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SESSION Sl: Impact of the Nanostructred Material in
Alternative Energy

Chair: Jean-Marie Tarascon
TUesday Morning, April 13, 2004

Room 3006 (Moscone West)

8:30 AM *S1.1
Integrating the Multifunction Necessary for Electrochemical
Power into Mesoporolls N anostructured Architectures.
Debra R. Rolison, Jeffrey W. Long, Christopher P. Rhodes, Michael S.
Doescher and Jeremy J. Pietron; Surface Chemistry Branch, Naval
Research Laboratory, Washington, District of Columbia.

The fundamental processes that produce or store energy can now be
rethought in light of architectural nanoscience, i.e., the design and
fabrication of three-dimensional multifunctional architectures from
the appropriate nanoscale building blocks, including the use of
"nothing" (void space) and deliberate disorder as design components
[1,2]. When the multifunctionality inherent to charge insertion and
energy storage, including molecular transport of solvent and ions, is
structured within such architectures, improved performance and new
opportunities are possible. The appropriate electronic, ionic, and
electrochemical requirements, including high-surface-area electrodes
readily accessible to molecules, may now be assembled into
nanoarchitectures on the bench top through the synthesis of low
density, ultraporous nanoarchitectures that meld high surface area for
heterogeneous reactions with a continuous, porous network for rapid
diffusional flux of reactants and products. Our success at creating
ultrathin, electronically insulating, cation-permeable films on
charge-insertion oxide nanoarchitectures [3] has led us to devise
electrochemical storage devices that will be fully integrated, and
interpenetrating in three dimensions on the nanoscale. [1] D.R.
Rolison, Science 299, 1698 (2003). [2] D.R. Rolison and B. Dunn,
J.Mater.Chem. 11, 963 (2001). [3] J.W. Long, C.P. Rhodes, A.L.
Young, and D.R. Rolison, NanoLett. 3, 1155 (2003).

9:00 AM S1.2
New Carbon Nanomaterials and Carbon-Carbon Composites
Produced from Intercalated Graphite. Vadym N. Mochalin',

Michael V. Savoskin 1 , Alexander P. Yaroshenko l
, Nina I. Lazareva1

and Tatjana E. Konstantinova2
; 'Chemistry of Molecular Complexes,

L. M. Litvinenko Institute of Physical Organic and Coal Chemistry of
National Academy of Sciences of Ukraine, Donetsk, Ukraine; 2Material
Science, A. A. Galkin Donetsk Physical & Technical Institute of
National Academy of Sciences of Ukraine, Donetsk, Ukraine.

Carbon nanoscrolls and carbon-carbon (C-C) composite materials
have valuable properties which make them attractive for development
of energy storage systems. Therefore it is of great importance to
elaborate new methods for obtaining such materials in industry. The
main aim of the study presented is to establish a possibility of using
graphite intercalation compounds for producing carbon nanoscrolls
and C-C composites. Using the methodology developed by R. Kaner
and his group [1] we have found that treatment of graphite nitrate
prepared in the appropriate way with ultrasound in certain solvent
leads to carbon nanoscrolls. These nanoscrolls have thickness 40-90
nm and length 200-400 nm. Taking into account interlayer spacing of
graphite (0,34 nm) it might be concluded that nanoscrolls are likely
formed from 100-260 layers. Their tips are opened due to the nature
of scrolling process that could lead to high surface area of nanoscrolls.
C-C composites have been obtained in one stage process by heat
treatment of residual graphite bisulfate in mixture with sucrose
powder as a precursor of amorphous carbon [2]. The C-C composites
obtained have specific surface area about 100 m2/g. In order to
increase specific surface area of composites they could be further
activated. Furthermore the experimental procedure elaborated could
be readily used for obtaining triple composites C-C-MeOx where
MeOx is some metal oxide. In particular, we have shown that the
Ti02 coated exfoliated graphite with amorphous carbon as a binder
could be easily prepared from the residual graphite bisulfate,
anatase-type Ti02 and precursor of amorphous carbon. To
summarize, graphite intercalation compounds were shown to be
prospective source of new carbon nano- and composite materials for
modern energy storage systems. New methods of producing C-C
composites and carbon nanoscrolls from such compounds were
developed which differ in advance from present technologies in their
simplicity, low manufacturing cost and waste recycling possibilities.
References 1. L.M. Viculis, J.J. Mack, R.B. Kaner, Science, 1361,299
(2003).2. Pat. Appl. 2003087616 UA; Yaroshenko O.P., Savoskin
M.V., Lazareva N.I., Mochalin V.M., Magasinski O.M., Shologon V.I.
Method of Production Carbon-Carbon Composite Material Based on
Exfoliated Graphite and Amorphous Carbon; Appl. Date 12.08.2003
(IPOCC NAS of Ukraine).

9:15 AM S1.3
Carbon Nanotube Reinforced Supra Three Dimensionally
Ordered Porous Graphite/Carbon. Ji Su', Thomas Wilkes 2

,

Tian-Bing Xu 3
, Peter Lillehei' and Craig Leggette'; 'Advanced

Materials and Processing, NASA Langley Research Center, Hampton,
Virginia; 2Department of Materials Science and Engineering,
Northwestern University, Evanston, Illinois; 3National Institute of
Aerospace (NIA), Hampton, Virginia.

A carbon nanotube (CNT) reinforced three-dimensionally (3-D)
ordered porous carbon structure has been developed at NASA
Langley Research Center. The material offers a sub-micron porous
structure with significantly enhanced mechanical-compressive-strength
due to the existence of CNTs. This promising carbon housing material
can be utilized as a catalyst carrier, electrode or gas storage material.
Based on the housing material, a supra three-dimensionally ordered
porous graphite/carbon was developed. The material contains a CNT
reinforced 3-D porous carbon structure housing sub-micro graphite
spheres in each of its pores. The size of the spherical graphite fits the
dimension of the pores well. These characteristics make the material a
promising candidate particularly for the anode material in high
performance batteries and for the electrode/storage material in fuel
cells. The fabrication method to produce the materials and the results
of some relevant physical characterization (mechanical properties, gas
adsorption properties and structure studies) will be presented and
discussed.

9:30 AM *S1.4
N anostructured Materials for Conversion and Storage of
Solar Energy. Joop Schoonman l

, Marian Nanu l
, Albert Goossens l

,

Sergey Zavyalov 3 and Alla Pivkina2
; 'DCT Laboratory for Inorganic

Chemistry, Delft University of Technology, Delft, Netherlands;
2Semenov Institute of Chemical Physics, Moscow, Russian Federation;
3Karpov Institute of Physical Chemistry, Moscow, Russian Federation.

Joop Schoonman, Marian Nanu, and Albert Goossens Laboratory for
Inorganic Chemistry Delft Institute for Sustainable Energy Delft
University of Technology Julianalaan 136, 2628BL Delft The
Netherlands e-mail: j.schoonman@tnw.tudelft.nl Alla Pivkina Semenov
Institute of Chemical Physics Kosygin st. 4, Moscow 119992, Russia
Sergey Zavyalov Karpov Institute of Physical Chemistry Vorontsovo
pole st. 10, Moscow 103064 Russia Abstract Sustainable energy
sources that can be used to produce electrons using wind turbines or
solar cells can be connected to the electricity infrastructure to directly
reduce carbon dioxide emissions from fossil fuel combustion. The use
of these sustainable energy sources requires storage. Hereto, materials
are being studied for rechargeable lithium-ion batteries. To date, the
decrease in the length scale of the functional materials for these
devices attracts widespread attention. While the state-of-the-art solar
cells are practically all Si-based, the introduction of the dye-sensitized
Graetzel cell (1), comprising dye-sensitized Ti02 nanosized particles
and a liquid electrolyte containing a redox electrolyte, has stimulated
investigations on nanostructured materials for all solid-state 3D solar
cells. In order to replace the liquid electrolyte, Atomic Layer
Deposition of CuInS2 has been studied to fill the porous structure of
nanostructured Ti02 to form an efficient 3D solid-state
nanostructured solar cell. Promising conversion efficiencies have been
obtained (2). In addition, a novel deposition technique has been
developed to produce nanostructured interpenetrating networks of
optically active metal oxides and poly-para-xylylene (PPX) or
poly-phenylene-vinylene (PPV). These composites can be used to
convert solar energy to electricity, to store (sustainable) hydrogen,
and to intercalate lithium for rechargeable batteries. A new citric acid
complex synthesis method to prepare nanosized powders of
inverse-spinel electrode materials with a narrow particle size
distribution will be presented. Their electrochemical properties have
been characterized and will be presented. It is apparent that advanced
thin-film deposition techniques and synthesis techniques of materials
on the nanoscale will contribute to the development of the utilization
of sustainable energy storage. References 1. B.O. Regan and M.
Graetzel, Nature 353 (1991) 7372. M. Nanu, L. Reijnen, B. Meester,
A. Goosens, and J. Schoonman, Thin Solid Films 431-432 (2002) 42

10:30 AM *S1.5
The magic world of nanocrystals, from high power lithium ion
batteries to dye sensitized solar cells. Michael Graetzel, LPI,
Swiss federal Insitute of Technology, Lausanne, Switzerland.

N anocrystalline films are made up of a network of mesoscopic oxide
particles such as Ti02, ZnO and W03, which are interconnected to
allow for electronic conduction to take place. The pores between the
particles are filled with a semiconducting or a conducting medium,
such as a p-type semiconductor, a polymer, a hole transmitter or an
electrolyte, constituting a junction of extremely large contact area. In
this way interpenetrating bicontinuous network composites are formed
which are phase-separated by a heterojunction. The unique
electrochemical features of such films will be discussed. In particular,
the factors that govern interfacial charge transfer reactions and
lithium insertions reactions will be analyzed. Such mesoporous films
find applications in a number of energy conversion and storage
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devices, ranging from dye-sensitzed solar cells to high power lithium
ion batteries. The scientific principles of these nanocrystalline systems
will be analyzed and practical applications will be presented.
Literature: I)L.Kavan and M.Graetzel, Facile Synthesis of
Nanocrystalline Li4Ti5012 (Spinel) Exhibiting Fast Lithium
Insertion, Electrochem. Solid St. 5 (2): A39-A42 (2002). 2) M.
Graetzel, Photoelectrochemical cells, Nature, 414, 338-348 (2001) 3)
P. Wang, S. M. Zakeeruddin, J.-M. Moser, M.K. Nazeeruddin, T.
Sekigiuchi.,M. Graetzel, A Stable quasi-Solidstate Dye Sensitized
Solar Cell with and Amphiphilic Ruhenum Sensitier and Polymer gel
Electrolyte.Nature Materials 402, 2 (2003). Work supported by the
Swiss National Science Foundation, the Swiss Commission for
Technology and Innovation, the Swiss Energy Office, the European
Joule program, and the United States Airforce.

11:00 AM S1.6
Thermoelectric Nanowire Arrays For Waste Heat Conversion.
Erik Menke and Reginald Penner; Chemistry, UC-Irvine, Irvine,
California.

No longer relegated to specialized roles like powering satellites,
thermoelectrIc materials are garnering interest for more mundane uses
like solid-state refrigerators and collecting waste heat in automobiles.
A number of research groups are currently working on a variety of
methods to improve the efficiency of thermoelectric materials. Our
attempts to create more efficient thermoelectric devices have focused
on fabricating high aspect ratio nanowires of bismuth telluride,
presently the best conventional thermoelectric material for room
temperature applications. I will present our method for preparing
bismuth telluride and doped bismuth telluride nanowires on highly
oriented pyrolytic graphite via electrochemical step-edge decoration.
This will be followed by the characterization of these nanowires by
scanning electron microscopy, x-ray diffraction, and energy dispersive
x-ray analysis. Finally, I will end by briefly discussing our attempts to
measure the thermoelectric figure of merit for these nanowires.

11:15 AM S1.7
Direct Synthesis of Mesoporous Carbon. Jiebin Pang, J. Eric

Hampsey, Qingyuan Hu, Zhiwang Wu and Yunfeng Lu; Chemical and
Blomolecular Engineering, Tulane University, New Orleans, Louisiana.

N anoporous carbon materials with high surface areas and high pore
volumes are of importance for energy storage, catalysis, gas
separation, and other applications. Templating techniques have been
recently employed to synthesize nanoporous carbon materials, which
are generally based on carbonization of carbon precursors infiltrated
inside mesoporous silica. Subsequent silica removal generates
mesoporous carbon materials with ordered pore structure. Although
such a two-step process allows the precise pore-structure control it is
tedious and often insufficient. Here we report the direct synthesi~ of
mesoporous carbon materials with 2 nm sized pore channels by
self-assembly of low-cost sucrose and silicate species. Carbonization
and silica removal using HF results in mesoporous carbon with high
surface high pore volumes and uniform pore sizes. The pore
volumes can tuned by changing the silica content. While pore
structure can also be controlled by introducing silica colloidal particles
as the second template, mesoporous carbons with hierarchically
uniform 27 nm pores connecting through 2 nm channels have been
synthesized using this approach. More importantly, continuous and
crackfree mesoporous carbon thin films have been successfully
prepared by the direct synthetic strategy, which is of much interest In

filtrations, sensors, and photoelectric devices.

11:30 AM *S1.8
Direct Fabrication of Patterned LiCo02 Films by Soft
Solution Processing without Post-Firing. Masahiro Yoshimura
Tomoaki Watanabe, Takeshi Fujiwara and Seung-Wan Song; Tokyo'
InstItute of technology, Yokohama, Japan.

In order to obtain LiCo02 patterns, heating process have been
essential for synthesis, pattern forming and sintering of fine-nano
powders or their precursors. Such multi-step processes inevitably cost
in energetical, environmental and economical points of views.
Single-step patterning process via PVD or CVD using gases, vapors or
Ions cost more seriously. We are proposing an innovative concept and
technology, Soft Solution Processing (SSP) for ceramics, which aims
to achieve direct fabrication of shaped, sized, located, oriented
ceramic materials from solutions without firing and/or sintering. We
have successfully fabricated thin and thick film of BaTi03 SrTi03
BaW04, SrMo04, LiCo02, and LiNi02 by SSP in aqueou~ solutio~s
from room temperature to 200°c. In these experiments, interfacial
react.ions between a so~id reactant (substrate) and component(s) in
solutIOn have been desIgned and realized. By locally activating the
reactIon and moving the reaction point dynamically in these reactions,
we can produce patterned ceramics directly in solution without
masking, etching, pattern forming or any post-heating such as firing or
sintering. In the present paper, we report recent successful results in

the direct fabrication of LiCo02 films and patterns in/from solutions
without post firing (1) Electrochemically activated interfacial
reactions between LiOH and CoS04 solutions at 120°C, (2) LiCo02
deposItIOn on porous, and (3) LiCo02 deposition on Pt, Graphite and
Co plates in LiOH solutions at 150°C. Hexagonal LiCo02 crystals
have plate-like morphologies of nano- to micro-meter sizes. References
: (I)T. Watanabe, et a!., J. solid State Chern., voI.162,pp. 364-370
(2001) (2)S-W Song, et a!., Adv. Mater., vol.14, pp. 268-271 (2002)
(3)T.Fujiwara, et a!., Chern. Phys. Lett., vo1.365, pp. 369-373 (2002)

SESSION S2: Lithium-ion Batteries I
Chair: John Owen

Tuesday Afternoon, April 13, 2004
Room 3006 (Moscone West)

1:30 PM *S2.1
Unexpected electrochemical reactivity of nano-scaled oxide
powders as electrodes for Li-based batteries.
Dominique Larcher, LRCS - UPJV, AMIENS, France.

Nov:adays, most of our power needs are covered by non-everlasting
fossIls energy sources which intensive and immoderate use are at the
origin of various environmental issues and public health concerns.
Although the development and improvement in the use of the
so-called renewable energy sources represents the ideal safe alternative
to these problems, the storage of the as-produced electricity remains
one of the most important challenge in this global two-fold context.
Beside the fuel cell technology intrinsically lying at the borderline
between storage and production of electrical power, the secondary-cell
technologies, and especially the Li-based one, are considered as the
best way of storage even though large improvements in terms of
voltage, capacity, reversibility and rate capability are still awaited by
the consumers and the different industrial sectors involved. While
intensively studied in various fields such as catalysis, oxides
nano-particles are just being considered within the field of energy
storage, mainly the Li-ion technology. In fact, for the last three
decades, the scientific community was considering highly divided
materials as non suitable for extended reversible redox reaction with
lithium. This idea was rooted on the belief that
electrochemically-driven irreversible decomposition of the
organic-based electrolyte occurs at the surface of the active particles
while the cell is cycled, together with possible dissolution of the
solids. Thus, higher would be the surface of contact between the
particles and the electrolyte; higher would be the extent of this
capacity loss, hence the requirement of large particles with low surface
area, typically lower than 2m2/g. Recently, this concept has been
contradicted by several findings evidencing unexpected reactivity of
extremely small particles or composites materials. For instance,
although never observed for large reactive domains, the reversible
conversion of oxides into metal was observed for first-row 3d-metal
oxides (NiO, CoO, C0304 ... ) when dealing with nano-composites
phases. Also, a downsizing of the particles can result in drastic
changes in the reaction paths as exemplified by the lithium insertion
in oxides frameworks such as Ti02 and Fe203 with resulting
Improved reversibility. The reduction mechanism can also be
intimately linked to the particles size, as observed for spinel oxides
(C0304, Mn304) whose reduction can alternatively occur through Li
InsertIon or oxygen loss. The initial texture also plays a role in
parameters such as the irreversible loss, as we will show for aerogels of
V205. Finally, the different examples we will describe in this paper
are aimed at showing that the search for new electrode materials
should likely not be only focused on new chemical formulation or
phase combinations, but that the powders texture now appears as a
main parameter to be deeply explored with respect to its effect on the
different aspects of their electrochemical reactivity.

2:00 PM S2.2
Enhanced Electrochemical Properties of Al and Cr doped
LiMn$_{2}$O$_{4}$ Thin Films. Ram S Katiyar, Suprem R Das,

Naba K Karan and Subhasis B Majumder; Department of Physics,
UnIversIty of Puerto Rico, San Juan, Puerto Rico.

The spinel structured LiMn$_{2}$O$_{ 4}$ is a promising cathode
material in lithium ion rechargeable micro batteries due to its high
voltage and specific capacity, high abundance and low toxicity.
However, the capacity-fading problem in this material above the room
temperature operation, which is attributed to several reasons, still
remains an issue. In the present work we have investigated the effect
of Al and Cr doping on the spinel LiMn$_{2}$O$_{ 4}$ thin films. The
inclusion of Al and Cr into the spinel structure was confirmed by
X-ray diffraction measurements and XPS analysis. The microstructure
and surface morphology of these films prepared at different
experimental parameters were taken using SEM and AFM
measurements. The inclusion of both Al and Cr in the spinel structure
enhanced the electrochemical stability of this material upon cycling.
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The cyclic voltametry and charge-discharge measurements of the films
were measured using a homemade three-electrode cell and also a
commercial cell. The correlation between the particle size and the
electrochemical properties will be presented.

2:15 PM S2.3
X-ray Absorption Spectroscopy Investigation of the
Sub-Nanoscale Stress in Thin-Film Lithium Ion Battery
Cathodes. Faisal M Alamgir,,2, Jason VanSluytman', Nick

Barbosa3
, l}ichard Vinci 3

, Jay W~it~cre4, Chi-Chang Kao 2
, Steve

Greenbaum and Marten denBoer; Physics and Astronomy, Hunter
College of the City University of New York, New York, New York;
2National Synchrotron Light Source, Brookhaven National
Laboratory, Upton, New York; 3Material Science and Engineering,
Lehigh University, Bethlehem, Pennsylvania; • Jet Propulsion
Laboratory, California Institute of Technology, Pasadena, California.

The drive towards the miniaturization of batteries for highly localized
and portable power, such as in MEMS and micro-sensors has meant
that a new generation of batteries are being fabricated through vapor
deposition. There has, so far, not been commensurate progress in our
understanding of the effects of vapor deposition on the local structure
of the functional layers in these batteries. To address structural issues
in the all-important cathode layers in Li-ion batteries, LiCo0 2 and
LiNi0 2 , two popular starting materials for cathodes, were studied in
their respective bulk and thin-film form. X-ray absorption
spectroscopy (XAS) has been used to probe the local atomic structure
and structural defects in the thin-film and bulk cathodes, while the
intrinsic stress in the films were measured using wafer curvature
method. Results comparing Li(Co,Ni)02 in the bulk and thin-film
forms suggests a correlation between intrinsic stress and local strain
in the thin-film. This local strain is manifested by a collapse of the
six-fold rotational symmetry within the metal-metal layer of the
Li(Co,Ni)02 system into a two fold one. The relationship between the
depositions conditions and the resulting strain at the sub-nanoscale
and bulk stress in these films is reported.

2:30 PM S2.4
The Study of SEI Formation in Cycled LiCo0 2 Cathode
Materials by High Field 7 L i and 6Li NMR. Benjamin Meyer',

Nicole Leifer', Steve Greenbaum' and Clare G rey 2; 'Dept. of Physics
& Astronomy, Hunter College of CUNY, New York, New York;
2Department of Chemistry, State University of New York at Stony
Brook, Stony Brook, New York.

Solid Electrolyte Interphases (SEI) form during battery cycling due to
the decomposition of the electrolyte. In addition to providing an
ion-conducting pathway between the electrolyte and electrodes, SEI
growth can also lead to decreased battery performance and ultimately
failure. Because 7 L i environments have very small chemical shifts, 7 L i
NMR at 272.1 MHz and 6Li NMR at 88 MHz were utilized to study
the formation of SEI in LiCo0 2 cathodes. Efforts were made to gain
quantitative in addition to qualitative information about the
individual inorganic and organic lithium-containing phases comprised
in the SEI. Some graphitic carbons used to enhance the electrical
conductivity of the LiCo0 2 active material lead to spectral broadening
eliminating greater resolution gained by using higher magnetic fields,
thus negating the high-field advantage of resolving the individual
components of the SEI. Subsequently, LiCo0 2 and 6Li enriched
LiCo0 2 cathodes have been prepared without the use of binder and
graphite to remove this source of spectral broadening. 6Li enriched
LiCo0 2 was prepared direct reaction of 6Li enriched Li 2C0 3 and
C030. for three heat treatments under O 2 flow with
intermediate grinding (12 hours at 650 aC, 24 hours at 900 aC, and
12 hours at 900 aC). Phase purity was checked by X-ray diffraction,
and these materials were cycled and then measured by NMR. NMR
measurements were made on samples stopped during different stages
of charge and discharge. Additional NMR measurements were
performed to study the SEI formation as a function of the number of
cycles. This research is funded by the Director of Central Intelligence
(DCI) Postdoctoral Research Fellowship Program.

2:45 PM S2.5
MD Simulation of Vanadium Pentoxide Gel in a 3D-Battery
Environment. Heiki Kasemagi l

,2, Alvo Aabloo 2 and Josh Thomas l
;

'Materials Chemistry, Uppsala University, Uppsala, Sweden;
21nstitute of Technology, Tartu University, Tartu, Estonia.

A current trend in battery development is the incorporation of
nanoparticle components into both electrodes and electrolytes, e.g.,
nanotubes and nano-" fillers" . Such materials are especially relevant to
"battery-on-a-chip" and" lab-on-a-chip" applications, where
completely different battery architectures must also be entertained,
which maximize contact area while minimizing diffusion lengths. In
this context, vanadium pentoxide (V205) gel is known as to be a high
energy-density Li-ion storage cathode material. Molecular Dynamics

(MD) simulations have been made for the system V 20 5 ·nH20 gel to
probe its potential role as cathode material in a 3D-battery concept.
PEO has also been introduced into the system as a prototype
electrolyte. The V 205 gel-PEO interface has been simulated with and
without a lithium salt in the system.

3:30 PM S2.6
Cu3P as Anode Material for Lithium-ion Battery: Insertion
Mechanism, Powder Morphology and Electrochemical
Performances. Marie-Pierre Bichat l

, Tatiana Politova l
, Heriberto

Pfeiffer2
, Laure Monconduit l

, Thierry Brousse 2
, Jean-Louis PascalI,

Matthieu Morcrette3 and Frederic Favier'; 'LAMMI, UMR 5072
CNRS-Universite Montpellier 2, Montpellier, France; 2LGM, Ecole
Polythechnique de I Universite de Nantes, Nantes, France; 3LRCS,
CNRS, Universite de Picardie Jules Verne, Amiens, France.

Cu3P is studied as a potential material to be used as anode in a
Li-ion battery. Depending on the synthetic route, solvothermal,
ball-milling (with or without annealing), spray method or ceramic,
used for its preparation, Cu3P shows various particle sizes and
cristallinities. The electrochemical reactivity towards lithium of these
various Cu3P powders is discussed through galvanostatic and
potentiodynamic measurements, electron microscopy techniques, and
X-ray diffraction on powders. The lithium insertion into Cu3P phase
involves the progressive reduction of Cu(l) to Cu(O) undergoing the
successive formation of LixCu3-xP phases by solid solution as well as
two-phase processes. During the charge, as Li is progressively
extracted from LixCu3-xP phases by a reverse pathway, copper metal
is partially re-oxidized. As expected for such a solid state process
involving both growth and reactivity of metal nanoparticles or
nanodomains, electrochemical performances, especially initial capacity
and capacity retention, are shown to strongly correlate to the powder
morphologies: small particle size favors high capacity values while the
battery capacity is better retained from crystallized powders.

3:45 PM S2.7
Vanadium Oxide Nanorolls as Cathode Materials of
Rechargeable Battery: The Relationship between Nanoscale
Structure and Electrochemical Performance. Dong Sun I,

Chaiwon Kwon 2
, George Baure 2

, Eric Richman l
, Sarah H. Tolbert l

and Bruce Dunn2 ; 'Chemistry and Biochemistry, UCLA, Los Angeles,
California; 2Department of Materials Science and Engineering, UCLA,
Los Angeles, California.

In this presentation, we explore the relationship between the
nanoscale structure and electrochemical performance of nanoscroll-like
vanadium oxides (vanadium oxide nanorolls). The vanadium oxide
nanorolls synthesized via ligand-assisted templating method exhibit
different morphologies depending upon the synthetic conditions. They
can have either no cracks (ordered nanorolls) or many cracks in the
oxide wall structure (defect nanorolls), which were characterized by
X-ray diffraction and transmission electron microscope (TEM). The
structural differences was proposed to be consequence of the different
contents of V(IV)and V(V) in these nanorolls. The sodium exchanged
ordered and defect nanorolls exhibit rather different electrochemical
behavior. In the cyclic voltammetric experiments, the ordered
nanorolls show multi-redox couples, similar to that of classic
crystalline orthorhombic V205; on the other hand, defect vanadium
oxide nanorolls behave electrochemically similarly to the vanadium
oxide materials prepared via sol-gel procedure. The specific capacity
of the ordered nanorolls is about 240 mAhlg when the
charge-discharge cycling is carried out in the range of 1.5 V to 4.0 V
vs Li+/Li. Surprisingly, the specific capacity of defect nanorolls can
be as high as 340 mAhlg. Cracks in the wall structure, organic
surfactant molecules trapped inside the rolls, and the V 4+ IV5+ ratio
of the nanorolls contribute to this dramatic difference

4:00 PM S2.8
Nanostructured manganese oxide gel as a high rate Li battery
electrode. Itaru Honma, Hirokazu Kawaoka, Mitsuhiro Hibino and
Hao-Shen Zhou; EEl, AIST, Tsukuba, Ibaraki, Japan.

N anostructured manganese oxide gel has been synthesized from sol-gel
processes. The gel are nanometer- sized coated on nanostructured
carbon to minimize a resistivity of the composite electrode. The
sonochemical process has been successfully employed to the synthesis
of the nanostructured manganese oxide/ carbon composite electrode
and thickness of ca. 3 nm active layer has been coated on the surface
of the carbon particles. The composite electrode exhibited superior
high rate electrode performances as a secondary Li battery which can
be charged or recharged at a rate larger than 100C. Typical electrode
performance of the active materials is ca. 400Wh/kg and ca.
100kWIkg, which evidenced both high capacity and high power are
obtained in the nano-coated manganese oxide materials.

4:15 PM S2.9
Nanostructured Hydrous Ruthenium Oxide with Ideally
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Capacitive Characteristics Synthesized by Chemical
Oxidation of Ruthenium Chloride with H202. Chi-Chang Hu
and Kuo-Hsin Chang; Chemical Engineering, National Chung Cheng
University, Chia-Yi, Taiwan.

The purpose of this work is to employ the chemical oxidation method
for the preparation of amorphous and hydrous ruthenium oxide
(denoted as a-RuOx) with high specific capacitance and excellent
stability. The electrochemical and textural characteristics of a-RuOx
were systematically investigated in this study to demonstrate its
applicability in supercapacitors. Hydrous ruthenium oxide was
synthesized by chemical oxidation from an aqueous RuCl3 solution
with H202. The specific capacitance of a-RuOx measured at 25 mV/s
in 0.1 M H2S04 is 540 F/g when the a-RuOx powders were annealed
in air between 200 and 400 degrees of C for 2 hrs. The average particle
size of pristine RuOx, 20 nill, was estimated from high-resolution
transmission electron microscopy (HRTEM). The capacitive
performance of these annealed a-RuOx is excellent when the annealing
temperatures are set between 200 and 350 degree of C, evidenced by
the cyclic voltammetric (CV) and chronopotentiometric (CP) results.
The amorphous structure of annealed a-RuOx was examined by both
x-ray diffraction (XRD) patterns and electron diffraction (ED) analysis.
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S3.1
Sol-Gel Non-hydrolytic Synthesis of a Nanocomposite
Electrolyte for Application in Lithium-ion Devices. Edson
Roberto Leite l

, Flavia Leandro Souzal
, Paulo Roberto Bueno 2

,1 and

Ronaldo Censi Faria2 ; 'Chemistry, Universidade Federal de Sao
Carlos, Sao Carlos, Sao Paulo, Brazil; 2physics, Universidade de Sao
Paulo, Ribeirao Preta, Sao Paulo, Brazil.

A new nanocomposite electrolyte was synthesized by a non-hydrolytic
sol-gel simple route without a specific treatment of the reagents. The
nanocomposite conductor ion is prepared with citric acid, tetraethyl
orthosilicate and ethylene glycol, forming polyester chains. The time
consuming drying step, required in most of the chemical syntheses, is
not necessary for the preparation of the present nanocomposite
electrolyte, pertaining to the polyelectrolyte class, because only Li+ is
mobile in the polymeric chain. The effects of the Li concentration and
also the concentration of Si0 2 and Sn02 nanoparticles are
investigated in terms of the Li+ ionic conductivity. Conductivity
measurements as a function of the metal oxide nanocrystals content in
the nanocomposite show that there is a significant increase in
conductivity at approximately 10 wt % of nanoparticles. The new
nanocomposite conductor is shown to be fully amorphous at room
temperature with the vitreous transition temperature at around 228K.
The material is solid, transparent and displays an ionic conductivity
ranging from 10- 4 to 10- 5 (ohm.cm)-l at room temperature, besides
exhibiting a great reproducibility of all these characteristics. Cyclic
Voltammetry measurements shows that the hybrid electrolyte presents
an outstanding electrochemical stability.

S3.2
Li-Co-Ni citrate precursor as a new synthesis route for
nanometer LixNiO.8CoO.202 electrode material. Andreas Ries',
Yodalgis Mosqueda2, Eduardo Perez-Cappe2, Pilar Aranda3 and
Eduardo Ruiz-Hitzky 3; 'Dept. of Technology, UNESP - Chemistry
Institute, Araraquara, SP, Brazil; 2Laboratory of Solid State Ionic,
IMRE- Havana University, Havana, Cuba; 3Instituto de Ciencia de
Materiales de Madrid, CSIC, Madrid, Spain.

The Lix[Ni(1-y)Coy]1-x02 family is a member of the LiM02 (M= V,
Cr, Mn, Co, Ni) series. It exhibits very interesting physical and
electrochemical properties that have made most of them applicable as
positive electrodes in high energy density batteries. The nickel rich
phase, Li(NiO.8CoO.2)02, exhibits several advantageous properties in
comparison other members of this family: higher capacity, lower
material cost and better thermal stability. Although many authors
have reported the presence of divalent nickel ions at the lithium sites),
this occupancy of Li sites by Ni is the main cause that during lithium
deintercalation occurs the a lost of the cell reversibility and therefore
their application is limited. Taking into account the above signalled
observations, one of the strategies for preparing materials with better
cycling properties has been directed towards new routes of synthesis
to produce trigonal nickel rich phases with ordered distribution of Li+
and M+ ions in the octahedral sites. Synthesis methods driving to
small particle size materials are also of interest because they have
great weight on the ionic and electronic diffusion in the cathode. In
this work the so-called citrate method has been employed in the

formation of metal citrate, as (NH4)3LiNiO.8CoO.2(C6H507)2, as
precursor of the corresponding Co-Ni-Li oxide with a fixed
stoichiometry LiNiO.8CoO.2 02. The The XRD patterns, DTA curves
and IR spectra reveal that the oxide obtained at high temperature has
an "ideal" trigonal a-NaFe02 type structure. The EDX- SEM image
shows that LiO.7NiO.8CoO.202 powder is formed by the agglomeration
of nanometricfine particles. The LiO.7NiO.8CoO.202 compound
prepared from citrate route presents better reversibility in
charge-discharge cycles than similar phases reported by other authors

S3.3
Electrochemical Properties and Microstructure of Tin Base
Thin Film Electrode for Lithium Secondary Batteries.
Wanuk Choi and Jeong Yong Lee; Dept. of Materials Science and
Engineering, Korea Advanced Institute of Science and Technology,
Daejeon, South Korea.

Various intermetallic compounds and metal alloys offer large specific
capacity as anode materials for Li secondary battery [1-3]. CU6Sn5,
one of popular candidates for anode material, reacts with lithium a
few hundred mV above the potential of metallic lithium and lithium
ions insert into CU6Sn5 topotactically over the compositional range
LixCu6Sn5 (0(x(13) [4]. This topotactical reaction offers the
possibility of overcoming the volume expansion problems associated
with binary alloys. In this work, CU6Sn5 film was fabricated by
annealing copper thin foil electrochemically plated with Sn film. The
structure of CU6Sn5 thin film was determined by using XRD, SEM
and TEM. The thin film was consisted of a few nanometer sized
CU6Sn5 grains and CU3Sn. The CU6Sn5 has different structure or so
hexagonal and monoclinic, with different aging temperature. The
electrochemical properties of CU6Sn5 thin film were evaluated in coin
type half cell which was configured with CU6 Sn5 thin film electrode, Li
metal electrode and typical 1 mol LiPF6 in EC:DMC (1:1) electrolyte.
Hexagonal CU6Sn5 shows large specific capacity, but CU3Sn does not
show specific capacity during Li insertion and desertion reaction.
Cycling properties improved by restricting charge/discharge range
from 0 1.0 V to 0.2 0.7 V. This means that topotactical reaction
occurs within limited stoichiometric composition range of lithium.
Acknowledgements This work was supported by MOST through the
National Research Laboratory Program and the Ministry of Education
and Human Resources Development of Korea through Brain Korea 21
(BK21) Program. References [1] R.A.Huggins, Solid State Ionics
113-115 (1998) 57. [2] I.Rom, M.Wachtler, I.Papst, M.Schmied,
J.O.Besenhard, F.Hofer and M.Winter, Solid State Ionics 143 (2001)
329. [3] K.C.Hewitt, L.Y.Beaulieu and J.R.Dahn, J.Electrochem.Soc.
148 (2001) A402. [4] M.M.Thackery, J.T.Vaughey, A.J.Kahaian,
K.D.Kepler and R. Benedek, Electrochem. Comm. 1 (1999) 111.

S3.4
Preparation, Characterization and Electrochemical Property
of Nanoscopic Carbonaceous Material: An Anode Material of
Lithium-ion Batteries. Zhou Defeng, Zhao Yanling, Chen Yaguang,
Zhang Xiyan and Wang Rongshun; Chemistry, Institute of Functional

Material Chemistry, Chang Chun, China.

Phenolic resin-based nanoscopic carbonaceous materials have been
prepared by doping different proportions of ZnCl2 into phenolic resin
precursor at various heat-treatment temperatures and characterized
by means of Brunner-Emmett-Teller method (BET), X-ray diffraction
(XRD), transmission electron microscopy (TEM), scanning electron
microscopy (SEM) and Raman spectroscopy analyses. The results
show that for material A3 (the ratio of PR: ZnCl2 is 1:3), the average
size of grains and apertures are from 40 to 60nm and 3.86nm,
respectively, reaching nanometer level. The pyrolytic material mainly
consists of aromatic-ring structural carbons, mixed with unsaturated
sp3 hybrid carbons. ZnCl2 doping results in an increase in the specific
surface area of the pyrolytic materials, which provides much space for
lithium insertion. When the material is used as electrode material of
lithium ion battery, the reversible capacity could be kept at 370
mAhg-1 after 10 charge/discharge cycles.

S3.5
Effect of Nanosized Particles on the Li-Ion Insertion Kinetics
of LixCo02-Based Eletrodes. Paulo Roberto Bueno', Elisabete
Ignacio Santiag02 and Luis Otavio Sousa Bulhoes3; 'Department of
Physics, University of Sao Paulo, Ribeirao Preto, SP, Brazil;
2Department of Chemistry, University of Sao Paulo, Sao Carlos, SP,
Brazil; 3Department of Chemistry, Federal University of Sao Carlos,
Sao Carlos, SP, Brazil.

N anoscale materials for lithium-ion storage devices are emerging as a
successful solution to improve the rate capability which, in the case of
lithium-ion insertion batteries, focuses on anodes and cathodes. It is
widely believed that these limitations in the rate capabilities of Li-ion
batteries are caused by slow solid-state diffusion of Li+ within the
electrode materials. For this reason, tremendous interest currently
focuses on the research and development of nanostructed Li-ion
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battery electrodes, whose nanostructure clearly restricts the distance
that Li+ must diffuse, which may be as small as 50 nm. This work
deals with the mechanisms of Li+ ion transport through
nanostructured electrodes designed mainly by different LixCo02
nanosized spherical-like particles protruding from current collector
substrate. In previous works we have shown that the scheme for ion
diffusing in a nanometer length has the influence that ion storage can
be treated as a capacitance charge rather than diffusion process
(because of the diffusion length is short enough, which has the effect
that diffusion resistance not respond in the frequency range commonly
used in the frequency-domain response - fast charging mode), an
effect that was dubbed" nanoscale effect" . In a spherical-like particle
nanostructured electrode, the" nanoscale effect" is specially
pronounced for particles diameter lower than 20 nm for hosts
possessing diffusion coefficient about or higher than 10-8 cm2.s-1.
Therefore, the goal of the present work is to analyse the influence of
the different LixCo02 nanosize particles designed electrodes on Li-ion
insertion kinetics using frequency-resolved techniques. The
nanostructured cathodes electrodes were made of different LixCo02
nanosize particles prepared by sol-gel polymeric precursor method and
either by combustion synthesis.

S3.6
Improved EDLC Characteristics of CNTs Grown on
Nanoporous Alumina Templates. Sun-il Mho, Sun Wen and Mi
Jung; Molecular Science &Technology, Ajou University, Suwon, South
Korea.

Carbon nanotubes (CNTs) are very useful materials for
electrochemical system, such as batteries and electrochemical double
layer capacitors (EDLCs). The usage of nanoporous alumina
templates is proposed as a novel method for the control of the
capacitances of CNTs. We control the surface area of CNTs by using
alumina templates of different aspect ratios. Well-ordered nanoporous
alumina templates were fabricated by two-step anodization method in
oxalic or sulfuric acid electrolyte. The pore length and density of the
template utilizing for the CNT growth was 1 f.lm and 1.2x 10'0
3.1x10'o pores/cm2, respectively. The specific capacitances of the
CNTs can be enhanced with high surface area and small tube
diameter by using the template with higher pore density and smaller
pore diameter for preparation. The growth of CNTs on the porous
alumina templates was based on the chemical vapor deposition (CVD)
method. For EDLC applications, aluminum metal substrate below the
porous alumina layer can work directly as conductive electrode
substrates. As a catalyst for the CNTs growth, cobalt particles were
electrochemically deposited on the bottom of the pore where
aluminum surface was exposed to the solution containing C0

2 + ion by
applying ac voltage. The homogeneous CNTs grown on the well
ordered porous alumina templates are excellent electrode materials for
EDLC with the enhanced capacitance. The EDLC characteristics were
examined by measuring the capacitances from cyclic voltammograms
and the charge-discharge curves.

S3.7
Synthesis and Characterization of N anocrystalline
Lil+xNiO.5MnO.502 Cathode Material Based on Freeze
Drying Method. Sun-Hee Choi, Young-Jei Oh, Shlyakhtin A. Oleg
and Young Soo Yoon; Materials Science and Technology Division,
Korea Institute of Science and Technology, Seoul, South Korea.

Lithium nickel manganese oxides are considered as promising
candidates to the new generation of cathode materials for secondary
Li-ion batteries. Good electrochemical performance of various
Li(Ni,Mn)02-based cathodes, combined with reduced cost of raw
materials, is ensured by the easy formation of solid solutions with
layered structure in Li-Ni-Mn-O system. In LiNiO.5MnO.502, Ni ion is
placed at Li position, which induce irreversible capacity fade during
initial charge. In order to decrease capacity fade, we added extra Li.
LiNiO.5MnO.502 was prepared from the freeze-dried Ni-Mn hydroxides
(Ni : Mn = 1:1 in mole ratio) and LiOH*H20. The reaction mixture
was pressed into pellets and was subjected to thermal processing at
5000C and 9000C in air. LiNiO.5MnO.502 is related closely LiNi02
having a layer structure, not to LiMn204 having a spinel-framework
structure. LiNiO.5MnO.502 shows the rechargeable capacity of 185-190
mAh/g. Li-overdoped samples have higher capacities and good Crate
characteristics. In addition, we will discuss our results with a point of
view of structure stabilization during synthesis.

S3.8
Controlled synthesis of manganese (oxihydr)oxides in aqueous
solution by thermohydrolysis. sophie cassaignon, magali koelsch

and jean pierre jolivet; lab chimie de la matiere condensee, universite
Pierre et Marie Curie, paris, France.

Manganese existing under numerous degrees of oxidation (from 0 to
VII), forms a great number of solid compounds, in particular oxides
and oxyhydroxydes with interesting applications: components of

batteries, metallurgy, pigments, catalysts [1]. The properties of these
materials depend closely on their crystalline structure as well as size
and morphology of the particles. N anometric sized materials are of
interest, because of the high ratio surface to volume and specific
effects related to the small size of the crystalline domains (phonon
confinement, magnetic relaxation). Because of the variety of
manganese oxides (composition, structure), their conditions of
synthesis must be strictly controlled. Most of the syntheses of
manganese (oxihydr)oxides found in literature bring in organic
compounds [2] or template [3]. In aqueous medium, manganese
(oxihydr)oxides are most usually obtained from the molecular
complexes of Mn(II) or Mn(VII), the most stable degrees in solution.
We can quote the oxidation of MnS04 by ammonium peroxodisulfate
S2082 7 [4] or the reduction of KMn04 in alkaline medium [5]. This
work is interested in the precipitation of (oxihydr)oxides of manganese
in aqueous solution by thermohydrolysis of MnCI2 or KMn04, and in
the influence of certain initial parameters (pH and concentration) on
the nature, the size and the morphology of the particles obtained. For
example, nanoparticles of MnOOH, Mn304 (with different
morphologies) and different crystallographic phases of Mn02 (b- g
d-Mn02) have been obtained. This study presents multiple interest:
(i) to determine the synthesis conditions adapted to the obtaining of
pure phases, (ii) to control the morphology and the size of particles in
the nanometric domain, (iii) to obtain information about the
mechanisms of formation of manganese (oxihydr)oxides. [1] J.E. Post,
Proc. Natl. Acad. Sci. 1999, 96,3447-3454 [2] Y. Sun, C. Ma, Y.
Wang, H. Li, Inorg. Chern. Comm. 2002, 5, 747-750 [3] M. Sugantha,
P.A. Ramakrishnan, A.M. Hermann, C.P. Warmsingh, D.S. Ginley,
Int. J. Hydr. Ener. 2003, 78 (6), 597-600 [4] X. Wang, Y. Li, J. Amer.
Chern. Soc. 2001, 124 (12), 2880-2881 [5] E. Narita, T. Okabe, Bull.
Chern. Soc. Jpn. 1980, 53, 525-532

S3.9
Nanostructured Manganese Oxides as Supercapacitor
Electrode Materials: Preparation and Electrochemical
Performance. Frederic Favier l

, Thierry Brousse 2
, Laure

Monconduit l
, Jean-Louis PascalI, Jacques Roziere l and

Deborah Jones'; 'LAMMI UMR5072 CNRS-UM2, Montpellier,
France; 2LGM - Ecole Polythechnique de I Universite de Nantes,
N antes, France.

N anostructured manganese oxides powders are under study as anode
materials for electrochemical supercapacitors. Several preparation
routes have been explored that lead to manganese oxides of various
average manganese oxidation state, composition, particle size and
morphology. This contribution will compare the chemical and
electrochemical properties of manganese oxide nanoparticles with high
surface area and mesoporous manganese oxides, including Co, Fe and
Al doped compositions. The electrochemical performances of these
various manganese oxides are discussed through cyclic voltammetry
and charge-discharge measurements, electron microscopic techniques,
and powder X-ray diffraction. Electrochemical performance, especially
initial capacity and capacity retention, are shown to strongly correlate
with the material composition, morphology and extent of doping.

S3.1O
Nanostructured Carbon Materials Synthesis and Applications
in Fuel Cells, Li-batteries and Supercapacitors.
Shu-Jiuan Huang, Man-Yin Lo, Chun-Chieh Huang and Sheng-Min
Wang; Union Chemical Laboratories, Industrial Technology Research
Institute, Hsin-Chu, Taiwan.

The nanostructured carbon materials such as spheres, tubes (CNTs)
or fibers (CNFs) have been realized in Li-battery, fuel cell or
supercapacitor applications. An effective production of these carbon
materials was achieved in a vertical flow reactor by floating catalyst
method via decomposition of ethanol or benzene over iron metal
nanoparticles. The concentration of catalyst precursor, concentration
of the promoter, H 2 flow rate, feeding speed, reaction time and
reaction temperature were found to be crucial parameters on the
production yield and morphology of the products. When applying
CNFs or CNTs to the anode of Li-battery, addition of small amount
of graphitized CNFs in the electrode can improve the charge-discharge
cycle life. The energy storage capacity was increased by 20mAh/g
when adding 1% of graphitized CNFs. Moreover, addition of
as-synthesized CNFs or CNTs in the cathode of direct methanol fuel
cell (DMFC) also increases the current density per gram Pt-Ru/C
catalyst by 50%. The improvement performance on Li-battery or
DMFC may be due to the conductivity and mechanical strength
enhancement of anode electrode with CNFs or CNTs addition.

S3.11
Highly Efficient Organic Small Molecule Based Solar Cells
with CuPc:C 60 Mixed Thin Film Active Layer. Soichi Uchida
and Stephen R Forrest; Center for Photonics and Optoelectronic
Materials (POEM), Department of Electrical Engineering and the
Princeton Materials Institute, Princeton University, Princeton, New
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Jersey.

Recently, donor (D)-acceptor (A) bulk heterojunctions (BH) have
been used to improve polymer photovoltaic (PV) cells [1, 2], and this
approach has also proven effective for small molecule based devices
[3]. While the quantum efficiency (QE) of a conventional D-A bilayer
structure is limited by short exciton diffusion length, a BH structure
enables a larger power conversion efficiency (TJ p) as well as QE. A
blended thin film of the donor type phthalocyanines (Pc) and the
acceptor type C 60 is a promising structure for realizing highly efficient
small molecule based BH solar cells. For example, 1)p = 3.4 % has
been reported under 0.1 sun (10 mW/cm2, AM 1.5) illumination in a
mixed zinc Pc:C 60 based PV device[4]. We present here D:A mixed
layer PV devices employing copper Pc (CuPc):C 60 . This D:A couple
has previously achieved the highest efficiency among small molecule
based bilayer organic PV devices[5]. A vacuum co-deposited D:A
mixed layer is macroscopically uniform, and the device characteristics
are determined by both electron and hole injection properties of the
cathode and anode materials, respectively. As for the anode, UV/0 3

treated ITO provides a good ohmic contact for holes from CuPc, and
an energy barrier to electrons from C 60 . Thus, an ITO/CuPc:C 6o

contact shows hole selective injection. Combined with
2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP), C 6o /BCP thin
layers act as an electron donor. This simple architecture has very
small series resistance, e.g. a forward current density of lA/cm 2 is
obtained with a rectification ratio of 10 6 at +1 V, and J sc is linearly
increased with increasing irradiation light intensity of up to 2.4 suns.
A device with a structure of ITO /370 A CuPc:C 60 (1:1) / 100 A C 60

/75 A BCP / Ag shows 1)p = 3.6% at 0.27 suns (AM1.5G). Although
the fill factor decreased with increasing the light intensity because of
the possible increase of electron-hole recombination in the mixed
region, 1)p = 3.3% under 2.4 suns irradiation. References [1] G. Yu, J.
Gao, J. Hummelen, F. Wudl and A. J. Heeger, Science, 270, 1789
(1995). [2] F. Padinger, R.S. Rittberger and Sariciftci,
Adv.Funct.Mater., 13,85 (2003). [3] P. Peumans, S. Uchida and S.
R. Forrest, Nature, 425, 158 (2003). [4] D. Gebeyehu, B. Maennig, J.
Drechsel, K. Leo and M. Pfeiffer, SolarEnergyMater.SolarCells, 79,
81 (2003). [5] P. Peumans and S. R. Forrest, AppI.Phys.Lett., 79, 126
(2001).

S3.12
Dye Senisitised Nanocrystalline Sn02 and Ti02: A
Comparative Study of Interfacial Charge Recombination.
Alex Nicholas Michael Green, Emilio J Palomares and James R
Durrant; Chemistry, Imperial College of Science, Technology and
Medicine, London, United Kingdom.

Dye sensitised nanocrystalline solar cells (DSSC) have attracted
widespread commercial and academic interest in recent years, with
the best performance acheiving an overall energy conversion efficiency
of 10%[1] Several methods have been used in an attempt to improve
the current achievable efficiency. One notable method has been the
incorporation of conformal metal oxide insulating layers onto the
nanocrystalline metal oxide substrate[2,3]. In an attempt to move
away from Ti02, alternative nanocrystalline metal oxides substrates
have also been investigated[4-7]. In this regard, Sn02 has been of
particular interest due to its lower conduction band edge and greater
conductivity. To date however dye sensitised solar cells employing
nanocrystalline Sn02 films have proved less successful comparable to
devices fabricated employnig Ti02. In this paper we will report a
detailed comparison of the electronic properties of Ti02 and Sn02
nanostructured electrodes, and discuss the implications of these
observations for the function of dye sensitized solar cells. Issues that
will be addressed will include: 1. Charge recombination dynamics
observed for dye sensitized films as a function of the bias applied to
the photoelectrode. 2. The correlation of these recombination
dynamics with film electron densities determined by
chronoamperometric studies. 3. Retardation of interfacial charge
recombination using conformal deposition of metal oxide layers 4. The
effects of conformal layers on Li intercalation. References [1]
Nazeeruddin, M.K .. ; Pechy, P.; Renouard, T.; Zakeeruddin, S.M.;
Humphry-Baker, R.; Comte, P.; Liska, P.; Cevey, L.; Costa, E.;
Shklover, V.; Spiccia, L.; Deacon, G.B.; Bignozzi, C.A.; Gratzel, M. J.
Am. Chern. Soc. 123 (2001) 1613. [2]Palomares, E.; Clifford, J.N.;
Haque, S.A.; Lutz, T.; Durrant, J.R. Journal of the American
Chemical Society (2003), 125(2), 475-482 [3] Kumara, G.R.A.; Konno,
A.;Tennakone, K. Chern. Lett. 2001. 180-181 [4]Turkovic, A.; Crnjak
Orel, Z Solar Energy Materials and Solar Cells (1997),45(3),275-281
[5]Tennakone, K.; Perera, V. P. S.; Kottegoda, I. R. M.; Kumara, G.
R. R. A. Journal of Physics D: Applied Physics (1999),32(4),
374-379. [6]Tennakone, K.; Kumara, G. R. R. A.; Kottegoda, I. R. M.;
Perera, V. P. S Chemical Communications (Cambridge) (1999), (1),
15-16. [7]Willis, Richard L.; Olson, Carol; O'Regan, Brian; Lutz,
Thierry; Nelson, Jenny; Durrant, James R Journal of Physical
Chemistry B (2002), 106(31),7605-7613

S3.13
The sensitization of nanoporous Ti02 electrodes by
porphyrin derivatives with different substituents. Pan Kai,
bai yubai and zhaoyue Liu; college of chemistry, Jilin University,

Changchun, Jilin Province, China.

N anoporous Ti02 electrodes were sensitized by different porphyrin
derivatives, terahydroxyphenyl porphyrin (THPP) and
teracarboxylphenyl porphyrin (TCPP). Both kinds of sensitized
electrodes were characterized by UV-visible spectroscopy (UV-vis)
and X-ray photoelectron spectroscopy (XPS). The results showed that
the interaction between Ti02 and TCPP was stronger than that
between Ti02 and THPP. Both kinds of the sensitized electrodes were
assembled to photoelectrochemical cells. The photocurrent responses
of the photoelectrochemical cell under different incident illumination
directions were significantly different. Calculated from the
current-voltage curve of photoelectrochemical cells, the overall
light-to-electric energy conversion yield (1)) of TCPP-sensitized cell
was 0.11 %, while the conversion efficiency of THPP-sensitized cell was
006%

S3.14
Nano Cuprous oxides film prepared by magnetron sputtering.
Lu Yang Ming', Chen Jun Yuan' and Wey Tzuu Shaang';

'Electronic Engineering, Kun Shan University of Technology,
Yung-Kang City, Taiwan; 2Electronic Engineering, Kun Shan
University of Technology, Yung-Kang, Tainan, Taiwan.

Cuprous oxides(Cu20)is a diect-gap semiconductor with a band-gap
energy of 2.0eV and has been extensively investigated as a candidate
for a photovoltaic materials.However,practical applications have not
been achieved to date due to the difficulty in controlling its physical
properties.We have investigated the controllability of the formation of
pure Cu20 thin films deposited by the reactive DC sputtering method
and analysis by XPS and Raman spectrometer to identify the Cu+1
in the cuprous oxide.The formation of pure Cu20 films is not only
dependent on the substrate temperature but also strongly effected by
the oxygen and argon flow rate ratio.When the substrate temperature
was kept constant at 100 degree C and varied the oxygen and argon
flow rate ratio from 3ml/min to 10ml/min,it is found a mixture of
Cu20 and CuO phases are formed.Increasing the flow rate of oxygen
to 5ml/min,a pure and single phase of Cu20 is formed.Further
increasing the argon flow rate,the phase changes to CuO.The
crystallity is improved as increasing the substrate
temperature.However,the deposition rate decreases when substrates
increases.The electrical resistivity decreases with increasing the
substrate temperature and the minimum resistivity of Cu20 in this
study is about 130 ohm-em.The mobility increases from 100C to
350C.The dependence of cupper oxides resistivity is not only on the
substrate temperature and reactive gases but also on the sputter
pressure.Bucause the characteristic resistivity ranges change with
sputter pressure.variation due to different phase compositions froming
in the film. The lowest resistivity is obtained when only the Cu20
single phase exists in the films. The optical energy gap derivated from
the transmittance spectrum of Cu20 is 2.0 eV in this study.

S3.15
Photoluminescence in quantum confined Sn02 nanocrystals.
Eduardo Jian Hua Lee, Caue Ribeiro, Tania Regina Giraldi, Elson
Longo and Edson Roberto Leite; Departamento de Quimica,
Universidade Federal de Sao Carlos, Sao Carlos, SP, Brazil.

Tin dioxide is a technologycally important material with applications
in several fields, such as electro-optic devices, gas sensors, catalysts,
solar cells, etc. The study of the optical properties of nanoscaled
particles is a common procedure to understand the electronic
structure of these materials, which is an important characteristic to
be known, since solar cell devices involve electronic transitions.
Photoluminescence, for instance, is a property directly related to the
materials band structure. Free exciton photoluminescent quantum
dots are of great interest for lasing applications. This interest is due
to the possibility to tailor-make the laser wavelength by controlling
the quantum dot size. Tin dioxide is a potential material for
application in UV-lasing systems. On the other hand several, studies
have reported that photoluminescence in Sn02 nanocrystals occurs at
energies lower than the band gap energy due to the presence of
defects. In this work, nanocrystalline Sn02 quantum dots were
prepared at room temperature by the hydrolysis reaction of SnCI2.
The addition of tetrabutyl ammonium hydroxide (TBA) in the
synthesis and post-reaction hydrothermal treatments enabled the
obtention of tin dioxide colloidal suspensions with mean particle
radius ranging from 1.5 to 4.3 nm. Mean particle radius and particle
morphology were analyzed by transmission electron microscopy. The
photoluminescent and absorption properties of the suspensions were
studied. Assuming that the photon energy of maximum intensity of
the photoluminescence spectra is related to the band gap energy of
the system, the size dependence of the band gap energies of the
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quantum confined Sn02 particles was studied. This dependence
agreed very well with the weak confinement regime behavior predicted
by the effective mass theoretical model, which estimates the size
dependence of the band gap energy of nanocrystals. This is a strong
indicative that the photoluminescence emission energy corresponds to
the quantum dot band gap energy, and therefore that the observed
photoluminescence occured by free exciton decay.

S3.16
The next generation in nanocrystal-based solution processible
solar cells. nan Gur,,3,2, Delia J. Milliron2,3 and A. Paul

Alivisatos 2
,3,1; 1 Materials Science and Engineering, DC Berkeley,

Berkeley, California; 2Chemistry, UC Berkeley, Berkeley, California;
3Materials Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, California.

Developments in colloidal nanocrystal synthesis have facilitated major
advances in the field of hybrid organic-nanocrystal photovoltaics.
Synthesis techniques now allow for a broader range of control over
nanocrystal size, shape, and composition, enabling the creation of
3-dimensional and chemically heterogeneous structures suitable for
photovoltaic applications. For example, tetrapod-shaped cadmium
telluride nanocrystals offer broadband absorption well matched to the
solar spectrum and a branched structure that ensures direct electron
transport through a dispersed heterojunction. The role of CdTe
tetrapods and other novel nanostructures in next generation
nanocrystal-based solar cells is presented.

S3.17
Synthesis of Nanoparticles of Tio2 in Aqueous Solution by
Soft Chemistry: Influence of the Nature of Anions in Solution
Magali Koelsch, Sophie Cassaignon and Jean Pierre Jolivet; Lab

Chimie de la Matiere Condensee, Universite Pierre et Marie Curie,
Paris, France.

Titanium oxide Ti0 2 has found extensive use in a great variety of
applications among which electrode materials for dye-sensitized solar
cells. The polymorphs of Ti0 2 , rutile, anatase and brookite exhibit
specific physical properties, band gap, surface states.. Ti0 2 anatase
is the most used phase for photovoltaic applications [1] and brookite
seems potentially interesting [2, 3]. Nanometric particles of anatase,
brookite and rutile polymorphs, were synthesized by thermolysis of
TiCI. in aqueous medium. The control of the conditions of
precipitation (acidity, nature of anions, ionic strength, titanium
concentration) allow the control of crystalline structure, size and
morphology of particles. This presentation is focused on the influence
of the anions in solution (CI-, SO. 2-, N0 3 - , CIO. -) on the control
of the synthesis of nanoparticles of Ti0 2 . We will discuss the role of
these anions in the mechanism of formation. [1] O'Regan B., Gratzel
M., Nature 1991, 353, 737. [2] K.J. Jiang, T. Kitamura, H. Yin, S.
Ito, S. Yanagida, Chern. Lett., 2002, 872. [3] M. Koelsch, S.
Cassaignon, J. F. Guillemoles, J. P Jolivet, Thin Solid Films, 2002,
403-404, 312.

S3.18
Electrical und morphological characterization of
electrochemically deposited ZnO/dye hybrid films.
Jens Reemts, Juergen Parisi and Achim Kittel; Energy and
Semiconductor Research, University of Oldenburg, Oldenburg,
Germany.

Dye sensitized solar cells of the Graetzel type are usually fabricated
with Ti0 2 covered with dye after its synthesis as one electrode. Due to
its enhanced surface area and a strong attachment of non-aggregated
sensitizer dyes ZnO is, aside from Ti0 2 , a promising semiconducting
material for solar energy conversion. We investigate ZnO/dye
electrodes where the dye is already added during the electrodeposition
process of the ZnO. We examine the influence of the dye species and
the dye concentration on the surface morphology of the ZnO film by
means of AFM, SEM and STM. The electrical properties of the
different films were characterized by means of IV-measurements. In
order to analyze the lateral electrical conductivity we electrodeposited
ZnO/dye thin films across an insulating gap. The transversal
conductivity was measured with a conductive tip AFM.

S3.19
Non-Steady State Operation of Polymer/Ti02 Photovoltaic
Devices. Kiril Kirov, Bernard Henry, Victor Burlakov, Michelle

Carey, Chris Grovenor and Hazel Assender; Department of Materials,
University of Oxford, Oxford, United Kingdom.

Polymer/Ti02 composite solar celss (CSCs) are currently being
investigated by academic research groups and ndustrial companies due
to the prospect of achieving good power conversion effciencies at a low
production cost. We present a study of the initial period of operation
(up ot 2 hours) of such devices, which show that during this time
interval the CSCs operate in a non-steady state. The behaviour is

complex and may include a gradual rise of Voc and Isc with time, a
passage through a maximum of either or both parameters, and even a
sign reversal. This time dependence can be attributed largely to the
formation of quasi steady state due to both diffusion and drift of
charges in the CSCs. Such results bear implications on the
photovoltaic characterisation of polymer/Ti02 devices and on the
reporting of photovoltaic performance in scientific literature. The
particular case of Voc and Isc decrease with time after passing
through a maximum is related to charge build-up (photo-doping)
inside the CSC upon illumination. Experimentally, this is evidenced
by the significant change of dark conductivity curves after device
illumination. The experimental data is qualitatively reproduced by
lowering the shunt and serial resistance of the photovoltaic device in a
modified equivalent circuit model.

SESSION S4: Lithium-ion Batteries II
Chair: Debra Rolison

Wednesday Morning, April 14, 2004
Room 3006 (Moscone West)

8:30 AM *S4.1
Improving Electrochemical Properties Through Mesoporous
Nanoarchitectures. Bruce Dunn, Materials Science and
Engineering, UCLA, Los Angeles, California.

Aerogels are well known mesoporous materials whose low density and
high surface area result from synthesis methods that do not collapse
the solid network phase upon removal of the solvent. They have been
widely used in the heterogeneous catalytic materials field because of
their molecular accessibility and rapid mass transport. However,
electrochemical materials in general, and battery materials in
particular, have yet to exploit this nanoarchitecture, despite the fact
that one would expect such physical features to be desirable for
electrochemical reactions. This paper reviews some of the interesting,
and unexpected, electrochemical results obtained with vanadium
oxide aerogels. These results underscore the benefits to be gained by
creating battery materials with mesoporous nanoarchitectures. Our
studies show that the inherent electrochemical properties of V 205
aerogels combine elements of both capacitor-like and battery-like
behavior. Depending upon the nanoarchitecture, specific capacitance
values in excess of 2000F/g have been obtained along with lithium
capacities of over 400 mAh/g. The charge storage mechanism in these
materials is very different from that which occurs with traditional
intercalation materials and we have proposed that the origin of this
unique response is associated with the high surface area of the
aerogel. That is, surface defects that may not be evident in traditional
materials now become dominant because of the drastic increase in
surface area. We have also been exploring novel electrode
architectures that incorporate V 205 aerogels. One approach,
involving the integration of single wall carbon nanotubes as the
electronically conducting network, leads to electrodes with excellent
performance at high discharge rates. Lithium capacities on the order
of 300 mAh/g are obtained at discharge rates above 2C. Another
approach has involved the preparation of aerogel electrodes that
possess an inverted opal structure. This architecture is also effective
at retaining high lithium capacity at high discharge rates.

9:00 AM S4.2
Three Dimensionally N anostructured Anode and Cathode
Materials Prepared by Colloidal Crystal Templating.
Andreas Stein', Justin C. Lytle', Nicholas S. Ergang', Hongwei Yan',
Kyu Tae Lee2,' and Seung M. Oh2 ; 'Department of Chemistry,
University of Minnesota, Minneapolis, Minnesota; 2S chool of
Chemical Engineering, Seoul National University, Seoul, South Korea.

Recently, colloidal crystal ternplating techniques have been developed
to produce three-dimensionally ordered macroporous (3D OM) solids
composed of insulator, semiconductor, or metal compositions.
Monodisperse polymer spheres are close-packed into ordered arrays
and infiltrated with a fluid which is solidified. After removal of the
template, a solid skeleton is obtained around an ordered array of voids
where the original spheres were located. By choosing the template
size, the pore diameters can be adjusted in the range from ca. 200 nm
to several micrometers. Depending on the material and synthesis
conditions, skeletal walls are either amorphous or composed of fused
nanocrystals. Typical wall thicknesses are on the order of tens of
nanometers. It is possible to adjust the properties of the macroporous
solids (e.g., transport properties, surface interactions) through
functionalization and structuring of the walls. The suitability of
colloidal crystal ternplating methods to produce 3DOM electrode
materials for lithium batteries has been investigated. 3DOM electrode
materials possess several features that are expected to benefit their
electrochemical performance. These features include (a) the size of the
overall 3DOM particle (up to mm-size), which should prevent
penetration of wall-nanoparticles into porous separation membranes;
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(b) the large open pores which permit facile transport of liquid
electrolyte; (c) the thin walls which significantly shorten ion diffusion
distances; (d) the continuous network which is expected to improve
the electrical conductivity; and (e) the relatively large accessible
surface. Since charge transport in 3DOM electrodes would occur on a
nanometer scale, rather than a micrometer scale, these materials also
appear to be suitable to reduce the problem of diffusional polarization.
In a first step towards 3D interpenetrating battery components, we
have prepared several electrode compositions with 3DOM structures,
including 3DOM cathode materials (LiCo02, LiNi02, LiNi1-xCox02,
LiMn204, V205) and 3DOM anode materials (carbon, Sn02). This
presentation will provide a general overview of relevant issues of
structural and phase control in these materials and will then focus on
synthesis optimization and electrochemical properties of 3DOM
carbon and Sn02 anode and LiCo02 cathode materials. The synthesis
conditions, such as calcination temperature, time, and atmosphere,
have significant effects on the structural and electrochemical
properties of 3DOM materials. By adjusting the grain size of electrode
materials, the morphology of macroporous structures can be tuned
precisely. The discussion of cathode materials will focus mainly on
methods to obtain 3DOM powders as well as thin films. The structure
and electrochemical behavior of 3DOM Sn02 films and 3DOM carbon
monoliths for anodes will then be discussed in greater detail.

9:15 AM *S4.3
Liquid Crystal Templated Nickel/Nickel Oxide Electrodes.
John Robert Owen, 1 School of Chemistry, University of Southampton,

Southampton, United Kingdom; 2Nanotecture Ltd, Southampton,
United Kingdom.

Electrodeposition of platinum in a liquid crystal template has been
described [1] as a general synthesis technique for metal films
containing a lattice of periodic channels with nanometer dimensions.
Since then we have used the Southampton Method for the deposition
of nanostructured films of other metals such as Pd, Co, Ag, Sn,
semiconductors such as Se, and metal oxides such as Mn02 and
Ni(OOH). Mesoporous nickel metal films were grown from a liquid
crystalline electrolyte formed by adding a surfactant in high
concentration to a nickel salt solution. After washing away the
electrolyte a thin layer of nickel oxyhydroxide was grown on the
surface of the pores to give a high surface area redox insertion
electrode supported by a nanostructured current collector of nickel [2].
The nanostructured electrode was found to give a similar behaviour in
potassium hydroxide to oxidised films of bulk nickel, but with much
larger current densities corresponding to the high surface area. A
supercapacitor device was made using nanostructured palladium as
the negative electrode of a hydrogen cell[3]. The paper will review
recent progress, including some studies on the behaviour of
nanostructured electrodes in lithium electrolytes. [l]Attard GS,
Bartlett PN, Coleman NRB, Elliott JM, Owen JR, Wang JH,
SCIENCE 278,838-840(1997) [2]Nelson PA, Elliott JM, Attard GS
and Owen JR. Mesoporous nickel/nickel oxide - a nanoarchitectured
electrode CHEM MATER 14 (2): 524-529 FEB 2002 [3]A
high-performance supercapacitor/battery hybrid incorporating
templated mesoporous electrodes J ELECTROCHEM SOC 150 (10):
A1313-A1317 OCT 2003

9:45 AM S4.4
Nanoscale Li-ion Battery Electrodes as Effective Tools for
High-Rate Low-Temperature Studies. Charles R Sides and
Charles R Martin; Chemistry, University of Florida, Gainesville,
Florida.

Li-ion batteries have generated great interest as lightweight, portable,
rechargeable power sources over the last decade. Many of the
advantages of this technology are linked to the ability of the
electrodes to deliver high specific capacity (mAh/g). However, these
electrodes quickly lose this ability as temperature is decreased and/or
discharge rate (C, 1/h) is increased. Previously, we have demonstrated
that concentration polarization of the Li-ion is the rate-limiting
process in Li-ion battery electrodes at room temperature.
Concentration polarization occurs because insertion flux of Li+ into
the electrode material is more facile than the solid-state diffusion
process. In large particles or high discharge rates, this problem is
exacerbated. An electrode that is not as susceptible to this effect is
presented as a useful tool in low-temperature fundamental
investigations. We synthesize electrodes of differing Li-ion diffusion
distances (nanofiber radii) by the template-synthesis method. This is
a general nanofabrication method pioneered in the Martin laboratory
and has been described in detail in the literature. Briefly, the
nanopores of commercially-avaible track-etched polycarbonate filters
are filled with vanadium oxide precursor solution and attached to a
current collector. The precursor is slowly hydrolysized and gently
heated. Oxygen plasma then preferentially etches the sacrificial
polycarbonate (organic) template. A heat treatment process converts
the nanostructures to a more crystalline phase. The result is aLi-ion
battery electrode that consists of an array of nanofibers of the same

geometry (number density, length, and diameter) as the pores of the
template. Nanofibers down to 70 nm in diameter are shown. We
image these electrodes by field-emission scanning electron microscopy
and transmission electron microscopy. The structure of the material is
confirmed by x-ray diffraction experiments. Galvanostatic methods
were used to characterize the rate capability, a measure of specific
capacity delivered at increasing discharge rates, of the electrode.
These experiments were performed at several discharges rates (C/5 up
to 100 C) at differing temperatures (down to -20 eC). The electrode
with the smallest Li-ion solid-state diffusion distance maintains
dramatically higher capacity than the larger fibers at lower
temperature over the same range of discharge rates. These
experiments demonstrate the detrimental effect of concentration
polarization on the low temperature performance of a Li-ion battery
electrode. Therefore, template-synthesized nanostructured electrodes
are effective tools for investigating the poor performance of Li-ion
batteries at low temperature.

10:30 AM S4.5
N anocomposite Electrodes for Solid-State Lithium Batteries.
Elsa A Olivetti, Anne M Mayes and Donald R Sadoway; Department
of Materials Science, Massachusetts Institute of Technology,
Cambridge, Massachusetts.

We investigate the fabrication of high energy density electrode
materials for solid-state rechargeable batteries by incorporating
continuous, nanoscale phases within one component of self-organizing
amphiphilic graft copolymer systems. The in-situ growth of cathodic
components in ion-conducting domains of copolymer systems allows
for control of morphology and increases the interface-to-volume ratio,
thereby increasing the area over which ion and electron transport can
occur and decreasing ion diffusion distances with the electrode.
Systems such as free-radically synthesized poly(oxyethylene)
methacrylate-g-poly(dimethyl siloxane), POEM-g-PDMS, with a
domain periodicity of 23nm, serve as a ternplating polymer for the
incorporation of active components. Here we use the nanoscale,
structure-directing property of the graft copolymer system to
incorporate metallic phases as electronic conductors by electroless
deposition techniques. In situ growth of active cathode phases by
sol-gel synthesis and electrochemical methods is also explored.
Morphology of nanocomposite cathodes is characterized by small
angle X-ray diffraction (SAXS) and scanning transmission electron
microscopy (STEM).

10:45 AM S4.6
N anoscale solid polymer electrolytes from
electropolYlllerization: New routes to integrated
nanostructured energy storage architectures.
Christopher P Rhodes, Jeffrey W. Long, Michael S. Doescher and

Debra R. Rolison; Naval Research Laboratory, Washington, District of
Columbia.

N anoscale solid electrolytes are an integral part of functional
nanoscale architectures for energy storage and conversion devices. The
use of nanoscale (5 to 50 nm) solid polymer electrolytes offers the
possibility to significantly improve rate capabilities and power
densities for batteries and other solid-state ionic devices and
represents a considerable improvement over current micron-thick solid
electrolytes. Electropolymerization provides a route to synthesize
nanoscale pinhole-free polymer films directly at the electrode surface
and offers advantages over self-assembly and vapor deposition for
obtaining thin films on the walls within 3-D architectures. We have
explored electro-oxidation of phenol and phenol derivatives to create
5- to 50-nm-thick polymers on planar and porous substrates. When
doped or functionalized with ions, these ultrathin polymers function
as solid electrolytes in nanoscale devices. Solid-state electrical
measurements of electrodeposited poly(phenylene oxide) and related
polymers on ITO and Au substrates are made using a two-electrode
configuration with soft ohmic contacts such as Hg or slowly
evaporated Au or Al as the top electrode. Impedance and DC
measurements are used to determine the electronic conductivity, IonIC
conductivity and dielectric breakdown. Experimental results
demonstrate that electrodeposition provides new synthetic stratgies to
create nanoscale solid electrolytes and nanostructured energy storage
architectures.

11:00 AM S4.7
Single-ion polymer electrolytes for lithium rechargeable
batteries. Sangwoog Ryu, Patrick Trapa, Donald Sadoway and Anne

M Mayes; Materials science and engineering, MIT, Cambridge,
Massachusetts.

The influence of counter ion placement on the conductivity of
single-ion block copolymer electrolytes was investigated using tailor
made electrolytes consisting of a poly[oligo(oxyethylene)
methacrylate, POEM, poly (lithium methacrylate), PLiMA, and
poly(lauryl methacrylate), PLMA. By incorporating the anions
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outside of the ion-conducting POEM block, i.e.,
PLMA-b-PLiMA-b-POEM and P(LiMA-r-LMA)-b-POEM, the
lithium ions were able to dissociate from the anions and room
temperature conductivities approaching 10-6 S/cm were achieved.
Conversely, in the [PLMA-b-P(OEM-r-LiMA)] system, in which the
anion is incorporated into the conducting phase, the conductivity was
roughly two orders of magnitude lower due to strong ion-pairing
interactions as supported by FT-IR measurement. By reducing charge
density through complexing the carboxylate anion with BF3, the ion
dissociation was enhanced significantly and conductivity comparable
to the latter systems was achieved. Charge separation could thus be
equivalently obtained either by using a low charge density anion or by
spatially isolating the counter ion. All of the single-ion block
copolymer electrolytes exhibited transference numbers of roughly
unity and also excellent electrochemical stability to 5V.

11:15 AM S4.8
The variation in the structure and ionic conductivity of
LiCl0 4 -PEO hybrid electrolytes by addition of Al 2 0 3-doped
Ti0 2 • Yun-Mo Sung and Jin-Kyung Lee; Materials Sci. & Eng.,

Daejin University, Kyunggi-do, South Korea.

Nowadays, the application of Li-ion polymer battery is rapidly
increasing with increase in the use of mobile electronics such as
cellular phones, camcorders, and laptop computers. Thus,
high-performance Li-ion polymer battery is highly demanded and
much study has been concentrated on the improvement of polymer
electrolytes. In this study Ti0 2 was added into LiCI0 4 -PEO hybrids
to modify their molecular structure and ionic conductivity. Also, Ti0 2

doped with Ab03 was introduced into the hybrids. The variation in
the hybrid morphology and PEO crystallinity with addition of Ti0 2

and Ab03-doped Ti0 2 , respectively into LiCI0 4 -PEO hybrids was
investigated using scanning electron microscopy (SEM) and x-ray
diffraction (XRD). Also, scanning differential calorimetry (DSC) was
performed to investigate the variation in the glass transition and
crystallization behaviors of PEO in each of the hybrids. The
LiCI0 4 -PEO hybrids with Ti0 2 and Ab03-doped Ti0 2 addition
showed enhanced ionic conductivity and the effect of Ti0 2 and
Ab03-doped Ti0 2 addition was elucidated based upon
structure-property relationship for each hybrid.

SESSION S5: Solar Cell I
Chair: Michael Graetzel

Wednesday Afternoon, April 14, 2004
Room 3006 (Moscone West)

1:30 PM *S5.1
N anoporous Semiconductor Electrodes for
Photoelectrochemical Solar Cells: Design, Synthesis,
Characterization and Application. Arie Zaban, Chemistry
Department, Bar-Ilan University, Ramat-Gan, Israel.

Dye sensitized solar cells (DSSCs) are based on the photoinjection of
electrons from dye molecules into an inorganic semiconductor and
holes transport by a redox mediator [1]. The high light to energy
conversion efficiencies achieved with DSSCs may be attributed to the
nanoporous semiconductor electrodes [1,2]. These electrodes consist of
nanosize, low-doped crystals of wide band gap semiconductors that
are sintered on a transparent conducting substrate. The electrodes
have porous geometry and very large surface area. The porosity allows
solvents to contact each of the nanocrystals present in the electrode
while the large surface area enhances surface effects related to the
single nanocrystals by orders of magnitude. For example, the surface
area of a 10 micrometer thick electrode, made of 10-20 nm crystals is
approximately a thousand times larger than the area of the substrate.
The performance of the DSSC is highly dependent on the electronic
properties of the semiconductor [2]. In recent years we developed
methods for the modification of the electronic characteristics of the
nanoporous electrodes, utilizing organic and inorganic materials in the
core shell configuration [3,4]. In order to study the modification
quality we further developed characterization methods that utilize the
porous geometry to access the properties of the single crystals forming
the electrode. The characterization methods are based on
electrochemical and photoelectrochemical measurements such as:
photovoltage decay, electrochemical conductivity, cyclic voltammetry
and photovoltage spectroscopy [5-7]. We will report on several of the
modified nanoporous electrodes from design to application in DSSCs.
An emphasis will be given to material synthesis, electrode fabrication,
properties modification, and the characterization of the system.
References: (1) O'Regan, B.; Gratzel, M. Nature 1991, 353, 737. (2)
Gratzel, M. Prog. Photovoltaics 2000, 8, 171. (3) Zaban, A.; Chen, S.
G.; Chappel, S.; Gregg, B. A. Chern. Comm. 2000,22,2231. (4)
Diamant, Y.; Chen, S. G.; Melamed, 0.; Zaban, A. J. Phys. Chern. B
2003, 107, 1977. (5) Zaban, A.; Greenshtein, M.; Bisquert, J.
ChemPhysChem 2003,4,859. (6) Fabregat-Santiago, F.;

Garcia-Belmonte, G.; Bisquert, J.; Bogdanoff, P.; Zaban, A. J.
Electrochem. Soc. 2003, 150, E293. (7) Abayev, I.; Zaban, A.;
Fabregat-Santiago, F.; Bisquert, J. Phys. Stat. Sol. (a) 2003, 196, R4.

2:00 PM S5.2
Highly Crystallized Ordered Mesoporous Titania Thin Films
with Enhanced Performances in Optoelectronic Applications.
Jing Tang', yiying Wu 2 and Galen D Stucky 2,,; 'Materials Dept.,

University of California, Santa Barbara, California; 2Dept. of
Chemistry and Biochemistry, University of California, Santa Barbara,
California.

Highly-ordered, mesoporous, titania thin films synthesized through
surfactant-templated self-assembly approaches have attracted much
attention due to their high porosity, controllable pore size and
3D-connected channel structure. However, the relatively poor
crystallinity of these films limits their applications in optoelectronic
devices and photocatalysis. Here we present a convenient route to
highly crystalline titania thin films with mesoscopic ordering stable to
750°C using carbon as a confining material to prevent framework
reconstruction. The surfactant-based structure-directing agent is used
directly as the carbon precursor enhancing confinement. Compared to
non-carbon-treated films, these films exhibit enhanced photocatalytic
activity in water splitting measurements. Furthermore, crystallized
films are used to fabricate electrochemical dye-sensitized solar cells
(DSSC) and improved power conversion efficiency is observed.

2:15 PM S5.3
Synthesis of nanometric Ti02 in aqueous solution by soft
chemistry: obtaining of anatase, brookite and rutile with
controlled shapes. magali koelsch, cassaignon sophie and jean pierre

jolivet; lab chimie de la matiere condensee, universite Pierre et Marie
Curie, paris, France.

Titanium dioxide, a non-toxic and chemically inert material, has an
important place in many commercial applications. Nanosized titania
is attractive because of a large effective surface which enhances
surface reactivity. Among many applications, electrode materials for
Dye Sensitized Solar Cell (DSSC) present a great interest [1]. The
anatase (made of isotropic spheroidal particles of 20 nm) is the phase
preferentially used for the photovoltaic devices, while the rutile
commonly synthesized in the form of anisotropic rods give very poor
efficiency. As for the brookite, very few studies related to its
possibilities [2, 3] because the synthesis in the form of nanoparticules
is relatively recent. One can wonder whether it is truly the crystalline
structure which explains the best performances of the solar cells
produced with anatase. Have the size and the morphology of the
nanoparticules an unspecified influence? N anometric particles of the
three polymorphs (anatase, brookite and rutile), were synthesized by
thermohydrolysis of TiCI4, TiOS04 or TiCl3 in aqueous medium. The
control of the precipitation conditions (the acidity, nature of anions
(Cl-, N03-, S042-, CI04-) [4,5], ionic strength, temperature or
titanium concentration) allows the control of crystalline structure, size
and morphology of the particles. Spheroidal anatase was synthesized
in the range 4 to 10 nm [6]; rod-like particles were also obtained.
N anoparticles of brookite [7] with different size and morphology
(platelets, rods) were synthesized. At last, rutile with various shapes
(needle, rod or spheroid) was obtained. It is thus possible, from one
particle to another, to modify one parameter at the same time: the
size, the morphology or the crystalline phase. This presentation will
focused on the controlled synthesis of nanometric Ti02 (anatase,
brookite and rutile), and we will show that the morphology and the
size can be managed. We will discuss on the identification of Ti02
critical parameters for photovoltaic devices. [1] B. 0 Regan, M.
Gratzel, Nature, 1991,353,737. [2] K.J. Jiang, T. Kitamura, H. Yin,
S. Ito, S. Yanagida, Chern. Lett., 2002, 872 [3] M. Koelsch, S.
Cassaignon, J. F. Guillemoles, J. P Jolivet, Thin Solid Films, 2002,
403-404,312. [4] M. Koelsch, S. Cassaignon, J. P. Jolivet, J. Mater.
Chern., submitted [5] M. Koelsch, S. Cassaignon, J. P. Jolivet, ECS
meeting, Patis, France [6] A. Pottier, S. Cassaignon, C. Chaneac, E.
Tronc, J. P. Jolivet, J. Mater. Chern., 2003, 13(4),877 [7] A. Pottier,
C. Chaneac, E. Tronc, J. P. Jolivet, J. Mater. Chern, 2001, 11, 1116.

2:30 PM S5.4
Titania aerogels: New ultrahigh-surface-area interfaces for
dye-sensitized photovoltaics. Jeremy Pietron 1

, Arnold Stux2 ,

Ratonya Compton', Gerald J. Meyer3
,2 and Debra Rolison'; 'Surface

Chemistry Branch, Code 6171, Naval Research Laboratory,
Washington, District of Columbia; 2Materials Science, Johns Hopkins
University, Baltimore, Maryland; 3Chemistry, Johns Hopkins
University, Baltimore, Maryland.

The bicontinuous pore-solid networks that comprise an ultraporous,
high-surface-area aerogel enable rapid flux of solutes through the
three-dimensional, nanostructured architecture. The high specific
surface area of titania aerogel ( 150-200m2 /g) amplifies the effective
concentration of dye adsorbed in the film (and thus the number of
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photosensitizing centers), while the continuous pore network permits
rapid transport of electron- transfer mediators through the film to
recycle the sensitizing dye. The self-connectivity of the nanoscale
titania network effects efficient transport of photogenerated charge to
the current-collecting back contact. These attributes offer advantages
that should improve the response of dye-sensitized photovoltaic cells.
Analysis of the contemporary Gratzel cell suggests that global
efficiencies could be improved by improving performance in the red
portion of the spectrum. Specifically, room for improvement remains
in the incident photo-to-current conversion efficiency (IPCE) between
700 and 900 nm. Such improvement may be possible by using films
that have both higher specific surface areas per unit length, and by
using appropriate nanoarchitectures that allow efficient percolative
electron diffusion through thicker films. We have fabricated both thick
and thin Ti0 2 aerogel films on transparent electrodes for use as
photoelectrodes, which reproducibly generate photocurrent yields
competitive with state-of-the-art thin-film nanocrystalline colloidal
designs. Measurement of IPCE values, photovoltages, and fill factors
on aerogel-derived photovoltaics using state-of-the-art dyes will be
presented and compared with the current benchmarks for
dye-sensitized photovoltaics. We will consider the implications of the
good performance of the thicker films, given that the continuous pore
network is distributed somewhat differently than in templated
colloidal films, and may change the calculus involved' in estimating
the percolative diffusion rates of electrons through the film. 1. K.D.
Benkstein, N. Kopidakis, J. van de Lagemaat, A.J. Frank
J.Phys. Chem.B 107 (2003) 7759. Acknowledgement: This work
was funded by the Office of Naval Research.

2:45 PM S5.5
Epitaxial Chemical Deposition of ZnO Nanocolumns from
NaOH Solutions. Renee Beth Peterson', Clark L. Fields' and Brian

A. Gregg2; 'Department of Chemistry, University of Northern
Colorado, Greeley, Colorado; 2National Renewable Energy
Laboratory, Golden, Colorado.

A new method of depositing expitaxial ZnO nanocolumns, for use in
solar cells and other devices, on sputter-coated ZnO substrates is
described that utilizes supersaturated zincate species in sodium
hydroxide solutions. Uniform arrays of columns were grown
reproducibly over the entire substrate. Columns were 50 to 2000 nm
long and 50 to 100 nm wide. They grew only on substrates pre-coated
with ZnO, not on bare glass or ITO- or Sn02-coated glass. The effects
of temperature, type of anion, concentrations of zinc ion and
hydroxide ion, and stirring on the columns' growth rate and film
surface area were studied. Experimental observations were correlated
with crystal growth theory. Doping of the columns with B, AI, Ga,
and In was also attempted. It was found by SIMS analysis that the
dopants were incorporated into the columns however due to the
column morphology, conductivity tests were

3:30 PM S5.6
Optical Properties of Nanostructured Mesoporous
Semiconductor Films. Iris S N andhakumar,,2, Timothy Gabriel',

Matthew Markham2, David C Smith2 , George S Attard' and Jeremy
J Baumberg2; 'Chemistry, University of Southampton, Southampton,
Hampshire, United Kingdom; 2physics and Astronomy, University of
Southampton, Southampton, Hampshire, United Kingdom.

N anostructuring of semiconductors and metals is now a clear route to
optimise and elicit new functional properties, e.g. allowing quantum
engineering of electron and photon states. Hence materials with
mesoporous nanoarchitectures exhibit novel electronic, optical and
magnetic properties in comparison to their non-mesoporous
counterparts. Recently we have devised an elegant and highly versatile
route to the production of a wide range of nanostructured materials
with well-defined mesoporous architectures of extended spatial
periodicities. This method utilises lyotropic liquid crystalline (LC)
mesophases of non-ionic surfactants as templates for electrochemical
growth. Here we report the fabrication of adherent nanostructured
semiconductor films such as selenium1, tellurium2 and cadmium
telluride that have been fabricated by this method. The liquid
crystalline template mixtures and electrodeposited films were
characterized by polarized-light optical microscopy (POM), low and
wide-angle X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and UV-vis light
absorption spectroscopy. Our results indicate that nanostructuring
produces strong birefringence for wavelength both above and below
the bandgap of the mesoporous semiconductor films. In addition
results of numerical electromagnetic simulations demonstrate that
optical properties of these films can be modelled in terms of form
birefringence. These exciting results show that electrodeposition from
LC phases can be used to access a wide range of Group VI, II-VI and
related semiconductor films (e.g. CdSe, CdS, PbSe). Such materials
would be of considerable fundamental interest because they are
entirely composed of surface atoms (no atom in the structure is
further than 1.5 nm from a surface). As a consequence we expect that

these materials should exhibit unusual charge carrier dynamics,
improved collection of the photogenerated carriers and hence solar
conversion efficiencies. N anostructured semiconductors will show
quantum size effects by virtue of their reduced dimensionality and
nanometre lengthscales (from 2 to 15nm). The ability to electrodeposit
mesoporous nanostructured semiconductors highlights the possibility
of creating a new class of materials that would exhibit unusual
electronic and optical properties. References [1] I. S. Nandhakumar, J.
Elliott, G. S. Attard, Chern. Mater., 2001, 13, 3840. [2] T. Gabriel, I.
S. Nandhakumar, G. S. Attard, Electrochem. Comms., 2002,4, 610

3:45 PM S5.7
Nanowire Solar Cells. Matt Law,,2, Lori E Greene,,2, Ekaterina N
Kadnikova,,2, Jinsong Liu,,2, Jean M J Frechet',2 and Peidong
Yang,,2; 'Chemistry, University of California, Berkeley, Berkeley,
California; 2Materials Science Division, Lawrence Berkeley National
Laboratory, Berkeley, California.

Organic and organic-inorganic hybrid photovoltaic cells employ a bulk
donor-acceptor heterojunction to provide a large internal surface area
for the efficient collection of photogenerated carriers. In
state-of-the-art cells, the bulk interface forms via phase separation
during the spin coating of mixtures of the constituitive donor and
acceptor materials. Spin coating typically yields a disordered
morphology that results, due to the presence of circuitous and
incomplete percolation pathways, in the poor charge transport
properties of these devices. A promising strategy for improving cell
performance is to hasten the outward flow of carriers by providing an
ordered bulk interface with direct channels to the electrodes. Here we
describe solar cells based on ZnO nanowire-polymer composite films
in which both exciton dissociation and charge collection are efficient.
The cells can be fabricated on glass and plastic substrates using mild
solution methods. We also report on the modification of our ZnO
nanowire arrays for use as single-crystalline photoanodes in
Gratzel-type solar cells.

4:00 PM S5.8
Optical and Electrical Properties of ZnO Nano-Wires l?rown
at Low Temperature. Rolf Koenenkamp,,2, David Gunther and

Larissa Dloczik2 ; 'Physics Department, Portland State University,
Portland, Oregon; 2Hahn-Meitner Institut, Berlin, Germany.

We report on optical and electrical properties of vertically aligned
ZnO nano-wires, deposited at low temperatures « 100 0 C) on
transparent conductive substrates. The preparation of these wires is
compatible with large-area optical and photovoltaic applications. The
nano-wires are mostly single-crystalline with aspect ratios up to 20.
The orientation is vertical to within 30°. Doping with Al was
achieved during deposition. Strong band gap photoluminescence
around 384 nm can be observed at room temperature. The defect
photoluminescence is found to depend on surface treatment and is
centered around 600 nm. The electron mobility, determined in infrared
reflectivity measurements, is typically around 20 cm 2 /Vs. Optical
polarization effects, light scattering, light trapping and deposition
of other thin-film semiconductors on these nano-wires will be discussed.

SESSION S6: Poster Session
Chairs: Enrico Traversa and Harry Tuller

Wednesday Evening, April 14, 2004
8:00 PM

Salons 8-9 (Marriott)

S6.1
Sputter-deposited porous nanostructures for catalytic
membranes. Alan Jankowski, LLNL, Livermore, California.

Membranes in the form of porous nanostructures are of interest In
catalytic functions for new alternative energy devices.
Sputter-deposited porous membranes are now applied for use in
microfuel cells as electrodes and to reform hydrocarbons to deliver
hydrogen. The nanostructured membranes require optimization of a
three-dimensional structure to provide functional materials with an
ideal surface-area to volume ratio. Through the development of a
sputter deposition method, nickel membranes for use as electrodes are
demonstrated with continuous open porosity at the nanoscale. A
three-dimensional material is produced under the following general
condition. A moderate, sputter gas pressure and an elevated substrate
temperature about half the absolute melting point yields a
nanostructured metal with continuous open porosity. As applied for
depositing porous nanostructured copper, a new means arises for
synthesizing oxide materials that are of interest for use as catalytic
materials. Specifically, copper-zinc-oxide is a compound that surpasses
the perfomance of nickel in the direct reformation of methanol at low
temperatures. A porous nanostructure is demonstrated in a
several-micron thick coating as sputter deposited from a copper-zinc
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alloy target using a partial pressure of oxygen at an elevated substrate
temperature. This work was performed under the auspices of the U.S.
Department of Energy by the University of California, Lawrence
Livermore National Laboratory under contract No. W-7405-Eng-48.

S6.2
Synthesis of Metal-Oxide Matrix with Embedded Nickel
Nanoparticles by a Bottom-up Chemical Process.
Edson Roberto Leite, Chemistry, Universidade Federal de Sao Carlos,
Sao Carlos, Sao Paulo, Brazil.

The combination of the Sol-Gel technology with the nanotechnology
can result in the development of new nanostructures for catalytic
materials. These new nanostructured materials, in special the
nanocomposites, can improve the performance of the catalytic
materials, specially in materials for fuel cell application or hydrogen
generation. Here we describe a new chemical route to obtain highly
dispersed nanometric Ni particles embedded in different matrices,
based on A1203, MgO, Ti02 and also in the heterogeneous matrices,
such as: Ce02-doped Al203 and MgO-doped A1203. The synthesis
method is based on a modification of the polymeric precursor method.
The Ni nanoparticles (particles at the range of 1-40nm) were obtained
in a single process, without the use of an external reducing agent
(hydrogen atmosphere).

S6.3
Abstract Withdrawn

S6.4
Abstract Withdrawn

S6.5
Conductivity dependence on oxygen partial pressure and
transport number measurements of La2Mo209.
Alberto tarancon 1

, Guilhem Dezanneau 1
, Alejandro Morata 1

,

Francesca Peiro 1
, Joan-Ramon Morante l and Truls Norby 2; IDept.

Electronica, Universitat de Barcelona, Barcelona, Spain; 2Dept. of
Chemistry, Centre for materials research, University of Oslo, Oslo,
Norway.

Transport number measurements and impedance spectroscopy in
controlled temperature and atmosphere were used to investigate the
electrical properties of La2M0209 sintered samples. These samples
were prepared from nanocrystalline La2M0209 powders as obtained
from a new soft chemistry route, involving the polymerisation of
acrylamide in a solution containing cation salts complexed with
EDTA. By means of EMF method measurements, the sintered
compound was found pure oxygen conductor in the range of 673-1073
K with oxide-ion transport numbers greater than 0.99. The effect of
the oxygen partial pressure on the electrical conductivity of
La2M0209 was investigated by impedance spectroscopy from 1 to
10-22 atm. The results show a highly stable conduction properties of
the compound up to 10-17 atm at 1073K. For more reductive
atmospheres, the conduction is strongly affected, leading to consider
important electronic conduction for the reduced La2M0209-derived
phase with mean composition La7M07030. Finally, we also studied
the protonic conduction of such sample and showed that it is several
orders of magnitude lower than oxygen conduction in the 673-1073K
temperature range. Based on these results, we question and discuss
the suitability of the recently discovered La2M0209-based compounds
as electrolytes in solid oxide fuel cell applications.

S6.6
Percolation Properties of Anisotropic Composites.
David Spencer Mebane, Arun Gokhale and Rosario Gerhardt; School

of Materials Science and Engineering, Georgia Institute of Technology,
Atlanta, Georgia.

A method for determining the electrically active (percolating) volume
fraction (and surface area) of anisotropic conducting inclusions in
two-phase composites has been developed. The model is an extension
of earlier work where stereological quantities such as inclusion particle
size and particle overlap were used to model conductivity percolation
in a material containing spherical inclusions[l]. In this work, a
three-dimensional, continuum Monte Carlo model is used to obtain
the electrically active fractions for a composite containing cylindrical
inclusions. The model input parameters included randomly generated
cylinder orientations, cylinder diameters and aspect ratio as well as
cylinder overlap distributions. Experimental verification was obtained
by comparing the simulation models with the electrical response of
ceramic matrix micro-composites containing various ratios of silicon
carbide whiskers dispersed in an alumina matrix. The work shows
that microstructurally measurable parameters such as orientation and
particle size for a given composite can be used to predict at what
volume fraction and associated surface area percolation may occur.
The model is generic and may be extended to other materials, such as
the compositions used in ternary SOFC electrode composites. In this

case, additional parameters associated with the porosity of the
ionically conducting matrix need to be incorporated into the model.
Variations in the particle size(micrometer to nanometer) and
shape(spherical to cylindrical) of the conducting inclusions are
expected to have dramatic effects on the performance of the
electrodes, including conduction, airflow and reaction rates. 1. P.
Louis and A.M. Gokhale, Acta Materialia, 1996,44 (4),1519-28.
Work funded through NSF-DMR0076153.

S6.7
Superlattices made of ionic conductors: first-principles
calculations. Ricardo Kagimura 1

, Helio Chacham 1
, Tome Schmidt 2

and Roberto Hiroki Miwa2; 1 Departamento de Fisica, Universidade
federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil;
2Faculdade de Fisica, Universidade Federal de Uberlandia,
Uberlandia, Brazil.

The physics of heterostructures is usually associated to that
ofsemiconductor quantum and superlattices.In those structures, the
composition of the material is modulated along the growth direction.
As a consequence, the electronic structure is also modulated, leading
to electronic and transport properties distinct from those of the bulk
materials. Recently, Sata et al [1] demonstrated that the very same
concept can be applied to superlattices made of ionic conductors. In
that experiment, multiple layers of BaF2 and CaF2 with layers from 2
to 500 nm were produced and their ionic conduction properties were
characterized. Two important deviations from bulk properties were
observed: First, the ionic conductivity of the superlattices is much
larger than those of the bulk compounds for layer widths in the range
of 15-50 nm. Second, the activation energy for ionic conduction in the
superlattices is almost identical to that of bulk CaF2 and different
from that of BaF2 . These results were interpreted as resulting from
the transfer of negative fluorine interstitials from the BaF2 layers to
the CaF2 ones. These results show that an ionic channel
nanotechnology can be developed, with potential implications in the
technology of ionic conductors. In the present work, we perform
first-principles calculations for the formation energies of negative
fluorine self-interstitials (F i (-)) and positive fluorine vacancies
(V p (+)) in CaF2-BaF2 superlattices and in the corresponding bulk
compounds. In dislocation-free (strained-layer) superlattices, the
calculations show that both the F i (-) and the V p ( +) defects are
energetically more stable in the CaF2 layers than in the BaF2 layers.
If the misfit stress is released (by dislocations, for instance), our
results indicate that ion transfer between layers becomes energetically
favorable with Fi(-) in the CaF2 layers and the V p (+) in the BaF2
layers. This is consistent with the experimental results [1]. [1] N. Sata,
K. Eberman, K. Eberl, and J. Maier, Nature 408, 946 (2000).

S6.8
Synthesis and characterization of nanocrystalline SDC
powder for IT-SOFC application obtained via mimic alkoxide
method. Alberto Rainer, Vincenzo Esposito, Chavalit Trakanprapai,
Silvia Licoccia and Enrico Traversa; Dept. of Chemical Science and
Technology, University of Rome" Tor Vergata", Rome, Italy.

Doped Ceria represents an attractive material for Intermediate
Temperature SOFC applications. Various techniques for synthesizing
nanocrystalline ceria-based oxide powders have been reported in the
literature, including aqueous solution based co-precipitation and
sol-gel techniques. In fact, the electrochemical performance of metal
oxides strongly depends on the route employed for the synthesis of the
powders. In this paper, a novel synthesis for the preparation of
Samaria Doped Ceria (SDC) using a mimic alkoxide method, is
presented. The peculiarity of this technique is to combine the low cost
of nitrate based conventional co-precipitation with the small particle
size and low calcination temperature of the sol-gel chemical route.
The reaction is based on the hydrolysis of coordination H 20 from the
salts used as precursors by a polyfunctional amine in alcoholic
solvent; this leads to the formation of a mixed hydroxide, which is
then deprotonized by the amine. The steps of the reaction have been
investigated via FT-IR analysis to confirm the role of the amine. XRD
analysis performed on the resultant powder confirmed the presence of
the oxide phase prior to calcination. The appropriate thermal
treatment was selected on the basis of TG-DTA; complete oxidation
to stoichiometric (Sm01.5)O.2·(Ce02)O.S and removal of the organic
compounds occurred at low temperatures, typically around 450°C.
XRD and Raman analysis were performed to characterize the calcined
powders in terms of purity and crystallinity. Very small crystallite size
( 10nm) was determined for the calcined powder by XRD. Such a
small crystallite size leads to high sintering attitude of the powder.
Thus, EIS measurements on SDC pellets were performed to fully
understand the influence of sintering parameters on the electrical
properties of the material.

S6.9
Physical characteristics and sintering behavior of MgO-doped
Zr02 nanoparticles. Reginaldo Muccillo, Eliana N. S. Muccillo and
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Sandra K. Tadokoro; CCTM, IPEN, S. Paulo, Brazil.

Nanosized particles of 13 mol% MgO-doped Zr02 with a narrow
distribution of pore sizes were prepared by the coprecipitation
technique using optimized parameters of synthesis. Transmission
electron microscopy analysis of the calcined powder reveals that the
majority of the particles have grain sizes in the 10 to 20 nm range.
From nitrogen adsorption analysis an average particle size of 13 nm
was estimated, which is similar to the average pore size diameter (12
nm). Besides the unimodal distribution of pore sizes, the linear
shrinkage curve of a powder compact exhibits several inflexions
indicating different rates of densification up to 1873 K. After sintering
at 1873 K for 2 h, the microstructure features of a compact are
characteristics of the intermediate stage with interconnected porosity
preferentially observed at grain boundaries. These results are
explained as a size effect of nanoparticles of magnesia-doped zirconia
during sintering.

S6.1O
Ceria-gadolinia solid electrolytes prepared with nanosized
powders. Reginaldo Muccillo and Eliana N. S. Muccillo; CCTM,
IPEN, S. Paulo, SP, Brazil.

Nanosized powders of ceria-10 mol% gadolinia were prepared by a
coprecipitation chemical route. After calcination of the powders at
400 degrees C for 1 hour, the average pore size determined by
nitrogen adsorption is 4 nill. Average values of crystallite size of 6 and
33 nm were estimated after Scherrer equation for the (111) X-ray
diffraction reflection in specimens calcined for 1 hour at 400 degrees C
and 800 degrees C, respectively. Pressureless sintering of powder
compacts shows a gradual increase of the apparent density at
temperatures up to 1550 degrees C for 1 hour, attaining full
densification at that temperature. Analysis of impedance spectroscopy
data of measurements on sintered pellets shows a decrease in both the
intergranular (grain boundary) and intragranular (bulk) resistivities
for increasing sintering temperature.

S6.11
SEM-FIB characterization of optimized YSZ screen-printing
dense thin films for solid oxide fuel cells and gas sensor
devices. Alejandro Morata, Alberto Tarancon, Guilhem Dezanneau,

Francesca Peiro and Joan-Ramon Morante; Electronica, Universitat
de Barcelona, Barcelona, Spain.

Dense thin films of ZrO.85YO.1501.92 (8YSZ) as electrolyte for solid
oxide fuel cells and gas sensor devices have been fabricated using the
screen printing technology. In first step a slurry was prepared using
commercial 8YSZ powders (MEL-chemicals), terpineol (dispersing
agent), ethylcellulose and dibutyl phthalate (DBT). After being in a
ball milling stage for some hours the slurry was printed onto alumina
substrates and submitted to a thermal treatment at 1573K in air. A
double printing process, with an intermediate co-firing at 1273K was
also attempted to improve the compacity of the grains. The aim of
this work is to control the influence of the different technological
parameters in order to optimize the grain size and porosity of the
layers. Since the number of involved parameters is very high,
(composition of binder and dispersant agents in the slurry, ball
milling time, temperature and duration of the thermal treatments,
etc) an statistical analysis of data has been applied to define and
carry out the minimum set of experiments to account for the most
significant parameters and to detect cross-linked effects between them.
After a conventional mechanical polishing cross-section sample
preparation procedure, the samples have been examined by Scanning
Electron Microscopy. These results are compared with those obtained
by "in-situ" cross section preparation in a Focused Ion Beam
(FIB)-SEM equipment.

S6.12
Preparation of A New Carbon Nano-particle by Arc
Discharge. Bean-Jon Li, Sheng-Chin Kung, Chih-Ming Hsu,
Jhy- Yeong Gau and Hong-Jen Lai; Materials Research Laboratories,
Industrial Technology Research Institute, Chutung, Hsinchu, Taiwan.

Synthesis and characterization of a new carbon material are
investigated in this study. With an unique graphitic structure, this
carbon particle which possesses a very high surface area ( 600 cm2/g),
is suitable for catalysts loading in application of fuel cell. It is known
that carbon material is used as a support material to achieve high
dispersion of metal catalyst such as Platinum to enhance the activity
of it. Synthesis was proceeded by conventional arc discharge process
between two graphite electrodes in vacuum. A high-current arc was
utilized to evaporate the cathode electrode to produce carbon soot on
the chamber wall. The morphology and microstructure of the material
were investigated by SEM, HRTEM, XRD and Raman spectroscopy
Observation of the soot by SEM has shown that it consists
agglomerations of carbon particles which fused together to form an
interconnecting chain structure. Most carbon particles had

approximate 30 nm in diameter. HRTEM observation shown the
carbon particle is composed of onion-type fullerene and extremely
curled graphene sheet, which appears as double-sheet layers. The
as-prepared soot shown sharp 002 diffraction at 2q8=26.4 degree,
which is typically observed in graphite. Furthermore, the diffraction
spectrum shown merely a regular increase of intensity with decrease in
scattering angle from 2q8=26.4 to 2q8=20 degree. This indicated the
wider inter-layer spacing for the van der Waals distance of this carbon
particle as compared with that of the ordinary graphite.

S6.13
The effect of structural change and Ni doping on Hydrogen
storage properties of carbon nanotubes. Hyun-Seok Kim, Ho Lee

and Jai-Young Lee; Materials Science and Engineering, Korea
Advanced Institute of Science and Technology, Daejeon, South Korea.

Hydrogen storage properties in carbon nanotubes( CNTs) were
investigated from the view points of not only physical hydrogen
molecules adsorption in nano-hole but also chemical hydrogen
adsorption on graphite surface. CNTs with intrinsic closed structure,
which mean the blocked hole and entry induced by highly defective
layers and tube cap and CNTs with open structure were studied
through hydrogen thermal desorption technique equipped with gas
chromatograph. The precise analysis on thermal desorption spectra on
CNTs with closed structure showed that hydrogen gas was released at
three major temperature ranges such as 100-230K, 290-350K, and
600-625K, where the evolved hydrogen amount were about1.65wt%,
0.64wt%, and 0.03wt%, respectively. However, in case of aligned and
open CNTs, the evolution peak around 290-350K was highly
developed( about 1.9wt%) and that at 600-625K disappeared. And
Ni-doping (dispersion) effect on hydrogen storage properties were
investigated comparatively. The metal nanoparticles were
homogeneously dispersed using incipient wetness impregnation
method. Hydrogen desorption spectra of MWNTs with Ni
nanoparticles showed that about 2.8wt% of hydrogen was released in
the range of 340-520K.

S6.14
A Formalism to Describe Demixing of Mixed Oxides of Large
and Small Grain Size in an Electric Field. Mandy J Brown,
Irina V Belova and Graeme E Murch; School of Engineering, The
University of Newcastle, Callaghan, New South Wales, Australia.

It has been known for some time that mixed oxides demix in an
electric field under high current conditions. Taking a
phenomenological approach we develop a formalism for open and
closed systems which describes steady state demixed cation
concentration profiles. The open system corresponds to small grain
material and a corresponding significant grain boundary diffusion flux
to enable the cation vacancies to be in communication with the surface
oxygen partial pressure. The closed system corresponds to large grain
material where the vacancies respond only to local forces and kinetic
conditions. The closed system results in possible supersaturated
concentrations of vacancies developing in the material. The two cases
give substantially different degrees of cation demixing. Unusual
demixed profiles may develop in quaternary mixed oxide systems.

S6.15
Titania POEMS: High Proton Conductivity in Porous
Tiatanium Dioxide Prepared by the Sol-Gel Route.
Flavio Marion Vichi 1

, Maria Isabel Tejedor2 and Marc Anderson 2
;

'Institute of Chemistry, Univ of Sao Paulo, Sao Paulo, Brazil;
2Environmental Chemistry and Technology Program, University of
Wisconsin-Madison, Madison, Wisconsin.

Porous Oxide Electrolyte Materials (POEMS), obtained as
nanoporous ceramics via the sol-gel route, are interesting materials,
because they have a proton conductivity which is similar to that of

N afion <tJh, the material used presently in most Proton Exchange
Membrane Fuel Cells (PEMFC). Inorganic oxides have the advantage
of being less costly, and have the potential to operate at higher
temperatures, since they are hydrophilic, in contrast to their
polymeric counterparts. In this presentation we describe the
preparation and some interesting properties of Ti0 2 ceramic materials
which can be easily slipcast on porous supports to form POEMS.
Monolithic chips of the ceramic material were obtained by the
controlled drying of the precursor sol, followed by a haet treatment of
the resulting xerogel at 300°C for 3h. Samples of this material were
submitted to a further treatment with acidic solutions of different pH
values in order to increase the number of surface acidic sites. The
protonic conductivity was determined by impedance spectroscopy at
temperatures ranging from 10 to 40°C and relative humidities (RH)
ranging from 33 to 81 %, and from these results, activation energies for
proton conduction were obtained. The conductivity of these ceramics
increases from 0.0013 S/cm to 0.063 S/cm at 25°C and 81 % RH after
mofification of the surface acidity by a treatment at pH 1.5 for 24h.
Conversely, the activation energy for proton conduction decreases
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from 40.4 to 15.8 kJ /mol, respectively, under the same conditions.
The modification of the surface acidity with a solution of pH 2.5
yields a material with a conductivity of 0.0088 S/cm at 25°C. Water
adsorption isotherms were obtained to determine the water content in
these materials, and a pore-filling model was established, in which
water clusters rather than monolayers are formed at the surface of the
pore walls. The activation energy shows a sharp increase at the onset
of the capillary condensation which follows the formation of these
water clusters, and starts at approximately 65% RH.

S6.16
Platinum-embedded PAN-based Carbon Nanofibers.
Lei Zhang', Bin Cheng2 and Edward T Samulski,,2; 'Curriculum in

Applied & Materials Sciences, University of North Carolina at Chapel
Hill, Chapel Hill, North Carolina; 2Department of Chemistry,
University of North Carolina at Chapel Hill, Chapel Hill, North
Carolina.

Hexagonally-packed porous anodic aluminum oxide (AAO) templates
are made by two-step anodization of highly pure aluminum foil.
Close-packed PAN nanofibers containing a platinum compound were
fabricated by polymerization of acrylonitrile in this AAO template.
During pyrolysis, Pt(II) is reduced to elemental Pt with the Pt
particles embedded in the PAN-based carbon nanofibers. The
morphology and composition of the fibers were characterized by SEM,
TEM and XPS. The catalytic activity of composite nanofibers is
studied by voltammetry.

SESSION S7: Solar Cell II
Chair: Arie Zaban

Thursday Morning, April 15, 2004
Room 3006 (Moscone West)

8:30 AM *S7.1
Ordered Bulk Heterojunction Photovoltaic Cells.
Michael David McGehee, Kevin M. Coakley, Yuxiang Liu and
Chiatzun Goh; Materials Science and Engineering, Stanford
University, Stanford, California.

We have developed a technique for making high-quality thin films of
titania with well ordered arrays of pores that have a diameter in the
range of 4-10 nm using a titania sol-gel precursor and a
structure-directing amphiphilic block copolymer. We have filled the
pores with regioregular poly(3-hexyl thiophene) by spin casting the
polymer on top of the titania and then heating the polymer at
temperatures between 100 and 200 degrees C. We find that 32 % of
the volume of the film can be filled with polymer in just a few minutes
at 200 degrees C. At lower temperatures, the infiltration process takes
longer and the amount of polymer that can be incorporated is less.
We hypothesize that the polymer coats the walls of the pores and that
the coating is thicker when the polymer is incorporated at higher
temperatures. Using absorption and photoluminescence spectroscopy
we have determined that the polymer chains take on a coiled
conformation in the pores and that there is little or no polymer
crystallization. The photoluminescence measurements also show that
photoinduced electron transfer takes place from the polymer to the
titania, but that not all of the excitons are quenched by electron
transfer. Since the pores are less than 10 nm in diameter and excitons
can diffuse over this distance before emitting a photon in a spin cast
polymer film, we think that exciton diffusion is hindered inside the
pores. We attribute this to the coiled polymer chain morphology.
Modifying the titania surface with an organic monolayer improves the
morphology of the polymer, enabling more effective exciton diffusion
and electron transfer to the titania. We will present the affect that
these titania surface modifiers have on the performance of
photovoltaic cells made with polymers in mesoporous titania.

9:00 AM S7.2
A new solar cell based on CdTe nanoparticle/MEH-PPV
composites. Sandeep Kumar,,2, Gerald Anton Urban2 and Thomas

Nann 1 ,2; IFreiburg Materials Research Center, Freiburg, Germany;
2Institute for Mikrosystemtechnik, Freiburg, Germany.

Market expansion in the use of conventional inorganic solar cells
remains limited due to high costs imposed by fabrication procedures
involving elevated temperatures, high vacuum and numerous
lithographic steps and discrete processing due to glass carriers.
Organic solar cells having one of the components as conducting
polymers can serve as a cost effective alternative to conventional
inorganic solar cells because of the processing advantages of polymers.
These polymers can be solution processed and their good mechanical
properties opens the possibility to design it in flexible shape and sizes.
Solar cells based on CdSe nanoparticles and conducting polymers were
realised and a maximum efficiency of 1.7% was obtained[1-4]. The
performance of such a solar cell can be improved further by extending

partly the nanoparticle absorption in the IR region by using CdTe
nanoparticles. The onset of absorption of of CdSe in bulk is 720 nm
while that of CdTe is 820 nm. This shift of 100 nm in wavelength for
CdTe can improve the absorption of of sunlight by 20% relative to
CdSe[5]. Furthermore the electron mobility of CdTe is higher
compared to CdSe and hence can be looked as a better material to be
used in polymer solar cells. In this report we present for the first time
a solar cell based on CdTe nanopartricle/ MEH- PPV composites.
Being a new system a systematic approach was carried out from
synthesising nanoparticles to building solar cells. CdTe nanoparticles
were synthesised by a modified organometallic route[6]. Cyclic
voltammetry measurements were carried to determine the HOMO and
LUMO levels of the nanoparticles and MEH-PPV to see if they meet
the proper energy level alignment for a possible charge transfer.
Evidence for charge transfer was further confirmed by PL quenching.
Once the evidence for charge transfer was confirmed solar cells were
build using spin coating on ITO substrate and an efficiency of 0.05%
was obtained for first cells under AM 1.5 conditions. References [1].
Huynh, W.U.; Peng, X.; Alivisatos, A.P. Adv. Mater., 1999, 11,
923-927 [2]. Huynh, W.U.; Dittmer, J.J.; Alivisatos, A.P. Science,
2002, 295, 2425-2427 [3]. Sun, B.; Marx, E.; Greenham, N.C. Nano
Lett., 2003, 3, 961-963. [4]. Ginger, D.S.; Greenham, N.C., Phys. Rev.
B, 1999, 59, 10622-10629. [5]. Huynh, W.U., Ph.D thesis, 2003,
University of California. [6]. Kumar, S.; Nann, T.; Chern Comm.,
2003, 19, 2478-2479.

9:15 AM S7.3
Photovoltaic Devices Fabricated from Charge Transporting
Polymer Brushes. Henry James Snaith', Greg L Whltmg2, Wllhelm

T S Huck2 and Richard H Friend'; 'Department of Physics,
Cambridge University, Cambridge, Cambridgeshire, United Kingdom;
2Department of Chemistry, Cambridge University, Cambridge,
Cambridgeshire, United Kingdom.

Photovoltaic diodes based on molecular semiconductor require a
heterojunction between semiconductors with band-edge offsets
sufficient to ionise photogenerated excitons. Efficient operation
requires both a 'distributed' arrangement of heterojunction so that all
absorbed light can produce ionised excitons, and charge transport
pathways back to collection electrodes. We report the growth,
characterisation and use of triarylamine side-chain acrylate polymer
'brushes' grown onto an indium-tin oxide, ITO, coated glass
substrate. Brush thicknesses of up to 35 nm can be obtained, and
these support very high hole currents injected from the ITO (an order
of magnitude larger than from spin-coated films of polymer of the
same thickness). Adsorption and interpenetration by CdSe
nanocrystals and evaporation with aluminium to provide a cathode
produces diodes with efficient photovoltaic properties.

10:00 AM S7.4
Solution Processed Nanocrystal-Based Solar Cells.
Delia J Milliron, Ilan Gur and A. Paul Alivisatos; University of
California at Berkeley, Berkeley, California.

Hybrid semiconductor nanocrystal-polymer photovoltaic cells combine
advantageous properties of inorganic semiconductors with the
inexpensive solution processibility of polymers. Inorganic nanocrystals
provide tunable visible and near infrared absorption, and improve
upon the poor electron mobility of most polymers. New results
achieved by incorporating state-of-the-art nanocrystals into solar cells
extend the efficiencies achievable in this type of cell.

10:15 AM S7.5
Extremely Thin Absorber Layers in Solid-State Solar Cells.
Rolf Koenenkamp,,2, Abdelhak Belaidi2 and Katja Ernst 2 ; 'Physics

Department, Portland State University, Portland, Oregon;
2Hahn-Meitner Institut, Berlin, Germany.

We report on recent progress in fabricating an inorganic solid-state
solar cell on a nano-structured substrate, the so-called eta-cell. The
cell uses HgCdTe as an absorber and porous Ti0 2 as a substrate. By
adjusting the Hg/Cd ratio, the conduction band edge can be brought
into alignment with the band edge of Ti0 2 . This tuning provides an
ideal tool to optimize the optical and electrical properties of the cell.
At the same time it allows to study the electron transport and the
energy levels at the Ti0 2/absorber interface. In qualitative agreement
with earlier work we find a band-offset of 0.25 eV to give maximum
transfer rates across the interface. The optimized cell has a
short-circuit current of 15 mA/cm2 and an open-circuit voltage of 0.7
V. We will discuss the optical and electrical properties of the cell, and
outline future work to further improve the performance.

10:30 AM S7.6
Synthesis of nanostructured MoS 2 / Ag2 S multilayered
coatings by sol-gel for solar energy storage aapplications.
Phani Ratna Ayalasomayajula', Christain Hinderling', Henry

Haefke 1
, Sandro Santucci2 and Maurizio Passacantand02;
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'Nanotechnology and Life Sciences Division, CSEM, Swiss Center for
Electronics and Microtechnology, Inc." CH-2007 Nuchatel,
Switzerland; 2Department of Physics, University of L'Aquila,
L'Aquila, Italy.

The optical and electrical properties of transition metal chalcogenides
make these semiconductors promising candidate for efficient solar
energy conversion. In recent years, considerable interest has been
shown to synthesis of thin semiconductor films of MoS 2, Ag2S by
electrochemical and chemical deposition of colloidal semicondutors.
By these methods the size of the particle can be limited to 15-20 nm.
In the present work, in order to have quantum confinement effect,
thin nanostructured single MoS 2 and Ag2S as well as multilayered
films of MoS 2 / Ag2S have been synthesised by sol-gel dip coating
technique. The films were deposited on to glass, quartz substrates at
room temperature. The deposited nanostructured films were subjected
to annealing treatment from 100 D C to 400 D C and the effect of
annealing on structural, optical and electrical properties has been
studied in detailed. X-ray diffraction (XRD) and scanning electron
microscopy (SEM) measurements indicated that the deposited films
are nanocrystalline with uniform and smooth coatings.
High-resolution transmission electron microscopy (HRTEM) and
atomic force microscopy (AFM) techniques revealed the presence of
monodispersed nanoparticles of MoS 2 (5-6nm) and Ag2S (5-8 nm) in
the deposited films. UV-vis, Fourier transform infrared (FTIR)
spectroscopes have been employed in order to study the optical
absorption as well as band gap of the individual films and
multilayered films and vibrational and stretching bands respectively.
Film thickness and chemical composition was estimated by survey and
depth profile analysis by X-ray photoelectron spectroscopy (XPS)
respectively. Electrical resistivity of the films have been measured
using four-probe sheet resistance technique. Thermoemf
measurements indicated that the deposited films were p-type in case
of MoS 2 and n-type in case of Ag2S.

10:45 AM S7.7
Theoretical Investigations of Polymer Based Solar Cells.
Chris France and Robert Echols; Physics, Cal Poly State University,
San Luis Obispo, California.

We investigate the behavior of typical polymer-polymer and
polymer-PCBM bulk heterojunction solar cells using a numeric model
that self-consistently solves Poisson's equation and the charge
continuity equation while incorporating temperature and electric field
dependent mobility. We obtain good quantitative agreement with
present experimental data for I-V curves and photocurrent action
spectra. We also study the limiting conditions of polymer solar cell
development by simulating an ideal solar cell using an AM1.5 global
spectrum and assuming all absorbed photons hitting a typical
polymer (band gap 1.9 eV) based solar cell at normal incidence
contribute to current. If such a solar cell has 100 nm length, open
circuit voltage=0.6 V and 50% fill factor, then the maximum
theoretical power conversion efficiency is 5.63%. These results further
highlight the need to develop smaller band gap materials and help
explain why the best polymer based solar cells have power conversion
efficiencies that remain stuck below about 4%. Our model is used to
investigate the important increase in power conversion efficiencies we
can expect as lower band gap polymers with similar mobility
characteristics become available.

11:00 AM S7.8
Surface structure and composition of nanocrystalline Sn02
thin films obtained by Chemical Vapor Deposition.
Davide Barrecal

, Elza Bontempi 2
, Laura E. Depero 2

, Cinzia
Maragno3 and Eugenio Tondello3; 'Department of Chemistry,
ISTM-CNR and INSTM, Padova, Italy; 2Department of Mechanical
Engineering, INFM and Structural Chemistry Laboratory - Brescia
University, Brescia, Italy; 3Department of Chemistry, Padova
University and INSTM, Padova, Italy.

Tin dioxide (Sn02), an n-type semiconductor with the rutile
structure, has received a great attention as a functional for various
applications, featuring transparent electrodes and conductors, solar
cells, heterogeneous catalysts, gas sensors for oxidable gases. The
functional properties of these systems are strongly dependent on
defects nature as well as on crystallite size, chemical composition and
surface morphology. A thorough investigation of these properties is
therefore mandatory in order to develop materials with tailored
performances. Different techniques have been employed to obtain pure
and doped Sn02 thin films. These include spray pyrolysis, reactive
and magnetron sputtering, electron beam evaporation, ion-assisted
deposition and sol-gel. The Chemical Vapor Deposition (CVD)
process is a valuable method since it allows a modulation of system
properties by a suitable choice of the molecular precursor, together
with an accurate control of the growth conditions, resulting in
nanosized systems with tailored properties. The aim of this work is to
study structure, composition and morphology of Sn02 nanocrystalline

thin films obtained by HW-CVD (Hot Wall-Chemical Vapor
Deposition) using bis(diethylamino)dimethylstannane(IV)
[(CH3hSn(N(C2H5hh] as precursor. In particular, the attention is
focused on the structural analysis of the coatings, comparing the
results obtained by X-ray reflectivity (XRR) to those obtained by
Atomic Force Microscopy (AFM) analyses and relating them to the
different synthetic conditions. Further important information on the
microstructural features of the films was obtained by X-ray
Diffraction (XRD) and Glancing Incidence X-ray Diffraction
(GIXRD), while their chemical composition was elucidated by X-ray
Photoelectron Spectroscopy (XPS). Results concerning the influence
of the synthesis parameters on the morphological and structural
features of the films are presented and discussed.

11:15 AM S7.9
Nanoporous Semiconductor Electrodes: An Access to the
Electronic Properties of the Nanomaterials. Arie Zaban,
Chemistry Department, Bar-Ilan University, Ramat-Gan, Israel.

N anoporous electrodes consist of nanosize materials that are
mechanically and electrically connected to a conductive substrate.
The electrodes have porous geometry and very large surface area. For
example, the surface area of a 10 micrometer thick electrode, made of
10-20 nm crystals is approximately a thousand times larger than the
area of the substrate [1]. The porosity allows solvents to contact each
of the nanocrystals present in the electrode while the large surface
area enhances surface effects related to the single nanocrystals by
orders of magnitude. In recent years we investigated the
electrochemistry and photoelectrochemistry of semiconductor based
nanoporous electrodes for various applications such as solar cells and
electrochemical sensors. The electrodes provide electronic contact to
each nanoparticle while the electrolyte solution closes the electrical
circuit. This configuration enables access to the electronic properties
of nanoparticles that are immersed in solution. The new techniques
that were developed based on this concept reflect the electronic
properties of the surface and interior of the nanoparticle as a function
of their potential thus mapping surface and interior electronic states.
The techniques including photo/applied voltage decay, electrochemical
conductivity and charging voltammetry [2-4] will be presented.
References: (1) Gratzel, M. Prog. Photovoltaics 2000, 8, 171. (2)
Zaban, A.; Greenshtein, M.; Bisquert, J. ChemPhysChem 2003, 4,
859. (3) Fabregat-Santiago, F.; Garcia-Belmonte, G.; Bisquert, J.;
Bogdanoff, P.; Zaban, A. J. Electrochem. Soc. 2003, 150, E293. (4)
Abayev, 1.; Zaban, A.; Fabregat-Santiago, F.; Bisquert, J. Phys. Stat.
Sol. (a) 2003, 196, R4.
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1:30 PM *S8.1
Thin Film Solid Oxide Fuel Cells: Fabrication,
Characterization and Design. Harry L Tuller, Josh Hertz, Anja

Bieberle and Avner Rothschild; Materials Sc. & Eng., MIT,
Cambridge, Massachusetts.

In the solid state ionics arena, there is much interest in reducing the
operating temperatures of solid state oxide fuel cells (SOFC) by
shifting from bulk to thin film electrolytes. By integration with silicon
technology, one can further envision the construction of micro-fuel
cells. Fabrication temperatures are thus restricted with vapor phase
methods preferred. The nanocrystalline films commonly obtained by
these methods exhibit distinctly different transport properties when
compared to microcrystalline bulk materials with identical
composition. The role of space charge regions at grain boundaries in
this regard are discussed as well as their implications vis-a-vis
performance. Electrical characterization of thin films, particularly at
elevated temperatures in controlled atmospheres, are considerably
more difficult than the corresponding characterization of bulk ceramic
structures. The use of MOS-type structures and special microprobe
stations are described which are capable of providing such
information. Lastly, lithographically defined electrode structures are
utilized to provide improved insight into the controlling processes
active in thin film SOFC electrodes.

2:00 PM S8.2
Application of Composite Technology for SOFCs.
Vladimir Petrovsky, Harlan U Anderson and Tatiana Petrovsky;

EMARC, University Missouri-Rolla, Rolla, Missouri.

The objective of this investigation was to add more flexibility in the
powder based technologyes using metal-organic polymers as a binder
(composite technology). Different elements of SOFC can be prepared
using composite technology: electrolyte, anode and cathode. The
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addvantages of composite technology are cleare: very low processing
temperature and possibility to control porosity of the layers. A
composite based YSZ electrolyte was preparted by combining the
powder and metal-organic YSZ polymer. It was shown, that
preparation temperature can be lowered to 4000C (decomposition
temperature of the polymer used). Dense electrolyte prepared by this
way had high ionic conductivity and it was possible to deposit it on
porous substrates (anode and cathode) without cracks for the
electrolyte thickness from 1 to 10 f.'m. Composite electrodes (anode
and cathode) were also prepared using composite technology and
tested. It was shown that Ni- YSZ composite anode has high
conductivity, low overpotential and is stable at REDOX circles.
SSC-YSZ ad LSF-YSZ cathodes were also prepared using composite
technology. Conductivity of these cathodes was high and
overpotentials low. It was shown that this type of cathodes can be
used as an interlayer in cathode supported SOFCs and is effective.
Multilayer SOFC systems were prepared usung composite technology.
It was shown that entire SOFC system can be made by composite
technology starting from cathode, anode or electrolyte as a substrate.

2:15 PM *S8.3
Interfacial Conductivity in hybrid polymers. Philippe Barboux,
Lauriane Pautrot, David Carriere, Khalid Lahlil and Jean-Pierre
Boilot; Physique de la Matiere Condensee,CNRS UMR 7643, Ecole
Polytechnique, PALAISEAU, France.

Dispersions of mineral particles are often used to increase the
performance of ion conducting membranes (in lithium batteries as
well as in proton-conducting fuel cells). To understand and optimize
this effect, we have studied the role of the surface conduction by such
colloidal particles (Si02, Ce02, Ti02, Zr02) dispersed in non active
and ion conducting polymers. Grafting organics or phosphates at the
surface of mineral colloids also yields materials with better conducting
properties, enhanced by the large density of surface sites. Thus,
protonic conductors can be prepared by the grafting of phosphoric
acid or stronger acids such as sulfophenylphosphonic acid onto oxide
nanoparticles. The mechanism and the density of grafting was studied
by solid state MAS NMR and nitrogen adsorption isotherms. The
grafting is covalent and quantitative with the number of surface sites
whereas the high specific surface (> 400 m2/g) allows a high
concentration of grafted groups. This leads to the formation of stable
Metal-O-P bonds with a surface acidity strongly enhanced by the
pendant P-OH and sulfonic acid groups. The conduction mechanism is
based on direct proton transfer between these strongly grafted species
and results in a significant conductivity quite stable against the
relative humidity. Apart from the higher loadings that can be achieved
in the membranes, the nanometric size of the particles increases the
proton conduction properties due to a better grain-to-grain transfer
and a higher surface groups content. Further work has been devoted
to study the interface between the polymer and the particles. The
cooperative transfer between the weak acid sites of the mineral
particles and the basic sites of the organic polymers allows the
formation of a conductive pathway with increased performance.

3:15 PM S8.4
Modifying Nation with Nanostructured Inorganic Oxides for
Proton Exchange Membrane Fuel Cells. Yusuke Daiko,,2, Lisa

Carol Klein' and Masayuki Nogami2; 'Ceramic & Materials Eng,
Rutgers University, Piscataway, New Jersey; 2Dept. Materials Science
& Engineering, Nagoya Institute of Technology, Nagoya, Japan.

N afion is a perfluorosulfonate ionomer commonly used in proton
exchange membrane fuel cell (PEMFC) and direct methanol fuel cell
(DMFC) technologies. Critical to the performance of N afion are its
high proton conductivity and its low methanol permeability. Recently,
N afion has been modified by the incorporation of inorganics by sol-gel
processing, ostensibly to increase its thermal stability and reduce its
methanol permeability. N afion can be infiltrated, as well as dissolved
in sol-gel formulations for recasting. Infiltration requires swelling of
the membrane before inorganic content can be introduced. Typically,
the weight of the membrane is increased between 10 and 50%.
Hygroscopic oxides infiltrated into N afion include silica,
phosphosilicates, zirconia-containing and titania-containing silicates.
Infiltrated membranes have been treated after infiltration in
phosphoric acid solutions to increase the number of P-OH groups.
Infrared spectra of membranes treated in phosphoric acid confirm the
presence of P-OH and Si-OH groups, in comparison to untreated
membranes. In a comparison of treated membranes and untreated
membranes, in terms of their weight gain in 20% relative humidity, it
was found that the treated membranes absorbed water more slowly,
but reached a slightly higher weight gain overall at saturation. The
swelling of membranes in methanol was about the same, for treated
and untreated membranes, meaning that further work is needed to
understand the effect of the inorganic modification and its
nanostructure.

3:30 PM *S8.5
Nanosized and Mesostructured Oxides for Fuel Cells.
Enrico Traversa, Chemical Science and Technology, University of
Rome Tor Vergata, Roma, Italy.

Environmental problems lead to the need for new technologies in the
fields of energy production and storage for sustainable development, to
reduce the pollutant emissions from fossil fuel combustion. Fuel cells
seem to be very promising as electrochemical power sources either for
application in portable technology and in electric vehicles (polymeric
fuel cells, PEFCs), or for stationary energy production (solid oxide
fuel cells, SOFCs). The use of nanosized materials offer great promise
for the development of improved materials for fuel cells. For PEFCs,
improved performance where observed when nanocrystalline oxides
were added to polymeric electrolytes. We here report that the addition
of nanocrystallyne ceramic oxides to N afion membranes showed
enhanced water retention characteristics, hence allowing its operation
in direct methanol fuel cells at higher temperatures. Introducing 10
wt% of titania nano-sized powders into the N afion membranes allows
their use up to 145°C when introduced in membrane-electrode
assemblies (MEAs) and fed with methanol, with a remarkable power
density of 350 mW/cm2 . The trend in the present research on SOFCs
is the reduction of their operating temperature. If SOFCs can operate
at a temperature of 600°C, the use of stable nanocrystalline or
mesostructured oxides can be foreseen as electrode (both anode and
cathode) materials to improve the triple phase boundary, thus
decreasing the ohmic drops at the electrode/electrolyte interfaces.

4:00 PM S8.6
Hybrid Proton-Carrier Polymer Composites for
High-Temperature FCPEM Applications. John Pern', John
Turner' and Andy Herring2; 'National Renewable Energy Laboratory,
Golden, Colorado; 2Chemical Engineering, Colorado School of Mines,
Golden, Colorado.

Hybrid proton-carrier polymer composites were fabricated in an effort
to develop high-performance high-temperature proton exchange
membranes (PEMs) for fuel cell applications in the 1000 to 1500C
range. The hybrid membranes comprise a polymer host and a
Si02-based proton-carrier composite that was synthesized via sol gel
approach using a functional silane and tetraethoxysilane (TEOS) in
acidic conditions. The membranes were prepared by a simple solution
cast method followed by thermal-press curing (cross-linking) to
enhance the membranes' thermal stability and mechanical strength.
The primary proton-carrying component was either a
Keggin-structured heteropoly silicotungstic acid (STA) or a sulfonic
acid (SFA) that was thermo-oxidatively converted from a mercapto
(-SH) group. The" bonding" level of STA on the silane-modified Si02
sol gel composites was strongly affected by the presence and the
functional group of the silane. In the absence of a functional silane,
most of STA on the sol gels was "free," i.e., only weakly adsorbed,
and could be easily washed off. High bonding levels (>95%) of STA
were obtained when epoxy-type functional silanes were used above a
certain concentration ratio. Ion exchange capacity (IEC) of the
water-washed, Si02-based STA and SFA proton-carrier composite
powders is in the range of 1.8 to 3.5 mmol/g, two to three times
higher than that for Nafion 117 (0.9 meq/mol). Among several
polymer hosts studied, a glycidyl methacrylate-type copolymer
(PEMAGMA), which is stable up to 2250C from thermogravimetric
analysis (TGA), was found to produce mechanically robust and
flexible hybrid membranes. The PEMAGMA matrix was cross-linked
to a 75 % gel under the present formulation after curing at 800C for 40
min. The cured hybrid membranes effectively retained the" free" STA
with only a small weight percentage loss even when extracted in an
850C water bath, and showed a 10 wt% water loss at 1500C and a 15
wt% loss at 2250C, following the weight loss trends of STA and the
Si02-based sol gel composite in TGA. Fuel cell performance tests of
the preliminary films gave a Voc in the 0.8 to 0.9 V range, but with
low current density. The resistive characteristics were attributed to
the inhomogeneous distribution of the sol gel nano-particles in the
PEMAGMA matrix, a result of phase separation and particular
agglomeration during film forming, as evidenced from SEM
micrographic analysis and EPMA elemental mapping of Si and W.
More details will be presented in the meeting. This work was
conducted at NREL under the Department of Energy contract
number DE-FC02-0CH11088.

4:15 PM S8.7
High Performance Fuel Cell Electrodes using Solid-phase
Synthesized Carbon N anostructured Materials.
Taeghwan Hyeon', Sangjin Han', Youngkwang Yun', Byungchul

J ang', Yung Eun Sung2 and Kyung- Won Park2; 'School of Chemical
Engineering, Seoul National University, Seoul, South Korea;
2Department of Materials Science & Engineering and Research Center
for Energy Conversion and Storage, Kwangju Institute of Science &
Technology, Kwangju, South Korea.
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We report on the synthesis of new carbon nanostructured materials
including hollow carbon nanoparticles (carbon onions) and carbon
nanocoils and their successful applications to fuel cell electrodes.
These carbon nanostructured materials were synthesized from the
catalytic graphitization of polymeric carbon precursors. These carbon
materials possess high surface areas exceeding 300 m2/g and exhibit
good graphitic crystallinity. The synthetic procedure is very simple
and can be readily applied to the large-scale and economic production
of the carbon nanostructured materials. These carbon nanostructured
materials were successfully applied as electrode materials for direct
methanol fuel cells. The electrochemical properties of the carbon
nanocoils were compared with those of Vulcan XC-72 carbon and
commercial catalysts. The carbon nanostructured materials
outperform all the carbon materials tested. For example, the specific
oxidation currents of the carbon nanocoils and Vulcan-XC72 at 0.4 V
are 80 and 21 A/g, respectively. The synthesis, characterization, and
fuel cell performances of these new nanostructured carbon materials
will be discussed in the presentation (Some of the results were
published in Angew. Chern. Inter. Ed. 2003, 42, 4352; Adv. Mater.
2003, in press; J. Phys. Chern. B, 2004, in press.)

4:30 PM S8.8
Assemblies of Semiconductor and Metal Nanoparticles for
Renewable Energy. Mariezabel Markarian, Maysa Harake, Dima
Najjar and Lara I. Halaoui; Chemistry, American University of
Beirut, Beirut, Lebanon.

Studies of the photoelectrochemical and electrochemical behavior of
multilayers of polyacrylate-capped Q-CdS (d = 3.6 nm) and
polyacrylate-capped Pt nanoparticles (d = 2.5 nm) self-assembled
layer-by-layer in poly(diallyldimethylammonium chloride) on electrode
surfaces will be presented. Photoelectrochemical and electrochemical
measurements at nanoparticles/PDDA films revealed the feasibility of
charge transport in the films, likely by means of charge hopping
between the nanoparticles through the embedding matrix. The
photoelectrochemistry of the quantum-dot films was investigated as a
function of solution redox couples, solution pH, the nanoparticle layer
density, and the number of nanoparticle/polyelectrolyte multilayers.
Photoelectrochemical measurements revealed the feasibility of
generating anodic and cathodic photocurrents at the QD films
depending on the solution energetics and the electrode potential, in a
departure from the behavior of the bulk solid; this is attributed to
quantum confinement effects at this size scale. The potential at which
the photocurrent reversed in direction from anodic to cathodic shifted
with pH (by - 66 mV per pH unit) similar to the shift in V fb of the
bulk solid; attributed in part to an increase in the reducing power of
the QD electron with increasing pH, as indicated from
photocurrent-voltage plots acquired in the presence of methyl
viologen. Hydrogen evolution at heterostructures of Pt nanoparticles
in polyelectrolyte was also studied. Electrochemical measurements at
polyacrylate-capped Pt nanoparticles/polyelectrolyte films showed the
hydrogen adsorption behavior characteristic of the catalytic Pt
surface. Dependence on the nanoparticle size and surface modification
will be addressed. The possibility of photocatalyzed hydrogen fuel
generation at heterostructured films containing a photocatalyst and a
metal co-catalyst nanoparticles separately assembled in
polyelectrolyte layers will be presented.

4:45 PM S8.9
Nano electrocatalyst for PEFC; Pt-coordinated
heteropolyacid clusters. !taru Honma and Hitoshi Nakajima; EEl,
AIST, Tsukuba, Ibaraki, Japan.

Polymer electrolyte fuel cells have attracted much attention recently
as an alternative energy devices with much higher energy efficiencies.
However, Pt electrode are very expensive and other non precious
electrode materials have been explored to reduce the cost of the fuel
cells and more function such as CO tolerance has been required for
practical application of the cell to the mobiles as well as on site power
generation employing fossil fuels. In this presentation, new
electrocatalyst has been investigated based on the heteropolyacid
clusters (HPA). The HPA has been known as a oxidative catalysts,
however, its application to electrode materials for PEFC has not been
studied so far. Here, we disclose that these HPA clusters can exhibit
good electrocatalytic properties for methanol oxidation although the
materials are metal oxide nano-clusters. Several kind of the
Pt-coordinated heteropolyacid of the composition
(H4PtPWl1040/H20, or H4PtPMol1040/H20) have been
synthesized by liquid precipitation process and the these nano clusters
exhibit methanol oxidation properties in the same order of that of Pt
materials and proved to be new family of electrocatalysts.
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