesized solutions. Evaluation on the pH of SPP
solution dependence was achieved that the degrees of
template removal in acid and base solutions were clearly
higher than those of template removal in neutral solution.
Furthermore, the percentage of template removal also
depended on the discharging time by comparing in term
of BET surface area. It was found that as the increasing of
the discharging time, BET surface area tended to increase
to reach the optimum point around 11 min of such time
and then it was not significant when the discharging time
increased.
A01247-02300
Solution Driven Kinetics of 1.13 nm Tobermorite:
An In-situ Neutron-diffraction Study under
Hydrothermal Conditions
Thomas Fehr; Saskia Bernstein
Department of Earthsciences, Ludwig-Maximilians
Universitat, Munich, Germany
Calcium-Silicate-Hydrates (CSH-phases) are formed
during the hydrothermal treatment (autoclaving) of ground
quartz sand, quicklime and water to produce steam cured
building materials. 1.13 nm tobermorite is the predominant
CSH-phase in aerated autoclaved concrete with semicrystalline phases as minor components. At common
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conditions (190°C/Psat) tobermorite is formed metastable
and therefore kinetics play an important role for its
formation process. There has been a lot of work in this
field aimed at understanding the formation mechanisms
and growth kinetics of CSH-phases. Neutron diffraction
has the capacity to collect data of the reaction progress
under hydrothermal conditions in-situ. A hydrothermal
autoclave cell (HAND) was recently designed to enable
time-resolved neutron diffraction analyses (1 minute)
of the dynamic processes during the hydrothermal
reactions. In contrast conventional quenching kinetic
experiments reveal the disadvantage of missing data for
the early evolution of phases in time and have prevented
a quantitative kinetic description so far. Tobermorite
can substitute Al for Si on octahedral sites at the silicate
dreierketten unit and. The amount of Al-substitution
depends strongly on temperature.
Experiments were performed in the temperature range
from 170 up to 210°C under saturated steam pressure in the
system CaO-SiO2-D2O and CaO-SiO2-Al2O3–D2O within a
time-range of up to 12 hours. As initial materials mixtures
of CaO, C3A and natural quartz, revealing different grain
sizes were used. The experiments were designed to
examine in-situ the hydrothermal hardening of lime-silica
based samples in the vapour phase and not in suspension.
The experiments were carried out at the neutron source
of ILL at Grenoble. The time-resolved neutron diffraction
pattern were taken on D20 instrument within the range
of 8° to 153.6° 2-θ at λ = 2.4 Å to allow the analysis of
d-spacing up to 11.3 Å, where the basal (002) reflection of
the evolving tobermorite is expected.
In all experiments the amount of quartz, displaying grain
sizes of 16 µm and 35 µm decreases with time. The fraction
of poorly crystallized CSH-phases rises to a maximum and
decreases with the time by continuous crystallisation of 1.13
nm tobermorite. Tobermorite is not formed initially but by
the reaction of poorly crystallized CSH-phases with quartz.
The precursor CSH-phases are more Ca-rich and vary in
their Ca/Si in the range of 1.1 to 1.3. The mechanism of
the reaction can be described by the reaction conversion of
quartz and display a non-isokinetic behaviour. In the early
stage of the hydrothermal hardening process the reaction
is determined by the solution of quartz and changed to a
diffusion controlled mechanism. A second change leading
to a solution controlled mechanism occurs at durations
as low as 3 h depending on temperature, grain size of
quartz and Al-content. By applying the in-situ data and
recalculating former quenching experiments in terms of an
Avrami equation, a non-isokinetic process gets obvious.
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A01348-02357
Modified Sol-gel Synthesis and Characterization
of Nano-sized Titanium Dioxide: Its Photocatalytic
Performance
Natda Wetchakun1;2;3; Sukon Phanichphant1;2
1. Nanoscience Research Laboratory - Department of
Chemistry, Chiang Mai University, Chiang Mai, Thailand
2. Nanotec Center of Excellence, Chiang Mai University,
Chiang Mai, Thailand
3. Department of Physics, Chiang Mai University, Chiang
Mai, Thailand
Nano-sized TiO2 particles were synthesized with high purity
from titanium tetraisopropoxide in nitric acid solution by
the modified sol-gel method using cellophane membrane.
This solution was loaded into a pouch type cellophane
membrane and placed in a clear solution containing EDTA
solution and 0.5-1.0 % concentrated ammonia solution for
1h. After the completion of the dialysis process (1h), the
resulting powers were washed with deionized water, dried
at 80°C for 48h and calcined at temperatures between
400-800°C for 3h. This process demonstrated good
reproducibility for synthesis of nano-sized TiO2. Moreover,
the use of cellophane membrane pouch eliminated the
cumbersome steps such as conventional precipitate
filtration, and improved ability to obtain uniform small
particles size, and facilitated the production of high purity
products. Phase transformation and crystalline structure
of the calcined TiO2 samples were derived from X-ray
diffraction analysis. The morphology and crystalline
size of the powder were characterized by transmission
electron microscopy (TEM). The Brunauer, Emmett and
Teller (BET) adsorption-desorption of nitrogen gas for
specific surface area determination at the temperature
of liquid nitrogen was performed on TiO2 samples. The
nano-sized TiO2 calcined at 400°C for 3h possessed the
highest specific surface area of 97 m2/g. The crystallite
sizes of TiO2 increased from 15 nm at 400°C to 50 nm at
600°C. The transformation temperature for the anatase to
rutile was found between 500-600°C. The photocatalytic
activities of nano-sized TiO2 were evaluated by studying
the mineralization of sucrose, phenol, oxalic acid, formic
acid, and methanol under visible light irradiation. Under
visible light irradiation, it was found that nano-sized
TiO2 synthesized at the calcination temperature 600°C
for 3h showed the highest photocatalytic activity for the
mineralization of all organic compounds as compared to
TiO2 calcined at other temperatures and commercial TiO2
(Degussa P-25).
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A01384-02472

A01426-02468

Synthesis, Optical Properties of Zinc Oxide
Nanoparticles by Sonochemical Method

Synthesis and Characterization of Visible Light
Active Nano-sized Fe-doped TiO2 Photocatalysts

Pimjai Saengkwamsawang1;
Samuk Pimanpaeng2;
Vittaya Amornkitbamrung2; Santi Maensiri1;2
1. Physics, Small & Strong Materials Group (SSMG) Khon Kaen University, Khon Kaen, Thailand
2. Physics, Integrated Nanotechnology Research Center
(INRC) - Khon Kaen University, Khon Kaen, Thailand

Sukon Phanichphant1;3; Natda Wetchakun2;3
1. Chemistry, Chiang Mai University, Chiang Mai,
Thailand
2. Physics, Chiang Mai University, Chiang Mai, Thailand
3. NANOTEC Center of Excellence, Chiang Mai
University, Chiang Mai, Thailand

ZnO nanoparticles were synthesized by a simple
sonochemical method in a solution of 1.56 M NaOH for
2-5 h. The prepared ZnO nanoparticles were characterized
by XRD, SEM, TEM, UV-visible absorption and
photoluminescence. The XRD results confirmed the
formation of ZnO crystal in hexagonal structure having
the lattice parameter a and b in the ranges of 0.32484 –
0.32497 nm and 0.52028 – 0.52046 nm, respectively. The
packing ratio of wurtzite structure (c/a) in was in the range
of 1.6010 – 1.6019. TEM investigation revealed that the
prepared ZnO samples consist of nanorods, nanosheets
and nanospheres having the particles sizes in the range
of 80 – 300 nm. The corresponding selected-area electron
diffraction (SAED) analysis confirmed the formation of
ZnO crystals in agreement with the XRD results. UVvisible spectroscopy showed the UV absorption at around
2.92 eV and the estimated optical energy band gaps
were in the range of 3.15-3.23 eV. Room temperature
photoluminescence spectra of the ZnO samples showed the
strong PL emission in the UV region with a green emission
band at ~ 530 nm, a weak blue green band at ~ 485 nm,
a weak UV band at ~ 422 nm, a strong UV luminescence
broad band at ~ 397 nm, and a strong UV luminescence
band ~ 385 nm, which indicated their high structural and
optical qualities.
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Nano-sized Fe-doped TiO2 samples with different
amounts of iron doping (1.0- 5.0 at.%) were synthesized
by impregnation method. Phase composition, crystallinity,
crystal size and morphology of nano-sized Fe-doped
TiO2 were examined by X-ray diffraction (XRD) and
transmission electron microscopy (TEM). The Brunauer,
Emmett and Teller (BET) adsorption-desorption of
nitrogen gas for specific surface area determination at the
temperature of liquid nitrogen was performed on nano-sized
Fe-doped TiO2. The elemental composition and oxidation
state of elements were investigated by X-ray photoelectron
spectroscopy (XPS). The crystalline size of 2.0 at.% of
Fe-doped TiO2 was found to be in the range of 15-20
nm with BET specific surface area of 97 m2/g. UV-Vis
absorption studies showed significantly enhanced red-shift
in UV-Vis absorption spectra with an increased amount of
iron. The complexation of Fe-oxalate was determined by
using Fourier transform infrared spectroscopy (FTIR). The
photocatalytic activity of nano-sized Fe-doped TiO2 was
examined by studying the mineralization of oxalic acid
under visible light irradiation. It was found that 2.0 at.% of
Fe-doped TiO2 showed the highest photocatalytic activity.
All nano-sized Fe-doped TiO2 showed higher activity than
Degussa P25 and bare TiO2.
A01426-02608
Synthesis of WO3/ ZnO Nanocomposites by Flame
Spray Pyrolysis for Use as Photocatalyst
Sukon Phanichphant1; Natda Wetchakun2;
Chawarat Siriwong3
1. Chemistry, Chiang Mai University, Chiang Mai,
Thailand
2. Physics, Chiang Mai University, Chiang Mai, Thailand
3. Nanoscience and Nanotechnology Program, Graduate
School, Chiang Mai University, Chaing Mai, Thailand
ZnO is an n-type semiconductor that has attracted much
attention with respect to the degradation of various
pollutants due to its high photosensitivity and stability.
Flame spray pyrolysis (FSP) is a very promising technique
for synthesis of high purity nano-sized materials with
controlled size and crystallinity in one step. FSP was
employed to synthesize the pure ZnO and tungsten trioxide
(WO3)-doped ZnO nanocomposites containing 0.25, 0.50,
0.75 and 1.0 mol% WO3. WO3 is one of the most versatile
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and most widely applied as catalytic metal oxide. Precursor
solutions of zinc naphthenate and tungsten ethoxide in
absolute ethanol were sprayed and combusted, resulting
in crystalline and nanostructured particles. The crystalline
phase, morphology and size of the nanoparticles were
characterized by X-ray diffraction (XRD) and transmission
electron microscopy (TEM). The specific surface area of
the nanocomposites was measured by nitrogen adsorption
(BET analysis). The ZnO nanocomposites were observed
as particles having the clear spheroidal, hexagonal and
rod-like morphologies. The crystallite sizes of ZnO
spheroidal and hexagonal particles were in the range of
5-20 nm. ZnO nanorods were found to be ranging from
5-10 nm in width and 10-25 nm in length. The optical
properties of ZnO samples were evaluated in term of UVVis absorption spectra. The photocatalytic activity of ZnO
samples were investigated by UV-induced degradation of
methanol, glucose and sucrose in aqueous solutions. The
experiments were carried out in a spiral photoreactor.
The light was provided from the middle of the spiral
photoreactor by NEC black light blue 20 W (T10) without
filter, its strongest emission light is with wavelength of 360
nm.The results showed that the photocatalytic activity of
all WO3-doped ZnO nanocomposites were better than that
of pure ZnO nanoparticles. In addition, 0.5 mol% of WO3doped ZnO nanocomposites showed the fastest response to
the degradation of methanol, glucose and sucrose.
A01438-02498
Microbial Synthesis of Gold Nanoparticles and
Nanoplates Using the Metal -reducing Bacterium
Shewanella Species
Takashi Ogi; Norizoh Saitoh; Yasuhiro Konishi
Chemical Engineering, Osaka Prefecture University,
Sakai, Japan
Noble metals nanoparticles can be applied to a wide range
of functions such as catalysis, optics and biosensing.
The optoelectronic and physicochemical properties of
nanoparticles are strongly correlated to particle shape as
well as particle size.
In this study, microbial synthesis of gold nanoparticles and
nanoplates were achieved at room temperature using the
cell extract from Fe(III)-reducing bacterium Shewanella
algae and other Shewanella species. Resting cells of
Shewanella species and the cell extracts prepared by
sonicating a suspension of Shewanella cells were capable
of reducing 1 mol/m3 aqueous Au(III) ions into elemental
gold within 10 min when H2 gas was provided as the
electron donor.
The reaction time was found to be an important factor in
controlling the morphology of biogenic gold particles.
At an early stage of reaction, well dispersed spherical
gold nanoparticles about 10 nm in size were synthesized,
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and gold nanoplates with the edge of 100 nm started
to synthesize after 6 h. After 1 day, 60% of the total
nanoparticle population using the cell extracts was due to
gold nanoplates, and was markedly higher than that using
the resting cells.
The morphology, crystallite structure, and chemical
component of the biogenetic particles were characterized
by high resolution transmission electron microscopy,
selected area diffraction, and STEM equipped with energy
dispersive spectroscopy in detail. The absorption peak of
the suspension of gold particles was also investigated to
clarify the size and morphology of the biogenetic gold
particles.
The bioreductive synthesis of gold nanoparticles and
nanoplates is potentially attractive as an environmentally
friendly alternative to conventional methods.
A01477-02592
Bonding of Gold
Nanostructures

Nanoparticles

on

ZnO

P. M. Aneesh; K. A. Vanaja; M. K. Jayaraj
Department of Physics, Cochin University of Science and
Technology, Kerala, India
Metals and semiconductors with dimensions in the
nanometer realm are important because their electrical,
optical and chemical properties can be tuned by changing
the size of particles. Various physical and chemical methods
have been used for the synthesis of these nanostructures. In
the present study, we report the growth of gold nanoparticles
synthesized by liquid phase pulsed laser ablation (LP-PLA)
method on hydrothermally synthesized nanostructures.
Gold nanoparticles were structurally and optically
characterized by transmission electron microscopy (TEM),
UV- Vis absorption studies. These gold nanoparticles were
attached to ZnO nanostructures by hydrothermal method.
These nanostructures were structurally characterized by
x-ray diffraction (XRD) and TEM and optically by diffuse
reflectance spectroscopic (DRS) studies. XRD pattern and
TEM image shows the formation of ZnO nanostructures.
The surface plasmon resonance at 540 nm in the absorption
spectra corresponds to the gold nanoparticles and the
absorption at 356 nm corresponds the band edge of ZnO.
The blue shift in the band gap of ZnO nanostructures is
due the quantum confinement effects.
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A01499-03848

Nanocoating Fe2O3 Powders with a Homogeneous
Thin ZrO2 Shell
Yanfeng Gao1; Feng Zhao1;2; Hongjie Luo1
1. Shanghai Institute of Ceramics (SIC), Chinese
Academy of Sciences (CAS), Shanghai, China
2. Graduate University of Chinese Academy of Sciences,
Beijing, China
Coated particles on the scale from nanometer to micrometer
have attracted intensive research interest because of the
variety of potential or practical applications in different
fields, such as food, cosmetic, drug, energetic materials,
and so on. The high activity of nanoparticles makes some
of them unstable in air or some specific circumstances.
Changes such as oxidization, aggregation and/or
decomposition usually occur. For satisfying applications,
the surface modification of these nanoparticles is
required to tailor their surface chemistry, so that they
can have requisite properties, such as anticorrosion,
antioxidization, antireduction, dispersivity, solubility and
colloidal stability. We present in this talk several facile
solution processes that have been developing in our group
to prepare zirconia-coated hematite particles (Fe2O3@
ZrO2) in solution. We discuss the control of thickness,
morphology and crystalline properties in respect of the
solution and precursor chemistry.
Acknowledgments:
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A01509-02631
Fabrication of Crystallized ZnO Film with Dense
Columnar Structure at 90°C by Spin-spray
Technique
Hajime Wagata; Nobuhiro Matsushita
Materials and Structures Laboratory, Tokyo Institute of
Technology, Yokohama, Japan
Zinc oxide (ZnO) is drawing lots of attentions as
functional ceramics, because it is a direct and wide bandgap semiconductor material applicable for optoelectronics,
transparent electronics and sensor applications. Many
kinds of dry processes, reactive rf magnetron sputtering,
electron beam evaporation, laser ablation, and metalorganic chemical vapor deposition and wet ones, spraypyrolysis, sol-gel process, hydrothermal, and chemical
bath deposition are intensively investigated to prepare
ZnO films/nanorod arrays. Solution routes are desirable
to prepare ZnO films due to texture engineering with
controllable crystal growth and working efficiency at low

temperature. Above all, ZnO nanorod/nanoneedle arrays
have attracted much attention recently, however, little work
has been done to prepare ZnO films with dense structure.
Among the solution routes, we regarded that the spin-spray
technique, which is one of solution processes, is foremost
to prepare such ZnO films. Spin-spray technique has been
mainly investigated for the preparation of spinel ferrite
films exhibiting a well-developed columnar structure
with a very high deposition rate (> 50 nm/min) and good
magnetic properties comparable with that of the bulk. In
this technique, the reaction and oxidizing solutions are
simultaneously sprayed and mixed onto spinning substrates
at an elevated temperature (< 100°C) to form oxide films,
which are highly crystallized even without post-deposition
heat treatment.
In, the present study, the ZnO films were prepared by spinspray technique using a reaction solution containing 10
mM of Zn(NO3)2 and an oxidizing solution containing 7.5
mM of trisodium citrate and 0.59, 0.89, 1.2, and 2.2 M of
ammonium solutions. They were sprayed simultaneously
at the supplying rate of 50 mL/min onto the substrate fixed
on spinning table keeping the temperature at 90°C. The
crystal structure and orientation were characterized by
X-ray diffraction (XRD) and the film morphologies were
observed by scanning electron microscope (SEM).
All ZnO films exhibited dense columnar structures with
the diameter of 400 to 700 nm. The thicknesses of the
films were about 2 µm, attaining very high deposition
rate of 70 nm/min. In addition, the crystallite orientation
in the films was controllable by varying the concentration
of ammonium solution. The XRD diagram suggested that
ZnO films grown in low ammonium concentration had
(101) or (100) orientation while (002) orientation in high
ammonium concentration.
It was found that the spin-spray technique enables the
preparation of ZnO films with a dense columnar structure
and their crystallite orientation was controllable by
changing the deposition conditions such as ammonium
solution concentration and additives.
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A01536-04340
Synthesis and Optical Properties of PVP/PVA
Capped Silver Ion Doped Cadmium Sulphide
Nanocrystals
Saravanan Lakshmanan1; Raghavan C. M. R.2;
Jayavel Ramasamy1; Pandurangan A.3
1. Centre for Nanoscience and Technology, Anna
University Chennai, Chennai, India
2. Crystal Growth Centre, Anna University Chennai,
Chennai, India
3. Institute for Catalysis and Petroleum Technology, Anna
University Chennai, Chennai, India
Ag2S and Ag2Se have been used in photovoltaic
cells, electrochemical storage cells, IR detectors, and
photoconductors. CdS with band gap 2.42 eV is one of
the attractive materials in photoconducting cells and
optoelectronic device applications. In the present work,
Effect of silver ion on CdS nanocrystals and its optical
properties has been investigated. Silver doped Cadmium
sulphide (Ag0.02Cd0.98S) nanocrystals have been synthesised
with polyvinyl pyrrolidone (PVP) and poly vinyl alcohol
(PVA) matrix as surfactants. The method makes possible
by the fact that both Ag+ and Cd2+ are fast diffusers in CdS.
The concentration of AgNO3 controls the number of Ag+
cations and therefore defines the fraction of Cd2+ cations
to be exchanged. An excess of Ag+ cations results in
complete conversion of the CdS into Ag2S.
Silver nitrate AgNO3, Cadmium acetate Cd(Ac)2 was used
as a metal ion precursor with two different sulfur sources
(Sodium sulfide Na2S and thiourea). The morphological
and elemental analyses of synthesised nanocrystals
have been performed using SEM and EDAX. A powder
X-ray diffraction pattern reveals that the samples were
in the nanoscale range of ~10 nm. The bandgap value
of the silver doped cadmium sulfide (Ag0.02Cd0.98S) was
calculated using UV-reflectance spectrophotometer.
Surface area was estimated using BET surface analysis.
Fluorescence spectra were compared for both the samples
and the emission was observed in the visible region and
the results were discussed.
A01581-02756
Self-organized TiO2 nanostructures (nanotubes,
nanobamboo, nanolace): Formation, Properties,
Applications
Patrik Schmuki
Dept for Material Science, University of ErlangenNuremberg, Germany
The presentation demonstrates approaches to achieve
electrochemical fabrication of self-organized high aspect
ratio titanium oxide nanotube layers. Key to obtain highly
defined tubes is an optimized and controlled anodization
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of titanium in fluoride containing solutions. In general,
the morphology of the tubular layers is affected strongly
by the electrochemical parameters such as solution
pH and anodization voltage. By optimizing the local
electrochemical conditions within the tubes, layers
consisting of highly ordered TiO2 nanotubes with a length
of several 100 micrometers can be grown on Ti surfaces.
The diameters that can be obtained range from 20 nm to
200 nm with typical wall thicknesses in the range of 1020 nm. Titanium oxide is a highly functional material that
has, for example, interesting semiconductive or surface
cataytic properties and therefore a high potential for
technological exploitation. The talk will address a number
of (potential) applications of the TiO2 nanotube layers
in solar energy conversion, catalysis of decomposition
of organic compounds (self-cleaning), wettability and
biocompatibility.
A01641-02876
Formation of Calcium Titanate Layer on Tibased Bulk Metallic Glass by Hydrothermalelectrochemical
Method
for
Biomedical
Application
Rieko Ito1; Naota Sugiyama1; Takeshi Wada2;
Xinmin Wang2; Masahiro Yoshimura2;
Akihisa Inoue2; Nobuhiro Matsushita1
1. Materials and Structures Laboratory, Tokyo Institute of
Technology, Japan
2. Institute of Materials Resarch, Tohoku Univercity,
Japan
Ti-based Bulk Metallic glass (BMG) without toxic elements
(Ni and/or Be) is a promising material for dental implant
because of their excellent mechanical properties such as
high specific strength, low young’s modulus and high
elastic limit comparing with conventional titanium and
titanium-based alloys. However, the BMG is not bioactive
due to their high corrosion resistance or chemical stability.
Therefore, it cannot be directly joined to human bone. To
solve such a problem and to offer a biocompatibility, the
surface modification on the BMG has to be investigated.
The calcium titanate layer has been practically used as
a bioactive ceramic for coating on titanium implants. It
could increase osteoblast adhesion on hydroxyapatite,
which is main component in human bone, and enhance
implant efficiency. Up to now, various surface modification
techniques has been developed for joining ceramic/
metallic materials, such as CVD, sputtering, Plasma spray
and thermal decomposition. However, utilization of high
temperature and/or vacuum condition in the conventional
approaches cause mechanical and thermal stresses
accumulations, which frequently results in the crack
formation at the bulk ceramic and/or interface between
ceramics/metal under cooling steps. Furthermore, the
high temperature, employed in these methods, potentially
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crystallizes BMG to seriously decrease their excellent
mechanical properties. Therefore, a low temperature
method is highly requested for the surface modification of
the BMG.
In the present study, we demonstrate fabrication of
bioactive calcium titanate layers on the Ti40Zr10Cu36Pd14
BMG by using the hydrothermal-electrochemical method.
The previous studies demonstrated that electrochemical
and thermal reaction at hydrothermal condition allows the
dissolution of metal components from the metal substrate
and precipitate the metal oxides to form crack free ceramic
layer on the surface bellow 200oC. Thus, this method is
applicable for a ceramic coating on the BMG at low
temperature.
In the processing, Ti40Zr10Cu36Pd14 BMGs were
potentiostatically treated in the electrolyte of 3.0 mol/L
NaOH and excess Ca(OH)2 aqueous solution at 433K for
0-4 hours, where the BMG and platinum substrate was
acting as working and counter electrodes, respectively.
A constant potential of 1.0V was applied between the
electrodes and by controlling reference electrode (Ag/
AgCl in 0.1M KCl). SEM and XRD analyses revealed
that the formation of homogeneous CaTiO3-based layer
(thickness = 4µm) on BMG surface and no crystallization
of the BMG after the hydrothermal-electrochemical
treatment. Assessment of the bioactivity using Simulated
Body Fluid (SBF) solution shows that the BMG modified
with calcium titanate layer was completely covered with
bone-like hydroxyapatite, while as-received BMG was
not reacted with SBF solution. These results suggested
that calcium titanate modified BMG exhibit a potential for
biomedical applications.
A01655-03373
Free-Standing Nanocomposite Multilayers with
Various Length-scales, Adjustable Internal
Structures and Functionalities
Seryun Lee; Bokyoung Lee; Jinhan Cho
School of Advanced Materials Engineering, Kookmin
University, Seoul, South Korea
We introduce an innovative and robust method for the
preparation of nanocomposite multilayers, which allows
accurate control over the placement of functional groups
as well as the composition and dimensions of individual
layers/internal structure. By employing photo-crosslinkable
hydrophobic polymers, nanocomposite multilayers were
prepared by an efficient photo-crosslinking layer-bylayer process, without perturbing underlying layers and
nanostructures. The thickness of individual layers could
be controlled from a few to hundreds of nanometers
producing highly ordered internal structure and the
resulting nanocomposite multilayers, consisting of
polymer and inorganic nanoparticles, exhibit a variety of

interesting physical properties. These include prolonged
photoluminescent durability, facile color tuning, and the
ability to prepare functional free standing films that can have
the one-dimensional photonic band gap and furthermore
be patterned by photolithography. This robust and tailored
method opens a new route for the design of functional film
devices based on nanocomposite multilayers.
A01718-02998
Thermodynamical Properties of Half Doped
OrthoManganites
R. K. Singh
School of Basic Sciences, MATS University, Raipur, India
This paper investigates the thermodymical properties of
half doped perovskite orthomanganites Nd0.5 (Ca, Sr)0.5
MnO3 using an extended rigid ion model (ERIM) by Singh.
These doped manganites have potential technological
applications in magnetic sensors, computer hard drive
reader, logic devices, magnetic refrigeration etc. and
exhibit the fascinating physical phenomena, such as the
colossal magnetoresistance (CMR), metal-insulator (MI)
and charge ordering (CO). The CMR, electronic, transport
and magnetic behaviours of the doped manganites R1A MnO3 depend on the concentration of Mn+4 ions which
x x
are created by the substitution of trivalent R (=La, Pr, Nd,
Sm, Eu, Gd, Dy, Ho) ions with divalent A(=Ca or Ba or
Sr) ions. The effective interaction potential of the ERIM
consists of the long-range Coulomb and the short-range
overlap repulsion operating upto the second neighbour
ions and van der Waals (vdW) attraction due to the dipoledipole interactions. This ERIM has been applied, probably
for the first time, to the specific heats (C(T)), cohesive
energy and Debye temperatures of the present system of
(Ca/Sr) doped NdMnO3. The computed results obtained
from ERIM have been found to be in fair agreement
with the observed depict the temperature dependence of
specific heats (C(T)) of Nd0.5 (Ca, Sr)0.5 MnO3 manganites
at low temperatures. The calculated specific heats increase
systematically with the temperature and follow the same
trend as is exhibited by the experimental results measured
from the quantum design PPMS calorimeter by Lopez
et.al. in the temperature range 10 K ≤ T ≤ 300 K in both of
these half doped orthomanganites. The model ERIM has
adequate potential to explain the cohesion, mechanical,
thermodynamical and other related properties of the rareearth doped members of the novel family of perovskite
orthomanganites.
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A01719-02999
Transport
Properties
Magnetoresistant Material

of

Colossal
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A01725-03020
Rational Control
Nanocavities

of

Openings

in

Polymer

Renu Choithrani; N. K. Gaur
Department of Physics, Barkatullah University, Bhopal,
India

Li Huey Tan; Hongyu Chen
Division of Chemistry and Biological Chemistry,
Nanyang Technological University, Singapore

This paper reports the transport properties of colossal
magnetoresistant (CMR) TmMnO3 using the modified rigid
ion model (MRIM). TmMnO3 exhibits orthorhombically
distorted perovskite structure with space group pbnm and
four formula units per unit cell with four 3d electrons: three
t2g and one eg electrons showing marked CMR effect. The
perovskite materials is of recognized importance, owing to
the development of new materials designed for different
potential technological applications, such as ferroelectric
thin films, microwaves, spintronics, semiconductor
technologies, magnetic sensors and memory devices etc.
This material has been the subject of significant research
interest owing to the intriguing underlying physics and
the anticipated multifunctional and advanced applications
for the next generation electronics. The study of transport
properties of solids is one of the fascinating fields in the
advanced material physics. The MRIM provides arguably
the most reliable means to treat the transport properties of
CMR materials. Recently, MRIM has been used by Renu
Choithrani et al to reveal the cohesive, thermal and elastic
properties of doped and undoped perovskite manganites.
Looking to its versatility and significant success, we
have applied MRIM to calculate the transport properties
like cohesive energy, Restrahalen frequency, Debye
temperature and Grüneisen parameter of TmMnO3 as a
function of temperature (2 K ≤ T ≤ 300 K). Furthermore, we
have computed the specific heats at different temperatures.
A sharp peak observed in the experimental specific heat
at TN ~ 40 K marks the antiferromagnetic (AF) transition
into the incommensurate (IC) phase and an additional
anomaly is observed below 10 K due to the ordering
of the R3+ moments. The computed results obtained by
MRIM present an overall better interpretation of the
available experimental results by Tachibana et al on the
present system of CMR material. The description of the
transport properties and specific heat for TmMnO3 system
seems remarkable in view of the inherent simplicity of the
modified rigid ion model.

Nanocavities have attracted great interest due to their
potential applications as sensors, catalyst carriers,
nanoreactors and delivery vessels; broader applications can
be envisioned if hollow nanostructures could be prepared
with tailored composition and morphology. Mesoscale (0.1
~ 10 μm) hollow structures with openings were previously
reported, but few examples in the literature were of open
nanocavities (< 100 nm). Introducing openings in nanocavity
has been a major challenge and rational control of the size
and position of the openings has yet to be realized. Here,
we demonstrate a templated fabrication of open polymer
nanocavities that resulted from rational control of partial
polymer attachment on sacrificial metal cores. By etching
these cores, openings appeared at positions initially not
covered by the polymer, giving novel nanopockets and
nanochannels. This strategy utilizes competitive binding
of hydrophobic and hydrophilic ligands on AuNPs leading
to eccentric attachment of polystyrene-b-poly(acrylic
acid) (PSPAA). A strong hydrophilic ligand was used as
the hydrophilic ligand to give ecc-(AuNP)@PSPAA that
reveals only a slight opening of ~ 8 nm, about 1/20 of the
total AuNP (d = 25 nm) surface area. Upon exposure to
KCN, polymeric nano-pockets with a hollow diameter
of 20 nm were formed with a yield of 95% out of 884
particles surveyed. These hollow structures were found to
retain the shape of the template and stable against strong
base or even high salt concentrations (e.g. 1 M NaOH or
1 M NaCl). Engineering of nanotubes (d = 17nm, l = 45
nm) were made possible by selectively encapsulating only
the sides of Au nanorods (AuNRs, aspect ratio 2.5 ± 0.1; d
= 23 nm, l = 57 nm) leaving the two ends unencapsulated.
The length of the nanochannels could be easily tuned by
the choice of the template; AuNRs with high aspect ratio
(aspect ratio 20.4 ± 1.2; d = 19 nm, l = 387 nm) successfully
gave long nanochannels (d = 18 nm, l = 367 nm). Etching
of linearly assembled short ecc-AuNR@PSPAA resulted
in a chain of nanochannels.
Our method opens up new engineering possibilities as
the size of the openings can be manipulated by ligand
competition; the size and shape of the cavity can be
tailored by the choice of the template; and the position of
the openings can be designed at high-curvature points of
the core, facilitating bottom-up fabrication of nanodevices
in the future.
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A01736-03018

A01773-03171

Synthesis of Cuprous Oxides with Different
Morphologies

Effects of dc Bias and Uniaxial Compressive
Stress on Giant Dielectric Properties of Copper
(II) Oxide Ceramics Prepared by a Simple PVA
Sol-gel Method

Weiwei Zhou; Ting Yu; Hongjin Fan
Division of Physics and Applied Physics, Nanyang
Technological University, Singapore
Various cuprous oxides with different morphologies
have been synthesized through wet chemical method. By
changing the mild reaction conditions, cubic, polyhedral,
multi-pod, and flower-like CuO nanoparticles have been
successfully observed under a field-emission scanning
electron microscope (FESEM). Especially, polyhedral CuO
with twenty-six faces has been prepared for the first time
just via a simple route. Such CuO with various controllable
morphologies may promise some potentials in chemical
catalysts and exhibit interesting physical properties.
A01739-03026
Controlled Fabrication of Gold@conductive
Polymers Core/Shell Structures
Shuangxi Xing; Hongyu Chen
Division of Chemistry and Biological Chemistry,
Nanyang Technological University, Singapore
Controlling the composition, morphology and structural
order of nanoparticles (NPs) is of paramount significance
in tailoring the properties of nanomaterials. Over the past
decade, core/shell structure has attracted much attention
as the extra dimension of control over NPs. In this poster,
we discuss the controls in coating AuNPs with conductive
polymers, where uniform core/shell NPs with tailored
core aggregation and shell thickness are unambiguously
demonstrated. In the presence of sodium dodecylsulfate
(SDS), the adsorption and in situ polymerization of aniline
or pyrrole on the surface of AuNPs give uniform polymer
shells. The shell growth was found to be kinetically
controlled; polyaniline was successively grown on 22 nm
AuNPs by multiple growth cycles, giving shell thickness
of 14, 31, 61 and 92 nm, respectively. We show that the
aggregation of AuNPs can be controllably promoted in this
system, by simply timing SDS addition, to give linearly
aggregated cores of 2 ~ 20 particles. The in situ formation
of conductive polymer shells has allowed the isolation and
unambiguous characterization of these nanochains for the
first time. We further develop the above method to fabricate
triple-layer (Au@Ag)@Polypyrrole (PPy) core-shell NPs
by a one-step synthesis involving simultaneous reduction
of AgNO3 and polymerization of pyrrole in the presence of
AuNPs; the Ag layer in the resulting NPs is etched to give
(Au@H2O)@PPy yolk-shell structure.
The authors thank Division of Physics and Applied Physics for
SEM usage and MOE (ARC 27/07) for financial support.

Thanin Putjuso1; Prapan Manyum1;
Theerapon Yamwong2; Santi Maensiri3
1. School of Physics, Institute of Science Suranaree
University, Nakhonrutchaseema, Thailand
2. National Metals and Materials Technology Center
(MTEC), Pathumthani, Thailand
3. Department of Physics, Khon Kaen University, Khon
Kaen, Thailand
Giant permittivity copper (II) oxide (CuO) ceramics
were successfully prepared by a simple PVA sol-gel
method. Microstructure and phase composition were
characterized by X-ray diffraction (XRD) and scanning
electron microscopy (SEM), respectively. The electrical
and dielectric properties of the prepared CuO samples
were investigated as functions of frequency (102-106 Hz),
temperature (-50-100 oC), dc dias (0-3 V), and unniaxial
compressive stress (0-100 MPa). The phase composition
analysis showed that the single phase of CuO could be
obtained by using the relative low calcination temperature
at 400 oC. Analysis of microstructure revealed that the
obvious grain and grain boundary structure were detected
in all samples. Our results illustrated that the sintered CuO
ceramics exhibited a giant dielectric response (ε′ ~ 104)
with weak temperature dependence over the measured
temperature. Surprisingly, the dielectric constants of the
CuO samples increased with an increase in dc applied
voltages. The investigation of dc bias effect on the electrical
properties of the CuO ceramic samples demonstrated
that the resistance of grain boundary decreased with an
increase in applied voltage, whereas the resistance of
grain remained constant. This work also first reported the
influence of uniaxial compressive stress on the dielectric
properties of the CuO ceramics. The results revealed that
the dielectric constant and loss tangent greatly increased
with an increase in compressive stress. The giant dielectric
properties of the CuO ceramic samples could be ascribed
based on the space-charge polarization at the grain
boundary.
Acknowledgments:
This work is financially supported by The Thailand Research
Fund (TRF) and The Higher Commission Education (HCE), The
Ministry of Education, Thailand.
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A01831-03512
Soft Processing for Cermics: Single-step
Fabrication of Nano-Structured Ceramics (Films,
Integrated Layers and Patterns) from Solution
without Firing
Masahiro Yoshimura; Ruwan Gallage;
Tomoaki Watanabe; Nobuhiro Matsushita
Materials and Structures Laboratiry, Tokyo Institute of
Technology, Yokohama, Japan
Since 1989 when we found a method to fabricate BaTiO3
film on Ti substrate in a Ba(OH)2 solution by Hydrothermal
Electrochemical[HEC] methodat low temperatures of
60-200°C, we have proposed an innovative concept
and technology, “Soft Processing” or “Soft Solution
Processing,” which aims low energetic (=environmentally
benign) fabrication of shaped, sized, located, and oriented
ceramic materials in/from solutions. It can be regarded
as one of bio-inspired processing, green processing, or
eco-processing. When we have activated/stimulated
interfacial reactions locally and/or moved the reaction
point dynamically, we can get patterned ceramic films
directly in solution without any firing, masking or etching.
Those Direct Patterning methods differ from previous
patterning methods which consist of multi-step processes,
for example: (1) synthesis of particles of compounds or
precursors, (2) dispersion of the particles into a liquid
(“ink”), (3) patterning of the particles on a substrate by
printing of the “ink”, (4) consolidation and/or fixing
of the particles’ pattern by heating and/or firing at high
temperatures. (5) Those processes would cause cracking
and/or peeling of patterned films due to the shrincage of
printed powders by sintering during heating and/or firing.
The notable feature of Direct Patterning is that each reactant
reacts directly on site, at the interface with the substrate.
Therefore, the chemical driving force of the reaction,
A+B=AB, can be utilized not only for synthesis but also
for crystallization and/or consolidation of the compound
AB. It is rather contrasting to general patterning methods
where thermal driving force of firing is mostly used for the
consolidation of the particles.
We have developed the Direct Patterning of CdS, PbS, and
CaWO4 on papers by ink-jet reaction method and LiCoO2
by electrochemically activated interfacial reactions.
Furthermore, we have succeeded to fabricate BaTiO3
patterns on Ti by a laser beam scanning and carbon patterns
on Si by a needle electrode scanning directly in solutions.
Recent success in TiO2 and CeO2 patterns by Ink-jet
deposition, where nano-particles are nucleated and grown
successively on the surface of substrate thus become dense
even below 300°C, will be presented. Transparent films of
several hundred nm thick can be oftained by 20 times of
ink-jet scanning during 15-30 min.
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As a development of Hydrothermal Electrochemical[HEC]
method,we have proposed a new strategy:” Growing
Integration Layer[GIL] method”, which can provide welladhered integrated/graded layers: Titanate/TiOx/Ti or
Titanate/TiOx/Ti-alloys and/or metallic glass(es) at RT150 C in a solution. This [GIL] strategy can be applied for
many areas of functional ceramics.
A01842-03198
Unique Functional Inorganic Nanostructures and
Hybrids: Controlled Synthesis and Application
Shu-Hong Yu
Hefei National Laboratory for Physical Sciences at
Microscale, University of Science and Technology of
China, Hefei, China
Controlled synthesis of nanostructures with unique shape,
dimensionality, and complexity has attracted a lot of recent
attention. Herein, we will report several facile synthetic
protocols for one-pot controlled synthesis of several kinds
of unique inorganic nanomaterials and hybrids under mild
solution conditions, in which simple organic molecules,
surfactant or low molecular weight polymers have been
used. These unique nanostructures include conducting
nanocables, magnetic nanorings, concaved polyhedrons,
core-shell nanospheres, and new hybrid semiconducting
nanobelts/nanowires, and mesostructured nanobelts
etc. The key roles of additive/surfactant as well as the
synergistic effects of growing nanostructure and an organic
template have been studied. The properties of these unique
nanostructures and their potential applications will be
discussed.
A01852-04375
A Window into Hydrocarbon Synthesis Pathways
at High Pressures and Temperatures
Anurag Sharma
Geophysical Laboratory, Carnegie Institution of
Washington, Washington, DC, United States
Whether or not organic carbon formation can occur in deep
Earth settings has been a point of debate from as the early
19th century when Mendeleev proposed abiotic origin for
petroleum observed along deep fractures. The potential
for deep earth geochemical hydrocarbon formation arises
from the continuous cycling of carbon as a consequence
of subduction and plate tectonics. Although carbon is a
known upper mantle component based on mantle-derived
diamonds, carbonatites and other C-bearing phases, the
formation and stability of hydrocarbons in deep earth has
yet to be proven. A handful of studies have demonstrated the
feasibility of hydrocarbon formation at extreme conditons,
the information on the organic synthesis pathways related
to deep earth carbon reservoir remains scant such that an
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estimation of the extent of abiogenic hydrocarbons has
been difficult to constrain.
A systematic approach to organic synthesis in the C-H-O
system at lower crust and upper mantle conditions is the
first step needed to determine the extent and mechanism
of hydrocarbon formation. Here, using in-situ high
pressure and temperature observations with Diamond
Anvil Cell (DAC) techniques, the favorable conditions
for hydrocarbon synthesis and stability were monitored by
varying the C-H-O compositions starting from the watergas shift (WGS) equilibrium. Experiments were conducted
over a wide range of temperatures (from 250 to >1500°C)
and pressures (between 1 and 8 GPa) to determine the CO2
reduction pathways that yielded different hydrocarbons.
In most experiments methane production was dominant.
With the addition of elemental carbon or reduced transition
metal (e.g., Fe0) higher molecular weight hydrocarbons
were also observed, however a direct methanation of CO2
was not observed. The results show that the pathways for
hydrocarbon synthesis under these conditions are sensitive
to variations in C-H-O bulk composition and require some
form of carbonyl species as an intermediate. The extent
of hydrocarbon formation is constrained by the extent of
carbonyl phase formation and is also linked to threshold
available hydrogen value within the system. Furthermore,
trapping of hydrocarbon as inclusions within Fe-carbonate
and their formation coupled with carbonyl and hydrogen,
indicate that the phase immiscibility of the CO-rich phase
and available hydrogen may play a key role sustaining
hydrocarbon synthesis in CO2-rich deep earth hydrothermal
systems.
A01862-03218
Three Routes to Nanostructured Metal Oxide
Films for Alternative Energy Applications
Eunyoung You; Nicholas Hendricks;
Christos Karanikas; Yu-Ying Tang; David Hess;
Adam O’Neil; Kenneth Carter; James Watkins
Polymer Science and Engineering and The Center
for Hierarchical Manufacturing, University of
Massachusetts, Amherst, Massachusetts, United States
Crystalline, nanostructured metal oxide films, including
titania, are of interest for numerous applications including
next-generation energy conversion and sensing devices.
In this talk we will discuss three approaches to films
with defined structures that rely on the unique properties
of supercritical fluids for their fabrication and their
applications.
The first approach is direct and involves reactive deposition
from supercritical CO2 to yield device quality metal oxide
films with exceptional step coverage in high aspect ratio,
nano-scale features. We deposit the films via hydrolysis
of appropriate precursors using a cold-wall deposition

reactor on both inorganic templates and organic substrates
patterned by nanoimprint or optical lithography. Removal
of the latter by calcination yields hierarchical films with
defined pore structures. The second approach involves
the infusion and selective condensation polymerization
of metal alkoxides within one phase domain of highly
ordered, preformed block copolymer templates using
supercritical CO2 as the reaction medium followed by
removal of the template by calcination. In one example
we demonstrate the fabrication of titania films containing
perpendicular nanochannels of prescribed diameter. While
this approach potentially affords the greatest control of the
device nanostructure, it is also the most complex and costly
to implement. The final approach, which has recently been
developed in our labs, provides a direct spray-on technique
in which crystalline nano-scale dendritic metal oxides can
be deposited directly onto inorganic as well as thermally
sensitive substrates. This approach is low-cost and affords
new opportunities for large area applications including
photovoltaics and solar water splitting.
A01889-03259
Synthesis and Properties of Lanthanum Silicate
based Materials by a Molten NaOH/KOH System
Ge Hu1; Tianshu Zhang2; Gregory K. L. Goh2
1. School of Materials Science and Engineering, Nanyang
Technological University, Singapore
2. Materials Growth, Institute of Materials Research and
Engineering, Singapore
Lanthanum silicates possess the better characteristics
in terms of thermodynamical stability and oxide ion
conduction required for the envisaged applications.
Their conductivities are higher at <650oC compared with
the traditional YSZ electrolytes. Therefore, lanthanum
silicates are promising alternative electrolytes for ITSOFC applications. However, one of the main limitations
of such materials is difficult to obtain dense ceramics.
Although many effects have been made to prepare dense
materials, these hardly lead to totally convincing results. In
the present work, a molten NaOH/KOH system has been
used to synthesize lanthanum silicate powders. The key
concern is that because of the large viscosity of the molten
salt system, the hard agglomeration between the particles
should hardly be formed, thus resulting in formation of
highly sinterable powders. The processing parameters,
such as synthesis temperature and duration, and cooling
rate, have been carefully studied. Of them, cooling rate
was found to be the most important parameter for tuning
the size and morphology of the synthesized powders.
By quenching in air, highly dispersed, nearly spherical
and nano-sized (~ 30 nm) particles have been fabricated,
while single crystal rods with a wide range of dimensions
(~ 10 - 100 µm long, and 0.1-2 µm diameter) could be
obtained by controlling the cooling rates from the natural
cooling to 0.1oC/min. The powder obtained by quenching
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possessed high sinterability. The correlation between
densification, microstructure and electrical properties has
been investigated and discussed. As for single crystal rods,
studies on optical properties such as luminescence are
under way.
A01903-03283
Fabrication and Characterization of Electrospun
La0.7Sr0.3MnO3 Nanofibers
Rattakarn Yensano; Santi Maensiri
Department of Physics, Khon Kaen University, Khon
Kaen, Thailand
La0.7Sr0.3MnO3 (LSMO) nanofibers were fabricated by
a simple electrospinning using a solution that contained
poly(vinyl pyrrolidone) (PVP), lanthanum, strontium
and manganese nitrates. The LSMO nanofibers were
successfully obtained from calcination of the as-spun
LSMO/PVP composite nanofibers with diameter of 187±41
nm at 500-900°C in air for 3 h. The as-spun and calcined
LSMO/PVP composite nanofibers were characterized by
X-ray diffraction (XRD), scanning electron microscopy
(SEM) with energy dispersive x-ray spectrometer (EDS),
and transmission electron microscopy (TEM). Analysis
of phase composition revealed that the single phase of
tetragonal LSMO phase (JCPDS 89-0786) was detected
without any possibilities impurity phases. The SEM
results showed that the crystal structure and morphology
of the LSMO nanofibers were affected by the calcination
temperature. After calcination at 500-900 °C, the nature
of nanofibers changed which was possibly due to the
reorganization of the LSMO structure at high temperature,
and a fiber structure of packed particles or crystallites was
prominent. Crystallite size of the nanoparticles contained
in nanofibers increased with an increase in calcination
temperature.
Acknowledgments:
R. Yensano would like to thank the The Higher Commission
Education (HCE), Thailand for his PhD scholarship. This work
is financially supported by The Integrated Nanotechnology
Research Center (INRC), Khon Kaen University, Thailand.
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A01959-03390
Synthesis and Electron-Phonon Interactions of
Ce3+-doped YAG Nanoparticles
Liap Tat Su1; Alfred I. Y. Tok1; Zhao Yang1;
Nathaniel Ng2; Freddy Y. C. Boey1
1. School of Materials Science and Engineering, Nanyang
Technological University, Singapore
2. Materials Theory and Simulation Laboratory, Institute
of High Performance Computing, Singapore
Cerium-doped yttrium aluminium garnet (YAG:
Ce3+) phosphors nanoparticles were synthesized by a
nonhydrolytic solvothermal method yielding particle sizes
less than 10 nm. Oleic acid and oleylamine effectively
capped the nanoparticles during the synthesis and allowed
crystallization of garnet to take place at 300 oC. This facile
approach will find wide acceptance and could be used in
synthesizing other complex oxides nanoparticles. Studies
on electron-phonon interactions in the nanoparticles have
been carried out by fitting the observed optical spectra with
the multimode Brownian oscillator model. Compared to
the same material of larger particle sizes (30 nm, 250 nm
and bulk), the electron-phonon coupling strength is found
to be much weaker.
A01966-03417
Halides, Counter Ions and Temperature Induced
Tailoring of Piper Betle Extract Biosynthesized
Gold Nanoparticles
Sneha Krishnamurthy;
Sathishkumar Muthuswamy; Yeoung-Sang Yun
Chemical Engineering, Chonbuk National University,
Jeonju, South Korea
The distinct optical, electronic, biocompatibility,
bioinertness and molecular-recognition properties of gold
nanoparticles, blended with their extensive wide range
of applications, focuses attention of researchers to be
a subject of substantial research. The simple viable and
environmentally benign biosynthetic method employing
microbes or plant extracts edges over the chemical
synthetic protocols. Despite a vast research being done
on development of biosynthetic procedures, the process
is limited owing to the unavailability of modes to control
the size and shape of the biosynthesized nanoparticles.
Precise control of nanoparticle size is critical for their
application in optical memory or nanoelectronic devices.
The major challenge for researchers in the current scenario
is developing environment friendly methods for doctoring
the shape and size of biogenic nanoparticles. In this study
we put forth the channels for size and shape control of
gold nanoparticles synthesized by leaf extract of Piper
betle (PBE). Leaves of Piper betle are valued both as
a mild stimulant and for its medicinal properties. The
study unveiled the ability of PBE to rapidly synthesize
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near spherical like nanoparticles in less than a minute,
when reacted with chloroauric acid and incubated at
high temperature. It is essential to analyze the effect of
other counter ions on gold nanoparticle biosynthesis,
since effluents containing gold is also accompanied with
other counter ions like halides, sulphates, nitrates and
phosphates. As a part of our work we have scrutinized the
effect of various counter ions, temperature and reaction
time on morphology of gold nanoparticles. Based on the
distinct optical properties that various gold nanoparticles
exhibit, the effect of various counter ions on the shape of
nanoparticles has been explained. Our study also revealed
that the presence of iodine and bromine distorted the shape
of biologically synthesized gold nanoplatelets (triangles
and octahedrons). Especially, the presences of iodine
during biosynthesis lead to the formation of spherical
gold nanoparticles. We have also tried to control the shape
of nanoparticles by synthesis at high temperature. The
use of plant extract for rapid synthesis embarks a novel
and environmental friendly route of gold nano-spheres
biosynthesis and an alternative to chemical methods.
The approach proves to be cost effective and suitable for
developing processes for large scale production.
A01985-03425
Fabrication of BaTiO3 Layers by Novel Solution
Process Using High-frequency Induction Heating
Satoshi Tatemichi ; Naota Sugiyama ;
Shizuma Kudo1; Takaaki Taniguchi1;
Masahiro Yoshimura1;2; Nobuhiro Matsushita1
1. Materials and Structures Laboratory, Tokyo Institute of
Technology, Japan
2. Institute of Materials Resarch, Tohoku University,
Japan
1

1

BaTiO3 films have been used extensively as thermistors and
capacitors due to the excellent ferroelectric property. Up
to now, various deposition techniques such as sputtering,
pulsed laser deposition, chemical vapor deposition have
been used to fabricate BaTiO3 films. However, these
techniques require high temperature/vacuum conditions
as well as expensive apparatus with complicated structure
for the film fabrication resulting in high cost and large
energy consumption. Therefore, a solution approach,
which enables the fabrication of BaTiO3 films with simple
process, inexpensive and low temperature, has been long
awaited for a decade. In fact, we have also successfully
fabricated BaTiO3 nano/microstructure films using the
solution method involving hydrothermal, hydrothermalelectrochemical, and spray deposition method.
Now, we open a new solution route to fabricate the ceramic
layers on metal substrate using high-frequency induction
heating method. In this process, Ti metal substrate or
film on glass substrate with various shape and size were
immersed in Ba(OH)2 aqueous solution, and they were

heated up by applying high frequency magnetic field to
form BaTiO3 layers on it.
According to the XRD and SEM analysis, it was found
that BaTiO3 layers with several hundred nm thickness
were successfully formed on Ti bulk substrate only for few
minutes reaction. In addition, Ti (002) thin films deposited
on Pt/Glass substrate were used as seed layer. BaTiO3
layers having (111) orientation with thickness of 100 nm
were formed on the Ti (002) films. Furthermore, BaTiO3
layer 600 nm in thickness were formed by using porous
titanate layer treated in alkaline solution, which is much
thicker than the thickness of BaTiO3 layers synthesized on
Ti (002) films.
These results demonstrated that the proposed method
allows to control the thickness and crystalline orientation
with extremely simple protocol. Moreover, high-frequency
induction heating provided the selective and rapid heating at
the titanium surface, which enabled the very short duration
and low temperature for the reaction comparing with other
solution method. Therefore, the novel method exhibits
many advantages toward industrial scale fabrication of
ceramic layers on metallic materials.
A01991-03434
Reaction Temperature and Molar ConcentrationDependent Growth of Vertically-aligned ZnO
Nanorods by Wet Chemical Process
Eun Won Lee; Jeong Hyun Kim; Sang Hoon Kim;
Yoon Bong Hahn
School of Semiconductor and Chemical Engineering,
Chonbuk National University, Jeonju, South Korea
Recently, one-dimensional (1D) nanostructures such
as nanowires, nanorods, and nanotubes have become
the focus of intensive research owing to their unique
properties and due to its easy technique for nano-device
fabrication. Reaction temperature and molar concentration
have prominent effects on the size and diameter of ZnO
nanorods with respect to its alignment. In this regards, we
have grown ZnO nanorods on ZnO/Si substrates by simple
solution process at low-temperature for 3 hours using
zinc nitrate hexahydrate and hexamethylenetetramine.
Moreover, to check the effect of reaction temperature on
the growth of ZnO nanorods, various temperature ranges
(i.e., 60-110°C) were examined during the reaction process.
It was found that by increasing the reaction temperature,
ZnO nanorods grew fast, but at the temperatures greater
than 100°C ZnO nanorods density was not uniform. In our
experiment the optimum growth temperature was 90°C.
In the same way, if we alter the molar concentration of
zinc nitrate hexahydrate ranging from 0.0025-0.05M,
various sizes of length and diameters of ZnO nanorods
were observed. At 0.01M zinc nitrate hexahydrate, ZnO
nanorods diameter was small and its length was long. Our
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synthesized results confirmed that by varying the solution
concentration and reaction temperature, we can control the
length and diameter of ZnO nanorods easily grow over the
large area of the substrate.
A02010-03467
Electrochemically-assisted Protein Crystallization
and Related Methods of Protein Crystal Growth.
Applications to the Development of Electrontransfer Biosensors
Abel Moreno
Instituto de Quimica, Universidad Nacional Autonoma de
Mexico, Mexico City, Mexico
In this talk, the basic strategies to control the kinetics and
transport phenomena of the protein crystal growth process
are reviewed, as well as novel methods to induce either
nucleation or protein crystal growth via electrochemical
processes. Additionally, recent advances, where low direct/
alternant current or voltages are applied to the crystal
growth cell to obtain high-quality single crystals for X-ray
diffraction, are also discussed. Finally, a new strategy for
developing electron-transfer biosensors based on protein
structure is also reviewed.
Acknowledgements:
The author fully thanks the financial support from CONACYT
project No. 91999 and to DGAPA-UNAM for the financial support
of the sabbatical leave at the University of Cambridge.

A02034-03584
Positron Annihilation Spectroscopy As a Novel
Tool to Study Polymer Based Composites and
Nanocomposites
Chikkakuntappa Ranganathaiah
Department of Studies in Physics, University of Mysore,
Mysore, India
In this talk the concept of the free volume in polymers,
polymer based composites and nanocomposites will
be introduced and shown how this internal material
parameter influences the properties of the composites and
nanocomposites. The nanometer sized free volume holes
or cells can be directly and accurately measured by a
versatile experimental technique namely Positron Lifetime
Spectroscopy (PLS) which is one of the three techniques
of Positron Annihilation Spectroscopy (PAS). Briefly the
three methods of PAS measurements are described with
an emphasis on positron lifetime measurement, analysis
of data and deduction of useful parameters to understand
the system of study. Although only few investigations
using PAS have been reported in the new exciting field
of nanocomposites so far, good number of studies has
been carried out on polymer based composites with fiber
reinforcement and inorganic fillers.
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We have shown that orientation of glass fibers in a fiber
reinforced composite plays an important role in particular
the interface between the fiber and the matrix with
regard to moisture uptake. The mechanical properties of
composites have been well correlated to the microstructure
evaluated in terms of free volume of the system. Further,
the hydrodynamic interaction evaluated for the first time
using free volume data throw light on the increased surface
area which results to better interaction between the polymer
matrix and inorganic fillers in the presence of a modifier.
It has been found that the dispersion of nanoscale rectorite
clay in styrene-butadiene rubber (SBR) largely enhances
gas barrier property as revealed by the fractional free
volume change since the tortuous diffusion path attributed
to the clay platelet like morphology mainly influence
gas permeability in rectorite/SBR nanocomposite. Few
more results on the polymer nanocomposites will be
presented and discussed. Through this presentation, it is
aimed at demonstrating PAS as a novel, versatile and new
non-destructive characterization tool for polymer based
composites and nanocomposites.
A02059-03535
Commercializing Hydrothermal Synthesis – Fluid
Mixing and Reaction Kinetics
Ed Lester
Promethean Particles Ltd, Nottingham, United Kingdom
Continuous hydrothermal synthesis (cHS) offers a route to
producing high quality nanomaterials in dispersion. It is a
relatively simple route that should be inherently scalable
as it is a continuous process, not batch, and a chemically
much more benign method of producing high quality
nanoparticles than certain other routes. cHS produces
nanoparticulate materials by mixing near- or supercritical
water with a dilute solution of a metal salt.
Whilst the chemistry of the process is relatively
straightforward, the engineering solution is not. Continuous
reactors for hydrothermal synthesis of nanomaterials can
be problematic and most workers operating continuous
hydrothermal systems have used T-piece or modified
T piece mixers which are prone to blocking. By using
advanced image analysis methods to analyse flow patterns
inside several reactor configurations, we have been able
to explain why the T-piece design tends to block; the two
fluids were mixing in the inlet pipes and thus creating
stagnant zones with little net flow/mass transfer, resulting
in particle accumulation within areas of the flow system.
There are other designs than can be used to mix these two
fluids (superheated stream of water and cold stream of
metal salt) such as Y piece, cross piece, swirly flow etc
but all suffer from fundamental issue of flow and mixing
control. As a result of careful study of flow dynamics we
have developed (and patented) a nozzle reactor which uses
a pipe in pipe counter current mixing arrangement.
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At lab scale we have produced more than 40 different
materials producing nanomaterials at a rate of grams
per hr. Nanomaterials range from nano silver (at 20nm),
zirconia (5nm), CdS (10nm) to YAG:Eu (50nm), Fe2O3
(4nm), Fe3O4 (10nm). The reactor system has also been
scaled up 30x to produce nanomaterials on a kg’s/day
scale. Comparisons between the products made at labscale
and the pilot scale system have been made. This system is
now used commercially for production of nanomaterials
through a spin out company called “Promethean Particles
Ltd” with a production capacity of >1t/annum dry weight.
The first part of the presentation will cover the fundamental
issues around mixing dynamics and reactor design, and
move on to discuss how scale up has been achieved.
The second part will cover the most recent studies on
formation kinetics and how this knowledge can be used
to produce the highest quality particles with and without
the use of additives or surfactants. A relationship exists
between particle size, particle concentration, yield and
conversion and these can be influenced by the operational
parameters of the reactor. These parameters include flow
rates, flow ratios, residence times, turbulence, pH, metal
concentration, [O2], metal precursor type. The relationship
between nucleation and particle growth will also be
considered.
A02062-03547
Hydrothermal Synthesis of Alpha Alumina
(α-Al2O3) Powders, Coatings, and Fibrous-Porous
Ceramics
Wojciech Suchanek
Sawyer Technical Materials LLC, Eastlake, Ohio, United
States
Alpha alumina (α-Al2O3, corundum) is one of the most
widely used materials. It can be synthesized by several
well-established synthesis methods, which use high
temperatures, usually above 1,000ºC in order to crystallize
the α-Al2O3 phase. High synthesis temperatures lead to
many detrimental effects in α-Al2O3 powders, coatings,
and ceramics. Hydrothermal synthesis is low-temperature
alternative to the high-temperature methods and offers such
advantages as one-step synthesis without high temperature
calcination, unique chemical defect structure, high purity,
in addition to excellent control of morphology and size.
In this work, a broad spectrum of powders, coatings, and
porous ceramics of phase-pure α-Al2O3, α-Al2O3/metal
oxide, and α-Al2O3/γ-AlOOH mixtures with controlled
compositions, was synthesized hydrothermally at about
380-450ºC for several days, under 8-16 MPa pressure, from
concentrated precursors without stirring. The precursors
were formed by mixing different types of aluminum
hydroxides with water, and optionally with α-Al2O3
seeds, dopants, and/or other additives. The experiments

were performed on industrial scale in large production
autoclaves. Materials were characterized by XRD, SEM,
HRTEM, XPS, BET, mercury porosimetry, and chemical
analysis.
The α-Al2O3 powders exhibited high phase purity (100%
α-Al2O3) and had a variety of morphologies (equiaxed,
platelets, whiskers, nano-sheets, nano-needles), crystallite
sizes in the range of 10 nm – 40 µm, narrow particle size
distributions, controlled agglomeration, chemical purity
up to 99.98%, and BET surface areas up to 40 m2/g
(stable at high temperatures). Precursor types, seeds,
chemical additives, dopants, and temperature/time of the
hydrothermal synthesis governed such properties of the
powders as crystallite morphology, chemical, and phase
compositions. The hydrothermal synthesis resulted in
significant reduction of impurities originally present in the
precursors. α-Al2O3 mesocrystals and a range of α-Al2O3/
γ-AlOOH compositions were also prepared.
Fibrous-porous α-Al2O3 ceramics were also synthesized
directly under hydrothermal conditions by hydrothermal
sintering. These materials exhibited unique combination
of well-controlled surface areas, high pore volume, multimodal pore size distributions, and high strength. Their
properties were compared to α-Al2O3 ceramics prepared
from α-Al2O3 whiskers by extrusion and classical sintering
in air. Porosities up to 75%, pore volumes up to 0.7 cm3/g,
and over 100% strength improvement over equiaxed
microstructure, were observed.
In addition to the powders and ceramics, strongly
adherent, dense, and uniform α-Al2O3 –based coatings
were hydrothermally deposited on major metals (316
stainless steel, 1018 carbon steel, Inconel 718, and Grade
5 Titanium) without any template layers. The coatings
with controlled grain size, thickness, and surface coverage
were either 100% α-Al2O3 phase or consisted of mixtures
of various quantities of the α-Al2O3 phase and substrate
metal-derived oxides. Residual stresses in the films were
about 1.7 GPa, which is several times lower than observed
in films deposited at high-temperatures.
Presented above Sawyer’s commercial hydrothermal
technology is an attractive low-temperature route to
α-Al2O3 powders, coatings and ceramics. This technique
offers excellent control of all properties of the synthesized
materials, which can be used in structural, refractory,
catalytic, abrasive, and electronic applications.
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A02065-03550
Application of Synchrotron X-ray Topography to
the Development of Solution-based Bulk Crystal
Growth of Technologically Important Materials
Michael Dudley1; Balaji Raghothamachar1;
Yu Zhang1; Francesc Diaz2; Magdalena Aguilo2;
Joan Carvajal2; Govindhan Dhanaraj3
1. Materials Science and Engineering, Stony Brook
University, New York, United States
2. Physics and Crystallography of Materials and
Nanomaterials, Universitat Rovira i Virgili, Tarragona,
Spain
3. ARC Energy, New Hampshire, United States
X-ray topography has served as an important tool for the
development of bulk crystal growth techniques including
those based on solution processing. The ready availability
of highly perfect, solution-grown crystals played a vital
role in the early stages of the development of x-ray
topography as a technique for defect characterization in
single crystals.
Growth from solution usually occurs under nearequilibrium conditions and at much lower temperatures
than melt or vapor growth and therefore is capable of
producing high quality crystals. Our research group at
Stony Brook University has employed the synchrotron
white beam available at the National Synchrotron Light
Source, Brookhaven National Laboratory to carry out
x-ray topography studies on single crystals grown by
various solution-based growth techniques. These studies
shed light on the types of defects characteristic of the
growth technique and material used, their origins and ways
to modify growth procedures to eliminate or minimize
them. Here we present in brief some of the salient results
for materials of technological importance.
The hydrothermal method is a high pressure, low
temperature technique for growing crystals from aqueous
solutions. Single crystals of quartz, a piezoelectric
material widely used for resonators and surface acoustic
wave (SAW) devices, are grown by the hydrothermal
method. X-ray topography shows that these quartz crystals
exhibit low dislocation densities but can be beset by
Brazil and Dauphine twinned domains that can cancel
the piezoelectric effect. The hydrothermal method is
also employed for growing ZnO crystals. ZnO is a wide
bandgap semiconductor with applications as emitters in
the blue to UV range, SAW devices, substrates for GaN
-based devices, and oxygen gas sensors. Comprehensive
characterization of ZnO crystals grown by various
techniques reveals that currently, the hydrothermal method
produces the highest quality crystals. However, these
crystals are characterized by dislocations caused by the
softness of the material and inclusions from the growth
process that limit their applicability.
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The ammonothermal method has been employed for the
bulk growth of another wide bandgap semiconductor,
GaN. GaN is highly sought for electronic devices capable
of operation at elevated temperatures, high power or high
frequency, as well as short wavelength optoelectronic
devices such as blue or ultraviolet light emitting diodes
(LED) and laser diodes (LD). The ammonothermal growth
is analogous to hydrothermal growth where supercritical
ammonia is used as the solvent instead of water. Our studies
show that single crystal growth can be achieved by this
method but the poor seed quality and presence of impurities
in the autoclave can result in crystals characterized by large
strains and high dislocation densities.
The top-seeded solution growth (TSSG) method is
suitable for the growth of monoclinic potassium rare
earth tungstates (KRE(WO4)2 (RE = Y and Lu)), materials
with an important physical anisotropy useful for laser
applications. The TSSG method is employed because
these materials undergo phase transition below the melting
point and this prevents their growth directly from the melt.
Nearly perfect crystals of KYW and KLuW have been
grown using K2W2O7 as solvent.
A02067-03553
Ultrasonic Synthesis and Electroluminescent
Property of Poly( p-phenylenevinylene) (PPV)
Derivatives
Wen Ding1; Xingwu Shi1; Xiangdong Ding2;
Chao Huang1; Qunfeng Qiu1; Baorong Zhu1;
Guojun Bie3; Chunliang Liu1; Xun Hou1
1. Electronic & Information Engineering, Xi’an Jiaotong
University, Xi’an, China
2. Material Engineering, Xi’an Jiaotong University,
Xi’an, China
3. Xipan Modern Chemistry Research Institute, Xi’an,
China
Since dialkoxy-PPVs with a solubilizing side-chain
linked to the polymer backbone exhibit excellent
electroluminescent activity and nonlinear optical responses
and great advantages in processing which can be cast
directly into thin film, various synthetic approaches to
soluble dialkoxy-PPVs have been researched, such as the
Gilch route, the Wittig reaction, aryl–ethylene coupling
via Heck or Suzuki reactions. But polymers synthesized
by these methods contain a number of structural defects
as a result of incomplete elimination, cross-linking or
other side-reactions during polymerization, which was
harmful for thin polymer films used in device by solution
processing.
In order to reduces structural defects in the polymer,
ultrasonic irradiation method was used in this paper, the
Poly(2-methoxy-5-octanoxy-1,4-phenylenevinylene)
(MOCOPPV) was synthesized with Gilch route under
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ultrasonic energy field. IR spectroscopy and transmission
spectrum were used to figure out the structure of the
polymers that synthesized by ultrasonic irradiation
method and conventional mechanical stirring method
respectively. Photo-luminescent spectroscopy was used
to figure the luminescent characteristic of the polymers
that synthesized by ultrasonic irradiation method and
conventional mechanical stirring method respectively. It
can be concluded that ultrasonic irradiation caused the
‘cavitation effect’, which not only accelerate the reaction
speed but also reduce structural defects in the polymer.
Ultrasonic synthesis is probably a good way to provide a
prescription for optimizing polymer films used in devices
by solution processing.
A02098-03615
Effect of Diethylen Glycol (DEG) on the Formation
Mechanism of BaCO3 Nano-particles Synthesized
in Water/Diethylen Glycol Mixed Solvent by
Chemical Method
Motahare Asgari
University of Tehran, Iran
In this work BaCO3 nano-powders were synthesized by
co-precipitation method using BaCl2.2H2O and Na2CO3
as starting materials. The influence of Diethylen Glycol
(DEG) as a capping agent on the formation of BaCO3 nanoparticles was investigated by determining the particle’s
shape, size and the level of crystallinity of powders
synthesized in various volume ratio of DEG/water. The
powder particle characteristics were evaluated using XRD,
FTIR and SEM techniques. XRD and FTIR results showed
that in the DEG/water mixed solvents pure orthorhombic
phase of BaCO3 was synthesized.
XRD results also showed that the crystallization rate of
BaCO3 was decreased gradually with increasing the DEG/
water volume ratio in the solution. SEM micrographs of
the samples processed in the presence of DEG exhibit
spherical particles of BaCO3. The mean particle size of
barium carbonate was decreased by increasing the volume
ratio of DEG/water probably due to the decreasing of
critical super saturation(S) which results in increasing
of nucleation rate. Also the nucleus capped with DEG
and thus their growth and crystallization rates reduced.
Capping of BaCO3 nano-particles with DEG also prevents
formation of hydrogenic bounds by H2O (OH-) between
particles and hence decreases the agglomeration rate.

A02121-03675
Near Infrared-Emitting Rare Earth Doped CeF3
Nanoparticles
Mei Chee Tan; G. A. Kumar; Richard Riman
Department of Materials Science and Engineering,
Rutgers, State University of New Jersey, New Jersey,
United States
Infrared-emitting rare-earth doped materials have been
extensively used in fiber amplifiers, solid-state lasers,
telecommunications, optoelectronics and remote sensing
applications. The recent advent of infrared optical imaging
systems has expanded the biomedical applications for
infrared-emitting rare-earth doped nanomaterials for
diagnostics and deep tissue imaging. Optical transitions
for rare-earth doped materials are governed mainly by
radiative transitions between energy levels of 4f electrons
that are shielded by 5s and 5p electrons. The absorption
and emission properties of rare-earth doped materials can
be further tailored by controlling the local environment,
such as site symmetry, crystal field strength and electronphonon interaction strength of rare-earth dopants.
Rare earth doped phosphors usually consist of a host
matrix, luminescent center and co-dopant. Low phonon
energy halide hosts like fluorides are favored to reduce
non-radiative losses. In this work, the host would also
serve as a “sensitizer” to enhance energy transfer to
the rare-earth luminescent center through the phononassisted energy transfer process. Consequently, this would
result in a significant increase in emission. This was
demonstrated using cerium fluoride (CeF3) as a host for
rare-earth ions like Pr, Nd, Yb and Er. Rare-earth doped
CeF3 nanoparticles were synthesized using hydrothermal
methods. Heat treatment of the as-synthesized nanoparticles
in a controlled environment was completed to enhance its
optical properties. Intense infrared emissions comparable
to that of commercially available bulk laser materials were
observed from the heat-treated rare-earth doped CeF3
nanoparticles. Transparent inorganic polymer composites
were subsequently prepared to enable the future integration
of these rare earth doped CeF3 nanoparticles in optical
devices like light emitting diodes, optical waveguides and
fibers.
A02182-03743
Lead Titanate Nanotube Arrays Synthesized by
Hydrothermal Method
Xiaohui Wang; Longtu Li; Yang Yang; Caifu Zhong
Department of Materials Science and Engineering,
Tsinghua University, Beijing, China
In the last decades, ferroelectric lead titanate PbTiO3
has been extensively studied due to its high spontaneous
polarization and large piezoelectric displacement. In thin
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film form, PbTiO3 has unique advantages in reducing
the size and weight of the device, which have significant
applications in electronics such as multilayer capacitors,
infrared pyroelectric sensors, nonvolatile memories, and
ultrasonic transducers. It is well recognized that nanoscale
materials with particular structures such as nanorods,
nanowires, and nanotubes have unique properties and
applications. Especially, synthesis of thin films with
nanotubular structure has attracted considerable attentions
due to their structuredependent characteristics, including
high specific surface area, surface wettability, and
hydrogen sensitivity. For years, the formation of unary
oxide nanotubes has been widely studied and numerous
methods have been designed. However, the preparation of
PbTiO3 nanotube arrays by hydrothermal method remains
a challenge in materials science. As an important inherent
property, Curie temperature can strongly influence the
applications of ferroelectric thin films. However, there
has been little research about the Curie temperature and
piezoelectricity of PbTiO3 nanotube arrays. In this work,
Lead titanate nanotube arrays with perfect nanotubular
structure and excellent piezoelectric property were
formed by hydrothermal method. Curie temperature and
piezoelectric properties of PbTiO3 nanotube arrays have
been investigated. The nanotubular structure proved to
have strong influences on both Curie temperature and
piezoelectric properties of PbTiO3 nanotube arrays.
The Curie temperature of PbTiO3 nanotube arrays was
detected to be 620 °C. Perfect piezoelectric properties
with a maximum displacement of 0.88 nm and d33* of
120 pm V−1 were observed in PbTiO3 nanotube arrays.
This work is helpful in complementing the phase transition
mechanism of ferroelectrics and opening the possibility of
further applications of PbTiO3 nanotube arrays.
A02196-05146
Understanding of Mechanism and Properties of
Technological Materials
R. K. Singh
School of Basic Sciences, MATS University, Raipur, India
It is intended to trace the current developments in
science of advanced materials with potential applications
in technology. These materials generally include the
nanomaterials and perovskite cuprates and multiferroics.
The nanomaterials have been used to advance the silicon
electronics to carbon nanotube (CNT) electronics to
micro-electronics to molecular-electronics. The modeling
calculations have been performed to understand the
mechanism of the high temperature superconductivity in
perovskite cuprates and the colossal magnetoresistance
(CMR) effects in the multiferroic manganites. The
mechanism and properties of high Tc superconductors
(HTSC) have been described using the effective potential
consisting of the electron-electron, electron-phonon and
electron-plasmon interactions in lanthanum cuprates. The
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physical properties of the pure and doped multiferroic
perovskite manganites have been investigated from the
modified rigid ion model (MRIM) whose interaction
potential consists of the long-range Coulomb attraction
and the short-range overlap repulsion operating upto the
second neighbor ions and the van der Waals attraction due
to the dipole-dipole and dipole-quadrupole interactions.
Both these modeling approaches have succeeded in
revealing the mechanism and transport properties of
HTSC materials and the thermophysical and mechanical
properties of the perovskite multiferroic manganites. The
computed results will be presented and discussed in detail
for various technologically important advanced materials.
Some of their technological applications may also be
highlighted in this presentation.
A02232-03811
Unique Structure of ZnO Films Deposited by
Chemical Bath Deposition
Dewei Chu; Yoshitake Masuda; Kazumi Kato
Advanced Manufacturing Research Institute, National
Institute of Advanced Industrial Science and Technology,
Nagoya, Japan
Growth of ZnO film with the combination of sol-gel and
CBD process was demonstrated. It was shown that the
structure and electrical properties of the CBD ZnO film
strongly are quite different in two regions of the substrates.
The change of structure and electrical properties may result
from the absorption of precipitation in the reaction solution,
which conduces to the increase of higher vacancies of
ZnO film. In the region that adsorbed by precipitation,
the resistivity can be 6×10-3 Ω cm. The results might be
benefit for preparation of conductive ZnO films at low
temperatures in future.
A02270-03877
Growth of Metal Oxides Nanostructures in
Solution and Their Applications for High Sensitive
Cholesterol and Glucose Biosensors
Yoon-Bong Hahn
School of Semiconductor and Chemical Engineering,
Chonbuk National Universsity, Jeonju/Jeonbuk, South
Korea
Nanostructures of ZnO and CuO were grown in solution
at low temperatures and used to fabricate highly sensitive
amperometric cholesterol and glucose biosensors. The
surfaces of were immobilized with cholesterol oxidase
(ChOx) and glucose oxidase (GOx) for cholesterol and
glucose biosensors, respectively. The cholesterol sensor
fabricated with well-crystallized flower-shaped ZnO
structures composed of perfectly hexagonal-shaped ZnO
nanorods showed a very high and reproducible sensitivity
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of 61.7 μAmM-1cm-2, detection limit based on S/N ratio of
0.012 μM, response time less than 5 s, a dynamic linear
range from 1.0 ~ 15.0 μM with correlation coefficient of R
= 0.9979. However, ZnO nanoparticles-based cholesterol
sensor showed a sensitivity of 23.7 μAmM-1cm-2, which is
less than that of the former. The low values of enzyme’s
kinetic parameter (Michaelis-Menten constant) of 2.57~4.7
mM indicates the enhanced enzymatic affinity of ChOx
to cholesterol. The glucose sensor fabricated with wellcrystallized flower-shaped copper oxide nanostructures
composed of thin nanosheets also showed a high and
reproducible sensitivity of 47.2 μAmM-1cm-2, response
time less than 5 s, linear dynamic range from 0.01 to 10.0
mM, correlation coefficient of R = 0.9986, and detection
limit based on S/N ratio (S/N = 3) of 1.37 μM. This work
opens a way to utilize the metal oxide nanostructures
simply grown in solution as efficient electron mediators to
fabricate efficient cholesterol and glucose biosensors.
A02278-03966
Effects of Polyethylenimine on Morphology
and Property of ZnO Films Grown in Aqueous
Solutions
Xiulan Hu; Yoshitake Masuda; Tatsuki Ohji;
Kazumi Kato
Advanced Manufacturing Research Institute, National
Institute of Advanced Industrial Science and Technology
(AIST), Nagoya, Japan
Morphologies and properties of well-aligned ZnO films
were controlled using zinc nitrate–hexamethylenetetramine
aqueous solution with the addition of polyethylenimine as
a surfactant. Porous and dense ZnO films were fabricated
with and without polyethylenimine, respectively. The
addition of polyethylenimine proceeded to form porous
ZnO whisker films by preferential adsorption to nonpolar
crystal faces and modifications of the surface free
energy and growth rate. Dense ZnO films showed high
transmittance of 80%. Porous ZnO whisker films showed
low transmittance of 70%, while showed high intensity of
fluorescence and high photo-induced current after adsorbed
organic dye molecules, because the porous film provided a
large interior surface area which can capture large amounts
of dye molecules on the surface of ZnO nanocrystals. High
performance dye-sensitized sensors can be produced using
ZnO whisker films prepared from an aqueous solution.

A02300-03927
Functional ZnO Films and Single Crystals
Dirk Ehrentraut
Institute for Materials Research, Tohoku University,
Japan
ZnO is one of the most versatile materials with potential
as broadband semiconducting scintillator. Exploitation of
the very fast, sub-nanosecond excitonic emission of ZnO
for superfast scintillators was recently discussed in the
literature; however, severe re-absorption may occur due
to the small Stokes shift of Wannier exciton emission in
the direct-gap ZnO structure. Efficient collection of such
emission from bulky scintillation elements is therefore
limited. A way to overcome could be the manipulation
of the excitonic emission by shifting the excitonic band
to lower energies. In the case of double donor-acceptor
doping also radiative recombination within the donoracceptor pairs can be considered to obtain low-energy
shifted emission.
Different techniques to fabricate crystalline undoped
and doped ZnO were employed namely the liquid phase
epitaxy (LPE) of thin films on ZnO substrates and
synthesis of microcrystals from low-alkaline solutions
using mild hydrothermal conditions at T <150°C and p <3
MPa. ZnO crystals were selectively doped with Sb, In, Ga,
Mo, etc. The effect of doping, experimental parameters,
zinc source and solvent concentration was studied on the
phase composition, crystal morphology, crystal size and
luminescent properties. Reference ZnO crystals have been
grown by the hydrothermal technique around 350 °C and
p = 100 MPa.
LPE serves as screening tool to obtain single-crystalline
ZnO surfaces at reasonable processing time. Another
advantage of LPE method is that the sample surface is
mechanically untouched. Mechanical treatment appears as
a possible source of problems in the case of polished bulk
crystals as the penetration depth of the UV excitation in
the region of ZnO intrinsic absorption is less than 100 nm.
Homoepitaxial ZnO thin films were grown from a LiCl
solution at 640°C under ambient air conditions. Doping and
formation of solid solutions with bi-, tri-, and tetravalent
ions is enabled through employment of the relevant metal
halogenides.
Photo- and radio luminescence spectra were measured at
the undoped and doped with In, Ge, and Sb ZnO samples
using a steady-state UV and X-ray excitation sources,
respectively. Decay kinetics of the exciton-based and
donor-acceptor radiative recombination was studied using
a femtosecond laser excitation.
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A02303-03951
Crystal Growth of a Chalcone Derivative in
Solution
Dharmaprakash Sampyady; Ravindra H.
Department of Physics, Mangalore University,
Mangalore, India
Slow evaporation solution growth method has been
employed to grow single crystals of a chalcone derivative.
Using repeated seeding technique single crystal of chalcone
derivative of size 47mm x 7mm x 5mm was grown in a
period of 10 days. A typical growth rate of 3-4.5mm/day
was achieved during growth. The grown single crystals
were characterized using elemental analysis, Fourier
transform infrared Spectroscopy and powder X-ray
diffraction technique. The X-ray diffraction data indicated
that this crystal belongs to orthorhombic system with Fdd2
noncentrosymmetric space group. The nonlinear optical
second harmonic generation (SHG) conversion efficiency
for this crystal was measured using Kurtz powder technique.
It was found that the SHG efficiency of this crystal is 29.3
times larger than that of standard urea. The observed large
SHG efficiency in this chalcone derivative was attributed
to the shape of the molecule, molecular alignment in the
crystal, intermolecular hydrogen bonding and also to the
strong push -pull effect due the presence of a donor and
acceptor group. In addition to the high SHG efficiency
this crystal shows good transparency in the visible region
with lower optical cutoff at 445 nm. The laser damage
resistance for this crystal was determined to be >2 GW/
cm2 at 1064 nm. Owing to large SHG efficiency, good
optical transparency, high laser damage resistance and
good mechanical property this crystal may be used for
frequency doubling of diode lasers down to 445 nm.
A02305-03938
Fabrication and Characterization of Ink-jet Printed
Thick Film Containing AlN Powders
Hyo Tae Kim1; Jongwoo Lim1;2; Young Joon Yoon1;
Jihoon Kim1; Jong-hee Kim1; Ho Gyu Yoon2
1. IT Convergence Laboratory, Korea Institute of
Ceramic Engineering and Technology, Seoul, South
Korea
2. Materials Science and Engineering Department, Korea
University, Seoul, South Korea
Aqueous and organic solvent based suspensions of
aluminum nitride (AlN) powders were prepared for ink-jet
printing of high thermal conductivity dielectric substrate.
AlN inks containing 3 to 10 wt% solid contents were
printed on several types of substrate materials including
copper foil, copper or platinum coated silicon wafers.
Surface modification such as passivation of AlN powder
surface by using phosphate layer chemisorptions was
performed for ink suspension to prevent against hydrolysis
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or coagulation. The printed AlN thick films in the order
of several microns were dried and a polymer resin was
infiltrated into the AlN powder layer by ink-jet printing
method. This work report the controlling hydrolysis of
AlN powders, fabrication of jettable AlN inks, fabrication
of thermally conductive substrates with AlN inks,
characterization of AlN inks and AlN-polymer composite
layers by using XRD, FT-IR, SEM analysis and dielectric
properties and thermal conductivity measurement.
A02316-03957
Hydrothermal Synthesis and Characterization of
V2O5 Nanobelts
Dhayal Raj Alphonse1;2;
Suresh Kumar Palaniswamy1;
Sabari Arul Narayanasamy3;
Mangalaraj Devanesan2;3; Nataraj Devaraj1;2
1. Department of Physics, Bharathiar University, Tamil
Nadu, India
2. DRDO-BU Centre fro LifeSciences, Bharathiar
University, Tamil Nadu, India
3. Department of Nanoscience and Technology,
Bharathiar University, Tamil Nadu, India
Preparation of transition metal oxides, especially vanadium
oxides in the nano scale dimensions is the hottest field of
interest because of their widespread application in the
various fields. In this work, bundles of V2O5 nanobelts
were synthesized by a simple hydrothermal method. This
synthesis method provides a simple route to fabricate
one-dimensional nanostructured metal oxides under mild
conditions. Structural, morphological, compositional and
thermal analysis were carried out on the prepared samples,
using X-Ray Diffractometer (XRD), Raman spectrometer,
Scanning Electron Microscopy (SEM), Fourier transform
infrared spectroscopy (FTIR) and Thermogravimetry
(TG). The V2O5 nanobelts exhibit orthorhombic structure
as observed from the XRD analysis. The particle size of
the prepared sample has been calculated using Scherrer
formula and was found to be around 44 nm. The Raman
spectrum of the nanobelts exhibit bands around 485, 531
and 997 cm–1 that are assigned to the triply coordinated
oxygen (V3–O) mode in pure V2O5. The SEM images
show that these nanobelts are with highly uniform surface
and of length around 5µm. The XRD pattern shows the
high crystalline nature of the prepared nanobelts. The
material confirmation of the prepared samples was carried
out using FTIR analysis which proved that the resulting
nanobelts are vanadium pentoxide. The TG/DTA results
show an endothermic peak around 670oC which may be
due to the melting of the V2O5 sample.
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A02326-03985

A Facile, “Green” Synthetic Route to High
Quality, Monodispersed Water Soluble Cadmium
Selenide Nanoparticles
Oluwatobi Samuel Oluwafemi1;2;
Opeoluwa, Oyehan Oyedeji3;
Neerish Revaprasadu1; Reinhardt Botha2
1. Department of Chemistry, University of Zululand,
Kwazulu-Natal, South Africa
2. Department of Physics, Nelson Mandela Metropolitan
University Summerstrand Campus (South), Port
Elizabeth, South Africa
3. Department of Chemistry, University of KwaZuluNatal, Kwazulu-Natal, South Africa
CdSe is one of the most popular nanomaterials to be
extensively investigated because it’s band gap can be tuned
across the visible spectrum. Though many preparatory
methods have been reported for the synthesis of CdSe,
greener sustainable methods with less toxic starting
materials, smaller number of reagents, single synthetic step,
room temperature synthesis and the use of water as solvent
(an essential material for its biological application) is still
a significant challenge. We herein report a greener, facile
and environmentally benign, one step synthesis of high
quality, monodispersed and blue emitting water soluble
cadmium selenide nanoparticles. The CdSe particles
are passivated with cysteine a water soluble amino acid,
which acts as an agent of solubilization, stabilization and
conjugation with biomolecules. The reaction involves the
room temperature addition of the selenide ion produced
by reduction of selenium powder in water to the aqueous
cysteine-cadmium complex solution. The luminescence
and size of the nanoparticles were controlled by varying
the pH (between acidic, neural and basic medium) and the
reaction time (between 1 and 24 hours). The as-synthesised
nanoparticles were characterised by optical spectroscopy,
IR spectroscopy, x-ray diffraction and transmission
electron spectroscopy. The nanoparticles showed quantum
confinement with band edge luminescence. The particle
size increases as the pH decreases from alkaline to
acidic medium with enhanced luminescence in the basic
medium. We believe the knowledge gain from this work
will enable direct large production of water soluble CdSe
for commercial purposes due to the economical and
environmentally benign of the synthetic method.

A02362-04038
Chemical and Nanoparticle Solution
Deposition of CuInS2 Thin Films

Spray

Jeong Dae Suh1; Ki Bong Song1;
Kyung Hoon Yoon2; Jae Ho Yoon2;
Se Jin Ahn2; Joon Ho Kim3
1. Future Research Department, Electronics and
Telecommunications Research Institute, Daejeon, South
Korea
2. Solar Cell Research Center, Korea Energy Research
Institute, Daejeon, South Korea
3. Department of Physics, University of Incheon, Incheon,
South Korea
Cu-In-X (X=S, Se, GaSe, etc.) based absorption layer are
used in a variety of solar cell structures. During the last few
years, solar cell module fabrication using a Cu-In-X based
solar cells showed a new opportunity for replacement
of Si based solar cells. In the Cu-In-X based solar cells,
the high quality absorption layer fabrication is one of the
key issues. Recently, several Cu-In-X based absorption
layer such as CuInS2, CuInSe2, CuInGaSe have been
fabricated by various vacuum and nonvacuum methods,
and demonstrated as candidate materials for industrial
use of thin film solar cells. Among these materials,
CuInS2 is an attractive solar absorber materials with its
band gap (1.53 eV) and nontoxic materials. In this study,
We have investigated the CuInS2 absorption thin film
depositions by chemical and nanoparticle solution spray
deposition method. CuInS2 thin films were prepared from
aqueous solution containing CuInS2 nanoparticles and
CuCl2, InCl3, and thiourea, and CuInS2 nano size particles
were prepared by chemical solvethermal process. The
influence of the deposition parameters such as solution
composition, substrate temperature, deposition rates, and
nano particle size on thin film structure, morphology, and
optical properties of CuInS2 thin films were studied. Also,
We describe the absorption layer structural properties on
the thin film solar cell performance.
A02394-04201
Fabrication of Titanate Thin Films, Nanotube
Arrays, and Fibers throuth Electrochemical and
Hydrothermal Reactions
Koji Kajiyoshi
Research Laboratory of Hydrothermal Chemistry, Kochi
University, Kochi, Japan
Most of hydrothermal syntheses have been performed for
many years in solution phases at high temperatures and
high pressures. A hydrothermal system in an autoclave,
however, is ordinarily comprised of a vapor phase and a
solution phase as well as hydrothermal products. In the
present study, we focused our research on synthesis and
morphology control of thin films, nanotube arrays, and
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fibers of titanate compounds utilizing electrochemical
reactions and hydrothermal reactions both in the solution/
vapor phases.
In the first place, BaTiO3 thin films with uniaxially
preferred orientation have been pepared on polycrystalline
metal substrates of Pt and Ti using a H+-form titanate
H1.07Ti1.73O4 of a layered structure as a precursor. The
titanate powder was treated in a n-propylamine solution
to exfoliate the titanate into the nanosheets of elementary
layer of its structure. A preferentially oriented H1.07Ti1.73O4
thin film was prepared by the electrophoretic deposition
at a potential of +1.3 V vs. SCE in the resulting nanosheet
colloidal solution, followed by heating at around 350 degree
C. BaTiO3 thin films with high [110] preferred orientation
of Lotgering factor F = 1.0 were successfully prepared by
hydrothermal treatment of the titanate precursor thin film
in Ba(OH)2 solutions around 200 degree C.
Secondly, vapor-phase hydrothermal treatment was found
to be very effective to convert amorphous TiO2 nanotube
into highly crystalline anatase phase. Vertically oriented
TiO2 nanotube-arrayed thin films were fabricated first by
potentiostatic anodization of titanium metal plates at 10-20
V in 0.3-0.5% HF aqueous solutions at room temperature.
With an increase in the applied voltage from 10 to 20 V,
the inner diameter of the nanotube increased from 30 to
70 nm and the wall thickness increased from 12 to 17 nm.
The nanotube could be grown up to ca. 600 nm in length
with the anodizing time duration of 45 min. Titanium
oxide nanotubes having much higher aspect ratios were
also prepared in 0.5% NH4F glycerol solution. All the asprepared TiO2 nanotubes were confirmed to be amorphous.
However, the amorphous TiO2 nanotubes were confirmed
to be converted into anatase phase in hydrothermal vapor
water at 150-200 degree C.
Thirdly, it was found that some of those crystalline phases
which are unstable in the solution phases can be synthesized
exclusively in the vapor phases and that some crystalline
phases grown in the vapor phases assume morphologies
different from those obtainable in the solution phases.
K2Ti6O13 and H2Ti3O7 fibers with unprecedentedly high
aspect ratios (> 100) were successfully obtained so far in
the vapor phases of KOH and NaOH aqueous solutions,
respectively.
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A02394-04242
Sinterbility and Relaxor Behavior of Ba(Ti, Zr)
O3 and Ba(Ti, Sn)O3 Nanopowders Prepared by
Hydrothermal Process
Koji Kajiyoshi; Lihong Xue; Kazuyo Onishi;
Kana Horiuchi
Research Laboratory of Hydrothermal Chemistry, Kochi
University, Kochi, Japan
Ba(Ti, Zr)O3 fine powders were prepared from barium
hydroxide, titanium tetraisopropoxide, and zirconium
n-propoxide by a hydrothermal method using a titaniumlined autoclave. Ba(Ti1-x Zrx)O3 (x < 0.04) powders were
analyzed to be tetragonal while Ba(Ti1-x Zrx)O3 (0.04 <
x < 0.08) powders were analyzed to be orthorhombic.
Average particle sizes were estimated to be 0.04, 0.08 and
0.11 micrometers for Ba(Ti1-x Zrx)O3 (x = 0.04) powders
synthesized at 150, 200, and 250 degree C, respectively,
from corresponding data on BET surface area. The Ba(Ti,
Zr)O3 fine powders could be sintered to relative densities
higher than 97% at 1400 degree C or less without sintering
agents. The relaxor behavior of the Ba(Ti, Zr)O3 ceramics
could be tailored by appropriately designed mixing the
Ba(Ti1-x Zrx)O3 fine powders having different Zr contents in
a wide range (0.00 < x < 0.32) into a compact and sintering
it at relatively low temperatures to suppress intergranular
diffusion of Ti and Zr. In a similar way, sinterbility and
relaxor behavior of hydrothermally prepared Ba(Ti, Sn)O3
nanopowders will also be discussed.
A02400-04101
Preparation and Characterization of Nano Titania
Particles Coated Mesoporous Silica
Diptiranjan Sahu1; L. Y. Hung1;
Sheng-Chang Wang2; Jow-Lay Huang1
1. Department of Materials Science and Engineering,
National Cheng Kung University, Tainan, Taiwan
2. Department of Mechanical Engineering, Southern
Taiwan University, Tainan, Taiwan
Nonionic surfactant was used as liquid template and
Na2SiO4 as SiO2 precursor for the synthesis of mesoporous
silica SBA-15 with high specific surface area. The
synthesized SBA-15 served as the TiO2 support to
reduce the TiO2 grain size and well-dispersed TiO2 for
enhancement of photocatalytic activity. The synthesized
titania/silica composites were characterized by X-ray
diffraction, FTIR, TEM, UV-Visible spectroscopy, etc.
TEM micrographs showed that the organic solute template
method could prepare the titania-silica composite, and
successfully embedded titaina in SBA-15 channel. The
mesoporous structure restrained the titania grain size within
5 nm which caused blue shift identified by UV-Vis spectra.
This is due to the formation of Si-O-Ti bonding which was
identified by FTIR. The dispersion effect promoted by the
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support prevents the anatase to rutile phase transformation
observed in monolithic TiO2 materials upon identical
calcination temperature. The activity test indicated that
TiO2/SBA-15 composite prepared by this method had
better photocatalytic performance than pure TiO2.
A02407-04183
Amino
Acids-Precursor
Nonlinear Optical Materials

for

Synthesizing

Tanusree Kar
Materials Science, Indian Association for the Cultivation
of Science, Kolkata, India
Nonlinear optical ( NLO )materials play a major role in
nonlinear optics and in particular they have a great impact
on information technology and industrial applications.
The new development technique for the fabrication and
single crystal growth of nonlinear optical materials has
dramatically contributed to this evolution. On account
of the large flexibility for molecular design and higher
nonlinear optical efficiency, there has been much progress
in basic research on organic and semiorganic NLO solid
materials. L-arginine phosphate monohydrate (LAP) is one
such semi organic nonlinear optical material. LAP is phase
matchable with all nonlinear optical processes, where
potassium dihydrogen orthophosphate (KDP) is phase
matchable. LAP is three times more nonlinear than KDP,
its damage threshold is two to three times higher than that
of KDP. Stimulated by the outstanding nonlinear optical
properties of LAP, scientists, have given attention to the
synthesis of other salts of L-arginine, especially in respect
to their nonlinear optical properties. In our laboratory we
have synthesized some new nonlinear optical materials
from amino acids L-arginine and L-valine and identified
them by C.H.N. test, FT-IR and XRD. Bulk single crystals
of the synthesized materials were then grown from their
aqueous solution by slow evaporation and also by slow
cooling methods. The grown crystals were characterized by
measuring their thermal, mechanical and optical properties
by DTA, TGA, powder SHG efficiency and microhardness
measurements. Our study shows that halides salts of
L-arginine and L-valine are promising NLO materials
having SHG efficiency, mechanical and thermal stability
greater than other semiorganic NLO materials. But among
the halide salts, L-arginine hydrofluoride (LAHF) emerged
as most promising NLO material as far as SHG efficiency,
mechanical and thermal stability are concerned.

A02410-04114
Fabrication of CIGS Nano-Particles and CIGS
Films by using Chemical Bath Fabrication:
Potential Applications of CIGS Solar Cell
Ki-Bong Song1; Jeong-Dae Suh1; Se-Jin Ahn2;
Jae-Ho Yoon2; Kyung Hoon Yoon2
1. Future Research Department, Electronics and
Telecommunications Research Institute, Daejeon, South
Korea
2. Solar Cell Research Center, Korea Energy Research
Institute, Daejeon, South Korea
We have fabricated Cu(InGa)S(Se)2 films by using chemical
bath fabrication. Cu(InGa)S(Se)2 (CIGS) is p-type light
absorbing layer of high efficient solar cell. For CIS and
CIGS particles, aqueous solution containing ingredients of
CuCl2, InCl3, Se, GaCl3 and SC(NH2)2 was used. We have
grown nano-particles and thin films by varying molar ratio
of ingredients and mixing temperature in the chemical bath.
The particles and thin films were refined by centrifuge and
characterized by several measurement techniques such
as X-ray diffraction, scanning electron microscopy and
transmission electron microscopy. It was observed that
fabrication temperature and Cu-to-In ratio (0.9~1.2) has
significant effect on the growth of the particles and the thin
films, respectively. Crystal structure and composed phase
of selenized (sulfurized) films will be discussed.
A02427-04292
Fiber-rounding-hole Microstructure of Insect
Cuticle and Biomimetic Research
Bin Chen1; Quan Yuan1; Xianghe Peng1;
Jianguo Wang2; Ji Luo1
1. Department of Engineering Mechanics, Chongqing
University, Chongqing, China
2. Center for Protective Technology, National University
of Singapore, Singapore
Insect cuticle is a kind of natural biocomposite with
excellent strength, stiffness, fracture toughness and
light weight, which are closely related to the elaborate
microstructures of the cuticle optimized through millions
of years’ evolution. The researches on the microstructures
and the corresponding mechanical properties may provide
beneficial information for developing new man-made
high-performance composites. In this work, scanning
electron microscope (SEM) was used for the observation
of the microstructures of chafer cuticle. The result of the
observation showed that the cuticle consists of chitin-fiber
plies parallel the surface of the cuticle and sclerous protein
matrix. The observation also showed that there is a kind
of biological porous microstructure in the cuticle which is
used for reducing the weight and transferring matters of the
cuticle. More careful observation showed that the fibers in
the microstructure continuously round these holes, which
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composes a kind of fiber-rounding-hole distribution. Based
on the SEM observational result, a kind of biomimetic
composite laminate with fiber-rounding-hole distribution
was fabricated. The ultimate strength of the biomimetic
composite laminate was experimentally investigated and
compared with that of the conventional-holed composite
laminate. The result of the experimental testing showed
that the ultimate strength of the biomimetic composite
laminate is markedly larger than that of the conventionalholed composite laminate. At last, an investigation on the
ultimate strength of the biomimetic composite laminate
compared with that of the conventional-holed composite
laminate was conducted based on their representative
models. The result of the investigation was consistent
with the experimental one and revealed the high-strength
mechanism of the biomimetic composite.
A02427-04306
Investigation of Laminated and Screwy
Microstructures of Chamidae Shell and
Biomimetic Design
Bin Chen1; Quan Yuan1; Xianghe Peng1;
Jianguo Wang2; Ji Luo1
1. Department of Engineering Mechanics, Chongqing
University, Chongqing, China
2. Center for Protective Technology, National University
of Singapore, Singapore
Molluscan shell is a kind of natural composite with
excellent fracture strength and fracture toughness,
which can be attributed to its unique microstructures.
The observation of scanning lectron microscope (SEM)
showed that Chamidae shell is a kind of bio-ceramic
composite consisting of aragonite and organic materials.
These aragonite and organic materials distribute in the
shell in laminated form and parallel with the surface of
the shell. The observation also showed that the aragonite
layers consist of numerous thin and long aragonite sheets,
which are dozens of nanometers in diameter and can be
regarded as aragonite fibers. These aragonite fibers align
in different layers with different orientations and compose
several particularly distributed microstructures. A kind
of screwy layup was found in the shell. In the layup,
the aragonite fibers in an arbitrary aragonite layer make
a fixed angle with the aragonite fibers in its adjacent
aragonite layer. The maximal pull-out force of the screwy
layup of the aragonite fibers was investigated based on
its microstructural model, which accounts for the high
fracture toughness of the shell. The investigated result was
compared with that of the conventional parallel layup. It
showed that the maximal pull-out force of the screwy layup
is obviously larger than that of the conventional parallel
layup. At last, the laminated and screwy microstructures
of the shell were used for the biomimetic designs of the
ceramic/polymer and ceramic/polymer/fiber composites.
The test of the fracture toughness both the biomimetic
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ceramic composites and conventional ceramic material
was conducted. It showed that the fracture toughness of the
biomimetically designed ceramic composite is markedly
larger than that of the conventional ceramic material.
A02458-04196
Polyacrlamide/Laponite Clay Nanocomposite
Hydrogels - Super Absorbent, Dye Adsorption
and pH Sensitive Behaviors
Siddaramaiah1
1. Department of Polymer Science and Technology, Sri
Jayachamarajendra College of Engineering, Karnataka
State, India
2. Department of Polymer/Nano Engineering, Chonbuk
National University, Jeonju, South Korea
3. Department of Hydrogen and Fuel Cell Engineering,
Chonbuk National University, Jeonju, South Korea
Polymeric hydrogels, consisting of a three-dimensional
polymer network and water filling the interstitial space of
the network, have attracted much attention as functional
soft materials. To date, they were used in many fields such
as soft contact lens, sanitary napkins, disposable diapers,
carriers for protein and nucleic acid in gel electrophoresis,
amendments in greening and agriculture, refrigerants in
medical, pharmaceutical applications including drug
delivery systems, food industries, muscle-like actuators,
construction of sensors food industries, etc.
The novel nanocomposite (NC) hydrogels were prepared
by in-situ free-radical polymerization of acrylamide (AAm)
in the presence of exfoliated clay (Laponite (Lap)), without
using any organic cross-linker. It was found that the prepared
NC hydrogels were better than that of the conventional
PAAm hydrogels, prepared using organic cross-linkers.
The NC hydrogels exhibit extraordinary mechanical
properties with high elongation and good resilience. The
network structure was elucidated by the transmission
electron microscopy (TEM), thermogravimetry (TG), and
X-ray diffraction (XRD) methods.
The swelling parameters and water soluble cationic dye
adsorption behaviors of the poly(acrylamide)-Laponite
(PAAm/Lap) NC hydrogels were investigated. The
parameters of swelling and diffusion of water in dye
solutions were evaluated for the PAAm/Lap NC hydrogels.
The adsorption behavior of the monovalent cationic dyes
such as Basic Blue 12 (BB 12), Basic Blue 9 (BB 9)
and Basic Violet 1 (BV 1), were studied on the NC gels.
The effects of the clay content on cationic dye uptake
behaviour were studied. The adsorption studies indicated
that the rates of dye uptake by the NC hydrogels increased
in the following order; BB 9> BB 12 > BV 1. This order
is similar to the swelling results of the PAAm/Lap NC
hydrogel in the dye solutions. The equilibrium uptakes of
the different dyes by the PAAm/Lap NC hydrogel were
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nearly the same. In the dye adsorption studies, S-type
adsorption in the Giles classification system was found for
the BB 12 and BV 1 dyes, whereas L-type was observed
for the BB 9 dye. After the heat treatment of PAAm/Lap,
the rate of dye uptake and equilibrium dye uptake were
increased. The NC hydrogels may be considered as a good
candidate for environmental applications to retain more
water and to remove dyes.
Also investigation have been carried out on the influence
of varying clay contents (25-43%), pH values (2-11 buffer
solutions), heat treatment, temperatures (25-60oC) and
ionic strengths (saline solution, 10-7- 0.1M) on the water
absorbency of PAAm/laponite NC hydrogels in the
absence of polyelectrolyte. Swelling data at different pH
indicates that, a maximum swelling ratio occured at pH
11. The pH values of external solutions have a significant
role on the swelling behaviors of the NC hydrogels. The
degree of hydrolysis of the composite also plays a part in
the swelling of the NC hydrogels in various pH solutions.
Heat treatment of the hydrogels significantly improved
the swelling capacity and created an obvious pH sensitive
area (pH 3~4). The swelling capacity of the hydrogels
was enhanced by increasing the temperature of the
absorbing media. The results of swelling at different ionic
strengths also indicate that the saline solution strength
can considerably weaken the swelling abilities of the NC
hydrogels, due to the screening effect.
Keywords: Polyacrylamide, nanoclay, nanocomposite
hydrogel, super absorbent, cationic dyes, adsorption
profile, pH sensitivity
A02540-04356
Hydrothermal Synthesis of Complex TransitionMetal Oxides: Control of Crystal Chemistry for
Advanced Materials Applications
Richard Walton
Department of Chemistry, University of Warwick,
Coventry, United Kingdom
Hydrothermal synthesis of mixed-metal oxide phases,
materials usually prepared by high temperature solid-state
methods, offers various levels of control in the formation
of advanced functional materials. This control is over
several length scales: from oxidation state and local
atomic structure, through long-range crystal order through
to crystal morphology from the nanometre to the micron
regime. We will illustrate some of these ideas with some
recent examples of our work in which we have investigated
the preparation of some transition-metals oxides. In the
case of cerium titanate chemistry by use of oxidising
conditions we can prepare a novel Ce(IV) pyrochlore
family based on the parent material (Ce0.67Na0.33)2Ti2O7
selectively over the Ce(III) perovskite NaCeTi2O6. The
pyrochlore materials are nanocrystalline and show very

favourable solid-state redox properties, desirable for
applications such as catalytic converters or water gas shift
catalysis. We have also prepared ruthenium analogues by
isomorphous replacement of Ti(IV) by Ru(IV) in novel
hydrothermal reactions: these materials have unusual
magnetic properties where KRuO4 can act as an oxidising
agent as well as metal source. The second case are some
apparently more simple alkali metal niobates. For NaNbO3
we show that a metastable ilmenite polymorph can be
prepared selectively over the expected perovskite form by
changing pH of synthesis, and in situ diffraction reveals
the materials to crystallise by a remarkable sequence of
crystalline intermediate phases. In contrast lithium niobate
formed from Nb2O5 and LiOH has a rock salt structure
of composition Li3NbO4, with cation disorder that can be
ordered by post synthesis annealing. The scope for control
of crystal form in these materials will also be discussed.
A02550-04360
Colloidal Cu(InGa)Se2 Nanocrystals: A Precursor
Route to Printed Photovoltaics
Matthew Panthani; Brian Goodfellow;
Vahid Akhavan; Bonil Koo; Brian Korgel
Department of Chemical Engineering, University of Texas
at Austin, Austin, TX, United States
Colloidal copper indium gallium selenide (and sulfide)
(CIGS) nanocrystals approximately 10 nm in diameter or less
were synthesized by high temperature arrested precipitation.
The ligand chemistry turns out to be extremely important
for the synthesis of these CIGS nanocrystals, and many
common ligands used for arrested precipitation of metal
and semiconductor nanocrystals do not work because they
negatively impact the reaction chemistry and yield primarily
stable molecular byproducts. Very good control over
nanocrystal size and shape can be achieved under certain
synthetic conditions. As one example, monodisperse trigonal
pyramidal CuInSe2 nanocrystals are obtained. The polarity
of the crystal facets gives rise to the non-spherical particle
shape. In another example, monodisperse disk-shaped
CuInS2 nanocrystals are obtained. These nanodisks exhibit
an unexpected wurtzite crystal structure, which is interfaced
within the nanocrystals with additional chalcopyrite crystal
domains across (002)w/(112)ch stacking faults.
Deposition strategies were then developed to achieve
uniform, thick (~1 micrometer) CIGS nanocrystal films
largely free of cracks. The as-deposited films are relatively
resistive and prototype photovoltaic (PV) devices constructed
from these films show only a weak PV response. Further
processing steps were developed to greatly improve the
properties of the nanoparticle films, resulting in decreased
resistance, better photoresponse and higher PV efficiencies
from devices constructed with these nanoparticle-based
absorber layers demonstrating the viability of this approach
for next generation photovoltaics. .
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A02572-04396

A02578-04403

Synthesis and Characterization of Nanorods,
Nanoneedles and Flower-like PbTe Nanocrystals
by A Low Temperature Aqueous Chemical Route

Hydrothermal
Synthesis,
Characterization
and Application of in-situ modified Mn:TiO2
nanopartricles for Treatment of Textile Effluents

Kungumadevi Lakshmanan;
Sathyamoorthy Ramakrishnan
PG & Research Department of Physics, Kongunadu Arts
and Science College, Tamil Nadu, India

Behzad Shahmoradi1;2; Guru Raw T.N.3;
K. Byrappa4
1. Environmental Science, University of Mysore, Mysore/
Karnataka, India
2. Environmental Health Engineering, Kurdistan
University of Medical Science, Sanandaj/Kurdistan, Iran
3. Solid State Structural Chemistry, Indian Institute of
Science, Bangalore/Karnataka, India
4. Geology, University of Mysore, Mysore/Karnataka,
India

Binary IV-VI Semiconducting compounds form a very
interesting class of materials because of their potential
applications in thermoelectric, super capacitors, electronic
and opto-electronic devices due to their unique thermal
and electrical properties. Among the IV-VI class of
materials, lead telluride has high figure of merit ZT
.The high value of ZT is governed by the large Seebeck
coefficient, low thermal conductivity, and high electric
conductivity. Moreover, the other fabulous properties such
as narrow band gap and large exciton Bohr radius allow
size-quantization effect to be easily observed even for
relatively large crystallites size. Reducing the dimension
of the thermoelectric semiconductor has been predicted
as a successful strategy to gain further enhancements in
ZT because of the quantum size effect and the enhanced
interface scattering of phonons. However, growing onedimensional PbTe nanocrystals with a cubic crystal
structure is a challenge because of the necessity of a
symmetry breaking pathway for enabling anisotropic
growth. In fact, we propose here a low temperature
aqueous solution route for the successful synthesis of PbTe
nano crystals of different morphology such as nanorods,
nanoneedles and micro-flower. In this paper, we reported
a new pathway to synthesis PbTe nanorods by a simple
aqueous chemical reaction between lead acetate and Te in
NaOH solution with the presence of NaH2PO4 as reductant
at low temperature under atmospheric pressure without
the assistance of any surfactant or template. Temperature,
time, and concentrations of various reactants play a major
role in controlling the morphology and shape evolution
of the product. The products are characterized by X-ray
diffraction (XRD), Scanning electron microscopy (SEM),
Transmission electron microscopy (TEM), Energy
dispersive X-ray analysis (EDX). The photoluminescence
properties were investigated and the prepared nanostructures
displayed a very strong luminescence around 760-770 nm
at room temperature. A possible growth mechanism of
PbTe nanocrystals was proposed based on the experimental
results.

Titanium dioxide is one of the most used technological
materials in the advanced oxidation treatment of
wastewater. There are several techniques for synthesizing
these materials like sol-gel, solid state reactions, flame
pyrolysis, micro-emulsion, hydrothermal, solvothermal,
etc. conventional methods of synthesizing TiO2 yield highly
agglomerated particles without any control on morphology
and size and also need further treatment of the particles to
enhance the crystalinity. Selecting a suitable surfactant or
surface modifier along with an appropriate dopent can help
in achieving a control over the size, morphology and also to
reduce the band gap energy of these TiO2 particles. These
factors play an important role in photocatalytic treatment
of the industrial effluents. This research presents in-situ
modification of TiO2 nanoparticles using Caprylic acid
as surface modifier and various percentages (2 and 5) of
MnO2 as dopent under mild hydrothermal conditions. The
experiments were carried out in the temperature range of
150 to 250oC with an autogeneous pressure, over a period
of 8 to 24 hours. The run products were characterized
using powder XRD, FTIR, DLS, UV-Vis. Spectroscopy
and TEM. The synthesized nanoparticles were used for
photocatalytic treatment of the Textile effluents under
various conditions. COD and T% analysis were carried
out to find efficiency of the photodegradation. Our results
reveal high efficiency of the modified Mn:TiO2 particles
comparing to non-modified doped and bare TiO2 particles
in photodegradation of the collected wastewater samples
from one of the textile industries around Mysore City,
India.
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A02675-04593

Chemical Reaction Induced by Pulse Discharge
Plasma in Sub- and Subcritical Fluids
Motonobu Goto1; Mitsuru Sasaki2;
Masafumi Mitsugi2; Akihiro Yoshida2;
Hiroshi Watanabe2; Tsuyoshi Kiyan2;
Takao Namihira1; Hidenori Akiyama2
1. Bioelectrics Research Center, Kumamoto University,
Kumamoto, Japan
2. Graduate School of Science and Technology,
Kumamoto University, Kumamoto, Japan
Physical properties of fluid such as density and polarity
can be continuously tuned by changing temperature
or pressure in near-critical region of the fluid. Sub- and
supercritical fluids have been used as a reaction media and
separation solvent due to the unique property. We have
been studying generation of discharge plasma in subcritical
and supercritical fluid. As a fluid, carbon dioxide or water
was used.
The experiments showed that: 1) the measured electrical
breakdown voltage in supercritical CO2 had a relatively
large dispersion compared with that in gas and liquid
phase, and was almost independent of the CO2 density, 2)
the delay time for breakdown was gradually increased with
increasing the density, and there was a large fluctuation
around sub-critical phase or high-pressure gas phase.
Plasma generated in supercritical carbon dioxide was used
for the reaction of palmitic acid. By treating at 313 K, 15
MPa, and 2000 times plasma discharges, production of
myristic acid and stearic acid was observed, indicating
C-C bond cleavage or C-C bond formation.
We also applied plasma generated in subcritical water
to chemical reactions of phenol and aniline. We noticed
that possibility of making ion-rich atmosphere, degrading
and reacting phenol with using pulse discharged plasma
in subcritical water. Generating plasma discharge in
subcritical water causes active species (.H, .OH, ion,
free electron) which is instable molecule and has high
reactivity. Reaction of phenol and aniline in sub-critical
water using pulse discharged plasma was conducted in
non-catalytic condition with coexisting of ionic reaction
and radical reaction.
As a result, phenol was decomposed to 17% of the
conversion after 4,000 times discharged at 523 K, 25
MPa. The conversion gradually increased with discharge
times. Residual ratio of organic carbon in aqueous phase
was calculated based on TOC analysis, and the amount of
organic carbon in water was not affected by the discharge
times. The analysis of oily product at 4000 times discharge
found that phenol was converted into its dimer and trimer.
In trimer, hydroxyl radical of phenoxy radical was bonded
at meta position in phenol. This result indicates that

reaction of phenol induced by plasma in subcritical water
is different from the reaction in subcritical water or the
reaction in water with plasma at ambient condition. When
aniline was used as a reactant, the polymerization of aniline
was also observed.
A02692-04627
Biomediated, Biomimetic and Bio-inspired
Approaches to Metal Oxide Nanostructures
Mandeep Kular; Elizabeth Horstman;
Doug Duchon; Neha Dhiman; Gabriela Cuevas;
James Weaver; David Kisailus
Chemical and Environmental Engineering, University of
California at Riverside, Riverside, United States
Mineralizing biological systems demonstrate how nature
can produce elegant structures at room temperature
through controlled organic-mineral interactions. These
organics (proteins and polysaccharides) exist as either
soluble forms or as insoluble scaffolds that are often used
to control size, shape and orientation of mineral. Based on
inspiration from Nature, we are using biologically-derived
and biomimetic scaffolds to template the nucleation
and growth of inorganic materials such as ZnO. These
scaffolds offer the potential to control surface energies
that can dramatically influence crystal nucleation and
growth behavior. In addition, soluble ligands (modeled
after specific mineral functionalities identified through the
study of biological systems) that interact with minerals
during homogeneous nucleation can be used to control
the size and shape of these particles and ultimately, their
properties.
A02700-04644
Photoelectrocatalysis Using Oxide Semiconductor
Thin Films: An Efficient Way for Degradation of
Organic Impurities in Water
P.S. Shinde; P.S. Patil; C.H. Bhosale
Department of Physics, Shivaji University, Kolhapur,
India
Keeping in mind the impact of nonrenewable energy
sources on the daily life of mankind, a trend of investigating
the heterophotocatalysts for various purification studies
using renewable energy sources such as sunlight is
demanding these days. Moreover, the oxide semiconductor
photocatalysts like TiO2 and WO3 have high oxidation
potentials for valence band holes which can be exploited for
degradation of organic impurities in water. In the present
study, the large area (10×10 cm2) oxide semiconductor
thin films such as TiO2, WO3 and multilayered TiO2/WO3
were deposited onto conducting fluorine doped tin oxide
(F:SnO2) coated glass substrates. The thin coatings oxide
layers were achieved by a simple and economical spray
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pyrolysis technique at the respective optimized deposition
conditions of these materials. The photoelectrochemical
degradation of organic impurities such as textile azo-dye
acid orange 7 (AO7) in water using such thin films is
successfully carried out with the help of an unique specially
designed three cell photoelectrochemical detoxification
reactor module under artificial near ultraviolet (UVA) and
naturally available sunlight. The results of degradation of
AO7 using TiO2, WO3 and TiO2/WO3 were compared and
discussed.
A02710-04665
Fine-crystalline Materials Technology Including
Successive Processes in Hydrothermal and in
Supercritical Conditions
Marina Danchevskaya; Yurii Ivakin;
Sergei Torbin; Galina Muravieva
Chemistry Department, Moscow State University,
Moscow, Russian Federation
The fine-crystalline oxides of metals will widely be
utilized in various fields of human activity. In the course
of development of electronic, optical and metallurgical
industries the need of powdered materials will increase.
In this report is represented new technology of producing
of fine-crystalline oxides by treatment of a raw material
sequentially in hydrothermal conditions and then in
supercritical water fluid.
Developed technology was used for synthesis of finecrystalline pure and doped simple oxides, quartz,
corundum, zinc oxide and also of composite oxides such
as aluminates of magnesium, strontium, cobalt, zinc,
lanthanum and barium hexaferrite, and yttrium-aluminum
garnet.
The synthesis is performed in a autoclave at first at
temperature 230 - 250 °C and then in the range 380 410°C under pressure of the water fluid 10 - 30 MPa. The
pressure of water fluid carries out by some water added
into the space between the walls of autoclave and said
containers with the starting material. After the synthesis is
completed the water vapor is released and the dry product
is unloaded from the autoclave.
Size and shape of crystals are controlled via synthesis
conditions. The technology allows producing of high-pure
fine-crystalline crystals from 50 nm to 400 microns by
size. By such method it is possible to obtain doped finecrystalline oxides too.
The production of fine-crystalline oxides in a pilot plant
using the industrial autoclaves has demonstrated the
economical expediency and environmental safety of
manufacturing of various fine-crystalline oxides by this
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method. This technology is cost-effective and ecologically
safe. It doesn’t employ any hazardous or toxic chemical
compounds. The only by-product of the process is water
vapor.
A02717-04671
Doping of Zinc Oxide under Soft Hydrothermal
Conditions
Yurii Ivakin; Marina Danchevskaya;
Galina Muravieva
Chemistry Department, Moscow State University,
Moscow, Russian Federation
ZnO powders is an important material for various
applications, such as sensor or pigments, as luminophor,
as raw material for varistor and for electrography. In each
case ZnO powders should have particles of the various
size and habitus. For many applications of zinc oxide
the doping with various elements is required. Under the
treatment of zinc oxide or hydroxide with the additives
of special substances at temperatures above 150°C in
medium of water solution or water vapour the powder of
ZnO microcrystals with the required performances can be
obtained. In the present work the formation of undoped and
doped zinc oxide in soft hydrothermal (SHT) conditions is
investigated.

The SHT treatment of zinc oxide have carried out
in laboratory (volume 17 cm3) and pilot-industrial
(volume of 55 litres) autoclaves at temperatures 150400°C and pressure of water vapour 0,5-26 MPa.
For doping of zinc oxide two modes were used: the
solution of doping components was filled up in the
container with zinc oxide or doping components
beforehand were coated on zinc oxide from water
or alcohol solutions with consequent drying. In the
first case the treatment of zinc oxide at subcritical
temperatures occurs in a water solution, in the second
case the treatment of zinc oxide at all temperatures
occurs in atmosphere of water vapour.
The used zinc oxide represents weakly crystalline
powder (the size of Bragg scattering zone is 50-70
nm) with size of particles less than 1 micron. The
zinc hydroxide was obtained by dissolution of zinc
oxide in a water solution of ammonia.
The SHT treatment of initial zinc oxide in water vapours at
temperatures 150-400°C does not result in modification of
particles morphology. The structural modifications begin
at introduction of activating microadditives: ZnCl2, NH4Cl
or other in amount 0.05-0.5 mass %. At temperatures of
treatment below 220°C the small particles of the various
forms are transformed in separate crystals with a smooth
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surface. The form of crystals becomes rounded; the size
of particles does not vary (0.5-1 microns). The size of
Bragg scattering zone is sharply increased simultaneously.
At temperatures of treatment above 220°C the growth of
crystals begins and their size is enlarged up to 10 microns.
The ions of metals contained in the reaction medium
are incorporated into structure of forming crystals and
influence their morphology and optical properties. The
presence at the reaction medium of silicon impurity
results in formation of acicular crystals. At treatment in
these conditions of zinc hydroxide the crystals in form of
cylinders (5-10x1 microns) were obtained.
The transformation of zinc oxide occurs through solidphase mechanism. The high mobility of structure is
caused by the process of reversible hydroxylation of zinc
oxide. Into the process of reversible hydroxylation of zinc
oxide the cations presented in the reaction medium are
involved.
A02727-04695
Recovery of TiO2 from Ti-humic Acid Sludge for
DSSC Photoanodes
Yu-Hao Chang1; H. Paul Wang1;2; Yu-Lin Wei3;
Chang-Yu Liao1; Chun-Kuo Tsai1; Chih-Ju G. Jou4
1. Department of Environmental Engineering, National
Cheng Kung University, Tainan, Taiwan
2. Sustainable Environment Research Center, National
Cheng Kung University, Tainan, Taiwan
3. Department of Environmental Science and
Engineering, Tunghai University, Taichung, Taiwan
4. Department of Safety, Health and Environmental
Engineering, National Kaohsiung First University of
Science and Technology, Kaohsiung, Taiwan
Disposal of the high-volume humic acid sludge discharged
from drinking water treatment systems is becoming difficult
mainly due to the increasing process cost. In the present
work, nanosize TiO has been recovered from the Ti-rich
2
humic acid sludge and is utilized to prepare the photoanode
of a dye-sensitized solar cell (DSSC). It is found that the
efficiency of the recovered nanosize TiO based DSSC is
2
5.12%, which has a better performance than that of the
TiO nanoparticles (P25). Enhanced adsorption of dye
2
-8
-8
2
(from 1.56×10 to 2.05×10 mole/cm ) on the nanosize
TiO photoanode is also found.
2

A02727-04706
Sensing of ClCl4 with Nanosize ZnO Thin Films
Huan-Hsuan Hsu1; H. Paul Wang1;2; Yu-Lin Wei3;
Chun-Kuo Tsai1
1. Department of Environmental Engineering, National
Cheng Kung University, Tainan, Taiwan
2. Sustainable Environment Research Center, National
Cheng Kung University, Tainan, Taiwan
3. Department of Environmental Science and
Engineering, Tunghai University, Taichung, Taiwan
The main objective of this work is to study speciation of
zinc in the ZnO thin films and reveal possible reaction
paths during sensing of Cl-containing volatile organic
compounds (such as CCl4). By the least-square fitted X-ray
absorption near edge structure (XANES) spectroscopy,
it is found that the main zinc species in the ZnO thin
film are nano- (95%) and micron-size (5%) ZnO. After
introduction of CCl4 (1000 ppm) onto the thin film at 333
K, a small amount of metallic zinc (Zn) (5%) is observed at
9659 eV in the in situ XANES spectra. The ZnO thin film
has a desired sensitivity (RCCl4/Rair>15) and short response
time (twomin) when sensing of 1000 ppm of CCl4 vapor.
To obtain a better understanding of interactions involved
during sensing, the thin films have also been studied by
in situ extended X-ray absorption fine structure (EXAFS)
spectroscopy. During sensing of CCl4, the chemical
interactions between oxygen of CCl4 and zinc on the ZnO
thin film can be observed. Adsorption of CCl4 on the ZnO
has caused changes of the bond distance of Zn-O in the
thin films to 1.90 Å and restored to 1.92 Å in the absence
of CCl4.
A02729-04700
Supercritical Hydrothermal Synthesis of OrganicInorganic Hybrid Nanoparticles -Mechanistic
StudtyTadafumi Adschiri
WPI-AIMR, Tohoku University, Sendai, Japan
We propose a new method to synthesize organic-inorganic
hybrid nanoparticles at supercritical hydrothermal
conditions. By introducing organic legands (aminoacids,
carboxylic acids, amines, alcohols, aldehydes etc.) into
supercritical hydrothermal synthesis atmosphere, organic
-inorganic hybrid nanocrystals were synthesized. Particle
size was in the range from 2.5 nm to 10 nm, and particle
size dispersion was extremely narrow. Crystal shape can
be controlled to be sphere, nano-cube etc. by changing
concentration of organic modeifiers. By selecting a
proper modifier (affinity with the solvent), particles could
be dispersed perfectly in organic solvents or in aqueous
solutions. This implies a variety of applications of the
nanoparticels including nanohybrid polymers, nanoink, nano-paints, and bio-imaging probe. In this paper,
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mechanism of the reaction was discussed. Important is
homogeneous phase formation for the organic substance
and metal salt aqueous solutions at supercritical conditions.
Through the experiments of changing pH, it was found that
the matching of surface charge of the nanoparticles and
the dissociation of organic molecules under supercritical
conditions was essential for the surface modification.
A02735-04902
Chemical Bath Deposition for Metal Oxide Thin
Films
Haiyan Xu1; Hao Wang2; Masahiro Yoshimura3
1. School of Materials & Chemical Engineering,
Anhui University of Architecture, Hefei, China
2. The College of Materials Science and Engineering,
Beijing University of Technology, Beijing, China
3. Institute of Materials Research, Tohoku University,
Sendai, Japan
Chemical bath deposition (CBD), which has been well
known as a prevalent low-temperature (<100 oC) aqueous
technique for directly depositing large-area thin films
of semiconductors, has advantages over other thin film
techniques, because it allows films to be deposited on
non-planar substrates that might not be chemically or
mechanically stable at high temperatures; and it doesn’t
require sophisticated instruments like vacuum system and
other expensive equipments. During CBD processing, thin
films deposit directly on substrates immersed in dilute
precursor solutions. A complexing agent (or ligand) is
generally used to control the hydrolysis of the metal ion and
impart some stability to the bath, which would otherwise
undergo rapid hydrolysis and precipitation. During the
past two decades, it has been a popular solution thin film
technique to prepare sulfides and selenides thin films.
CBD, recently has emerged as a method for the deposition
of metal oxides thin film.
In the paper, a series of metal oxides, including ZnO,
Mn3O4, CuO, Cu2O, YVO4 thin films have been prepared
by CBD method at low temperatures from aqueous
solution. Microwave irradiation has also been proposed
to assist CBD. The studies on the characters of structure,
morphology, spectrum of the CBD-derived metal oxide
thin films have been conducted, as well as their sizedepended properties.
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A02751-04722
Fabrication
of
Polyaniline
Spikes
via
Electropolymerization of Aniline for Ammonia
Vapor Sensing Application
John Cerry La Rosa
Physics, Institute of Mathematical Sciences and Physics
University of the Philippines, Los Banos, Philippines
Fabrication of polyaniline (PANi) spikes was done using
electropolymerization of aniline. Perchloric acid-aniline
solution was used as the electropolymerization medium
while a graphite cylinder was used as working electrode.
Different volume fractions of perchloric acid (5%, 7.5% and
10%) were used but only the solution with 10% perchloric
acid was found to yield polymeric spikes. The base of
the spikes is around 100nm. When exposed to ammonia
vapor, the current in the samples significantly drops from
its original value indicating its sensitivity to ammonia.
On other hand when the ammonia vapor is removed, its
current increases, indicating its capacity to recover.
A02752-04864
Synthesis
and
Characterization
of
the
Nanocrystalline Nickel Ferrites by a Mechano
Sol-Gel Auto-Combustion Method
M. Shahmirzaie; S. A. Seyyed Ebrahimi
Center of Excellence in Magnetic Materials, School of
Metallurgy and Materials, University of Tehran, Tehran,
Iran
Nickel Ferrites are widely used in electronics,
telecommunication and information technology due to their
superior electric and magnetic properties. Nanocrystalline
particles of these materials also show improved magnetic
properties.
In this work, nanocrystalline powders of nickel ferrite were
synthesized by a sol-gel auto-combustion method and the
effect of high energy milling before calcination on the
physical properties of these powders were investigated. The
process was characterized by thermo gravimetric analysis
and the differential thermal analysis (DTA/TGA), X-Ray
Diffraction (XRD) and Scanning Electron Microscopy
(SEM). The results showed that with a high energy milling
of the powders before calcination, the temperature of
calcination reduced from 1000°C to 700°C and the size of
the crystallites decreased from 72 nm to 23 nm. The main
parameters of the milling process were also optimized.
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Comparison of Self Propagating High Temperature
and
Mechano
Sol-Gel
Auto-Combustion
Processes as Two Synthesis Routes for
Nanocrystalline Mn-Zn Ferrite Powders
H. Amiri; S. A. Seyyed Ebrahimi;
M. Yousefzadeh
Center of Excellence in Magnetic Materials, School of
Metallurgy and Materials, University of Tehran, Tehran,
Iran
Mn-Zn Ferrites are materials widely used in transformers,
frequency filters and magnetic recording heads due to their
excellent properties such as high saturation magnetization,
high initial permeability, high resistivity and low losses.
Nanocrystalline powders of these materials also show
improved magnetic properties.
In this work, two methods of self propagating high
temperature and mechano sol-gel auto-combustion were
used to synthesis nanocrystalline Mn-Zn ferrite powders.
The synthesized powders were characterized by X-Ray
Diffraction (XRD), Scanning Electron Microscopy (SEM)
and Vibrating Sample Magnetometery (VSM) techniques.
The comparative effects of the two processes on the
physical properties of the resulting powders were further
investigated.
A02760-04727
Uniformly-Sized Bismuth Sulfide
through Solvothermal Process

Nanorods

Amita Pathak
Department of Chemistry, Indian Institute of Technology,
Kharagpur/ West Bengal, India
Bismuth sulfide (Bi2S3) is a technologically important
photoconductive semiconductor with lamellar structure
and a direct band-gap of 1.3 eV. Synthesis of onedimensional nanostructured bismuth sulfide (i.e., nanorods
and nanowires) with high aspect ratio has become one
of the most active research areas due to their improved
figure of merit and increased band gap energy, making
them suitable for applications in photovoltaics, sensors,
and thermoelectrics etc. Incited by the efficacy of the
solvothermal techniques in this area, we applied the
method for the synthesis of uniformly sized, elongated
nanostructures of crystalline Bi2S3 (in the form of nanorods
or nanowires) with well-defined surfaces and small average
diameters.
In the developed process, appropriate amounts of
bismuth nitrate was solubilized in aqueous solution of
triethanolamine (TEA) through formation of [Bi+3–TEA]
complex, and elemental sulfur was separately dissolved
in monoethanolamine (MEA) through formation of

monoethanolaminium sulfides/ bisulfides/ polysulfides
(Sdissolved). To carry out the solvothermal reaction, the
solutions of [Bi+3–TEA] complex and Sdissolved were mixed
together and the resultant solution was transferred to a
Teflon-lined autoclave, which was sealed and heated at
various temperatures (i.e., room temperature, 120°C,
140°C, 160°C) and for different incubation periods under
autogenous pressure. The S2− ions (or H2S), generated
through disproportionation of sulfur in the alkaline solution
of MEA under the condition, reacted with the [Bi+3–TEA]
complex and resulted in grey colored precipitates of Bi2S3.
The precipitates obtained through the different conditions of
the solvothermal process were separated through filtration
and dried in a vacuum oven at 60°C after repeated washing
with deionized water and finally with ethanol. The amount
of sulfur (and MEA) in the starting solution was always
maintained in excess to the stoichiometric requirement
of Bi+3: S mole ratio of 1:1.5. This ensured adequate
concentration of S2− ions in the precursor solution.
The orthorhombic Bi2S3 phase in the various samples was
confirmed by X-ray diffraction (XRD) analysis. X-ray
photoelectron spectroscopy (XPS) studies were performed
to ascertain the purity and composition of the samples. The
morphological studies of all the samples [carried out by
scanning electron microscopy (SEM) and high resolution
transmission electron microscopy (HRTEM)] showed lowcrystalline spherical particles at room temperature, which
elongated into rods during the solvothermal process at
120°C and the highly crystalline, uniformly sized nanorods
with high aspect ratios were eventually obtained when
autoclaved at 160°C for 18 h. Optical absorption spectra
of the samples autoclaved at 160°C for 18 h showed a
broad peak around at wavelength of 615 nm. Band gap
energy, calculated from absorption spectra for the samples,
revealed an in increase to 1.96 eV, which is blue shifted
value compared to bulk.
A02821-04838
Electrospinning
of
Polycaprolactone
and
Polycaprolactone/Polyethylene Oxide Polymeric
Solution for Nanofiber Fabrication
Juzzel Ian Zerrudo; Emmanuel Florido
Physics Division, Institute of Mathematical Sciences and
Physics, University of the Philippines Los Banos, Los
Banos, Philippines
Polycaprolactone (PCL) and Polycaprolactone/Polethylene
Oxide (PEO) nanofibers with diameters between 100
to 450 nanometers were successfully fabricated by
electrospinning PCL and PCL/PEO polymer dissolved in
dichloromethane with a constant solute to solvent ratio of
0.142 g/ml. The polymeric solution were electrospun under
a 20,000 V power supply with a fixed needle to collector
distance of 10 cm. Pure PCL and PEO and three blends of
PCL/PEO solution with solute mass ratio of 3:1, 1:1 and
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1:3 respectively, were prepared prior to electrospinning.
Scanning electron microscope images revealed that the
mean diameter of PCL nanofibers is 366 nm, 337 nm for
PEO and 442 nm, 320 nm and 261 nm for 3:1, 1:1 and 1:3
PCL/PEO blends respectively. The result shows that as the
amount of PEO is increased in the ratio of PCL/PEO, the
fiber diameter decreases.
A02827-04846
Excellent Data Retention Ability of MgxSb100-x
Material for Phase-Change Random Access
Memory Applications
Chih-Chung Chang1; Ching-Yi Hung1; Kin-Fu Kao1;
Tri-Rung Yew1; Tsung-Shune Chin1;2
1. Department of Materials Science and Engineering,
National Tsing Hua University, Hsinchu, Taiwan
2. Department of Materials Science and Engineering,
Feng Chia University, Taichung, Taiwan
Te-free non-chalcogenide MgxSb100-x (0 < x < 100) binary
phase change material (PCM) with excellent ability
of data retention have been investigated. We aimed to
provide a chance to replace the commercial Ge2Sb2Te5 for
future phase-change random access memory (PCRAM)
applications. The as-deposited film is amorphous state, which
increases temperature as the resistivity of all the MgxSb100-x
films decreases, with a quick drop at the crystallization
temperature. The resistivity of the high-resistance state
films is about 4 to 3 orders of magnitude higher than that
of low-resistance state. As the x increases from 24 to 51
with increasing the crystallization temperatures (Tx) from
152 to 192 °C. Structure of the samples after annealing
at 300 °C crystallize into the rhombohedtal structure.
The activation energy of crystallization (Ea) obtained by
Kissinger’s method and the ability of data retention were
calculated from the extrapolation of the Arrhenius plot. The
crystallization activation energy of Mg42Sb58 and Mg51Sb49
are 3.25 and 3.42 eV, respectively, while the ability of data
retention at 100 °C of Mg42Sb58 and Mg51Sb49 are close to 8
and 10 years. Above results make Mg42Sb58 and Mg51Sb49
phase change materials promising candidates for the
next-generation phase change memory. Furthermore, the
crystallization temperature and activation energy could be
accurately controlled by adjusting the magnesium atomic
content within the MgxSb100-x material.
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A02849-04878
Green Routes for the Synthesis of Nanomaterials
Zhimin Liu
Institue of Chemistry, The Chinese Academy of Science,
China
With the development of green and sustainable chemistry,
the green synthesis of nanomaterials has attracted much
attention in recent years. Environmentally friendly solvents
including water, supercritical fluids (SCFs) and some ionic
liquids (ILs), due to green features as well as their unique
properties, provide new opportunity for the green synthesis
of fucntional materials, and have exhibited promising
applications in material science. Recently, my group has
paid much attention to the synthesis of nanomaterials
using SCFs [1-11] and ILs [12-17]. Some green methods
for synthesizing nanomaterials have been developed, and
various kinds of nanomaterials with high performances
have been prepared. For example, we developed several
one-pot routes related with SCFs for depositing metal
and metal oxides on carbon nanotubes, and a series of
carbon nanotube-based composites have been fabricated.
We also presented several methods involved with ILs to
prepare nanomaterials, and metal oxide nanocrystals, claysupported nanocatalysts have been successfully obtained.
In this presentation, I will give an introduction of our
recent work on green synthesis of nanomaterials.
References:
1. Z. M. Liu, B. X. Han, Adv. Mater. 2009, 21, 825.
2. Z. Y. Sun, Z. M. Liu, et al., Adv. Mater. 2005, 17, 928.
3. Z. Y. Sun, Z. M. Liu, et al., Adv. Mater., 2005, 17, 2993.
4.	S. D. Miao, Z. M. Liu, B. X. Han, et al, J. Mater. Chem.,
2006, 16, 579.
5.	J. Q. Wang, C. L. Zhang, Z. M. Liu, Macromol. Rapid
Commun., 2006, 27, 787.
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A02851-04881
Synthesis
and
Structural
Studies
on
Complexes of Lanthanide(III) Nitrates with
4-[3-(2-Trifluoromethyl)
Phenothiazine-10-yl]
Propyl-1- Piperazine ethanol Dihydrochloride
Bellale Marigowda Venkatesha;
Rayapura Thimmegowda Radhika;
Boregowda Keshavan
Department of Chemistry, University of Mysore, Mysore,
Karnataka, India
New complexes of lanthanide(III)
nitrates with
fluphenazine dihydrochloride as ligand have been
synthesized with a general formula {Ln(FPH)2(NO3)2]
NO3, where Ln=La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu; and FPH=fluphenazine dihydrocholoride.
The complexes have been characterized on the basis of
their elemental analysis, molar conductance, magnetic
susceptibility, spectral and thermal data. The analytical
data of these complexes is in accordance with 1:2 metalligand stoichiometry. The molar conductance of 10-3 molar
solutions in DMF are in the range 69 – 92 Ohm-1Cm2Mol-1
indicating 1:1 electrolytic nature of the complexes. The
magnetic moment values indicate that except lanthanum
and lutetium complexes all are paramagnetic as expected
for lanthanide(III) complexes. The infrared spectral data
indicates that the fluphenazine dihydrochloride acts as a
bidentate ligand. Various electronic spectral parameters
calculated suggest the occurrence of covalent character in
metal ligand bonding. Thermal data is in good agreement
with that of the stoichiometry assumed for the complexes.
A02856-04885
N-Bromosuccinimide Assisted Oxidation of
Tripeptides and Their Amino Acid Analogs:
Synthesis, Kinetics, and Product Studies
Doddamedur Bhadre Gowda
Department of Chemistry, University of Mysore, Mysore,
Karnataka, India
Tripeptides (TP) namely, Glycyl-Valyl-Glycine (Gly-ValGly), Alanyl-Valyl-Glycine (Ala-Val-Gly) and Glycylphenylalanyl-Glycine (Gyl-Phe-Gly) were synthesized by
classical solution phase methods and characterized. The
kinetics of oxidation of tripeptides (TP) and their amino
acid (AA) analogs by N-bromosuccinimide (NBS) was
studied in presence of perchloric acidic medium at 28°C.
The reaction was followed spectrophotometrically at λmax
= 240 nm. The reactions follow identical kinetics, being
first order each in [NBS], [AA] and [TP]. No effect on
[H+], reduction product and ionic strength was observed.
Effects of varying dielectric constant of the medium and
addition of anions such as chloride and perchlorate were
studied. Activation parameters have been computed.

The oxidation products of the reaction were isolated and
characterized. The proposed mechanism is consistent with
the experimental results. An apparent correlation was
noted between the rate of oxidation and the hydrophobicity
of AA and TP.
A02864-04899
Hydrothermal Conversions of Polycarbonate and
Polyethylene Naphthalate into Monomers in the
Presence of Ammonia
Toshitaka Funazukuri; Kohei Hatakeyama;
Risa Arai
Applied Chemistry, Chuo University, Tokyo, Japan
Polycabonate pellets were subjected to a dilute aqueous
ammonia solution in a semi-batch reactor under
hydrothermal conditions: at temperatures from 423 and 463
K, and pressure of 10 MPa, and ammonia concentrations up
to 2 mol/L, as compared with aqueous sodium hydroxide
solutions. The presence of ammonia was found to be more
effective than that of sodium hydroxide. For instance, at 433
K and 10 MPa within 80 min, bisphenol A yield of 93 wt%
on carbon weight basis of initial PC was obtained in a 0.6
M aqueous ammonia solution, whereas that of 20 wt% in
a 0.6 M aqueous NaOH solution. From direct observations
of PC pellets reacting in a view cell, the reaction was
found to take place on the surface of pellets. The yields of
bisphenol A produced and the components dissolved in the
solution were both represented by the 2/3 order reaction,
derived by assuming the surface reaction model, with
respect to unreacted amount. The reaction rate constants
with alkali, such as ammonia or NaOH, were proportional
to each alkali concentration. The dissolved components
mainly consisted of bisphenol A, and the oligomers and
phenol were scarcely detected. Similar to polycarbonate,
the hydrothermal conversion of polyethylene naphthalate
(PEN) into monomers, naphthalene dicarboxylic acid and
ethylene glycol, was examined, and the reaction rates were
also represented by the surface reaction model, 2/3 order
of unreacted amount of PEN.
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A02869-04908
Hydrothermal synthesis, Characterisation and
Application of Mn:ZnO Nanocrystals
C.P. Sajan1; Touba Khosravi2; S Ananda3;
K Byrappa4
1. DOS in Environmental Science, University of Mysore,
Mysore, Karnataka, India
2. Ravansar Town Health Center, Kermanshah University,
Kermanshah, Iran
3. DOS in Chemistry, University of Mysore, Mysore,
Karnataka, India
4. DOS in Geology, University of Mysore, Mysore,
Karnataka, India
In the present study the authors have reported the
hydrothermal synthesis of Mn:ZnO under mild temperature
and pressure conditions (temperature = 150oC, pressure =
autogenous, duration of 24 hrs). The precursors were taken
in an autoclave maintaining the %fill of 40% using suitable
mineralizer. The Mn was doped from 1 to 10 % respectively.
The synthesized compounds were characterized using
powder X-ray diffraction (XRD), Fourier infrared
spectroscopy (FTIR), photoluminescence, DLS and
scanning electron microscopy (SEM). The DLS results
reveal that the crystals synthesized were in the 8 nm range.
The compound synthesized was used in the degradation of
textile effluent under both sunlight and UV light. The effect
of various parameters such as concentration of the effluent,
catalyst loading, pH of the medium, source and intensity
of illumination were investigated on the photocatalytic
degradation of textile effluent using Mn doped ZnO. The
photodegradation efficiency of these compounds was
calculated using %T and COD. The reduction in the COD
from 536 mg/L to 24mg/L and the increase in %T from 42
to 91 % of the treated effluent revealed the destruction of
organics present in the pharmaceutical effluent.
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A02872-04913
Hydrothermal Immobilization of ZnO onto Calcium
Alumina-Silicate Beads, Characterization and
Photocatalytic Application
H.P. Shivaraju1; C.P. Sajan1;
Behzad Shahmorady1; T Rungnapa2;
M.S. Vijayakumar3; C Ranganathaiah4;
K Byrappa5
1. Department of Environmental Science, University of
Mysore, Mysore, Karnataka, India
2. National Metal and Materials Technology Centre,
Pathumthani, Bangkok, Thailand
3. Department of Aerospace Engineering, Tokyo
Metropolitan University, Tokyo, Japan
4. Department of Physics, University of Mysore, Mysore,
Karnataka, India
5. Department of Geology, University of Mysore, Mysore,
Karnataka, India
The photocatalytic degradation efficiency of immobilized
catalyst is high when compared to the mobilized and
suspended catalysts. The porous or floating solid materials
such as silica, alumina, zeolites, clays, polymers, activated
carbon, etc. are commonly used supporting materials for
the immobilize the catalysts. In the present work we have
used standard ball milled calcium alumino-silicate beads
as the supporting material for the immobilization of ZnO
nanoparticles. An effective and easy method is proposed
to immobilize the ZnO nanoparticles onto calcium
alumina-silicate beads (CASB) for the environmental
application. ZnO coated calcium alumina-silicate beads
(CASB) were prepared by hydrothermal technique with 1
M HCl solution and commercially available ZnO powder.
The experimental temperature was changed from 100ºC to
250ºC to obtain required phase and morphology of the ZnO
nanocrystals on CASB. The hydrothermally prepared ZnO
coated CASB was characterized by XRD, SEM, FTIR and
PALS. The required phase, size and pore size of the ZnO
crystals on CASB was achieved at above 200ºC in the
acidic condition. The photocatalytic activity of ZnO coated
CASB was studied by using Brilliant yellow dye and the
ZnO coated CASB was showed maximum photocatalytic
degradation efficiency upto 92% and 97% under UV light
and natural sunlight respectively.
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A02873-04914

Synthesis of AlPO4 - Zeolites Particles: Application
in Waste Water and Industrial Effluent Treatment
C.P. Sajan1; Viswanathan Krupa2;
B.V. Suresh Kumar2; Basavaiah Basavalingu2;
K Byrappa2
1. DOS in Environmental Science, University of Mysore,
Mysore, Karnataka, India
2. DOS in Geology, University of Mysore, Mysore,
Karnataka, India
The various applications of zeolites make them one of the
most useful inorganic materials in technology. AlPO4zeolites particles are widely used for its porous, high
thermal stability, high shape selectivity and intrinsic
chemical activity. The interest is being extended from
the molecular sieves to selective catalysis, gas adsorption
like CO2 and CO, nanoparticles’ hosts, atmospheric
ecosystems, etc. AlPO4-zeolites particles were prepared
under hydrothermal conditions (Temp. ~150°C, Pressure
autogenous). The synthesis parameters like experimental
duration, temperature, pH condition, solvent selection,
etc. have been worked out with reference to the optimum
conditions.
Microcrystalline parameters and micro
voids of AlPO4-zeolites particles have been measured by
using wide-angle X-ray scattering (WAXS) and positron
annihilation lifetime (PALS) methods respectively.
Surface morphology has been studied using scanning
electron microscopy (SEM). The change in the shape,
size and position of absorption peaks in the FTIR spectra
supports the good interaction between AlPO4 particles and
wastewater or industrial effluents. In the present paper,
the authors discuss the synthesis of AlPO4-5 and were
employed successfully in the treatment of wastewater
and industrial effluents. The effects of pH, electrical
conductivity, COD, major anions and cations have been
worked out in detail.
A02874-04916
Hydrothermal Synthesis and Characterization of
Ba4Nb2O9 Crystals
Javarappa Komal Kumar1; Jana Bezjack2;
K Byrappa1; B Basavalingu1
1. Department of Geology, University of Mysore, Mysore,
Karnataka, India
2. Advanced Materials Department, Jozef Stefan Institute,
Jamova Cesta, Ljubljana, Slovenia
Perovskite type structures with anion deficiency have
attracted the attention of researchers in recent years owing
to their structural peculiarities, low dielectric loss, relatively
higher permittivity, small temperature coefficient of
resonance frequency in the microwave regions, polytypism,
high temperature ceramic applications, etc. Amongst these
perovskite structures, barium niobates are the prominent

species. Ba4Nb2O9 is especially very interesting showing
four different polymorphs, i.e. α, β, β’ and γ modifications.
However, only the α and γ modifications are stable, whereas
the β phase is metastable.
Hitherto, all the experiments to synthesize these barium
niobates only the high temperature solid state reactions
were employed to obtain only the polycrystalline masses
without much phase purity or homogeneity. Thus, the
structural and physical properties have not been understood
precisely for these barium niobates. Hence an attempt has
been made in the present work to synthesize these various
phases of barium niobates from the system BaO – Nb2O5
– H2O under hydrothermal conditions. The experiments
were carried out within a wide range of temperature
and pressure conditions (T=250 – 600oC; P= 30-1.3 Kb;
Duration = 24 – 72 Hrs) using Morey, and Tuttle-Roy
type autoclaves. Accordingly teflon and platinum liners
were used respectively. The low temperature experiments
did not result in the crystallization of barium niobate
because of the ultra low solubility and high melting points.
Whereas the high temperature experiments resulted in
the crystallization of different phases of barium niobates.
However, an emphasis was on the crystallization of
hexagonal α-Ba4Nb2O9 . A systematic characterization has
been carried out using XRD, SAED, SEM, FTIR, etc.
A02907-04969
Insight through In Situ Studies of Hydrothermal
Processing of Heterogeneous Catalyst
Gopinathan Sankar
Department of Chemistry, University College London,
London, United Kingdom
Many complex oxides are prepared starting from solutions
of respective ingredients and in some cases forming a gel
and finally treating them using hydrothermal methods.
This ‘soft-chemical’ methods are traditionally used in
the preparation of nanoporous zeolitic solids and more
recently many dense framework and nano materials are also
prepared either under hydro or solvothermal conditions.
Although the preparative methods have been established
over the years, considerable amounts of time is required
to optimise the specific conditions for the controlled
preparation of solids with specific size and crystallinity.
Recent developments, however, provide unique
opportunity to probe the conversion of solution or gel
based starting material to crystalline solids. In particular,
time resolved measurements of X-ray and spectroscopic
techniques are beginning to show in-depth information
on the nature of changes in the atomic-architecture during
the crystallisation process. X-ray scattering (both X-ray
diffraction and small-angle scattering techniques), X-ray
absorption spectroscopy, Raman spectroscopy and UV-VIS
techniques provide specific information about the system
that is undergoing changes. With the advances in obtaining
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time-resolved data, it is now possible combine many of
the techniques to extract structural information during
the course of an hydrothermal process. Here, examples
from zeolite crystallisation, synthesis of dense framework
oxide, Bi-Mo-O and nano gold catalyst formation will be
discussed in detail.
A02911-04979
Study of Stability of Carbonized Wood Ceramics
by Hydrothermal Treatment
S. Srikantaswamy1; M. Yoshimura2;
K. Byrappa3
1. Department of Studies in Environmental Science,
University of Mysore, Mysore, India
2. Tokyo Institute of Technology, Japan
3. DOS in Earth Science, University of Mysore, Mysore,
India
Carbonized wood materials (CWM) impregnated with
thermosetting resin have been proposed for many
applications likefilters, fuel cell gas separators, battery
electrodes, further processed to form carbon-polymer or
carbon-carbon composites, heaters, electric leads, humidity
and temperature sensors. However, little is known about
their chemical stability in water containing environments.
In this work behavior and stability of CWM were studied
using hydrothermal method. Experiments were carried out
in the desired temperature range from 100 to 800o C and
100Mpa pressure for the duration of 20 hours. The obtained
resultant products were characterized by using Raman
spectroscopy, field emission scanning electron microscopy
(FESEM) which is equipped with electro dispersive X-ray
spectroscopy (EDS) and TG – DTA analysis. The results
show that at higher temperature above 500oC, the bulk of
CWM was corroded by the action of hydrothermal fluid.
Raman analysis indicated that hydrothermal treatment
corroded the amorphous part of the carbon matrix and
resulted to increase of sp2 bonded parts or graphitization.
As temperature increased, the D-band decreased but the
G-band increased, thus the relative ratio of D-band and
G-band decreased. Metal cations present as impurities were
dissolved into hydrothermal water and were recrystallized
in the form of silicate minerals. These minerals can be
removed easily by ultrasonic bath washing. The formation
of various carbon nanocells were observed by the TEM
studies in the specimens treated above 600oC.
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A02912-04980
Thermo-chemical Modelling of Non-Equilibrium
Solution Processing
S. Ranganathan
National Metallurgical Laboratory, Jamshedpur, India
Synthesis of new materials involves the interaction
between various chemical species under varying conditions
of temperature and pressure. This is true of solvothermal
processing as well as other routes which employ higher
temperatures and extreme conditions. The ability to
predict the product formed under different conditions is a
vital tool for the success of the synthesis route. This will
help in understanding the process as well as in optimizing
the conditions under which the synthesis is carried out.
Thermodynamics is a powerful tool and is being used
by many investigators to predict the optimum conditions
to be employed for the synthesis of various materials.
Conventionally, the thermo-chemical equilibrium reached
in a closed system is predicted to arrive at the appropriate
conditions for synthesis and for maximising the yield.
This approach predicts the ultimate equilibrium reached
under the given conditions of temperature, pressure, etc.
However, various processes, such as the growth on a
substrate, are controlled by the equilibrium at the interface
between the substrate and the surroundings which is
usually the solution phase. The global equilibrium between
the product and the solution phase is restricted by kinetics
of diffusion.
The thermo-chemistry at the interface can be modeled
using the relevant phase diagrams and assuming local
equilibrium to be attained at the interface. However, this
is also a highly restrictive assumption since attaining such
a local equilibrium would demand a large variation in
composition between the phases under consideration. This
is unrealistic and is also restricted by kinetics of diffusion.
The Transformation Diagrams show that the thermochemistry at the interface can be realistically modeled using
the fundamental principles of thermodynamics, however,
without the assumption of equilibrium-either global or
local. The procedure still gives definite predictions on the
compositions of the phases interacting at the interface and
is useful for modeling the process and well as controlling
the same. These diagrams set the limits for the compositions
of the co-existing phases under various conditions. Using
the principles of transport phenomena simultaneously with
the Transformation diagrams, it is possible to model the
thermo-chemistry of the non-equilibrium processes more
realistically. The model is illustrated with some processes
as examples.
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A02913-04981

The Degradation of Pesticide in Waste Water
Using Hydrothermally Prepared TiO2
S. Srikantaswamy1; S. A. Muniraju1;
R. Madhukar1; Puttaswamy2
1. DOS in Environmental Science, University of Mysore,
Mysore, India
2. Department of Chemistry, Bangalore University,
Bangalore, India
The conventional biological treatment methods are
ineffective in the complete removal or degradation of the
organics in waste water due to high concentration and
high stability of the organics. There are limitations in
the conventional treatment methods when the complete
oxidation of the pollutant is expected. In this case
photocatalysis is a promising area of organic destruction.
In particular the semiconductor – assisted photocatalysis
can decompose organics without selectivity and make
no secondary pollution. Therefore it is considered as one
of the green environmentally friendly and perspective
technology. TiO2 is the most widely used photocatalyst,
due to low cost, chemical stability, non-toxicity, optical and
electronic properties. In the present study, the degradation
of pesticide effluent was carried out using hydrothermally
prepared TiO2. TiO2 was prepared at low temperature
and pressure (t=150oC and p=50bars) conditions for the
duration of 72 hours using titanium tetraisopropoxide and
isoproponyl with a definite molarity. Characterization of
the prepared TiO2 was done by techniques like XRD. The
effect of various parameters such as pH of the aqueous
medium, catalysts amount, initial pesticide concentration,
temperature and light source on the photodegradation of
pesticide has been discussed in detail. The treatment of
pesticide effluent depicts that photocatalytic treatment
using hydrothermally prepared TiO2 can be an efficient
method of treatment and the reduction in COD.
A02914-04982
Photocatalytic Degradation of Phenol Using
Hydrothermally Prepared ZnO Impregnated Onto
the Activated Carbon
S. Srikantaswamy1; Puttaswamy2;
S. A. Muniraju1; Madhukumar1
1. Department of Studies in Environmental Science,
University of Mysore, Mysore, India
2. Department of Chemistry, Bangalore University,
Bangalore, India
Industrial effluent contains many chemicals that are toxic
to living organisms. Industries which are considered as the
principal sources of pollution such as pesticide, textile,
paper mills, steel, pharmaceuticals and other concerned
operations release a wide variety of inorganic and organic
pollutants. In the case of organic pollutants treatment using

conventional biological methods are ineffective, because
of high stability and high concentration of organics.
In the present study, wastewater treatment by using
photocatalysis has been explained in detail particularly
with the degradation of very persistent and toxic
compounds like phenol. The preparation of highly efficient
photocatlytic material like ZnO impregnated Carbon (ACZnO) has been carried out by hydrothermal method. In this
case, the water hyacinth were used as a precursor for the
production of activated carbon. Water hyacinth is found
abundance in our country and under tropical conditions
its growth is very fast. The impregnation of ZnO onto
the activated carbon surface layers in order to increase
the photocatalytic efficiency has been carried out at low
temperature and pressure hydrothermal condition (T=150o,
P=20bars). Nitric acid (2M) has been used as solvent with a
definite morality. The material obtained were characterized
through XRD and various parameters such as pH of the
aqueous medium, catalyst amount, phenol concentration,
temperature and light source on the photodegradation of
phenol has been discussed in detail. Based on the study
photocatalytic degradation of phenol is possible with
hydrothermally prepared AC-ZnO. The reducing of
COD level suggests that dissolved organics oxidize by
photcatalytic treatment. The photocatalytic degradation
efficiency of phenol is found to be high in acidic than in
alkaline medium. It can also be noted that sunlight favors
the reaction when compared with UV light.
A02974-05084
Electrical Properties of Nanographite Filled
Immiscible Polymer Hybrid Composites
Shailesh B. S.1; Siddaramaiah2;
R. D. Sudhakar Samuel1
1. Department of Electronics and Communication, Sri
Jayachamarajendra College of Engineering, Mysore,
India
2. Department of Polymer Science, Sri
Jayachamarajendra College of Engineering, Mysore,
India
The dielectric behaviour of nanographite (NG) reinforced
High density polyethylene/ultra high molecular weight
polyethylene (HDPE/UHMWPE) hybrid composites has
been investigated. The hybrid composites of the HDPE/
UHMWPE blend have been fabricated with varying
amounts of NG wt % by melt mixing method.
The dielectric characterization of HDPE/UHMWPE/NG
composites was performed in AC mode. The dielectric
properties such as dielectric constant, dissipation factor
(tanδ), loss factor of the composites have been measured
with reference to the filler volume concentration (wt %)
and frequency. The dielectric properties such as, dielectric
constant, dissipation factor (tanδ) and loss factor depends
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on the concentration of NG. This is due to the formation of
a continuous conducting network throughout the polymer
matrix with increase in the conducting filler. This clearly
indicates that, these properties depend on the filler volume
concentration (wt %) and this is referred to as MaxwellWagner effect. The dielectric property of the HDPE/
UHMWPE/NG composites is found to be ohmic.
A02975-05086
Feasibility of Xanthan Gum - Sodium Alginate
as a Transdermal Drug Delivery System for
Domperidone
N. Rajesh; Siddaramaiah
Department of Polymer Science and Technology, Sri
Jayachamarajendra College of Engineering, Mysore,
India
The present investigation comprises the formulation and in
vitro evaluation of domperidone loaded transdermal drug
delivery system (TDDS) for controlled release. The polymer
membranes were prepared using xanthan gum (XG) and
sodium alginate (SA) by varying the blends compositions
viz., 10:0, 8:2, 6:4, 5:5, 4:6, 2:8 and 0:10 (XG/SA, wt/
wt, %). The drug loaded membranes were evaluated for
thickness, content uniformity, tensile behaviors and invitro drug release studies. Domperidone was found to be
compatible with the prepared formulation as revealed by
Fourier transform infrared (FTIR) spectroscopy studies.
In-vitro release studies were carried out in open glass
diffusion cell for a period of 8 hrs and it showed controlled
release of drug from the XG/SA matrix. The present study
concludes that, the prepared transdermal films can be
used to achieve controlled release of drug and improved
bioavailability.
A02975-05087
Investigation on Electrical Properties of
Behaviour of High Density Polyethylene/Ultra
High Molecular Weight Polyethylene/Carbon
Black Composites
B. S. Shailesh1;2; Siddaramaiah1;
R. D. Sudhaker Samuel2;
G. M. Shashidhara1; Raji George3
1. Department of Polymer Science and Technology,
Sri Jayachamarajendra College of Engineering, Mysore,
India
2. Department of Electronics and Communication
Engineering, Sri Jayachamarajendra College of
Engineering, Mysore, India
3. Department of Mechanical Engineering, M. S.
Ramaiah Institute of Technology, Bangalore, India
Conductive polymer composites deserve interest in wide
range of applications. Conductive polymer composites
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possess the merits of light weight, ease of excellent
formability, moldability, and chemical resistance. A
composite consisting of conductive filler and an insulating
polymer becomes electrically conductive as the filler
content exceeds a certain critical value, which is generally
attributed to percolation phenomenon. From the practical
point of view, a low percolation threshold offers possibility
that the composite processability and mechanical properties
are less deteriorated. This can be achieved by employing
immiscible polymer blends instead of single polymer
systems.   Carbon black (CB) filled polymer composites
can be used in a variety of industrial applications where
high conductivity is an important physical parameter.
The electric behaviour of filled high density polyethylene/
ultra high molecular weight polyethylene (HDPE/
UHMWPE, 90/10) composites filled with varying amounts
of conducting carbon black viz., 10, 20, 30 and 40 by wt
% have been investigated. The electric properties such
as surface resistivity, volume resistivity, impedance,
dielectric constant and dissipation factor (Tan d) have been
measured with reference to the filler content (wt %) and
frequency. Surface resistance and conductivity of these
composites depends on volume fraction of CB loading.
Percolation threshold of the composites was achieved at
25 wt % CB content loading. The thermal behaviour of
the composites has been studied by differential scanning
calorimeter (DSC).
A02976-05088
Studies on Molecular Transport of N-Alkanes
Through Citric Acid and Maleic Acid Based Chain
Extended Polyurethane
K. S. Manjula1; Siddaramaiah1; K. Byrappa2
1. Department of Polymer Science and Technology, Sri
Jayachamarajendra College of Engineering, Mysore,
India
2. Department of Studies in Geology, University of
Mysore, Mysore, India
The diffusion of small molecular liquids into polymers is a
subject of intense study. This type of diffusion process plays
an important role in several important areas of engineering
and industry. An extensive research has taken place in the
field of diffusion and permeation of gases, vapors, and
liquids through polymers. Polyether-based polyurethane
(PU) foam are being studied by many scientists for the
isolation of heavy metal ions like cobalt and antimony and
absorption of phenol compounds in aqueous solutions.
Hence, sorption of solvents and its repetition of the
process are very essential to know the diffusion and
permeation characteristics of polymer membranes. Maleic
acid and citric acid based chain extended Polyurethane
membrane has been chosen in this study because of its
good mechanical properties and wide variety of industrial
engineering and biomedical applications.
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Molecular transport of a series of n-alkanes through citric
acid and maleic acid based chain extended polyurethane
membrane have been studied from sorption cycles and
diffusion behaviour with n-alkanes probe molecules at
20, 40 and 60 0C. Sorption cycles have been repeated to
evaluate polymer–solvent interaction. Organic solvents
taken up or given out by chain extended PU are measured
periodically till equilibrium. Using these data, sorption (S),
diffusion (D) and permeation (P) coefficients have been
calculated from Fick’s equation.. From the temperature
dependence of sorption and diffusion coefficients, the
Arrhenius activation parameters like activation energy
for diffusion (ED) and permeation (EP) processes have
been calculated. These Arrhenius activation parameters
do not exhibit any systematic variation with the size of
the penetrants. The resulting low diffusion coefficients,
contribute to the superior barrier performance of the
membrane,Furthermore, the sorption results have been
interpreted in terms of thermodynamic parameters such as
change in enthalpy (∆H) and entropy (∆S). These results
have been discussed in terms of molecular size of alkanes
as well as temperature.
A02977-05089
Sliding Wear Behaviour of PP/UHMPE Blended
Short Carbon Fiber Nanoclay Filled Composites
E. Basavaraj1; Siddaramaiah2;
B. Shivamurthy3
1. Department of Mechanical Engineering, J.N.N.
College of Engineering, Karnataka, India
2. Department of Polymer Science and Technology, S. J.
College of Engineering, Karnataka, India
3. Department of Mechanical Engineering, K.V.G.
College of Engineering, Sullia, D. K., India
In the present investigation, authors are made an attempt
to study the sliding wear behaviour of PP/UHMPE blends
with short carbon fibers as reinforcement and nano clay as
filler material. Three types of composites were prepared
with varied content of nano clay from 1%, 2% and 3 wt
%. In all the three composites the 90/10 ratio PP/UHMPE
blend reinforced with 30volume% short carbon fibers. The
composites were prepared by melt mixing at 60 rpm extruder
speed and compression moulding at 180OC. From all the
composites, 6mm diameter and 25mm length sliding wear
specimens were prepared. Sliding wear loss, specific wear
rate and coefficient of friction were investigated by using
computerized pin-on–disc machine (Model POD-WTM-01
and Contech micro systems make) at normal applied loads of
20N, 30N and 40N at sliding velocity 1.5 m/s and 2.5m/s for
200and 300abrading distance respectively. Observed 3wt%
nano clay filled composite exhibits higher wear resistance
and lowest specific wear rate compared to other two types
of composites. Also morphological study was carried out for
wear out surfaces of all the composites at higher velocity
and at higher loads.

A03015-05144
Nanostructured Functional Perovskite Oxides
Saluru Babu Krupanidhi
Materials Research Centre, Indian Institute of Science,
Bangalore, India
Study of the fundamental physics of ferroelectric and
piezoelectric devices is associated with the changes
in the properties as scaled down with the size of the
ferroelectric structure. Quantum effects due to the size
confinement in nanostructures occur when the size of
the characteristic feature is comparable to the critical
lengths (1-10 nm). Oxides are the basis of smart and
functional materials. Synthesis and device fabrication
using functional perovskite oxides attracted significant
attention recently because of the physical properties of
these oxides can be altered. Functional oxides have two
structural characteristics: cations with mixed valence
states, and anions with deficiencies. By changing either
or both of these features, the electrical, optical, magnetic,
and chemical properties can be modulated, giving the
possibility of fabricating smart devices. The structures
of functional oxides are very diverse and varied, leading
to an endless new phenomena and applications. Present
talk deals with the nanostructuredÂ perovskites for smart
applications and presents some recent results.
A03016-05145
Modeling on Ammonothermal Growth of GaN
Semiconductor Crystals
Qi-Sheng Chen; Jun-Yi Yan; Yan-Ni Jiang; Wei Li
Institute of Mechanics, Chinese Academy of Sciences,
Beijing, China
Gallium nitride (GaN) is a wide-bandgap semiconductor
with a wide array of applications in optoelectronics and
electronics. GaN-devices have gained a rapid development
in the last ten years since the major technological hurdles
were overcome in the early 1990s. The similarity of ammonia
and water as polar solvents allows GaN crystals to grow in
ammonia solvents in the same way as in the hydrothermal
growth of oxides crystals in high-pressure water solutions.
The ammonothermal growth of 1-inch size (0001) GaN
crystal in a cylindrical high-pressure autoclave with an
internal diameter of 40 mm was reported by Hashimoto
et al. Basic mineralizers were used to obtain a retrograde
solubility of GaN in superctitical ammonobasic solutions.
The nutrient was placed in the colder region (upper region)
and free-standing c-plane HVPE-GaN seed crystals were
placed in the hotter region (lower region). A baffle divided
the reactor into an upper region and a lower region to set a
temperature difference between the dissolving region and
the crystallization region. Using acidic mineralizers such
as 0.4N NH4Cl, GaN has a normal solubility in ammonia.
The acidic conditions required the use of a Pt inner liner to
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protect the autoclave from corrosion. A growth rate of 0.02
- 0.03 mm/day can be achieved at a temperature of 550°C
and a pressure of less than 1.5 kbar.
Models of the hydrothermal/ammonothermal growth have
been developed in the last 10 years. Ammonothermal
systems are modeled here using fluid dynamics,
thermodynamics and heat transfer models. The nutrient
is considered as a porous media bed and the flow is
simulated using the Darcy-Brinkman-Forchheimer model.
The resulting governing equations are solved using the
finite volume method. The effects of baffle design on flow
pattern and temperature distribution in an autoclave are
analyzed. We’ve found that, in case of a baffle opening of
10% (central opening of 5% and ring opening of 5%), the
fluid flow in central opening is an oscillatory flow. While
in case of a baffle opening of 20% (central opening of
10% and ring opening of 10%), the fluid flow in central
opening is a circulating flow which goes upwards in the
ring opening and downwards in the central opening. Large
temperature gradients exist at the fluid/charge interface
and the fluid/autoclave interface. Since ammonothermal
growth experiments are expensive and time-consuming,
modeling becomes an effective tool for research and
optimization of the ammonothermal growth processes.
The fluid flows inside the autoclave can be controlled by
designing suitable fluid conduits across the baffle with the
aid of the modeling tool.
A03017-05147
Chemically
Designed
Nanoparticles
and
Nanowires: Controlled Growth, Applications and
Devices
Sanjay Mathur1;2
1. Chair, Inorganic and Materials Chemistry, University
of Cologne, Cologne, Germany
2. Leibniz Institute of New Materials, Division of CVD
Technology, Saarland University Campus, Saarbruecken,
Germany
This talk will present how chemically processed
nanoparticles and nanowires of different metal oxides
open up new vistas of material properties, which can be
transformed into advanced material technologies. The
examples will include application of superparamagnetic
iron oxide nanoparticles for drug delivery applications and
development of single-nanowire based devices.
Availability of high-purity nanophase materials exhibiting
specific properties, tailored shape and microstructure is
essential for transforming the developments of nanoscience
into nanotechnology. Despite extensive research in the
synthesis and processing of inorganic materials, producing
nanoscaled matter with precise control over chemical
composition, morphology and microstructure remains an
overarching task. The conventional synthesis of inorganic
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compositions, controlled by diffusion of ionic and atomic
species through both reactants and products, is rather crude
for the unit-by-unit assembly of nanostructures. Given
the inherent limitations of traditional material processing
routes, we are developing chemical concepts for a designed
materials synthesis and evaluating their applications in
chemical nanotechnologies.
A03018-05148
Commercial Production of Nano-Particle of Metal
Oxides by Continuous Hydrothermal Synthesis
during Supercritical Water Oxidation
Youn-Woo Lee
School of Chemical and Biological Engineering, Seoul
National University, Seoul, South Korea
The supercritical water oxidation process appears to be a
viable and effective technique for recovering metals and
the destruction of hazardous organics in industrial chemical
process wastewater. In this presentation, recent research
and development activities of supercritical fluid technology
at Seoul National University are briefly discussed with
emphasis on the commercialization efforts. Wastewaters
from Cu-plating process, acrylonitrile manufacturing
plant, liquid crystal display (LCD) manufacturing plant,
and terephthalic acid (TPA) manufacturing plant were
treated by SCWO not only to decompose hazardous
organic compounds but also to recover valuable inorganic
materials.
A new supercritical water oxidation process was proposed
that accelerates the decomposition rate of the hazardous
organic compounds in the wastewater from the acrylonitrile
manufacturing process by blending the wastewater from
the copper plating process, due to in situ generation of
nano-particles of copper and copper oxides. This novel
process also provides enough energy from the exothermic
oxidation of the organic compounds from acrylonitrile
wastewater to perform supercritical water oxidation of
the copper plating wastewater that contains little organic
compounds.
SCWO had been demonstrated as an effective means
of oxidizing wastewater from LCD manufacturing.
Conversion greater than 99.99% can be obtained within
10 s at temperature of 615°C. During the oxidation in
supercritical water, more than 97% of chromium in the
wastewater can be recovered as chromium oxide particles.
Based on SEM and ELS analyses, the particles are in the
size range 200~400 nm and the temperature affects their
size.
It will be discussed that a commercial SCWO plant for
treating wastewater from TPA manufacturing process which
contains many organic acids such as 4-carboxybenzyl
aldehyde, terephthalic acid, benzaldehyde, benzoic acid,
p-tolualdehyde and p -toluic acid and inorganic compound
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such as cobalt and manganese acetate. During the
supercritical water oxidation of organic acids, ca. 260nm
nano-particles of cobalt manganese oxide in-situ formed
in the reactor act as an oxidation catalyst to enhance
the reaction rate so that one can either reduce reaction
temperature or shorten residence time. Co-Mn catalyst in
the TPA wastewater was recovered above 99% as cobalt
manganese oxide and the size of Co-Mn oxide particles
was 10 μ m.

Nanogold-WO3-

A03019-05159
Gold NP’s and CNT’s Anchored WO3 Thin Films
Synthesized by Pulsed Spray Pyrolysis Technique
for Enhanced Electro-Optic Properties
P. M. Kadam1; N. L. Tarwal2; P. S. Shinde2;
H. P. Deshmukh4; R. S. Patil3; P. S. Patil2
1. Kasturbai Walchand College, Sangli, India
2. Thin Film Materials Laboratory, Department of
Physics, Shivaji University, Kolhapur, India
3. The New College, Kolhapur, India
4. Bharati Vidyapeeth’s Y. M. College, Pune, India
Tungsten oxide (WO3) thin films were deposited on to glass
and indium doped tin oxide (ITO) coated glass substrates
using methanolic solution of ammonium tungstate by a cost
effective Pulsed Spray Pyrolysis Technique (PSPT). To
obtain good quality thin films, preparative parameters like
spray rate, solution quantity, substrate temperature, spray
on-off time etc. were optimized. These films exhibited
reticulated mesh like structure which provides a suitable
host for anchoring the Au nanoparticles and MWCNTs.
Gold nanoparticles of about 60-70nm were anchored onto
the films by drop casting method. Enhancement in electrooptic properties in terms of optical modulation, coloration
efficiency and response times (tb and tc) was observed. This
enhancement has been attributed to the combined effect of
surface plasmon resonance (SPR) of gold nanoparticles and
intervalence charge transfer (IVCT) of WO3 (WVI → WV)
during coloration and electric field induced quenching of
SPR and consequent (WV → WVI) IVCT during bleaching.
CNTs were also anchored and their effect on electro-optic
properties of WO3 is discussed.

WO3-

MWCNT-WO3
A03029-05162
Open Chiral Coordination Polymers
Oligomers using Tartrate Building Blocks

and

Ian D. Williams; Herman H-Y. Sung;
Pokka P-K Pang; Chun-Lung Choi;
Alex S-F. Au Yeung; Samadara Thushari
Department of Chemistry, Hong Kong University of
Science and Technology, Hong Kong, China
Open chiral framework compounds are of interest for their
potential in chiral separation or catalysis. Recently we
demonstrated the ability of chiral L-tartrate ions to survive
the rigors of hydrothermal synthetic conditions and
have subsequently employed this as a ligand to prepare
several open chiral metal coordination polymer (MCP)
networks. Using lanthanide ions a variety of phase types
can be prepared including [Ln2(L-TAR)3(H2O)4]3(H2O).
The chiral channels of this can be modified in size, shape
and hydrophilicity using a combination of L-tartrate
and succinate ions thus forming the more open [Ln2(LTAR)2(SUC)(H2O)4]5.5H2O. This phase type can occur as
two poly-types depending on conditions and Ln3+ and with
different channel characteristics.
These findings led us to investigate the possibility of new
3D MCP frameworks using different dicarboxylate ligand
pairs. Whilst formation of hetero-ligand polymers is less
likely than homo-polymer mixtures, a number of new
phase types were successfully prepared in this manner,
including other chiral phase types, such as [Ln2(L-TAR)
(OXA)2(H2O)n].
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By switching to transition metals binding of tartrate
ligands can be augmented by N-donor spacer ligands,
such as 4,4‘-bipyridine and several open frameworks have
been prepared for copper using such combinations. The
channels of these show novel inclusion of water, oxalic
acid or 4,4-bipy which act as structure-directing agents in
the synthesis.
Finally tartrate ions can be strongly chelated to boron and
via boric acid ‚flux‘ synthesis we have prepared a number
of chiral boratartrate polymers and rings. Since the boron
centers are also stereo-genic sites, chiral cyclic anions
have been formed using achiral meso-tartrate building
blocks. Two cyclic tetramers with ideal C4 (shown above)
and S4 symmetries can be formed using K+ or Na+ ions
as templating cations respectively. The selective intracavity binding capacity of these cyclic anions has been
investigated by nmr studies for a variety of cationic species
in solution.
We are grateful to the Research Grant Council of Hong Kong
for financial support of this work through projects 603306 and
603307.
[1]. S. Thushari, J.A-K. Cha, H. H-Y. Sung, S. S-Y. Chui and I.
D. Williams, Chem. Commun., 2005, 5515.
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